








1.2. bkw a ikdd cr inixdxd in 199l/!32 
1.2.1. Collection of wild wheat relatives 

in Lebanon 

1.2.2. Collection of wild wheat relatives in 

Jordan 

1 . 2 3  Collection of wild wheat relatives in 

Syria 

1.2.4. Collection of wild wheat relatives in 

Azmenia 

1.2.5. Collection of wild relatives of food 

legumes in Lebanon 

1.2.6. Collection of food legumes in Libya 

1.2.7. Collection of pasture and forage 

1-s in Syria 

1.2.8. Ecogeqraphic survey of pasture and 

forage legmes in Tunisia 

1.3. -F eduabm 
. . 

' ad-23 

1.3.1. maluation of barley frcm the USDA 

collection 20 

1.3.2. Multiplication and characterization of 

new barley gemplasm 26 

1.3.3. Multiplication and characterization of 

wild barley 28 

1.3.4. Multiplication and characterization of 

new wheat germplasm 28 

1.3.5. Characterization of Aeqilous germplasm 30 



1.3.6. Screenkg for resistance to inprtant 

wheat diseases in a selection of the 

ICARDA Pesliws collection 

1.3.7. Screening for barley yellm dwarf virus 

(BYDV) resistance in cereals 
1.3.8. Enhancing wheat prmhctivity in 

stress environments utilizing wild 

prcrgenitors and primitive forms 

1.3.9. Characterization of Jordanian vetch and 

Lathvrus and Algerian vetch 

1.3.10. Evaluation of Iranian chic-a landraces 

1.3.11. Evaluation of lentil landraces 

1.3.12. hraluation of wild 

1.4. a3Etic s&pxt leseiarh 
1.4.1. Variation for storage proteins in 

Tritim 

1.4.2. Fingerprinting ICARDA wheat varieties 

using PZGE 

1.4.3. Alien gene transfer and assessment of 

alien genetic polymorphism through use 

of mlecular rrarkers 

1.4.4. Genetic structure of wild wheat 

pspulatiorzs in Syria 

1.4.5. Photothemal respoIlSe in barley frun 

China, Algeria, Egypt, and Syria 

1.4.6. Taxonanic study of Aeqilws 

1.4.7. Relationships anwng wild m species 
and diversity within Lens species 

1.6. Gzn@am- 

1.6.1. Viability testing of cereal germplasm 



1.6.2. Mtoring viability for rejuvenated 

germplasm 

1.6.3. Cleaning gene bank accessions from 

seed-kame viruses 

2.1. Zkztivitim a-lrrplly inkzdndsesg 

2.1.1. Laboratory test* and treatment 

2.1.2. Field inspection 

2.2. Activitiescnddiqakk- . . -  -Y 
2.2.1. Idmratory testing and treatment 

2.2.2. Field inspection 

3.1. -* 
3.1.1. Survey of virus diseases 

3.1.2. Yield loss and seed-transmission rates 

in lentil 

3.2. aseal vkuses 

3.2.1. Effect of resistance to BYW in barley 

on BYW nwvem3lt 

3.3. m3t5J-g kr E€€d-kme- 

3.3.1. Testing seed samples for 

international nurseries 

3.3.2. Cleaning barley seed stocks 

3.3.3. Roguing faba bean increases 



V1 

4. 'rRXmm2 

4.1. T m  in gaEtic mxmces activities 

4.2. in seEd Mth activities 

4.3. 'Ilrainirg in &dcgy 

6. GFXJ SPAFF LIST IN 1992 



1.1. Intmducticm 
In 1992 the Genetic Resources Unit at ICARaA continued its effort 

to acquire, characterize, docurrent, conserve, and distribute 

germplasm of the Center m t e  crops for the benefit of crop 

i n p m e m t  prograim, both at ICXDA and for cauntries oE the 

West Asia and North Rfrica (WANA) region. 

Collectirq missions to countries of West Asia and North Africa 

(Figures 1 and 2) conducted by ICARDA in cooperation with 

national program yielded mre than 1000 new accessions of 

vandated crops and/or their wild relatives (Table 11 . 
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Figure 1. Sites of collectim missions for cereals, food 
legrrmes, pasture and forage l e g m ~ ~ ,  and their wild relatives in 
West Asia for 1992 
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Figure 2. Sites of collecticm missicns for pasture, foraga, and 
fccd 1- in Ncc-th Africa for 1992 

Germplasm exchange with other institutions resulted in 5000 

new entries in ICARDA's collections (Table 1). 

In June, a collection mission for wild wheat relatives was 

held for the first time by ICARDA in Rrmenia. It included 

collecting in the Erebuni Nature Reserve northeast of Yerevan, 

which is a classic example of in situ conservation. 

In germplasm collection trips to Syria and Jordan, 68 bulk and 

1500 single-head m l e s  of wild relatives of cereals ere 

collected. Existence of _T. boeoticum in Syria, as we11 as in 

Jordan, was mnfirmed. However, the other diploid wheat, _T. 

m u  was more frequent in Syria, where 14 ppulations ere 

collected from diverse habitats, rqing fmn the c k y  eastern 



Table 1. Demplasm in-tian at 1- in 1991/92 

Collected F?=an other New acquisitic~ls 
aoP by- institutim (total) 

Barley 68 2442 2510 
Wild barley 125 75 200 
D r m  wheat 7 156 163 
Bread wheat 17 160 177 
Wild wheat 83 240 323 

Cereals 300 3073 3373 

Wild &r 3 9 12 
Lentil - 2 2 
Wild 28 15  43 
Faba bean 96 80 176 

Food legumes 1 9 1  470 661  

Medicam 157 - 157 
m a  36 - 36 
Lathvrus 18 . 18 
Trifolim 54 1500 1554 
Others 248 . 248 

Forage legumes 516 1500 2016 

m total 1007 5043 6050 

slopes of the basaltic Jebel Al-Rrab muntains in the province of 

%ids, through the mre fert i le,  low-land sites in northem 

Syria, to  high elevation limestone slops i n  the Anti-Lebanon 

muntaim in the province of Eaascus. me highest s i t e  was 

found a t  1840 rn a . s . l . ,  which i s  a record altitude for this 

species. Seed  storage protein e l e c t ~ h o r e s i s  revealed 



significant differences in genetic diversity m n g  these wheat 

populations collected f m  southern Syria. 

In Lebanon, 37 accessions of wild Lens and %r were 

collected from the coastal region and in Libya, 14 accessions of 

food 1-s were collected (faba bean and chickpea) . 
An eccgeographical survey of pasture and forage leyms was 

conducted in Tunisia, with 375 ecotypes collected f m  the 

central region and data was taken on the relative frequencies of 

various species. One-hundred-£ ifty ecotypes of pasture and 

forage legurns were collected f m  southern Syria to fill the gap 

for this area in the collections. 

A total of 6500 accessions of cereals and leyms were 

evaluated for the IBFGR/ICARDA descriptor list (Table 2) . Multi- 
variate statistical procedures were applied to the data of lentil 

and barley to study the relationships of landraces f m  different 

countries and sub-regions. 

Jordanian ecotypes of -a and Lathvrus f m  recent 

collections were characterized in collahration with NARS Jordan. 

Photothed characterization of barley landraces f m  Ckina, 

Algeria, Egypt, and Syria revealed very high diversity for basic 

parameters of the photothed respanse (earliness E r  E, 

vernalization, and photoperid reaction) m n g  the Chinese 

germplasm. Swne Algerian and Syrian landraces were heterapneous 

in their reqmme. 

The wild Lens collection was evaluated for agro-mrpholcgical 
traits and eight isozyme loci. This data has been used to draw 

phylcgeny trees for the genus which show that _L. orientalis and 

L. denensis are the closest related wild species. Genetic 

diversity for the wild Lerzs species were calculated using isozyme 
analyses data and _L. orientalis was found to have the highest 

genetic diversity, followed by _L. ervoides. 

New introductions in 1992 increased the total number of 

accessions held in the genebank to mre than 92000 (Table 3). 

Iletails on the status of ICARaA collections by country of origin 



Table 2. Gemplasm dt ip l ica t im,  characterization and 
evaluation in 1991/92 

- 

Multiplied Characterized and/or evaluated 

QW (accessicns) (accessicas) (traits) 

B a r l e y  1401 
Wild barley 67 
Durum wheat 705 
Bread wheat 616 
Wild wheat 339 

C e r e a l s  3128 2972 

chickpea 729 i123 29 
Wild m r  57 . - 
L e n t i l  432 1860 30 
Wild Lens 55 323 4 1  
Faba bean 1005 . - 

Food 1-s 2278 3306 - 

Medicaqo 810 . - 
-a 1281 195 1 9  
La thvrus  104 23 1 9  
T r i f o l i u m  515 - - 
o t h e r s  2341 - . 

Forage legumes 5051 218 . 

Grand total 10457 6496 - 

are p r e s e n t e d  in Tables  A4-7 o f  t h e  Appendix. 

U t i l i z a t i o n  o f  tk GRU/ICARDA germplasm c o l l e c t i o n  was high i n  

1992; mre than 24000 s e e d  samples were d i s t r i b u t e d  to users 

m r l d w i d e .  Tbz thirds of this number were used  in  West Asia a n d  

North  A f r i c a  - the r e g i o n  m d a t e d  t o  ICXWA - either directly by 



Table 3.  Status of 1- collecticns by origin (December 1992) 

Mrmber of accessiw originated frrm 

other 
W A N A  countries vrknmn Totd 

Crop no. (%) no. (%I no. (%) no. 

Barley 9233 44.0 11545 55.1 190 0.9 20968 
Wild 1391 90.3 129 8.4 20 1.3 1540 
hrnvn wheat 12222 68.9 4288 24.2 1241 7.0 17751 
Bread wheat 6665 93.2 438 6 .1  48 0.7 7151 
Other Triticum 1248 87.3 42 2.9 140 9.8 1430 
Aeuilms 1786 77.2 472 20.4 56 2.4 2314 

Cereals 32545 63.6 16914 33.1 1695 3.3 51154 

Chickpea 6700 78.9 1659 19.5 136 1.6 8495 
Wild *r 263 97.0 8 3.0 - 0.0 271 
Lentil 3988 55.2 3205 44.3 35 0.5 7228 
Wild Lens 315 81.6 64 16.6 7 1.8 386 
Faba bean 1628 46.2 1354 38.4 541 15.4 3523 

1180 83.3 228 16 .1  9 0.6 1417 
Trifolim 2741 95.4 63 2.2 68 2.4 2872 
Other genera 2218 81.1 516 18.9 - 0.0 2734 

Forages 14644 65.7 4852 21.8 2800 12.6 22296 

G ~ a d  total 60083 64.4 28056 30.1 5214 5.6 93353 



NAFS or indirectly through crop impmwmnt programs at ICARDA 

(Table 4) . 

Table 4. Distributicm of ICAWA gemplasm to users in 1991/92 

F m d  FOrase Total 
Cereals legumes legumes 1991/92 

user no. % no. % no % no. v 

Total 
M 11672 73.2 3398 21.3 874 5.5  15944 66.1 

Others 5069 62.0 2361 28.9 742 9 . 1  8172 33.9 

Total 16741 69.4' 5759 23.9. 1616 6.7' 24116~ 100.0 

a : Percent of the grand total. 
b : Grand total. 

An " m t  on Safety Duplication of ICARDA's Genetic 

Resources Data at IBKZQ" has been signed and a data duplicate was 

deposited in IBKZQ, Rum?. The data sets will be replaced 

anmlxtly. 

In the 1991/92 season, the Genetic Resources Unit started 

using "PSION Grganizer 11" dataloggers to speed up and facilitate 

ccmputerization of genetic resources data. 

In 1992, ICARDA participated in various global and regional 

genetic resources activities. The Center organized and hosted, 



in collaboration with I B m  and other institutions, four 

international events relating to genetic resources as follm: 

- Barley Core Collectian meeting of a vmrkkg group of the 

International Barley Genetic Resources Network (1-1 ; 

- West Asia and Korth Africa Plant Genetic Resources 

Workshop, organized jointly with IBPW and FAO, in which 
a collabmtive netvmrk on plant genetic resources in 

WRW was established: 

IBPW/IDRC/ICAF!DA training workshop dedicated to a self- 

teaching a&prcach to the understanding, analysis, and 

developnent of genetic resources documentation systems; 

International workshop on '%valuation and Utilization of 

Biodiversity in Wild Relatives and Primitive Forms for 

Wheat Improvement. " This vmrkshop, which was attended 

by 60 scientists from 26 countries, reviewed the 

progress achieved and identified areas of research where 

enphasis should be placed. 

Collabsration with IBPW has been streqthened with the 

transfer of the IBKX regional office for West Asia and North 

Africa from R c m  to ICARDA h e a m e x  in Alepp, Syria. 

%is Annual Report presents the activities as a unit, 

irrespective of the diverse funding of several staff members and 

their projects. In order to facilitate the donors of these 

special projects to take notice of the achievercents during 1992 

the respective projects and their sections are listed below: 

- "Ehhancing wheat prcductivity in stress environments 
utilizing wild progenitors and primitive forms", f- 

by Italy, principal scientist E r  A.B. D m i a ,  is reported 



in Sections 1.2.3, 1.3.4, 1.3.8, 1.4.1, 1.4.2, 1.4.3, and 

1.4.4. 

"Collection and characterization of germplasm of wild 

relatives of wheat", funded by the Netherlands, principal 

scientist LX M.W. van Slageren, is reported in Sections 

1.2.1, 1.2.3, 1.2.4, 1.3.5, 1.3.6, and1.4.6. 

- "Keasuremnt of biodiversity within the Genus &" funded 

by O M ,  U.K., ~r L.D. RobertS~n and PB M. Ferguson, is 

reported in sections 1.3.12 and 1.4.7. 

latoratories are associated with the GRU: (1) the Seed 

Health Laboratory, and (2) The virology Ldk~ratory. 

The Seed Health Laboratory has conhcted testing for seed-borne 

pathcgens/pests in all seed shipnents caning into ICARDA or going 

abmd. The total number of lines tested f m  the received and 

dispatched shipnents here 11868 and 3319, respectively. 

The field inspection of plots fran the newly introduced 

germplasm gimm at the post-entry quarantine area revealed no 

exotic seed-borne pathqen/pest during the season. 

In the Virology labratory, the m e y s  for virus diseases 

focussed on faba bean necrotic yellow virus, luteoviruses, and 

lentil seed-home viruses. The effect of resistance to barley 

yellow dwarf v i m  (BYDV) in barley was studied in relation to 

BMV mvemt. Seed samples from the 1- international 

nurseries were tested for the presence of seed-home viruses. 

The cleaning of the GRU/ICARnn barley germplasm collection from 

seed-bome viruses continued. 

New ELISA kits for detection of plant viruses were develaped 

and distributed to the laboratories of national pro~rams in the 

VRNA region. 

J. Valkcnm and QN staff 



1.2.1 Collectim of wild wheat relative8 in Lebanrn 

A gemplasm collection/herbarium study mission was jointly conctucted 

in Lebanon with the Agricultural Research Institute (ARI), Beirut, 

L&anon. Based vainly on an extensive survey in the Beka'a valley by 

Nicolas Rebeiz in 1988, it was hown that Lebanon is a rich country 

for wild relatives of wheat. A total of 39 gemplasm accessions and 

two herbaim samples were collected in this mission. The gemplasm 
collection breaks down as follows: milous biuncialis (21, Ae. m t a  

( 9 ) ,  &. peremirla var. peremirla ill), &. soeltoides var. 
eltoides (21, . s~eltoides var. lisustica (11, &. triuncialis 
(41, Hordeum bulbom (bulbs from 1 population), _H. mntaneum (11, 

and, in addition, Medicam sp. ( 6 )  , and Onob~ychis sp. (1) . Nicolas 
Rekeiz from the ICARDA-Terbl station supplied gemplasm samples from 

Aeqilous cvlindrica (1) and &. vavilwii (1) while visiting the 
station on the way back to Bx~scus. The accessions collected of 

Aeqilous spp. and wild Triticum species in this and other CXU 

missions (Sections 1.2.2, 1.2.3 and 1.2.4) this year are given in 

Tables 5 and 6, respectively. 

The regions visited within Lebanon were as follows: (1) the Chouf 

mountains and the coastal region south to Sidm (Sa'ida) and Tyrus 

(Sour); (2) the northern muntain area, east of Tripoli: Hdiba, 

QhaPca, Bcharre, and ( 3 )  the mtains east and northeast of Beirut: 

Bmmmna and the Jouni6-hi1 area. In general, rainfall in the 

regions visited varies between 700-1000 mn annually, which is rather 

high for milous species. The results of the mission my, 

therefore, be scxrmjhat disappointing, but is probably the maximum 

that could be expected. Nicolas Rebeiz's earlier survey in the much 

drier Bek'a valley, hmver, senres as a very good complementation, 

so mst parts of Lebanon can n m  be considered well cavered for wheat 

wild relatives. Triticum m u ,  reported from the Mt. H e m n  region 

in Lebanon, was, unfortunately, not found elsewhere. Hordeum 

bulkom was collected only once, but this species is a weed in W- 



Table 5 .  New accessians of Aesilcos and &&lvc*rynrm resulting fm 
1992 collectim missims 

species M a '  LebaMn Syriab Totalc 

biuncialis 
caudata 
columnaris 
m s s a  
cylindrica 
ovata 
peregrirs. 

peregrd 
~eregr ina 
brachyathera 

searsii 
speltoides 
ligustica 

speltoides 
speltoides 

tausaid 
triuncialis 
vavilovii 

Total 23/8 32/2 23/6 78 

a : Reported in Section 1.2.4. For all countries listed: left nunker 
= germplasm; right n-r = herbarium sample. 

b : Reported in Section 1.2.3. 
c : Nvmkers refer only to germplasm accessions. 
d : Also hewn as sauarrosa. 

anon and can be found everywhere. On the other hand, a. mntaneum 
proved to be very rare and was found only once at the sites visited 

on this mission. 

M. ~n Slageren and N. Suleinw (ARI, I&ancm) 



Table 6. New accessiws of Tritinrm regulthg fran 1992 collecticm 
missions 

Species Armenia' ~orcbrp.~ Syriad MC 

aestivuf 5/- 5 . 5 
t impheevii 
araraticum 2/3 . - 2 

ImnoXxCULII 

boeoticum 4/4 2 3/2 7 

Total 12/8 12 40/13 52 

a : Reported in Section 1.2.4. For allmtries listed: left number 
= gemplasm; right number = herbarium sample. 

b : Reported in Section 1.2.2. 
c : N m k ~  refer only to germplasm accessicms. 
d : Reported in Section 1.2.3. 
e : Includes cultivars and landraces. 

1.2.2. Collecticm of wild wheat relatives in J& 

Jordan belongs to the center of genetic diversity for wild e m  

wheat (_T. dicoccoides) . Therefore, collection and conservation of 

native populations of this species receives high priority. 

A collection mission to prwiously collected sites was conducted 

jointly with the Jordanian n a t i d  program in June, 1992, to attempt 

to study population dynaucs of _T. dicoccoides over years and 

locations. In total, 18 sites were revisited and and the mission 

resulted in collecting 5 populations and 1059 single head samples of 

T. dicoccoides and 2 populations and 35 single head sqles of T. - 

heoticum. The collected materials will be planted in the 1992/93 

season in the ICARDA post-quarantine field as a joint activity 

between GRU/ICARM and the Jordan University for Science and 

Technolqy (JUST) . 
B. Hawid. M. Haman, A. Jaradat (JUST, Irbid), and Z. Tixpmm 

~~. AmMn). 



1.2.3. Collecticm of wild wheat relatives in Syria 

West Asia is the primuy center of diversity and origin of cultivated 

wheat (Triticum species) . A n&r of wild progenitors and 

relatives, primitive forms, and old varieties of this crop are 

indigenous to this area of the wrld. Syria forms part of the 

'Fertile Crescent', which is particularly rich in diversity of wild 

relatives and progenitors of &ern wheats. In order to collect this 

valuable germplasm, missions were nnunted in the last week of June 

1992, to areas around the tarn of Rfrin in northwest Syria and in the 

provinces of Lmmscus and Suweida in southern Syria. The latter 

areas had received a record ammnt of snowfall in Feb- this year 

and the observation of the effects of this form of stress was also 

interesting. The explorations were carried out jointly with the 

Agricultural Research Center at D o m  near Emascus. 

In the areas before Mrin, in the province of Alepp, collections 

of T. b t i m m ,  2 .  -u, T. diccccoides, and _H. swntanem were 

taken near the village of Deir Al Jamal. These were mstly found 

growing on roadsides or on dividers &tween cultivated fields of 

cereals, legurns or occasionally in fig and/or olive groves. 

k i n g  the last week of June, the provinces of Suweida and 

CBmascus were explored and ppulation samples, as well as single 

spike sanples, were collected as follows: 2. b t i m  (31, T. urartu 

(14), _T. dicoccoides ( 2 3 ) ,  &. biuncialis 151, &. caudata ( 2 ) ,  &. 
colmmaris (1). Ae. crassa (1). Ae. ovata ( 3 ) .  Ae. perwrina (I), &. 

searsii (41, @. triuncialis (31, and &. vavilovii ( 3 )  . Fiil 

boeoticum samples were collected in Damascus province, the team did 

not care across this species in Suweida. In addition, 19 herbarium 

samples were mde, mainly of the wild Triticum species. These 

samples were collected from or near the follcwing villages: Salkhad, 

Fashida. Sha'af, Salih, Shaba, Shka'a, Abu D u k i b ,  and Bithiana in 

the Suweida area, and Tokeya, Rada, Wadi El Hanoun, Ain Hawar, and 

Abu Zaad in the Bloudan-Zabadani area in Damascus province. A hybrid 

between T. dumn and _T. diccccoides was also observed near Cm b i b  

village in the Suweida area, providing evidence of gene exchge and 



evolution in nature. Also, sympatric sanples of &. searsii, _T. 

_urartu, and _T. diccccoides were found in these areas. 

A sample of 1. -u was observed in the muntains above Bloudan 

at an elevation of 1840 m a.s.1. At this height, it was not 

surprising that it was still green, with maturity at least a mnth or 

so later than samples at 1-r altitudes. This has been the highest 

reported altitude for this species in the 'Fertile Crescent' or 

elsewhere, to the best of our ]mowledge. 

It was concluded that there is some danger of genetic erosion of 

the wild species of Triticum and PB3ilcm due to overgrazing, 

disturbance, and rapid urbanization as a result of an upsurge in the 

econcmy. For example, near Bloudan the team found an area where 

Aeqilous species were graving naturally in great abundance. H a u e v e r ,  

a part of this area was encroached m n  by a horticulturist who had 

cleared the field to grow peaches, cherries, p l m ,  and vegetables. 

Another problem was overgrazing. Also, in the Suweida region a 

considerable n m h r  of fields left as fallow were grazed by a 1 1  

ruminants. 

It is fortunate that there had been good rains in 1992 in the 

region, thus providinq enough green cover for the a l l  ruminants to 

graze. But in years of drought, it is conceivable that several 

hectares of fields supprting wild wheat relatives wuld be grazed by 

a succession of flocks of small runinants, as was observed by the 

team this year. More such destruction of the natural habitat of 

these species may be expected in the future. 

Conservation of wild plants is mst effective in their natural 

habitat. If this is threatened, selected sites my require 

protection. Hence, the Genetic Resources Unit is taking steps to 

develop projects, with external funding, in collaboration with the 

national programs of Joxbn, Lebanon, and Syria to conserve this 

genetic diversity in situ. One such area which merits attention is 

located just outside Salkhad village in Suweida province. 

J. va~rnm, A.B. &a, M. van Slageren, P.A. Gandilyan (AAI, 

Armenia), M. Hamran, and Kh. abari and Y. W a g h a n i  (ARC, D x m )  



1.2.4. Collecticn of wild &eat relatives in M a  

Frcm 11-18 June, 1992, a joint collection mission was held in 

Anrwia with the Amn?nian Agricultural Institute (AAI), Yerevan, 

Anrenia. Due to the difficult situation in the country, trips could 

only be made in the laqer vicinity of the capital Yerevan. The 

expert knowledge of the Armenian counterpart, Dr P.A. Gandilian, 

greatly contributed to the success of the mission. All h a m  

M i l o ~ s  and wild Triticum species for Armenia were found, as well as 

A m b l y o ~  muticum. In all, 35 accessions and 20 herbarium 

speciwx were collected. The germplasm collection breaks dmm as 

follows: Aeqilovs biuncialis (1) , &. colunmaris (5 ) .  Ae. crassa (21, 

&. wlindrica ( 5 ) .  &. tauschii (also !mown as &. suuarrosa) ( 3 ) ,  

. triuncialis (5). Amblwpynm - (I), Triticum tirmpheevii 
ssp. araraticum (2), T. mncccccum ssp. boeoticum (41, T. urartu (1). 

and the cultivated T. aestiwm (5). Except for &. biuncialis and 

-a, and the cultivated bread wheat, herbarim material was also 

collected of all species. In addition, herbarim mterial was made 

f m  natural hybrids occurring m n g  their parents (citation of 

femle parent x male parent) : &. -a x wlindrica (I), &. 
cvlindrica x columnaris (I), and &. cylindrica x 2. aestiwm (2). 
The bread wheat mterial included a released cultivar, "Armeniaca 

60",  the old Armenian cultivar "Karigun" , and three landraces growing 

as mixtures wittun these cultivars. 

A large grassland adjacent to and including the Frebuni Nature 

Resene northeast of Yerevan yielded most of the wild species 

mentioned above. The dominant cover consisted of Aesilms 

triuncialis, representing the laqest population ever encountered and 

estimated to exceed 50 hectares. Pnblwpvrum muticum has been 

considered a species of Aeailops (as &. &a and occupying the 

mnospecif ic subgenus Arnblvouvrwn, accorhnq to Harmer, 1980)  . Fxm 

its creation by Boissier lr, 1844 on., however, it has ken considered 

to be ~axonmicaily intemdiate between Aeqilops and Amovvron. 

Davis i19851, in his Flora of irkey, cites Amblvo~yrwn as a separate 

genus :k: is in~ersterile with Afqilops. It has long been 



considered an unccmron species of the Anatolian highlads in =key. 

The m a n  location is thus far the only one !mom fran outside 

that country, ending its status as an endemic for Turkey. Revisiting 

the site, discovered earlier by Dr Gandilian, a large population, 

including both varieties, muticum and loliaceum, was found just 

outside the protected area of the Erebuni Reserve, and duly collected 

as germplasm and herbarium mterial. The Reserve also yielded the 

rare subspecies aramticm of Triticum timohearii, as well as 

various Triticum boeoticm populations, whereby black- and white- 

spiked plants were collected separately. Also interesting, in this 

now protected area, _T. -u was discovered and published for the 

first time in 1935 by the Armenian botanist Thmian. This "locus 

classicus" was also revisited, provim a confusing mixture of 

-u and black- and white-spiked boeoticum. 

At places where the grassland next to the Erebuni Reserve bordered 

a field of bread wheat, the natural hybrid of & cvlindrica with 2. 

aestivum was found. This hybrid has been described by Gandilian as 

x Aeqilotriticum c v l i b s i v m  Gandil. in 1976, but the earlier 

name x Aeqilotritim sancti-andreae (Degen) $a5 f m  1951, based on 

Aeailms sancti-andreae So3 1917, must have preference according to 

the rules of botanical nomenclature. In the experimental garden of 

the Botanical Institute in Yerevan the hybrid g. cvlindrica x 

c o l m i s  was found m n g  the parental species. In the canyon of 

the R a s h  river, flowing through Yerevan, the rare hybrid Ae. crassa 

x bread wheat was found on a ruderal site. 

M. n n  Slageren and P.A. Gsndilyan ( A M )  

1.2.5. Collection of wild relatives of food legurea in LebaMn 

To enrich the ICnRDA collection of wild food lequw relatives, a 

joint collection mission in Lebanon with the Agricultural Research 

Institiute, Beirut, Lebanon (ARI) was conducted in May, 1992. This 

seven day collection mission visited 17 sites and resulted in 16 

germplasm s-les of Lens (15 accessions of _L. ervoides and 1 

accession of _L. orientalis) and 5 accessions -r (all _C. judaicum) . 



The areas mvered by the mission included the pmvinces of Beirut, 

Saida, Sour, Junie, Jubeil, Bitron, and Wipli and were all ccastal 

sites. 

N. Suleiman (Am) and A. 1 4 1  

1.2.6. Collection of food legm~s in Libya 

A joint collection mission with the ARC, L m  was conducted 24 May 

to 6 June, 1992, to collect fad legumes and their wild relatives. 

This 14 day mission visited 14 locations and resulted in 11 

accessions of faba bean (Vicia faba) , 2 accessions of chickpea (-r 

arientumi and one accession of wild Lens (_L. demensis) . The 

provinces visited included Benghazi, Al-m, Al Be*, Darns, 

Wrata, Al Kums, Tripoli, Azzawiyah, Gharyan, Tarhconeh, Yafren, and 

Nalut. These accessions, with what already exists in the ICARDA 

germplasm collection from L&ya, now well represent the diversity 

that exists in Libya for fmd legumes. 

M. Al Shareif, Y. Cam. Shoaeb and F. M d a  (ARC, Tripoli) a d  A. 

I d 1  

1.2.7. Collecticpl of pasture and f w  legrrmes in Syria 

During the period 14 to 20 June, 1992, a joint seven day mission to 

collect pasture and forage legmes was conducted with the 

Agricultural Research Center, Ibma (ARCD) in the southern provinces 

of Cera'a, Qunaitra, and Swida. Tbe objective of the mission was to 

collect the pasture and forage legmes from these provinces which had 

not been previmly collected in. 

mty-three sites were collected and 150 accessions were 

collected. The accessions were from 14 genera (Table 7 )  with the 

greatest number from Trifolim (561, Medicaqo, and -a (20 each) . 
Soil samples were taken at each site to evaluate to evaluate soil 

characteristics to relate to distribution of the species collected. 

Kh. m i ,  G. M. Ali and H. ILviri (ARW),  and A. Shehadeh and F. 

Sweid 



Table 7 .  Frequency of pasture and forage legrrme genera collacted in 
Syria in 1992 

Genera 
- - - - 

No. of accessicns Frequency (%I 

Medicago 
Trif olim 
Astragalus 
Swrpiurus 
w a r p u s  
Trigonella 
Pisum 
Vicia 
L a w  
Onobrychis 
Coronilla 
Hippocrepis 
Biseda 
Cicer 

1 .2 .8 .  Ecogeogaphic  mmmy of pasture a d  forage legume in 

Tunisia 

'Ihe objective of this mission was to collect useful pasture and 

forage 1- genetic resources £ran south central Tunisia in the 

range of 200 to 400 mn rainfall in a joint collection mission with 

the Pasture, Forage and Livestock Program, ICARRA (PFLP) , and the 

Tbnisian national program (Institute National de la Recherche de 

m q e  Tunisie, INRAT). Ecotypes of forage 1-s were 

collected and divided with INRAT and plans established for 

multiplication, characterization, and evaluation of populations 

collected. 

The mission was conducted 26 June to 5 July, 1552, and covered the 

following locations: Sfax; Kasserine; Sbeitala; Kairouan; Thugga; 

T!abursouk; and %is. Locations for all sites are given in Figure 

2 in Section 1.1 of this Report. 

W i n g  this mission, 375 accessions from 1 6  genera and 49 species 



were collected of pasture and forage legumes (Table 8 )  . The largest 
nmker of accessions were of Medicaqo, with 12 species, and of 

Astraqalus, with 7 species. Importantly, 30 accessions of 3 

Hira>xreuis species and 21 accessions of 5 He&- species were 

added to the ICARDA collection. 

A. Zoghlami and H. Hamai (DPAT) and L.D. Robert- and A. Khatib 

(PFLP) 

Table 8 .  Distribution of genera and mm&r of sanples collected of 
each species of pasture and forage 1- in W s i a  in 1992 

NUrbfS of MmSw of F~~ 
Genera species q l e s  (%I 

Pstragalus 
Cormnilla 
H- 
Hippocrepis 
Hordeum 
m m a r p u s  
Lathyrus 
Lo1 ium 
Latus 
Kedicago 
Melilotus 
Gnonis 
Scorpiurus 
Trifoliun 
Trigonel la 
Vicia 



1.3.1. Evaluation of barley f n m  the USDA collectim 

A large number of new accessions received from the USDA collection 

(1603 accessions f m  30 countries) were multiplied and evaluated 

in the field us- a non-replicated design with repeated checks. 

?+ccessions were planted November 17, 1991, in plots of two m, 

1 m long, with 0.35 m between rows and 0.70 m between plots. 

The min objective of the study was to characterize the 

germplasm in the eco-geographical conditions of northern Syria 

using the following set of 17 descriptors: growth habit (WA),  

frost damage (FRD) , leaf color (LFC) , growth class (GCL) , days to 
heading (DHE), days to maturity (m), flag leaf width (FLW) , 
kernel row number (RND) , hccdedness/awnedness (H/AI , awn roughness 
(AFG) , spike density (SDE) , resistance to lodging (LOD) , awn color 
(ACJ) , kernel covering (KC01 , pahzdery mildew reaction (PMR) , 
plant height (PLH) , and 1000-kernel weight (KWT) . 

This characterization data was used for computation of 

descriptive statistics and dtivariate statistical analysis to 

assess the discriminative pmer of the descriptors used and to 

determine relationships armng -lam groups based on origin. 

Countries with less than 10 accessions (ArgMtina, Bolivia, Egypt, 

Ethiopia, Iraq, Libya, Morccco, R m i a ,  Tunisia, and USA) were 

excluded f m  the multivariate analyses. 

bst accessions were classified in the intermediate grawth habit 

category, but there was considerable variation in relation to 

country of origin. Short plant stature was typical for Iran, 

Y m ,  and Pakistan, while germplam f m  Finland was the tallest 

(Table 9). Yugoslavia and Australia had a high proportion of 

prostrate t m s  (69.8 and 68.2%, respectively), while Japan and 

Nepal displayed rmre erect types (72.2 and 38.6%, respectively) . 
Light-green leaf color was typical for barley from Pakistan 

(71.7%) and this category was also frequent in Indian germplam 

(40.7%) . 



Table 9 .  C a m t r y  means for FW, DHE, IIm, PIFP, and KWT for -ley 
accessions frun 20 countries 

Origin Code No.acc. FRV Dm IIm PI1T KWT 

Australia AUS 
china m 
Czechoslovakia CSK 
Spain ESP 
Finland FIN 
G e m y  FRG 
Greece GRC 

H'Jngary HUN 
India IND 
Iran IRN 
Japan m 
Nepal NPL 
Pakistan ?AK 
Peru PER 
Poland POL 
Portugal PRT 
USSR SUN 
Turkey 'IUR 
Yemen YEM 
Yugoslavia Y E  

a : For descriptor abbreviations, see text 

nppmximtely half of the accessions were classified in the 

spring growth class. All barley accessions from Bolivia (7 

accs . ) , Egypt 15 accs . , and USA (6 accs . belonged to that 

category. The high proportion of the spring category was also 

found in germplasm from India, Nepal, and Yemen (>  90%) , Australia 

and China (>  80%) and India, Japan, Pakistan, and Finland (>70%) . 
The winter growth class category prevailed in barley from 

Yugoslavia and R m i a  [>70%), and Spain and Turkey (>50%) . 

Six-row accessions were mre freqoent than two-rau ones (70.6 

vs 28.7%) . All entries from Pakistan, Portugal, and R m i a  were 

six-row barley. TIE high proportion of this row typ was found as 



Wll in Indian, Japanese, Nepalese, Peruvian, and Yugoslavian 

gemplasm (>go%). m v e r ,  tw-row barley was typical for 

Czechoslovakia, Finland, Germany, Hungary, Poland (>go%), and 

Australia (86.4%) . 
Dense-spike types prevailed arrang the Japanese accessions 

(61 .I%) and were ccanmn in the Portuguese germplasm (50.0%) . W t  

of the barley accessions had covered grains (81.0%), hmever, 

naked barley prevailed in barley originating from Peru (76.3%), 

Pakistan (73.9%), and Japan (61.1%) and was also c m n  

Chinese accessions. Germplasm from Y e m  and Australia (mostly 

two-row barley) had the largest and that from Japan the mllest 

grains (Table 9) . 
Mean values in Table 9, as well as frequency distributions, 

indicate a high level of frost tolerance in germplasm £run 

Yugoslavia, Romania, and USSR (52.3, 50.0, and 31.0%, respect- 

ively) . 
Earliness was characteristic for Yemen, India, Australia, and 

Nepal, whereas barley from Yugoslavia, Spain, and Turkey was late 

in heading and also in maturity (Table 9) . Australian germplasm 

had the earliest maturity, due to its short grain filling perid. 

Phenotypic correlations m n g  the descriptors revealed that 

plant height was  not strorqly asscciated with the other traits. 

Ray type was correlated with flag leaf width (-0.54") and kernel 

weight (0.42") . Surprisingly, frost damage was more stmgly 

correlated with gravth habit (-0.45") than with graYth class 

(-0.40") . This might indicate that the classification into growth 
class categories was more related to photoperid than to 

vernalization response. This assumption is further w r t e d  by 

the high correlation between grcwth class and days to heading 

(-0.89'*) and the rmiitiple regression equations in Section 1.4.5 of 

this Annual Report, which show a high effect of photoperid 

sensitivity on heading time in the field. 

One-way analysis of variance revealed that with DHE, INA, and 

GCL, mst of the variation was due to differences betwoen 



countries, while with the other descriptors, the withir-country 

variation was more important (Table 10). &scriptors, either 

related directly to adaptation (days to heading and days to 

maturity) or correlated with these traits (growth class), had a 

high proportion of between country variation (Table 10). For 

other descriptors, the ketween country variation was laver than 

50%. 

Table 10. Partiticning of variance for different descriptma to 
between a d  within ccnmtries variatim (in % of total) for barley 
accessions frcm 20 countries 

Source of variatim 

Between Within 
Descriptor Abbrev. countries countries 

Growth habit 
Frost damge 
Growth class 
Days to heading 
Days to maturity 
Spike density 
w i n 9  
1000-kernel weight 
Plant height 

QR 42.5 57.5 
FFD 39.3 60.7 
GCL 61.6 38.4 
DHE 64.2 35.8 
CMA 58.4 41.6 
SPD 15.3 84.7 
LOD 44.0 56.0 
KWT 30.8 69.6 
PNI 34.8 65.2 

Degrees of freedzm 29 1601 

Plant phenolcqy w a s  also asmiated with the average latitude 

of the country of the gemplasm origin, as s h  by the sinple 

correlation between the average country latitudes and days to 

heading of r=0.57'. 

Discriminant d y s i s  was applied to 17 descriptors to estimate 

the inprtance of the descriptors for classification, assessing 

the similarity of germplasm from the different geqraphical 

origins by use of misclassification data, and obtaining group 

centroid values which were used in a subsequent hierarchical 



cluster analysis. 

The first four canonical discriminant functions mntained 49.5, 

18.4, 9.1, and 6.32, respectively, of the total between-group 

variance. The variables days to heading, growth class, days to 

maturity, lodging, and frost damage were strongly correlated with 

the first canonical discriminant function (0.62*, -0.59*, 0. SO', 

-0.43', and 0.40', respectively) . Row type was correlated with the 

second (r=0.82*) and kernel cover with the fourth function 

(r=-0.59') . 
Luge countries (China, USSR, and Turkey), which included 

regions with different agro-ecological conditions and different 

Table 11. Sunorrry of the classificatim by discriminant analysis 
for barley accesecms f m n  20 camtries 

NO. CMect Misclassificatiche in % 
-try acc. class. (%) (for frequencies >7.0%) 

Australia 
china 

Czechoslovakia 
spain 
Finland 
Ge- 
Cseece 
Hungary 
India 
Iran 
Japan 
Nepal 
Pakistan 
Peru 
Poland 
Portugal 
USSR 
Turkey 
Yemen 
Yugoslavia 

Total 



types of germplasm, displayed a higher proportion of misclass- 

ifications (Table 11) . The incorrectly classified cases indicated 
the type of within-country hetercgeneity involved and the 

misclassifications in Table 11 usually follow the clustering 

patterns resulting from the hierarchical cluster analysis (Figure 

3 ) .  

Rescaled Distance Cluster Ccmbine 

0 5 10 15 20 25 
Oria -I I 

I I I 
I t 

CSK 
ERG a : Country of origin code 
mL 
HUN 
FIN 
ESP 
TUR h 
m 
mc 
SUN 
PRT 
arN 
PER 
m 
NPL 
JPN 
PAK 
AUS 
m 
IIW 

Figure 3 .  Cluster andpis for barley accessions fran 20 
countries of origin based cn group centroids of 12 s i d f i c a n t  
cancnical discriminate fmctiona 

The first twelve canonical discriminant functions, i .e., the 

significant ones, evaluated at group means ( p u p  centroids) in 

the discriminant analysis were used for hierarchical clustering. 

The d e n d r q r a m  (Figure 3 )  computed by using the average linkage 

method (between groups) shows a high similarity within the Central 

Eumpean germplasm (Czechoslovakia, Germany, Poland, and Hungary) . 



This cluster is also associated with Finland. Another large 

cluster imrolves the Mediterranean countries (Spain, Turkey, 

Yugoslavia, Greece, and Portugal) and the former USSR. two 

clusters are well separated from the Asian group (china, India, 

Nepal, and Japan), which also included Peru. Australia, Yemen, 

and Iran formed a very lcose association, somewhat apart from the 

other clusters. 

The hierarchical cluster analysis revealed that the countries 

of origin m y  be grouped into larger groups which are mutually 

different in several aspects. For example, the central Eurapean 

group consists mostly of two-rcw, malting spring barley; the 

Mediterranean gemplasm includes six-row, winter or facultative 

types; and the Asian group has a high praportion of the d e d ,  

nwstly spring barley. 

J. V a l k o m  and B. m i d  

1.3.2. Multiplicatim and characterizatim of new barley 

-1- 

A total of 877 seed swles of barley received from or collected 

in different countries (Czechoslovakia - 25, Hungary - 140, Libya 
- 76, Y m  - 75, Japan - 40, Jordan - 54, Fu?.sia - 41, Tunisia - 

115, and Nepal - 311) were planted during the 1991/92 season in 

the 1- pt-quarantine area. The accessions were planted with 

six ICARDA checks 1 ,  , Tacbr, Roho, Radical, and 

Steptcei in mid-Noverdxr, 1991, and in late Cecerdxr for Nepal 

accessions. 

The germplasm was planted in non-replicated plots of 1-2 ~-ows 

of 1.0 m length and 0.45 m between rows and 0.9 rn between plots, 

except for germplasm from Nepal, where the plots were 1.0 rn long, 

with 0.3 m between rwrs and 0.6 rn between plots. 

The germplasm was scored for the following descriptors: growth 

habit (QLA) , frost h g e  (FRD) , leaf color (LFC), grmth class 
(GCL) , days to heading (DHEi , days to mturity ( W i ,  flag leaf 
width ( F I N ) ,  kernel row number (RNO), hccdedness/awnedness (H/A), 



awn roughness (ARG) , plant height (PIE) in cm, spike density (SDE) , 
resistance to leing (LDD) , awn color (ACD) , kernel covering 
(KCO) , 1000-kemel weight (I(JJT) in g, @cry mildew reaction 

(m), and grain yield/plot (PGY) in g. 

A large diversity was found for mst descriptors. All 

accessions from L h y a  and all but one from Nepal wre six-row 

barley. This row t p  was also nost prevalent in Tunesian barley 

landraces. Yaneni barley landraces were the earliest, while those 

fran Tunisia wre the latest (Table 12). 

Table 12. Descriptor nema for comtries of origin for new 
accessi- of barley a d  the checks 

Origin No.acces.' & DMA PLH m EGY 

-try 
Libya 
Y m  
Japan 
Jordan 
Tunisia 

Checks 
Hanral 
Arar 
Tadmr 
Roho 
Radical 
Steptce 

a : No. of plots for checks. 
b : For abbreviations, see text. 

Germplasm f m  Jordan and Ldya shmed the best adaptation to 

the semi-arid agroecolcgical conditions of northern Syria and a 

m m k r  of accessions from bth countries exceeded the mean plot 

yield of the best check (Table 13). The characterization data is 

to be published in a catalcg. 

J. Valkmm irmd B. Ihnoeid 



Table 13. Chaacterizaticn of new high-yieldirmg accessh of 
barley (plot yield higher than - of the best check) 
I W  Origin & I L X ) F M R D H E  D P P L P I H m T M  

Algeria 
nfghanistan 
Jordan 
Jordan 
Libya 
Libya 
Libya 
Libya 
Jordan 
Jordan 
Afghanistan 
Jordan 
Jordan 
Jordan 
Tunisia 
Libya 
Iran 
Libya 
Jordan 
USSR 
Libya 
Jordan 
Iran 
Jordan 
Libya 
Tunisia 
Tadzhikistan 
Yercen 
Tunisia 
Jordan 
Libya 
Jordan 

a : ICB=ICARDA accession number. 
b : R N O = m  nmkr, l=six-m, 2=tm-row; LOD=lodging resistance, 

l=excellent , 9=very p r ;  P M R = p v d e r y  mildew resistance, 
O=resistant, 9=very susceptible; for other abbreviations, see 
text. 



1.3.3. Wtiplicaticm and chaacterizaticm of wild barley 

A total of 122 bulk population samples of wild barley _H. 

swntaneum, collected £ran Jordan (891, Syria (221, Turkestan (8),  

Uzbekistan ( Z ) ,  and Tadzhikistan (1) were planted in the post- 

quarantine area for dtiplication and characterization. The 

germplasm was planted in mid-November, 1991, in a non-replicated 

nursery with tvm types of ICARDA checks: wild tyjx checks (41-1, 

41-51 and cultivated type checks IHamd1, Arar, Tacbr, Roho, 

Radical, and Stepto?) . 

The plots were 2 rows, 1 rn long, with a distance of 0.45 m 

between rows and 0.90 rn between plots. 

The accessions were evaluated for 18 descriptors: grmth habit, 

frost damage, leaf color, growth class, days to heading, days to 

mturity, flag leaf width, row type, hoodedness/awnedness, awn 

roughness, canopy architecture, node pigmmtation, plant height, 

spike length, awn length, +cle length, peduncle extrusion, and 

-ry mildew reaction. 

An extensive diversity was found in rmst of the characters 

evaluated. The characterization data will be analyzed jointly 

with the collection site infomtion, to established associations 

between the two types of data. 

J. V a l k o m  and B. Mrmeid 

1.3.4. Characterizaticm and d t i p l i c a t i m  of new wheat 

gernp- 

Dunm wheat 

A total of 163 seed samples of durwn wheat landraces originating 

£ran Tunisia !loo), Y e m  (561, and Jordan ( 7 )  were planted during 

in 1991/92 season in the post quarantine area in the same way as 

the wild barley gemplasm (see Section 1.3.3) . Hauani and Cm 

Rabi were used as checks. 

The following characters were scored: Growth habit, frost 

dimage, growth class, days to heading, days to maturity, plant 



waxiness, awnedness, spike length, plant height, spike density, 

1 ,  1000-kernel weight, grain color, and kernels per spike. 

Bread wheat 

In the 1991/92 season, a total of 162 seed samples of bread wheat 

originatiq from Czechoslovakia (23) , W k e y  (38) , Russia ( 5 )  , 
Japan (129), Jordan (121, and Tunisia (84) were planted in the 

post-quarantine area for mltiplication and characterization usiq 

the same experimental design and descriptors as in durum wheat 

abnre. 

Primitive forms and wild Witicum 

A set of 26 seed samples of T. C-ctum, _T. dicoccoides, and _T. 

-u collected £ram Uzbekistan (2) and Syria (24) WE planted 

in mid-Never, 1991, with three ICZ!RDA checks: Mexipak, olam-4 

and Sonalika. Another set of 112 samples was received fram 

CIMiVYT, camprising Tritim diccccum, _T. r m n ~ ~ ~ m ,  2. plonicum, 
T. carthlim, _T. c m c t m ,  and 2. suhaerococcum. T k  materials - 
were planted in 2 row plots of 0.45 m row width and 0.9 m apart. 

The followkg characters were scored: Growth habit, frost 

damage, growth class, days to heading, days to mturity, plant 

waxiness, maturity tire, plant height, spike length, awn 1erqt.h. 

peduncle length, and peduncle extrusion. 

A. B. Damenia, 8. H m i d ,  I. Abu Wizer, and M. Hamran 

1.3.5 Characterization of Aesilws gezmplam 

A set of 159 entries from Algeria, m i a ,  Azerbaijan, Bulgaria, 

Libya, Syria, Tadzhikistan, Tunisia, lUr!menia, and Uzbekistan 

were planted in an unreplicated nursery with three systmtically 

repeated checks (Aeciilo~s s-sii, Acc. no. 400061; &. 
triuncialis, Acc. no. 400021; &. vavilovii, ACC. no. 400067) and, 

in addition, a fourth randomized check (&. biuncialis, Acc. no. 

400831). 
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Qualitative and quantitative descriptors were evaluated on a 

plot basis using the IBFGQ wheat descriptor list. plalitative 

descriptors included early vigor, juvenile gmwth hahit, growth 

class, leaf shape, leaf attitude, flag leaf attitude, andwaxiness 

of the plants. The Aeqilo~s trial was not protected against 

yellcm mst. Nine quantitative descriptors were evaluated on 

three single plants randomly selected from each plot. They 

included: number of tillers per plant, n m k r  of prductive 

tillers per plant, plant height (average of 3 readings per 

individual plants), spike length (average of 3 readings per 

individual plants!, n m h r  of spikelets per spike, and flag leaf 

length and width. In addition, the number of days to heading and 

days to maturity were calculated starting £ran the day of the 

first effective rain after planting (11 December 1991). Data on 

three quantitative traits are presented in Table 14. 

M. van Slag- and 0. Cbji 

1.3.6. S c r e e n h g  for resistance to important vheat diseases 

5.n a selection of the 1- Aeqilous collection 

During the 1991/1992 season, a second part of the Aeqilol3s 

collection was tested for imp3rtant fungal wheat diseases, viz. 

yellw w t  [Fuccinia striifonnis Westend. f .sp. triticil , 

septoria tritici blotch fMvcomhaerella cfrminicola (Fuckel) 

Schr. ; ananr?rph Seutoria tritici Rob. I ,  and m n  bunt [Tilletia 

fcetida (Wallr.) Liro and T. caries (DC.) Tul.1 . We attempted to 
screen for leaf rust and stem rust using sumner planting and 

proziuced preliminary results. In total, 660 accessions were 

selected for screening. Eighteen out of the 23 remised species 

&. -a is for the mcment ngarded as belonging to Aecrilws 

rather than to the mnospecific genus Amblvouvmm) were involved. 

Only material of g. sharonensis has not been tested, so far, for 
the above diseases. Results for the testing for resistance to 

septoria blotch and c m n  bunt are presented under "i2ur-m Wheat 

Pathology: studies on the host-pathogen system" in the Cereal 



Wcgram Annual Report for 1992. 

For yellow rust screening, a set of 660 accessions was planted 

on 16 Cecember, 1991, in an unreplicated trial, using 8 seeds 

planted in 2 rows of 1 rn each and 30 an apart as the test plot. 

Randcmization was not performed but instead the selected 

accessions were planted following their accession number. This, 

in general, prevented outcrussiq species from king planted next 

to each other, while providing for a certain amunt of randcmizat- 

ion. 

Seventy five entries did not germinate. Also included in the 

initial 660, were 178 retested entries that scored 15 MR, a C I  of 

6.0, or less duriq the 1990/1991 screening (GRU Annual Report for 

1991: Table 17; 177 are listed there!. Of those 178, 18 did not 

germinate. Thus, a total of 660 - (178 + 75) = 407 new entries 

were tested, results of which are presented in Table 15. 

Scoring of severity of the infection was again done with the 

d f i e d  COBB's scale, with trace infection scored as 1%. Field 

response, or reaction typ, was classified with the categories R, 

MR, M, W, and S. Severity and response were converted to a 

Coefficient of Infection, or CI (= severity x response), using a 

constant value for the field response: R = 0.2, MR = 0.4, M = 0.6, 

NS = 0.8, and S = 1 (Stubbs et al., 1986) . For each species the 

Average Wfficient of Infection, or ACI, was calculated as the 

sum of individual CI's divided by the number of entries. 

The results are varied for the new entries, tested for yellow 

rust both at the indivi-1 accession and at the species level, 

(Table 151. An ACI of 15 MR (CI = 6.0) or less was shown by only 

seven species: overall in &. biuncialis, m a ,  nwlecta, 

eltoides, and triuncialis, as well as in a limited number of 

accessions of &. kotschvi, umbellulata, and uniaristata. The 

widespread &. nwlecta, &. m a ,  and &. triuncialis m y  
provide a rich source of resistance to yellav rust. FYcm these 

three species, and over t m  years and from m y  different 

countries, a total of 64, 197, and 152 accessions, respectively, 



Table 15. Perfozmance of 18 q., result* f m  the 
yellow rust m, Tel -. Syria; 1991/1992 

- 

Sever i tykt im ACI ACI No. 
range species comtry pop. C o u n t r y  Species 

biuncialis 20 Bulgaria 
3 Cyp- 
14 khnon 
4 AZB, RUS~ 
1 Tunisia 
7 Turkey 
2 Bulgaria 
9 khnon 

3 Syria 
1 Turkey 
2 m. uz@ 

2 RE, U Z P  
1 AzP 
9 Bulgaria 
1 Iraq 
3 Morocco 
5 ARM, AZB, 

WP 
3 Syria 
20 Turkey 
10 Bulgaria 
1 Cyp- 
19 Algeria 
22 Lebanon 

8 Libya 
37 Mo1̂OCm 
13 Syria 
5 kisia 
15 W k e y  
3 Lehlon  

29 Syria 
1 Jordan 
1 Bulgaria 
18 Syria 
1 Turkev 

m t a  

tauschii' 



Table 15. (ccmthwd) 

Severity/Reactia ACI ACI No. 
Species 1- 8pecies country pop. -try 

triuncialis 1-20/R-S 1.3 1.4 
2.4 
0.2= 
0.6 
2.6 
0.2a 
1.3 

2.1 
0.85 

umtellulata 1-5/M-MS 1.9 3.0" 
0 .ea 

uniaristata 1/R 0.2= 0.2a 
vavilovii 80/S 80.0 80.0" 

80.0a 
ventricosa 10-9O/MS-S 67.0 80.7 

19.0 

25 Bulgaria 
2 C y p m  
1 Algeria 
17 J%hmn 
15 Morocco 
1 Pakistan 
8 AZE3, RE, 

m, LJZP 
2 Syria 
24 Turkey 
1 Az@ 
1 W k e y  
1 RW 
1 Lebanon 
1 Syria 
7 Libya 
2 Morocco 

Total 

a : Data of one accession; only CI calculated. 
b : USSR now defunct. mterial originating from Armenia (AFN), 

Azerbaijan (AZB) , Georgia (m), Daghestan, Russia (RUS) , 
T u r M a  ('EW), Uzbekistan (UZB) . 

c : Synonym of neslecta: triaristata; synonym of tauschii: 
s4UaTTOsa. 

d : Material from Daqhestan. Russia. station of the Vavilov 
Institute. Griginvncle& but m t i a  of Greece. 

have consistently sham good resistance to yellow rust. The 

lesser widespread &. biuncialis also scored well with ACI's of 
7.1 in the first year and now 3.4, but some accessions (from 

Jordan and Syria in 1990/1991, and now from ?\misia) wre mre 

susceptible. -hasis for collection my thus bz on other 

countries where this species is represented. The ACI by species 

may obscure pmnising regions (here: countries), present in 

species with a higher overall ACI. An example of this are the 18 



Syrian accessions of & . sceltoides with an ACI by country of 5.6. 
When excluding f m  this species, the susceptible Turkish 

accession (CI of 40), and one £ran Syria with a CI of 70, the 

overall species ACI w d d  have been as low as 1.75, and thus 

similar to the 1990/1991 results (then an ACI of 2.1). 

Material with good resistance was again defined as shaving a 

severity of infection between trace (1%) and 15%, and a response 

of R-MR, which is a CI range of 0.2 to 6 .O. Out of the 407 new 

entries tested in this season, a total of 275 accessions (67.5%) 

fell in this range, while the remaining 132 (32.5%) had a CI of 

over 6.0 (Table 16) . 

Table 16. Nmker of resistant accessicns to yellow rust in the 
Asqilops collection, screened in 1991/1992 

Severity and reacticn typea N>. Accessicns 

Total 275 

a : Trace severity put at 1% 

Retesting of the 178 resistent accessions of the 1990/1991 

screening gave the following results (referring to 160 entries, as 

18 accessions did not germinate) in 1991/1992. Out of the 160, 72 

(45%) gave the s m  CI score, 33 (20.5% a lower CI score than the 

previous year, and 55 (34%) a higher CI score, of which 32 scored 

a CI of 6 or laver, and 23 a CI higher than 6. Thus, mst of the 



entries mintained their resistance to yellow rust during the 

secund year. As a result of the retesting of 160 accessions, a 

total of 105 are identified as having a good resistance to yellow 

rust, rraintained during the two years. 

That repeated testing is necessary, is illustrated by the 23 

accessions (nearly 13%) that sham3 a suretimes dramatic 

sensitivity to the disease. m l e s  of striking differences 

between the years are Jordanian and Syrian accessions of Aeqilas 

biuncialis, and all accessions of Ae . kotschvi and &e . pereqrina. 
The resistance of two &. searsii accessions frun the 1990/1991 
screening also prwed to be misleading. Their score (ACI of 6 5 )  

is now rmre similar to the ACI calculated for 22 accessions in the 

first year (then a susceptible 27.1; CdlU Annual Report for 1991, 

Table 18) . 

The 1991/1992 season s h s  generally higher ACI scores than the 

first year, which m y  be due to a charge in the pathogen virulence 

or the enviromt. Table 17 shows a comparison of the t w  years 

Table 17. Resistance of 178 accessians of Milous species by 
regians,  result* frcm the 1991/1992 retesting aa c-ed with 
the 1990/1991 screening, Te l  Hadya, Syria 

1991/1992 1990/1991 

ACP ACI ACI X I  m. 
species species country species country pop. camtry 

bicomis . - 0.2 0.2 
. . 0.26 O.za 

biuncialis 4.8 1.5 1.1 1.9 
0.3 0.8 
11.8 0.9 

O.za 2 . oa 
18.0 0.25 
1.0 1.1 

caudata 6 .O 15.0 0.2 0.2 
1.6 0.2 

Cyp- 
Eapt 
Bulaaria 
Cyplus 
Jordan 
Lebanon 
Syria 
Turkey 
Syria 
Turkey 



Table 17. (Ca~tjnued) 

1991/1992 1990/1991 

ACP ACI ACI ACI No. 
Species species country species country pop. -try 

searsii 65.0 65.0 3.0 3 . 0  2  
speltoides 1.1 0 . 2  0.75 0.2 4-6 

5 . e  4.0" 1 

Lebanon 
Syria 
Turkey 
Turkey 
Jordan 
Syria 
Turkey 
Bulgaria 
Syria 
Turkey 
Bulgaria 
cyp- 
Algeria 
Jordan 
Syria 
Turkey 
Jordan 
Syria 
~brdan 
Syria 
Turkey 
Bulgaria 
Cyp== 
Algeria 
Syria 
Turkey 
syria 
Turkey 

Total 160-178 

a : Data on one accession; only CI calculated. 
b : ACI calculated for the retested entries only. A ( - )  in any 

of the c o l w  indicates that the accession died in an early 
stage during retesting. 

c : Comron synonym: triaristata. 

of testing of the 178 accessions initially scored as resistant. 

Table 15, together with the similar Table 18 from the GRU 1991 



Table 18. Susceptibility of Aesilam species carrying the D- a d  
S-genare to yellow m t ,  screenings 1990/1991 and 1991/1992, Tel 
mr W a  

species Genun? fcmda* ACT 90-91 ACI 91-92 

D-g- 
crassa rn / Dm 18.6 15.0 
cylindrica CD 28.6 6.8 
jwenalis - EMU - 48.0 
tauschii D 31.8 10.4 
vavilovii II*IS 44.8 80.0 
ventricosa Dun 25.1 67.0 

+ : Gencxnic f o d a  accordkg to Kimber & Sears, Prcc. 6th 
International Wheat Genetics Symposium, Kyoto, Japan: 1195- 
1196 (1983). A ( -1  indicates that entries WE either not 
tested or died during retesting. 

++ : One species of this group, . sharonensis, has not been 
tested. 

Annual Report, furthemre skms the interest* feature that 

species with the D-genm show a consistent susceptibility for 

yellow rust (separately presented in Table 18). To a lesser 

extent, the S - g m  species, one of which may have contributed 

the B-genaw in wheat, are also susceptible. The exception here 

is Pesilms sceltoides, which scored an ACI of 2.1 (for 9 

accessions) in the first year and slightly b e  6.0 (i.e. 7.1 

with 19 accessions) in the 1991/1992 screening. Resistant 

accessions of this species maintained their perfomce over the 

t m  years (Table 18) . 
M. van Slageren and O.F. Wuk (Cereal Program) 



1.3.7. Screening f m  barley yel1a-1 dwzf vim (Byw) in 

cereals 

Over 1000 new breeding lines were evaluated for their reaction t o  

BYW after  ar t i f ic ia l  inoculation with a PAV isolate (m- 

specifically transmitted by Rh436losioh and Sitobion 

avenae), tolerant lines are listed in  Table 19. 

Table 19. Evaluation of new cereal breeding lines after 
artificial inoculation with HYW during the 1991/92 grclwirg seaacol 

N u n b r  of Lines with tolerance 
Cereal nursery lines tested to infection 

Bread wheat 
WIU-1992 

hvMl wheat 
DKL-1992 

a : Numbers refer t o  ICARDA nursery serial number, e.g. 2 is WI(L- 

92-2. 

The mst pranising lines of the previous two years were pooled 

and evaluated in  1.5 m long 4-row plots. A n&r of t ra i t s ,  



inc ludiq  yield loss i n  ccmparison with a healthy control, were 

evaluated (Table 2 0 ) .  The best perfoxming l ines f m  this t r i a l  

were used t o  constitute the BYDV nursery which is being 

distributed t o  national programs of the region. 

K.M. Makkouk and W. Qcdan 

Table 20. Re-evaluatim of cereal breedirg lines Hhich perf- 
w e l l  over the last two years after artificial h x u l a t i c m  with 
BYDV &irg 1991/92 

C e r d  i ' ~ ~ ~ e r y  Lines with tolerance to infectim 

Bread vJheat 

a : Nmkers refer t o  ICARDA nursery serial  number, e .g.  2 is WKL- 
92-2. 

1.3.8. Fmhaming xheat prcductivity in stress envi-ts 

utilizing wild prcgeuitors and primitive fonns 

Wheat is one of the earl iest  crops t o  be brought under cultivation 

through b s t i c a t i o n  and has acquired a wide range of d i s t r i -  

bution throughout the world. To further realize advances in  

irprovement and t o  address new d e m d s  being put on th is  crop in  

terms of inproved yields and tolerance t o  stresses, it has kc -  

increasingly urgent t o  broaden its genetic base wlth the intro- 



chxtion of genes from nor-conventicmal sources, such as wild 

relatives and previously d t i v a t e d  species. 

In view of the 'greenhouse phermenon' and subsequent global 

wanning, increasing genetic tolerance of crop species t o  

envirormwtdl stresses such as drought and high temperature is of 

paramxnt inprtance. For any fruitful wrk in this area, it is 

inprtant  to  have a t  hand a canprehensive collection of germplasm 

from the areas of high genetic diversity where these t ra i t s  occur. 

For wheat, this has been partly accomplished through a series of 

expeditions since 1978 in  the southwest Psian and Mediterranean 

regions, which are in  the primary centers of diversity for wheat 

and its wild evolutionary progenitors, such as wild emner 

(Tritim tur s ih  var. dimcoides Kcem.), as w e l l  as a n a r  

of other wild and Awilws species. 

Since the ms t  realistic approach toward improving wheat 

p&ction under drought stress i s  the genetic imprwement of 

wheats for biotic and abiotic stress tolerance, we e-ize the 

genetic aspect of these stresses in our research. The 1991/92 

season was considerably wetter than previous seas-. Tel IIadya 
received a total rainfall of 352.5 mn, which is 20 mn above the 

long-term average and hence, conditias were ideal for wheat 

growing. B r e d a  received a total of 263.2 mn, which is identical 

to  the long-term average. The season was noted for a relatively 

heavy snowfall in  February, which was unprecedented i n  the las t  50 

years. T h i s  w a s ,  hence, an ideal o~portunity to  confirm the 

results of several years of testing for frost tolerance. 

1.3.8.1. M u a t i o n  of R-iticmn dicoccoides for abiotic stresses 

Wild e m r ,  _T. dicoccoides (PABB) , is the progenitor of a l l  

cultivated wheats. Its distribution can be divided into tm 

regiorzs according to  Zeven and de W e t  (1982) . The northern region 

is ccmprised of southern Tmkey, Iran, Iraq, and the southern 

region consists of Palestine, southern Syria, and Jordan. This 

wild species seems to have been derived from a natural amphi- 



diploidization of an hewn diploid species, perhaps _T. 

boeoticum. It is thought that this amphi-diploidization m t  have 

cccurred in southern Syria or Palestine, or at several places 

within this region. Speculation as to the identification of this 

m h o w n  diploid parent is a subject of continuing research. 

Gne hundred and seventy selected sanples frcm the T. 
diccccoides collection have undergone continuing evaluation at Tel 

Hadya and Breda to identify suitable parents to be used in crosses 

with cultivated &rum wheat in order to i m p m  protein content 

and disease resistance. Variation was considerable for all 

characters, even for the checks, viz., Cham 1, Haurani, T. 
dimcum (tetraploid) ; and Mexipak and Cham 4 (hexaploids) . 

Table 21. Sinple statistics of 170 sanples of 2. dicoc~ides 
evaluated at Tel Ha@fa and Breda 

Rait Mean M x .  Min. S.D. Mean 3Sx. Min. S.D. 

FTIL 5 .6  
3 . 8  

a : DHE = Days to heading; ENA = Days to mturity; PW = Plant 
Height; PED = Peduncle length; m I L  = Total no. of tillers; 
FTIL = No. of fertile tillers. Figures in bld refer to the 
five checks. 



All dicoccoides samples were tolerant to frost at both 

locations, although during this season there was relatively mre 

days with low temperatures than in previous seasons. Simple 

statistics for the diccccoides m l e s  are given in Table 21. 

A.B. Damania and H. Altmji 

1.3.8.2. Characterizatim and taxcormic identificatim of wild 

Triticum 

The wild diploid species of Triticum, which have contributed their 

g-s to polyploid wheats, are presumably mnaphyletic in 

origin, though they have diverged considerably from each other. 

Tkis divergence is particularly evident in the mrphlogically 

well defined seed dispersal units of the species and their 

specific ecological requirements and geqraphical distributions. 

wogenetic data have combsrated the taxoncmic classification by 

showing that each diploid contains a distinct genome. There is 

mnplete sterility and isolation of the diploid species f m  each 

other. 

A collection of wild Triticum species was planted at Tel Ha* 

in order to correctly classify the plants according to their 

species. Of a total of 558 accessions, 175 were found to be 

diploid T. urartu and 24 were _T. boticum, whereas the rest were 

T. diccccoides (tetraploid) . Several mrphlogical features such - 

as mthness or hairiness of leaves, erect or prostrate habit, 

and hairiness of the stems were used to correctly identify the 

species. Final confimtion was mde at the time of flowering 

when obvious differences in spike characteristics, such as the 

relative size of the adaxial and abaxial g l m  teeth, and anther 

size, left no doubts as to the species. The ccmputerized 

docwnentation on these accessions have now ken corrected. 

A.B. Darrania, J. Valkoun, M .  van Slagexen, and H. Altmji 



1.3.8.3. hraluaticn of Aeailcos spp. for drought a d  frost 

tolerance 

Pure lines from two hundred and thirty-nine accessions of m i l a x  

spp. selected fm the previous three seasons for drought stress 

tolerance were planted in a replicated expriment at Tel Hadya 

during the 1991/92 season. The incidence of severe frost at the 

beginning of February, 1992, provided an excellent screening 

opportunity. 

In general, all species of Amilo~s exhibited a m3derate 

tolerance to frost and the a c c ~ y i n g  low temperatures, hauever, 

it was observed that &. vavilovii was considerably mre frost 
tolerant than the rest of the species (Table 22). 

Table 22. Screening Aegilcps spp. for tolerance to cold at Tel 
Hadya during 1991/92 s- (tvm replicates) 

No. of Frost' 
Species lines toler. Genane Ploidy 

biuncialis 
caudata 
columaris 
crassa 
kotschyi 
longissim 
ovata 
pere~rina 
speltoides 
s'T=sa 
triaristata 
triuncialis 
umbellulata 
vavilovii 

checks 
Haurani 
T. diccccum - 
olam1 
Mexicak 

a : Frost tolerance scored on 1-5 scale, i.e. 1 = tolerant; 5 = 
susceptible, based on man of two observations. 



Eighty of the best perfoming lines from this collection will 

be planted next seam. This will also be the last season for 

testing these Aeqilws species, which will then be remmcended to 

breeders for pssible use in wide-crossing. 

Forty-four accessions of m i l a x  s ~ p .  were sent in 1990 to the 

Biotechnology Center, Punjab Agricultural University (PAU) at 

Ludhiana, India, for screening for drought tolerance. After 

undergoing quarantine procedures at the National Bureau of Plant 

Genetic Resources (NBK&?) during 1990-91, the accessions were 

tested under field conditions at Ludhiana. In a particularly 

drought prone season, 15 lines showed a m k e d  degree of tolerance 

to low soil moisture cmditions by flowring almost normally. The 

lines are given in Table 23 and are available to interested 

scientists. 

A.B. -a, H. Albji and H.S. Dhaliwal (Punjab Agriculture 

Mversity, Ludhiana, India). 

Table 23. Lines of Aeqilops spp. selected f r a n  ICARDA pmation 
m l e s  tested at PAU and fornd to be highly toleant to dra&t 

ICARDA 
Acc.No. PAW No. Ploidy @llama 
(papl.) (lines) Species level -1s 

13750 speltoides 
13751 speltoides 
13752 speltoides 
13753 speltoides 
13754 speltoides 
13755 speltoides 
13756 speltoides 
13759 squarmsa 
13760 squarrosa 
13749 umkellulata 
13773 ~ l l u l a t a  
13748 triuncialis 
13770 colmris 
13771 colurrmaris 
13772 peregrina 

a : Genm symbols according to Kimber and F e l h  (1987) . 



1.3.8.4. Evaluaticm of diversity in wheat landraces f r u n  

Ethiopia 

Wheat is the fifth mst important crop in Ethiopia, generally 

g m  exclusively by d l  holder peasant farmers and cooperatives 

run by the g w e m t  of Ethiopia, at elevations ranging from 1600 

to 3000 m a.s. 1. under rainfed conditions. In recent years the 

broad genetic diversity of wheat is under great threat in Ethiopia 

due to the influx of newer varieties of wheat and clearing of 

forests for f i r e - d  and cultivation. 

The mre easily accessible areas in Ethiopia have already been 

explored and collected. A University of Kyoto 1967 -tion 

wanaged to -lore less accessible areas and reported a very high 

degree of genetic diversity in wheat. 

The continuing evaluation of the collection of 62 samples of 

bread and chvum wheat landraces from Ethiopia forms part of a 

joint project between the Plant Genetic Resources Center - 

nhiopia (KRC/E), the University of Reading (UK) , and the ICARDA 

Genetic Resources Unit. 

Ten and fifty-tm samples of bread wheat and durum wheat, 

respectively, =re planted in t w  2.5 rn rows with 30 an between 

ra*rs and 1 m &tween plots. The long-term 1- checks, Haurani 

and &am 2, were also included in the wriment as controls. 

Fertilizer was applied at the time of land preparation (no 

fertilizer or irrigation was subsequently supplied to the 

~ r i m e n t )  . 

A rare snowfall in February could have done considerable harm, 

but gravth was s m h a t  retarded due to the cold weather in the 

t m  previous m t h s  and the plants were in the three-leaf stage. 

Hence, they were able to fully recover from any damage caused by 

expxure to subzero temperatures. This season mst rain fell 

after flcmring and hence, a high incidence of rust was avoided. 

Table 24 gives the yield performance of dumr and bread wheat 

samples as carpxed to the checks. 

The highest 1000-kw of 37.7 g was recorded for a bread wheat, 



Table 24. List of q l e s  frcm Ethiopia w i t h  hi* gain yield 
per plot than the checks Ha- and Cham 2 

Protein Fertile 
m l e  1000-IW Yield P1. Hgt. ccntent tillers 
No.a (g) g) (cm) (%) (%) 

a : Sample Nos. 

=C/E sample No. 208877, but its grain yield was 914 g, which was 

lower than the checks. The highest yielderwas sample No. 203974. 

This sample had a tall habit and a relatively high protein content 

of 14.6%. Its heading and maturity tire was identical to the 

checks and hence, could be a valuable m c e  of genes for high 

yield under mxlerately favorable conditions. The Ethiopian 

germplasm also exhibited considerable variability in gliadin 

barading pattern (Figure 4) .  

The _T. dimcoides samples mentioned in Table 21, as well as 

samples from this collection from Ethiopia, were given to the 

cereal breeders for further evaluation in yield trials and disease 



aim 

* 
BP 
di. 

Figure 4. PAGE bandirg patterns of storage proteins (gliadins) in 
sanples of old wheat landraces fron Ethiopia. Sanples in lanes 5, 
6, 7, and 9 are tetraploid wheats. M = bread xheat cv. "hb~~is'' 
used for reference 

nurseries. Selected samples w i l l  be tested a t  Breda and Tel Ha*a 

fo r  s tress  tolerance and for genotype x enviro~vnent interaction. 

A.B. DHMnia and H. Altmji 



1.3.8.5. hraluaticm of wild relatives and primitive forms of 

wheat for heat and cold tolerance 

In the KA?tk region, wheat is m t l y  g x a m  in areas receiving 

ktween 300-500 MII of rainfall. These moderate to low rainfall 

areas are characterized by large seasonal fluctuations in 

precipitation, temperatures, and other environmmtal factors, 

hence, cultivated wheat is at risk and poor yields or even crop 

failures are c m n .  Yield loss in wheat occurs when day and 

night wan temperatures during qrain-fill* period rise abave 

15'C. Several methods have been reported to estimte the h g e  

caused by heat and a n h r  of approaches are available to develop 

heat-tolerant wheat varieties. 

Forty-six samples of cultivated wheat and its wild and primitive 

forms originating from !dWR, representing diverse ecological 

regions, were selected for this study. They ranged in collection 

site altitude from -10 meters a.s.1. for samples collected near 

the Dead Sea in Jordan, to 1900 meters ab3ve sea level in the 

highlands of Pakistan. 

A modified method, using a growth chamber described by Saadalla 

(1990), was used for screening for heat tolerance and cold 

tolerance using the nethods described by Tahir (19911. A heat 

tolerant winter wheat variety, Triticum aestivum cv. Tam 105, from 

Texas, USA, was used as a heat tolerant check. 

The samples were screened for heat and cold tolerance in t m  

sets of wiments, each carprising 23 genotypes plus the check 

in a randcmized ccmplete block ( R 5 )  design with three 

replications. In the cold tolerance study, entries from the 

second experiment could not be evaluated due to dfunctioninq of 

the freezing chamber, hence, the results from this study are not 

reported. 

The check cultivar, TAM 105, proved to be tolerant to heat, as 

wcted. Hmever, there were several samples which were equally 

tolerant and a few were considerably mre tolerant than the 

tolerant check, cv. TAM 105. These were as follows: _T. aestivum 



I W  206010 (Pakistan) ; T. duxm I W  22417 (Algeria), I034 19543 

and I034 22539 (Syria), ICDd 22421 (~rocco) ; &. sauarrosa 400627 

(~zerbaijan) , 400623 (Amenia), 400709 !Syria), and 400359 (Iran) . 
While stdying a large number of _T. aestivum and T. durum samples 

f m  different ecological regions for heat tolerance, Tahir (1991) 

reported higher n h r s  of tolerance genes in _T. aestim and 

attributed it to the D genome from the donor species &. 
muarmsa. The identification of highly tolerant lines of &. 
muarmsa in the present stucty appears to support this report. 

The tetraploid dtivaced wheat 1. was found to be, on 

average, the mst tolerant to heat. Three samples of _T. camacturn 

were also tolerant to heat, followed closely by Plwrilol3s 

muarmsa. Bread wheat, _T. aestiwm, was only rxderately tolerant 

and the rest of the species were susceptible. _T. diccccoides, the 

wild progenitor of dmm wheat was, surprisingly, the mst 

susceptible to heat. The single sample of _T. timwheevi was also 

susceptible. These results are sumxized in Table 25. The sam- 

Table 25. Smmxy of heat tolerance tests of wild relatives and 
primitive forms of h t  based cn genahic cclrpositicm of the 
q l e s  tested 

No. of Mean heat 
SDecies Gencme samples drrmage ($1 Rank 

T. durum - - AABB 8 28.5 1 
T. diccccoides - AABB 8 44.8 8 



Table 26. List of sanples of wild relatives and primitive forms of 
-.&eat with better heat tolerance than the check, _T. aestinnn cv. 
lXt4 105 

Species Genoae IC K J .  O r i g i n  

T. aestiwm - AABBDD 206010 Pakistan 

AABB 22417 Algeria 
22414 Algeria 
19543 Syria 
22539 Syria 
22421 k m c o  

. sauarrosa DD 400627 Azerbaijan 
400623 m a  
400709 Svria 

ples wnich exceeded the performance of the check TAM 105 h r  

heat stress are listed in Table 26. 

The provenance of a sample and the ecology of the collection 

site is important in determining reaction to heat stress. For 

example, the three mst tolerant sanples were all &. suuarrosa 
originating f m  low altitude areas in Central Asia. Similarly, 

the heat tolerant accessions of _T. originated from heat 

prone sites in Algeria and Morocco, whereas the mst susceptible 

samples of 2. dicoccoides were collected from higher altitudes 

ranging from 760 to 1500 meters. Hence, it cam be surmised that 

these samples were unadapted to heat stress, which mostly occurs 

at low altitudes. It has been reported that samples of T. d m  

collected from Afghanistan were among the most tolerant to the 

d i n e d  stresses of heat and soil salinity when tested at a site 

in Northern Syria (1-A Cereal P;rcgram Annual Report 1987) . 

This study of cultivated wheat and its wild prcgenitors for heat 

tolerance has shown that the PABB gencmic -sition seems to the 

mst tolerant to heat, whereas no clear trend for cold tolerance 



emerged. Heat tolerance in cultivated T. d m  is not unexpxted. 

For centuries after its domestication chuum wheat was grown rrostly 

in the Mediterranean and the Near East, where terminal heat was 

one of the mjor stresses. 

The check TAM 105 was also the m t  cold tolerant, with 75% of 

the plants surviving the screening test (Table 27) . The next nost 

Table 27. Species, genanes, IC no., cold tolerance (CT) (percent 
surviving plants), and origin of wheat and its progenitors tested 
in 1991/92 

Species Gencax? IC N3. CT Origin 

Triticum aestivum (Check) PABBDD TAM 105 75 
206418 7 
206414 3 
206408 0 

Triticum cmctum AABBDD 500024 3 
500003 17 

Triticum durum 

Triticum dicoccoides PABB 600905 0 
600919 7 
600908 0 
600894 10 

Triticum boeoticum AA 300076 27 
300049 18 
300047 7 

Triticum m u  AA 300020 5 

USA 
Syria 
Syria 
Algeria 

W k e y  
Turkey 

Syria 
Syria 
Syria 
l%rmco 

Syria 
Jordan 
Syria 
Jordan 

Turkey 
%key 
Bulgaria 

Syria 
Russia 
R~ssia 

Azerbaijan 
FLnenia 
Syria 
Iran 



tolerant group was _T. m u ,  whereas for _T. beoticum, &. 
sauarrosa and everything else, including other bread wheats, the 

reaction to cold ranged from complete susceptibility to moderately 

susceptible. 

A. B. Damania, and M. Tahir and H. Pashayani (8) 

1.3.8.6. Evaluaticn of Triticum dicocm (- wheat) 

Rmer, Triticum dicmcum Schuebl. (2x=2n=28) , is the oldest type 

of wheat grown in the 'Fertile Crescent', dating from ca. 10000 BP 

but has ken widely replaced in recent times by modem £ o m  of 

tetraploid (T. dunm) and hexaploid (_T. aestivum) wheats. Together 

with other older forms of wheats, m r  wheat possesses 

considerable morphological variation which can be useful for 

breeding for the dry areas, where abiotic stresses play a mjor 

role in reducing yield. 

Further evaluaticm of sixteen lines selected from the original 

41 accessians evaluated in previous seasons was carried out at Tel 

Haclya during 1991/92. Observations for the follmhg traits were 

recorded: early growth vigor, frost tolerance, days to heading, 

total no. of tillers, fertile tillers, plant height, m c l e  

length, and days to maturity. 

The results of this evaluation were as follows: eight lines were 

highly tolerant to frost, as they were not affected by the spell 

of very lau temperatures, including snow fall, which occurred at 

the beginning of February, 1992, and seven lines were derately 

tolerant. One line, houever, selected from accession 600778, was 

killed by the frost and snow fall. The early grcwth vigor of the 

test lines was laver than the mean for the checks Haurani and h 

1. Days to heading was not very different but maturity was a week 

earlier than the checks in the _T. dicoccum lines tested. The high 

tillering in some genotypes of this primitive wheat has been 

reported by W i m .  There was large variability in plant height, 

which ranged f m  81 to 104 cm. The peduncle length also varied 

between 23 to 42 m. The evaluation data is given in Table 28. 



Table 28. Evaluation data an fifteen lines of T. dicoccm 
selected at Tel Hadya in 1991/92 

ACC.ND. F R C Y E G V I X H E  m FTlL PLH PED mm 

Check 
means 

a : FRO; m s t  tolerance l=highly tolerant and 5=highly 
susceptible; EGV: Early growth vigor l=low and 5=High. Other 
abbreviations as in Table 21. 

Hence, it can be seen that the _T. diccccum lines harbr a large 

mount of useful m3rpholcgical variation which could be exploited 

for chvum wneat improvemt in the dry areas. 

A.B. Dirmania and H. Altunji 

1.3.8.7. Miitiplication and evaluation of primitive wheats f m  

the C m  collection 

One hundred and twlve samples of primitive received frcm CII*MYT 

in 1989 and characterized during the 1990/91 season were planted 

at Tel Hadya for a second season for multiplication and further 

evaluation. The response of these samples to naturally occurring 

rusts and other diseases was reported in the GRU Annual Report 



(1991). The agromrpholcgical data on various species are 

reported below. 

Triticum carthlicum 

Persian wheat . carthlim Nevski; syn. _T. persicwn Vav. ex 

Zhuk. 2n = 28, g e n e  AABB) is said to have evolved by hybrid- 

ization f m  _T. diccccoides and subsequent domestication of the 

progenies. The primvy center of origin is in the Near East, with 

a secondary center in Ethiopia and the Mediterranean basin. 

CartNicum wheat used to be widely cultivated in the past in Iraq, 

Iran, and Caucasia. Forty-three samples were emluated in 1991/92 

and the sirple statistics of evaluation given in Table 29. 

Table 29. S a l e  statistics of 43 sanples of Triticum carthlim 
frun the CllMiT collectim 

Trait' Min. I.53~. Mean V a .  S.D.  

Fa0 1.0 4.0 1.79 0.64 0.80 
EGV 3.0 4.0 3.41 0.25 0.49 
DHE 161 169 163 2.21 1.48 
'rWl'IL 4.0 11.0 6.53 3.25 1.80 
FTIL 3.0 9.0 5.97 2.07 1.44 
PEE 23.0 43.0 33.9 21.4 4.63 

a : Abbreviations same as in Table 28 

Table 30 gives the correlation ccef ficients m n g  m, EGV, D m ,  
TCYTIL, FTIL, Pm), m, and PLH. Only three correlations were 

statistically significant, as expected. A considerable number of 

samples of this species are late in comparison to the checks, Cham 

1 Haurani, Mexipak, and _T. d i c c m  (kc. No. 600777) , which 
matured 190 days after sowing. There was considerable variation 

in plant height, with most of the samples being between 92 and 106 

an. However, a lower plant height was found in one of the samples 



Table 30. Correlation coefficients amr~ag descriptors for 43 
samples of T. carthlicum frun the C m  collection 

Descriptor EGV DHE T(7PIL F m  pH) m PLH 

FRO -0.07 -0.13 0.09 0.07 -0.01 -0.26 -0.12 
EGV -0.05 0.17 -0.18 -0.19 0.06 -0.06 
DHE 0.28 0.18 0.17 0.50' 0.03 
r n I L  
FTIL 

* : Significant at P= 0.05. 
a : Abbreviatioizs saw as Table 29. 

and plant height was at least 107 cm in at least seven sarrples 

(Figure 5) . 

Figure 5. Distributica of plant height (an) for samples of _T. 
dicocc~rm evaluated at Tel Hadya &ring 1991/92 



Triticum mncccccum 

Einkorn (Triticum mncccccum L. 2n=14, genm PA) was hsticated 

in the 'Fertile Crescent' from its wild progenitor _T. boeoticum 

Boiss., which has a brittle rachis. Its earliest appearance in 

archaeological records is from Ali Kosh in Iraq dating f m  ca. 

8500 BP. This makes it later than T. diccccum which, according to 

archaeological records, dates from ca 10000 BP, d i n g  it the 

oldest cultivated wheat. In the past, einkom was spread over 

Europe, N. Africa, Asia Minor, Caucasia, Iraq, and Iran. In 

Europe it was mainly cultivated as a fodder crap and poultry feed. 

Twenty-one samples of einkom received from C I W  were 

evaluated at Tel Hadya. Three samples (CWI 2288,  2358 and 19537) 

were killed by frost. Apart £ran other useful variation in days 

to heading and maturity, and plant height (Table 311, one of the 

samples (Am. no. 19469) headed in only 151 days and matured in 

186 days. 

Useful disease resistance genes have also been found in this 

species (see following Section) . 

Triticum c m c t m  

Club wheat (T. carp~ctum Host. 2n = 42, g m  PABBDD) is reported 

to have developed in the Hindu Kush mtains and have a secondaq 

center of diversity in Armenia. According to Simnds, the 

earliest hexaploid wheat to be found was club wheat in the 

archaeological m i n s  at Tell Ramad in Syria f m  Ca. 9000 BP. 

while tetraploid wheats, in keeping with their center of origin in 

the Near East, are adapted to mild winters and rainless s m r s ,  

the addition of the D genm introduced from Central Asia by &. 
tauschii rust have contributed to greater adaptation of hexaploid 

wheats, resulting in the spread to Asia through the highlands of 

Iran to the Indus valley, where they seem to have arrived by 5000 

BP. In Syria, renmants of past cultivation of club wheat can 

still be found in the £om of two or three odd plants in cultivated 



m l e  31. hraluatim data cn eighteen lines of _T. ncnococnrm 
fmn the Cl3MYT c o l l e c t i c m  a t  Tel H=uiya in 1991/92 

Check 
man 

a : Abbreviatim and scales same as in  Table 28. 

wheat fields in the E l  Hassakeh region, where they can be easily 

detected by their earliness in mturity and sanetimes due t o  

infection with rusts to which they are susceptible. 

A collection of 18 samples of _T. m c t u m  received from C m  

w a s  planted a t  Tel Hadya. A l l  samples =re tolerant to  cold 

temperatures and resistant to  frost b g e .  For other characters, 

such as days to heading and mturity, there was a high degree of 

uniformity. Only in the case of CWI No. 3162 was there a high 

nmker of total and fer t i le  t i l lers .  The evaluation data results 

are given in Table 32. 

To conclude this section on primitive germplasm, we can say that 

there exists useful genetic variability for desirable t ra i t s  in  



Table 32. hraluatian data cm eighteen lines of _T. -chm 
fran the Ci3WxT collectian at Tel Hadya in 1991/92 

M . W .  FRV m DHE ZDTIL m P L H P E D m  

3149 1 4 163 5 5 102 37 195 
3150 2 4 162 7 7 95 39 194 
3152 2 3 163 9 9 97 39 195 
3153 1 4 163 7 7 1 0 1  28 195 
3154 1 4 163 6 6 98 34 195 
3155 1 3 163 5 5 100 3 1  194 
3157 2 3 162 5 5 98 29 195 
3158 2 2 164 8 7 1 0 1  28 195 
3159 1 3 162 6 6 92 27 196 
3160 2 3 162 6 6 94 29 195 
3161 2 3 163 5 5 92 32 195 
3162 2 2 165 10 8 1 0 1  34 197 
3163 2 2 163 6 5 100 29 195 
3164 1 3 1 6 1  7 6 100 30 193 
3165 1 3 162 8 8 102 3 1  196 
3166 1 2 167 6 6 98 26 199 
3167 1 3 166 7 6 90 3 1  199 
3168 1 3 165 8 7 103 29 204 
Check 
mean 2 5 155 5 5 88 37 1 9 1  

a : Abbreviations and scales same as in Table 28. 

old forms of wheat. This variability can be readily exploited for 

crap improvenent programs since, unlike certain wild relatives, 

g&c disharmony does not impede crossing with other forms of 

cultivated wheat. 

In recent years, short strawed, solid stenned, erect progeny 

lines of d m  wheat, possessing resistance to lodging and 

relatively good grain yield under unfavorable conditions, have 

k e n  obtained from crosses where one of the parents has been _T. 

diccccum. 

Breeders seeking genes for biotic and abiotic stresses to 

broaden the genetic base of durum wheat targeted tavards the lau- 

rainfall areas auld develop pure lines for greater stability f m  

the accessions reported here. It is also suggested that older 



£ o m  of wheat, such as _T. dicoccum, can themselves be p m t e d  as 

dtivars and hence, play a brmder and mre significant role in 

i~roving quality than merely correcting specific shortcomings of 

othemise well-adapted madern varieties. 

All the above collections of primitive wheats f m  C I W W t  have 

now been accessed into the ICARDA collection, which will also 

serve as a safety duplication of the CDMYI germplasm, as per the 

Merimrandurn of Understanding between the two Centers. 

A.B. Damria, H. Alhmji and B. SkoM.wd (CIMQT, Mexico) 

1.3.8.8. Further evaluatim of genetic stocks frcm 

Czechoslovakia 

Genetic stocks of bread and durwn wheat lines were developed by 

utilizing disease resistance genes frcrn 1. rmncccccum at the 
Research Institute of Crop Production in Prague, Czechoslovakia 

( R U  Annual Report 1991) . Tenty of these lines were planted at 

Tel H a d y a  for evaluation against moderate drought and frost 

tolerance, as well as recording of agronmic traits, with results 

given in Table 33. 

It was observed that all winter bread wheat, except one line, 

were highly tolerant to frost. Three of the lines which were 

highly tolerant possessed the Lr % gene, which has resistance to 
leaf rust, whereas 206973 was the check cv. Yubileynaya frcrn 

Russia, which is highly cold tolerant, photo-insensitive and as 

early as the other lines derived from crosses with _T. rmncccccum. 

Therefore, this gemplasm mterial could be extremly useful for 

breeding for the highlands where cold tolerance is an 

inprtant requirement. Ruther tests at a cold site in Turkey are 

in progress in collaboration with the Cereal Improvement program. 

A. B. Dammia and H. Altunji 



Table 33. Results of agrrncmical and frost tolerance evaluaticm 
cm 20 wheat lines derived fran mosses with T. rrrnococcum 

S.m. Acc.M. Habit FRO'DHE E&lA PLH 

1. 22708 Spring 2 160 199 9 98 45 
2.  22709 Spring 2 1 6 1  199 4 111 46 
3. 22710 Spring 2 163 194 9 100 34 
4.  22712 Spring 2 163 195 5 118 49 
5 .  22713 Spring 2 167 199 3 125 48 
6 .  22714 +rinj 
7 .  22715 Spring 
8 .  22716 Spring 
9. 22717 Spring 

T. aestivun (Bread wheat) 

10.  206969 Winter 
11. 206970 Winter 
12.  206971 Winter 
13 .  206972 Winter 
14.  206973 Winter 
15.  206974 Spring 
16.  206975 Sprinq 

19.  206978 &ring 2 167 200 3 97 36 
20. 206979 Spring 2 169 203 6 105 3 1  

a : Abbreviations as in Table 28. 

1.3.8.9. Re-breeding an3 developumt of genetic stocks with 

genes fran wild and primitive fonns 

Germplasm of wild and primitive forms is also being utilized for 

a pre-breeding proyam which seeks to infuse desirable genes f m  

the wild or primitive parent into the cultivated £om through 

crossing and selection. This work will create stable lines which 

can be utilized by breeders without fear of non-desirable 

characteristics becoming linked to those which are sought from the 

wild or primitive parent. 



The wild progenitors of wheat are c m n l y  sympatric with their 

cultivated forms. mey differ, however, in phenotype and 

adaptation but remin sufficiently related genetically to cross 

and produce fertile hybrids with exchang~ of genes particularly in 

the direction of the cultivated forms. Breeders are adverse to 

use germplasm which m y  retard their impmed lines or tbse which 

require years of back crossing to eliminate undesirable traits, 

which are very often inherited when wild or primitive mterial has 

been used in the pedigree. 

Selections f m  twenty-five crosses between wild species (T. 
dicoccoides with gccd agronomic pexfomce at Breda as the mle 

parent) and durum wheat, and between durum wheat and primitive 

forms with disease resistance . dicoccum and T. carthlicum) , 
which were initially mde in 1989, were re-tested in in order to 

observe stability in t m  important traits of interest to breeders, 

viz . days to heading and maturity. 
It was observed that there was no difference for days to heading 

and mturity in the t w  previous seasons, although they were b t h  

quite different in the anount and distribution of rainfall, as 

well as in the presence of cold stress. -11 quantities of seed 

samples from the above mtioned lines are available. 

A. B. Damania and H. Altunji 

1.3.9. Characterizatim of Jcardanian vetch and Lathyma and 

Algerian vetch 

I*enty accessions of Jordanian Lathvrus and fourty-eight 

accessions of vetch were characterized for twelve descriptors at 

Tel Hadya, Syria. One hundredtwenty-three accessions of Algerian 

vetch were evaluated. The plot size varied from one row 4 m to 4 

rows 3 rn long, with 37.5 cm between rows. The seeding rate was 50 

seeds per row. aecks used for Lathvrus were 1- 101 &. 
sativus) and I!?IA 347 . -1 and for vetch were IFVI 67 

(-a narbonensisi and IFVI 2541 V. sativa) . 
The descriptors evaluated were growth habit (Gal, frost 



tolerance (E'RGST), vigor WIG) , flower color (FCOI , days t o  50% 

flowering (Dm), days to 90% podding (DAP) , days to 90% lraturity 

(EWAT), pod length in an (PLEN) , pod width in  a n  (WID) , seeds per 

pod (sw) , and hundred seed weight i n  g iW) . 
Wst Lath- and Jordanian vetch accessions evaluated were 

semi-erect or erect and had strong or intermediate levels of vigor 

(Table 34). Algerian vetch accessions wre mstly sem-spreadicg 

Table 34. Frequency distributians for GRH, FROST, VIG, and FCO 
for 20 accessians of Latmrms and 48 accessians of Jordanian vetch 
and 123 accessians of Algerian vetch evaluated at Tel Eklya ,  Syria 
in 1991/92 

Jordanian Jordanian Algerian 
Descriptcu/Scorea Lathvrus vetch vetch 

GKi 
Spreading 
Semi -spreading 
Semi-erect 
Erect 

FaaST ~ ~~ 

Highly tolerant 
Tolerant 
kderately tolerant 
Susceptible 
Highly susceptible 

VIG 
Very strong 
s t m q  
Intermediate 
Poor 
Very mr 

FCO 
White 
Blue 
Dark pink 
Pink 
Violet 
Yellow 

a : For descriptor abbreviations, see text. 



and with pmr or intermediate VIG. Most accessions evaluated were 

also tolerant or rroderately tolerant to frost, however, the 

Algerian accessions had a high proportion of susceptibility 

(34.9%) . Lathvrus accessions wre with dark pink and yellcw 

flcwers and the Algerian vetch accessions had w t l y  violet flow- 

Table 35.  Slnmary statistics for DFLR, DAP. m, PDPI, =, 
PWID, SPD, a d  IWJ for 20 accwsima of Lathvrus and 48 acceesicns 
of vetch frun Jordan and 123 accwsima of Algerian vetch 
evaluated at Tel Hadya, Syria in 1991/92 

crop/ 
Descr ip to f  Qleck - &an Kin. Max. C.V. (%) 

Lathyma 
DFLR (davs) 114.5 112.4 104 120 2.9 
IlAP (da$s) 129.0 126.9 110 132 3.7 
rryAT (days) 155.0 156.6 151 170 3.9 
F'DPI 1.20 1.10 1.0 1.8 20.9 
PUN (Cm) 3.53 2.91 1 .9  4.7 28.3 
PWID ( 4  1.03 0.63 0.3 1.4 52.2 
SPD 2.84 3.93 2.4 5.8 24.9 
H S i  (g) 12.35 3.83 1.3 7.6 45.8 

Vetch (Jordan) 
DFLR (days) 
DAF (days) 
DMAT (days) 
PDPI 
PUN (on) 
pWID (m) 
SPD 
Hsw (g) 

Vetch (Algeria) 
DFLR (days) 
DAP (days) 
r n T  (davs) 
PDPI 1.00 1.22 1.0 3 .0  38.7 
PLEN (cm) 3.93 3.73 0.7 7.0 27.8 

a : For descriptor abreviations, see text 



ers. Hauwer, f lwer  colors of the Jordanian vetch accessions 

were d i s t r h t e d  wer  the full range of flaver colors. 

Sunary statist ics for the Lathvrus and vetch accessions of 

Jordanian origin and Algerian vetch are given in Table 35. The 

Lathyrus accessions were smaller seeded than the checks because of 

the species evaluated (which were mstly - and hierosolv- 

mi-). These also had mre SPD and unere with smaller pods 

( P m  and M D )  . The Lathyrus accessicms vnere s i m i l a r  to the 

checks phenolcgically. The Jordanian vetch accessicms =re also 

similar phenologically to the checks, although the Algerian vetch 

was later than the checks. The Jordanian vetch had smaller seeds 

(W), less SPD, and smaller pods (PLEN and WID) than the checks. 

The Algerian vetch, while with less values for these descriptors 

than the checks, was much closer to  the check values. Again, this 

was  due t o  the species evaluated (mstly palaestina, pereqrina, 

rmnantha, and sativa n i m )  from Jordan, while the Algerian vetch 

included a much higher proportion of V. sativa sativa. 

Larry Rabertsan, A. Shehadeh and F. Sweid 

1.3.10. Evaluaticn of Iranian chickpa accessians 

A joint evaluation t r ia l  was conducted a t  IcaRDA, Tel Hadya, 

Syria, together with the Seed and Plant Impmverent Institute 

[SPII) of Iran with the objective to evaluate Iranian chickpea 

gemplasm accessions. 

The 495 chickpea accessions were evaluated a t  Tel Ha-, Syria 

in  an unreplicated augmented design with one systematic (ILC 482) 

and two random (ILC 2379 and ILC 5104) checks, with a block size 

of 23 plots. The plot size was  4 rcm, 45 a n  between m, 5 m 

long (9.0 I?) . The seeding rate w a s  240 seeds per plot. The 

center two m, 4 rn length (3.6 d), were used for yield 

determinatiom. 

There were 27 descriptors observed: days t o  50% flowering 

( D m ) ,  days t o  90% maturity (EWAT), plant height (m) in cm, 

f i r s t  pod height (HTP) in  cm, canopy width (CAW) in cm, qravth 



Table 36. Frequency distrihticns for LFS, Fm, GEi, PLP, 
m, and msi for 495 Iranian chi- acceasicma evaluated at 
Tal Hadp, Syria during 1991/92 

m e  mn long)- 
Pa) 

White 
Pink 

mi 
Semi-erect 
Semi-spreading 
Spreading 

PIH 
Hairs almost absent 
pubescent 
Densely pubescent 

SCO 
Beige 
Yellow 
Beige mixed 
Other mixed 

S9I 
Kabuli 
Intermediate 
Cesi 
Mixed 

SW) 

Rough 
5mmth 
Mixed 

PLP 
No anthccyanin, pale green 
No ant-, green 
Weak anthcqanm, partly purple 

Prnm 
No dehiscence 
<LO% dehiscence 
10% dehiscence 

PDSH 
Lay 

Medium 
High 

a : For descriptor abbreviations, see text 



habit (a), iron deficiency chlorosis (IDC) , pod dehiscence 
(PDW) , pod shedding (PDSH), leaflet type (LET), leaflet size 

(LFS) , £laver color (FCO) , plant pigKentation (PLP), plant 

hairiness (PLH) , leaflets/leaf (LFL) , seed shape (SSH) , seed 
surface roughness (SRO) , seed color (SCJ), pods per plant (POD), 
seeds per plant (SPP) , seeds per pod (SPD), pods per peduncle 

(PPPD), hundred seed weight (HSW) in g, seed yield (SYLD) in 

kg/ha, bimss (BYLD) in kg/ha, straw yield (STYLD) in kg&, and 

harvest index in % (HI). 

There was no variation of LFT, all accessions had cmpmd 

leaves. There was very little variation for LFS, FCO, GRH, and 

PLH, mst accessions showed the values of the regularly cultivated 

chickpea for the near east (Table 36). WSt accessions were 

kabuli type chickpea with a ram's shaped head (98.2%) and a rough 

seed texture (97.0%) . Seed color was mostly beige (70.1%) or 

mixed with beige (27.9%) . Pod dehiscence for these accessions was 
mostly none (65.0%) or less than 10% (31.1%) and pod shedding was 

none (36.5%) or l m  (62.9"s) . 
Evaluation of sum~ly statistics (Table 37) reveals that the 

Table 37. Slrmrary statistics for 495 Iranian chi- gemplasm 
accessiana evaluated at Tel Hadya, Syria &Iring 1991/92 

Descriptor Check mean Mean M i n .  . C.V. (%) 
-- 

D m a  (days) 
DRT (days) 
rn (days) 
HTFF (cm) 
LFL 
CAW (cm) 
POD 
SPD 
PPPD 

a : For descriptor abbreviations, see text 







largest variation for quantitatively scored descriptors was 

for HID, HSW, and KRT, and the yield descriptors SYLD and 

STYID. The mean values of Iranian chickpea accessions =re 

similar to the check lines for mst of these descriptors but 

had a l m r  HI, M, and SYLD. 

The distributions for DFLR, HI, and M (Figures 6, 7, and 

8) do not show n o m l  distributions. They suggest that there 

are t w  to three different groups in the Iranian chic-a 

germplasm evaluated. The distribution for SYLD was mre or 

less mmal (Figure 9) . 

i7i-B Distance 

Case" 

ILC 8140 (1) 

a : Case refers to original cluster n m k r  assigned, &cluster. 
b : Numbers in parenthesis are n e r  of accessions in cluster. 

Figure 10. n e d r q r a m  of 475 Iranian chickpea accessicns 
evaluated in 1991/92 at Tel Hadya, Syria at the nine cluster level 
extractim. Original analysis cluster -p and m ~ i z e d  
root mean quare distances used 



Unfortunately, data on the collection sites within Iran is not 

available at this tim, however, heirarchical cluster analysis was 

run to try to separate out the major groups within this germplasm 

(475 accessions with no missing data) using the quantitatively 

scored discriptors D m ,  LFL, FrHT, H F P ,  CAW, m T ,  PPPD, FOD, 

SPD, HSW, SYLD, BYLD, SrYLD, and HI. The results of hierarchical 

cluster analysis suggest three mjor clusters and six minor 

clusters, which will ke explained below (Figure 10). 

Cluster 6 (cluster nmhrs in this discussion refer to the 

original cluster analysis cluster n- assigned) and cluster 3 

are relatively small clusters (17 and 31 accessions, respectively) 

and nost likely represent germplasm in the Iranian collection 

from outside the country, breeding lines or unique cases (Figure 

0 . The three mjor clusters (cluster 9, cluster 12 and cluster 

1 represent the majority of the accessions (427 accessions), 

this is in agreement with Figures 6-9, which suggest three grarps 

in this germplasm set. 

Examination of sum~ly statistics for the individual clusters 

(Table 38) reveals the characteristics of the three mjor clust- 

Table 38. Sunmary statistics for nine clusters developed frrm 
hieraxhical cluster analysis of 475 Iranian chickpea gemplasm 
accessions evaluated at Tel  Hadya, Syria in 1991/92 

DFLIE PlAT SlID H I m m  
Cluster h-eg. (days) (days) (@/ha) (%) (g) (4 

a : For descriptor abbreviations, see text. 



50 / B Cluster I 11 

Figure 11. Distributicns for SlID (lq/ha) for the three mjor 
clusters frun hierarchical analysis for Iranian chickpea 
accessicms evaluated at Tel w, Syria in 1991/92 

ers .  Cluster 12 had the highest SYLD (Figure 11) and largest IESW 

of these clusters, with a high H I  early DFLR (Figures 12 and 13) .  

Cluster 9 had the latest  D m ,  lowest SYJD, and lwst  H I .  

Cluster 11 was similar t o  cluster 12 for D m  and HI  but had a 

smaller HSW and slightly higher H I  and lower SYLD. 'Ihe clusters 



Cluster I 1 

I Cluster 12 

cluster Q 

Figure 12. Distributians for AI (%) for the three mjm cluetere 
fran hierarchical analysis for Iranian chic- accessiepls 
evaluated at Tel Hadya, Syria in 1991/92 

36 and ILC 8140 are interesting minor clusters with very early 

DFLR and very high SYLD and HI. Also, cluster 10 is interesting, 

in that although DFLR was late and HI was l m ,  the SYLE was high. 

Figures 6, 7, and 8 suggested that there were three major groups 

of gemplm when D m  and HI wre examined and tkrefore, hierarchid 



I Cluster 1 

Figure 13. Distributicaa for DFZR (days) for the three major 
clusters frun hierarchical analyses for Iranian chickpea 
accsssiws evaluated at Tel lbiya, Syria in 1991/92 

cluster analysis was performed. The three major clusters from 
this hierarchical analysis had different means for DFLR and their 

distributions confirm one very late cluster and t w  clusters that 

are early (Figure 13). Similarly, distributions for the three 

clusters for HI are distinct and separate (Figure 12) and follow 



what was expected from Figure 7. The distribution for SYLD 

(Figure 9 )  did not suggest the three clusters that D m ,  HI, and 

HSW did. However, when the three major clusters are plotted 

separately (Figure 11) , their distinct distributions can be 

seen. 

The descriptors for the three mjor clusters shaw three distinct 

groups, each with their set of distinctive distributions for a set 

of quantitative descriptors. When data is obtained on the distri- 

bution of the Iranian chickpea accessims within the country, 

these accessions will be plotted and the geographical regions will 

be related to these clusters. The minor clusters will be studied 

to determine any unique infomticm f m  the passport data that 

would explain their divergence from the mjority of the accessions 

as found by hierarchical cluster dysis. 

L. D.  Robertscm, A. Israil, and S .  N a n d  (SPII, Iran) 

1 . 3 . 1 1 .  hraluaticll of lentil ladraces 

A total of 1859 lentil landraces and ICaRDA breediq lines were 

evaluated in an unreplicated augmented design with one systematic 

(ILL 4400) and two random (ILL 4401 and ILL 5582) checks, with a 

block size of 23 plots. The plot size was 4 rows, 37.5 cm between 

rows, 5 rn long (7.5 n?) . The seeding rate was 1200 seeds per plot. 
The center tm rows, 4 m length (3  n ? ) ,  were used for yield 

deten~nations . 
There were 20 descriptors observed: days to 50% flavering 

( D m )  , bimss in kg/& (BYLD), seed yield in kg/ha (SYLD) , straw 
yield in kg/ha (SIYLD), 100 seed weight in g (HSW) , days to 90% 

mturity (WAT), plant height in cm (PITIT), height to first pod in 

an (WP), pod shedding (PDSH) , pod dehiscence (PDDH), lodging 

susceptibility (LQD) , harvest index in % (HI), testa color Im), 

testa pattern (PA), cotyledon color (a), testa pattem color 

(TPC) , leaflet size ILFS) , tendril length (m), leaf pubescence 
(LFP) , and pod pigmentation (PDP) . 
There was little variation for T I N ,  LFP, and PDP, with 94.6% of 



accessions with prcminent TLN, 94.2% with dense LF'F', and 99.7% of 

accessions with no PDP, respectively (Table 39). LFS was mstly 

large or medim. Seed testa traits were highly mixed and COC was 

yellm) (49.8%) or orange/red (23.5%). LODwas nostly lowor none 

(65.4%: with medium LOD of 30.2%. PDD? and PDSH were mstly none 

or low (66.6% and 44.3%, respectively) or medium (22.9% and 37.1%, 

respectively: . 

Table 39. Frequency distributions for  LFS, TIH, LFP, D, PDP, 
TCO, TPA, TPC, CCC, m, and PDSI for  1859 lentil accessions 
evaluated at Tel Hadya, Syria in 1991/92 

F r e q w q  - of 
(%) accessions 

LFS 
Small 
Medium 
Large 

TLN 
Rudimentary 
Prominent 
Mixed 

LFP 
Slight 
m e  

LOB) 
None 
Low 
Medium 
High 

PDP 
Absent 
Present 

TCO 
Green 
Grey 
Brown 
Black 
Pink 
Mixed 



Table 39. (ccntinued) Frequency distrhticns for LFS, TIN, LFP, 
LCB), PDP, Ta3, TPA, TPC, COC, PDmI, and PDSH for 1859 lentil 
accessicns evaluated at Tel Hadya, Syria in 1991/92 

h-equency MmJw of 
(%) accessicns 

TPA 
Absent 
Cotted 
spotted 
Marbled 
Complex 
Mixed 

TPC 
Absent 
Olive 
Grey 
Black 
Mixed 

COC 
Yellow 
Orange/red 
Mixed 

PDCM 
None 
Law 
Medium 
High 

PDSH 
None 
Law 
Medium 
High 

a : For descriptor abbreviations, see text. 

SumMly statistics (Table 40) reveal that the largest variation 

for quantitatively scored descriptors was for the yield 

descriptors SYLD, BILE and STILD, and HSW, all with C.V.s over 

40%. The mans of the accessions for SYLD and STYLE were laver by 

25%- and 17%, respectively, than the three checks. Except for HSW, 

the other descriptors had similar mans for the germplasm 

accessions as the checks. Distributions for DFLR, PIFIT, SYLD, and 



Table 40. S m u a q  statistics for 1859 lentil gemplasm accessicms 
evaluated at Tel m, Syria &ring 1991/92 

Descriptor Check - Mean Min. Max. C.V. (%) 

DFLRa (days) 122.4 122.8 106 147 
mAT (days) 162.2 162.5 142 184 

(days) 23.8 22.8 6 41 
HTFF ( ~ m )  12.4 11.1 1 26 
HI ( % I  44.3 42.0 2.0 75.8 
HSW (g) 5.5 4.3 1.6 10.1 
Syrr, (kg/ha) 1302 976 23 3453 
BYLD (kg/ha) 2924 2325 360 7293 
STYLE (kg/ha) 1623 1349 207 4667 

a : For descriptor abbreviations see text 

Sr"iL are s h m  in Figures 14 to 17 and shod n o m l  distri- 

but ions. 

Stepise discriminate analyses was performed with accessions 

from those countries represented by at least 10 accessions (20 

countries) and for 1CARI)A breeding lines developed at Tel Ham, 

Syria, which were treated as a separate category for discriminate 

and hierarchical cluster analyses. Sixteen descriptors ( D m ,  

L F S , T L N , L F P , ~ T , , ~ , L O D , T P C , C O C , P D P . , S I L D ,  

BYLD, slYLD, and HI) were chosen for further analyses. 

Discriminate analysis was performed using canonical functions 

of the 16 descriptors selected, with 11 canonical functions found 

significant by Wilks larrda. 

Gverall, there w a s  a 46.5% correct classification rate using the 

fifteen possible canonical functions (Table 41) . For most 

countries of origin, the mjority of rnisclassifications Were with 

countries from similar ecologies and latitudes, for -1e. 

Ethiopian lines misclassified as Yemeni or Pakistani or Indian 

lines misclassified as Y d  or Pakistani. The poor class- 

ification of scme countries, such as Bulgaria and Algeria, m y  be 

because of the relatively mall n d r  of accessions, which m y  

not be repmtative of the country. Algerian accessions classified 
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Table 41. Classification by country of origin for lentil 
germplasm accessims evaluated at Tel  Hadya, Syria in 1991/92 
uskg canonical discriminate fmctians. N m b r  of cases, m t  
correct classificatian, and first tbree misclassificaticns (% ard 
camtry in parenthesis) 

m 
a& 
DZA 
Em 
ESP 
m 
mc 
lCAb 
IND 
Irn 
JOR 
MAR 
MM 
NPL 
PAK 
PRT 
SUN 
SYR 
m 
YEM 
Total 

Classification percentage (CJRJ?) 
No. 
Cases Cerr. Miss. 1 Miss. 2 Miss. 3 

23.5 (PRT) 
15.4 (ESP) 
25.0 (ESP) 

15.4 (ESP) 
12.6(SYR) 

15.4 (MAR) 
10.3 (JOR) 

7.7(MM) 
15.0 (MAR) 
4.8(IND) 
14.6(IND) 
18.2 (ESP) 
8.7 (ESP) 
7.3 (JOR) 
11.0 (PRT) 

11.8(ICA,SYR) 
11.5ITUR) 
16.7(SUN) 

--- 

5.1(MM) 
5.7 (PAK) 
15.4 (PRT) 
8.5(MAR) 
8.6(ICa,NPL) 
11.1 (PRT) 
8.9 (SYR) 
5.1d 
10.0 (SYR) 
l.Z(EGY) 
5.6(SYR) 
.-- 

6.5(MM,PRT) 
5.4 (Dm) 
9.8(ESP) 
4.8(SYR) 
.-. 

a : Country origin abbreviatim are as per IBFCR country codes. 
b : ICisRaA lines develaped at Tel Hadya, Syria. 
c : EIH,ICA,IND,MM,PRT. 
d : BRG,DZA,ESP,MM. 

accessions classified as 25% from Spain, which probably represents 

the mrnrement of seed to Algeria in the recent past. The highest 

correct classification rate was with Nepal (81%) with 13% 

misclassifications as Pakistan and India. The Turkish accessions 

were poorly classified, with only 18.3% correctly classified and 

Syria (12.2%) being the only closely related country being 



represented in the misclassifications. 

ICaRDA breeding lines represented 564 of the accessions tested 

and were treated as a separate origin. These represented mstly 

selections of crosses from the breeding program at ICARDA and also 

a few selections from within WWR landraces. These classified 

fairly distinctly (40.1% correct classification) as a separate 

g m q  (Table 41) . This wsuld be expcted with breeding pressure 

applied for a specific high yieldmg broadly adapted genotype. 

The misclassif ications were from WWR with Syria (12.6%) , Jordan 
(10.3%), and Pbrccco (8.5%) the highest. Also, seven of the 19 

country of origins had misclassifications as ICARDA in their 

highest three misclassifications, an indication of the diversity 

of the ICARDA group. 

Rescaled Distance Cluster Ccmbine 

MM 
mc 
CHL 
IFm 
ESP 
ICA 
SiR 
JOR 
MAR 
E m  
PRT 
SUN 
Em 
YEM 
IN0 
PAK 
NPL 

Figure 18. B d r q n m  of lentil accessims evaluated in 1991/92 
by country of origin for countries w i t h  at least 10 accessicns 
evaluated. Mcaled cluster carbines used 



The centroid values for the 20 country of origins for the 11 

significant canonical functions were used for hierarchical cluster 

analyses for the countries (Figure 18). As expcted from 

latitude, the accessions from India, Pakistan and Nepal f o m d  one 

group, accessicms from Yemen and Ethiopia formed another and these 

two groups formed a section that was quite distinct frcxn all the 

other countries. The ICARDA lines grouped very closely with the 

Syrian accessions, as would be v c t e d  from lines which were all 

developed at Tel Hadya. These also formed a group with accessions 

from Jordan, i%rccco, and m t .  The other groups formed 

predictable groups, though with s m  rcemkers which do not fit in 

well. Chile and Spain formed one group which can be explained by 

m m t  of landraces, but Iran is in the same group. Likewise 

Bulgaria, Turkey and Greece form a "Balkan" group, however, Mexicc 

and Algeria are also in this group. However, in general, these 

groups fit the predicted response, considering latitude and eco- 

geographical region. 

L.D. Rabertscn and A. I&l 

1.3.12. Evaluatim of wild Lens 
The wild Lens collection was evaluated for mrpholqical, 

agroncmic, and isozyme descriptors. A total of 316 accessions 

from _L. orientalis, _L. cdemis, _L. nicrricans, and _L. ervoides 

were evaluated in nine randmnized complete block trials, each with 

two replications and two _L. culinaris checks (ILL 4401 and ILL 

5582). Plot size was one row, 1 m long, with 37.5 cm between 

rows. The seeding rate was 40 seeds per plot. 

There were 21 descriptors evaluated: days to 50 % flowering 

( D m ) ,  days to 90% W g  (Dm), flower color (FLC), pod 

pigmentation (F'DP) , plant height in nun IFIFIT), plant width between 

rows in nun (FWX) , plant width within rows in mn (Ei'iY), growth 

habit (GRH) , cotyledon color (COC), flowers per plant (FPP) , 
intemcde length (INL) , leaflets per leaf (LPL) , leaflet length in 

m (m), leaflet width in mn (LFIW) , leaf length in mn 



(LFL) , leaves per plant (LPP) , total leaf area per plant in cnf 

(LAP),  tendril (TEN), arista (ARS) , flcweriq duration (DDFTR) , 
and podding duration (DDAP) . 

Table 42. Freqwnq distriiuticns for FLC, PDP, QM, COC, m, 
and ARS for 316 accessions of wild LaLs evaluated at T e l  Hadya, 
Syria in 1991/92 

Lens species ($1 
Descriptor/ 
score' orientalis odenensis nigricans -ides 

mc 
white 
White, blue veins 
Blue 
Violet 
Pink 
Other 

PDP 
Absent 
Slight, some pods 
Slight, mst pods 
Deep purple 

QM 
E r e c t  
Semi-erect 
Semi- spreading 
Spreading 

ax 
Yellahl 
Grange/red 
Olive-green 
Mixed 

TWI 
Ihidimentary 
mxlninent 

ARS 
Present 
Absent 

Mvnber of accessiom 

a : For descriptor abbreviations, see text. 

The species had mre than 90% of accessions with violet 



FLC, except for _L. niqricans, which had 40% pink and only 60% 

violet mC (Table 4 2 ) .  _L. niqricans and _L. emides  had mst ly  

accessions with M PDP, while _L. cderensis had 44.1% of accessions 

with deep purple PDP. A l l  species had mostly accessions with 

semi-erect or  semi-spreading G X  but _L. emides  had a higher 

prrprtion of semi-erect accessions. The wild species had mostly 

orange/red or yellow CCC, except for _L. odemensis, with mst ly  

mixed (70.6%) and olive-green (20.6%) accessions. _L. orientalis 

and _L. o d e m i s  had similar proportions of rudimentary/prminent 

TEN (55% vs 45%) accessions and _L. nisricans and _L. emides  had 

similar, but different pmpsrtions, with a higher proportion of 

rudimtary TEN. _L. ervoides had mostly present AFS, while the 

other species had mostly absent AFS. 

Mean values for the quantitatively scored descriptors for each 

species are given in  Table 43. In general, the wild species of 

Table 43. Meana for DFLR, DAP, DBIFLR, IIOAP, FlXT, FWX, W ,  FPP, 
m, LpL, m, m, LFL, LPP, and LAP for 316 accessicas of wild 
Lens species evaluated at Tel Hadya, Syria in 1991/92 

Lens species 
Descriptor/ 
scorea check ~ r i e n . ~  odw. nigr. m. 

D m  (days) 
DAF (days) 
mFLR (days) 
rWAP (days) 
m (mn) 
PWX (mn) 
PWY (mn) 
FPP 
INL IMnl 

a : For descriptor abbmiations, see text. 
b : mien. vrientalis ,  odem. d m e n s i s ,  nigr. =niqricans, and 

e m . = e m i d e s .  









e r e  later (Figure 191 with _L. orientalis and _L. cdemensis 

closest to the cultigen. The wild species had rrolch mller plants 

(Figure 201, again with _L. orientalis closest to the cultigen. 

Srraller and fewer leaves were p d c e d  by the wild species than 

the cultigen (Figure 21). hren though _L. orientalis was closest 

to the cultigen, its means were still only one-third of the cult- 

igen (Table 43) . _L. orientalis is the closest of the wild species 

to the cultigen in general mrphological a m i c e  and size, as 

d d  be expected because it is the direct progenitor of _L. 

dinaris. _L. ervuides had the smallest plant size of the wild 

species and was the m t  divergent fran the cultigen. 

Results for relationships m g  wild species, genetic 

diversity, and gecgraphical distribution are presented in Section 

1.4.7. 

L.D. RobertSOIl, M. Fergusm, &-A. I d 1  



1.4.1. Variatica for storage proteins in Triticum dicoccum 

hmer wheat has keen grown in scm countries on a limited scale 

for use as an animal or poultry feed. Recently, qualitative tests 

led to the discovery that its conamption reduces risk of colon 

cancer and heart diseases. It is now king actively p m t e d  as 

a health food in Italy and elsewhere and its area under 

cultivation has increased b e  to its high mket price. The 

efficacy of e m r  wheat in reducing risks of these t m  mjor human 

diseases m y  be due to the high fiber content in its flour 

c m  with other modern wheats. 

Single seed protein electrophoresis is an efficient tcol for 

screening genetic variability for seed storage proteins (gliadins) 

in wheats since the ban- pattern are independent of the 

environment in which the mterial has been grown. 

-1es from 21 accessions of _T. dicmcum collected from 

diverse ecolo3ical and geographic areas within its center of 

origin in the 'Fertile Crescent' were subjected to plyac~yldde 

gel electrophoresis (PAGE) using the method described by Tkachuk 

and Mellish. The Canadian hexaploid wheat "Faquis" was used as 

a reference in all gels. Extensive variation in M r q  patterns 

was found in t w  accessions. Relative mbilities and intensities 

of the bands were calculated based on electrophoregrams of four 

seeds per sample, according to the procedure proposed by Bushuk 

and Zillm. 

The following four observations, based on electrophoretic 

analysis, were mde: 

1) There were ten sanples having the same banding profile for all 

four seeds selected at random (Figure 2 2 ) .  This indicates a 

high degree of purity within these samples. It is probable 

that these are single spike progenies. 

2) For five samples there was a dcminant profile and another 



Figure 22. PAG3 h d h g  patterns of stmage proteins (gliadins) 
in three sarples of _T. dicocm. Tap row of nucbers indicate the 
plot no., whereas the bottcm m indicates the saqle  no. M = 
Canadian bread wheat cv. " v s "  used as a reference 

profile which was different. This indicates that the samples 

m y  have been under cultivatian as varieties rather than as 

landraces . 
3) The remaining 6 samples exhibited considerable variability. 

The chemtypes indicate that the accessions were prcbbly 



highly variable populations. 

4) Scme of the 21 samples possessed the band with relative 

mobility (Fm) 45, which is indicative of good cooking quality 

of pasta. Hence, when lines frcm such samples are crossed with 

d m  wheat it is presumed that the good cooking quality of the 

d m  parent in the progenies will not be disturbed. 

The variability found in these accessions of e m r  wheat can be 

qloited in breeding programs aimed at improving drought 

tolerance and disease resistance for the dry areas. Other 

economically useful traits, such as earliness and frost tolerance, 

were also found in sane accessions. This can be exploited in 

breeding for escaping terminal heat stress and cold tolerance, 

respectively. 

s. Hakim and M.Y. Moualla (Tishreen Lhivemity, Lattakia), and 

A.B. Dawnia and H. Altunji 

1.4.2. Fingerprinthq ICARDA Wheat V a r i e t i e s  using PAG3 

Eescriptive names given to varieties by plant breeders illustrate 

the practical necessity for faners, for whom they are intended, 

to identify sources of seed of proved perfomce. Breeders need 

to describe cultivated varieties because they represent the end 

product of the investrent of their tiw, effort and financial 

resources. Cescriptions based upon traits that reflect genetic 

variation can be used to measure genetic diversity and can, 

therefore, be utilized to mnitor and p m t e  efficient 

conservation and utilization. 

Storage proteins, such as gliadins, can be used to provide 

accurate varietal banding profiles through polyacrylamide gel 

electrophoresis (PAGE). There is abundant evidence that protein 

profiles can be obtained for all cereals of mjor importance and 

that these profiles are independent of environmntal or storage 

conditions. 

Ten varieties of wheat provided by ICARDA breeders were 

subjected to polyacrylamide gel electl-ophoresis !PAGE) using the 



Figure 23. Fingerprints or typical gliadin banding patterns for 
bread wheat varieties ( £ r u n  left to riat) "mrquis", "FL-A", 
It- 4U, Cham 6#t, BT-I, and nMemofrn 

method described by Tkachuli and Meiiish. This method is rapid and 

gives excellent results in a relatively short period of time. The 

Canadian hexaploid wheat "Mxquis" was used as a reference in all 

the gels. Relative mobilities and intensities of the bands were 

calculated according to the procedure proposed by Bushuk and 



Zillmn. The gliadin profiles of s m  bread wheat varieties 

(Figure 23) were obtained from a mall sample of flour taken after 

crushing mre than ten seeds so that a highly representative 

profile was obtained. 

A.B. Dawnia and H. Altunji 

1.4.3. Alien gene transfer and assesment of alien genetic 

polym~rphim thrw.gh use of nulecular markers 

Research on cytqenetics of wild relatives of wheat is king 

carried out at the Espr-tmt of Agrobiology and Plgrochemistry of 

the University of %cia, Viterbo, Italy. 

Alien sene transfer 

The ongoing alien gene transfer projects are particularly aimed at 

wheat impmverwnt. The cytogenetic methcdolqy which allows 

controlled introgressiom of selected alien traits into wheat is 

camonly referred to as "chromosme engineeringt1. Such an 

approach is based on rranipulations of the meiotic recombination 

process (ch mtants) , through which it is possible to overcm the 

inpediment to pairing and remnbination that corresponding h t  not 

perfectly hornslogous (=hcmceolqous) chromosomes of more or less 

distantly related Triticeae species nomlly have with those of 

wheat. Qrmnwml segm=nts containing desired alien traits can 

thus be transferred into correspondxq members of the recipient 

wheat g e m .  

With wild Triticeae species as original donors, the following 

target genes were identified: a) a gene for resistance to wheat 

powdery mildew (m), derived from the wild diploid M i l a s  

lonqissim; b! a gene for leaf m t  resistance (m! , derived 

£ram Prrrowron elonqatm; and c) a gene (Y) , tightly linked to the 

latter one, which is desirable for incoqoration into 

cultivars, for possible irrprcvement of the yellowness of their 

milling products. These are discussed as follows: 



a) The ?m13 gene is a dominant gene for resistance to wheat 
powdery mildew originally coming from Awilous lonqissim 

(2n=14), which has been highly effective in several 

countries. Using the @& wheat mt-ant to induce pairing 

and recanbination between the critical alien chromsome arm 

(3%) and its homoeolcgous chrat~sms of comnon wheat, 

stable resistant recombinant lines were obtained, each 

carrying a chrarrosml segment containing m. One of the 
recmbinants, which were assigned to wheat chrmmsm 3B 

and showed a relatively ma11 genetic length for the alien 

segment containing m, has been recently used in a 
further developnent of such transfer work a i d  at 

introducing the highly effective gene into 

wheat. 

Effective resistance genes are, in general, very 

limited in cultivated materials. In Italy, for instance, 

one of them, the m a  gene deriving from _T. diccccum cv. 

Hmpli and carried by several currently grown 

varieties, still displays a relatively gccd behavior under 

field conditions, though mildew biotps which are virulent 

on seedlings of &a varieties are increasingly king 

isolated from pathogen ppulations . Thus, the gene is 

king transferred from the ckmnosomally engineered comnon 
wheat into both fully susceptible and also hn4 bearing - cultivars. 

Backcrosses of the pentaploid Fls to the selected 

recurrent parents are currently under way, during which, 

tqether with the chnmxcme number assessment, a parallel 

selection is being performed for Fm13 alone or in 

combination with m, using, in the latter case, 

appropriate mildew biotps which allow discrimination 

between the twu resistance genes. 

b) Sears's m n  wheat-Aaowymn elonqatum transfer no. 12 is 

particularly attractive for breeding, not only 



because, king the transfer on chmsane 7A, no further 

induction of hmologous redination is needed, but also 

because of the unique gene content of this set of Asrmmn 

transfers. All of them, in fact, appear to carry, tightly 

linked to the highly effective leaf rust resistance gene 

u, a gene, named _Y for "yellow pigmnt", presmably 

controlling carotenoid pi-t production. 

This association, which prevented the use of the -9 

resistance in m n  wheat, as a yellow flour definitely 

represents a negative attribute for its milling products, 

can instead be of interest for improvement . In fact, 

for best custmr acceptance, pasta products require 

semlina or flour of d m  yellmess. However, little 

attention has been generally given so far to this trait. 

Leaf rust is perhaps the mst important disease 

affecting dunun wheat cultivation under the temperate 

climates typical of the Mediterranean countries and Lr19 
has turned out to be m n g  the mst effective genes in 

several leaf rust epidemics in Italy and in several other 

countries. Therefore, with transfer no 12 as a donor line, 

we have aimed for a double breeding objective using a 

number of selected cultivars as recipient ones. 

Pentaploid progenies all gave the typical fleck 

reaction when artificially inoculated at the seedling stage 

with a leaf-rust population. Backcrosses are being carried 

out to the recument varieties using the n 9  gene as 

a co-transfer marker, at least in the first generations of 

selection. 

One of the available micro-tests for masuring the 

semlina "yellow index", which has ken sham to k highly 

correlated with its carotenoid content, has been employed 

to ccmpare Chinese Spring with its AmODwon transfer no. 

12, the latter revealing a 30% increase of this value. The 

s m  masurement will be carried out on the mterial under 



selection, as scon as chrormsomally stable progenies are be 

obtained. 

Assessment of alien metic wlvmorwhism throush use of molecular 

markers 

Genetic variability of _T. diccccoides populations and of several 

other Triticum qecies has been assessed by use of mlecular 

markers. Specifically, PCR (Polywrase Chain Reaction) analysis 

of high and low molecular wight glutenin sequences has been used 

to assess the genetic variation within and between T. dicoccoides 
cations. In Wth cases, the PCa products shaved a good degree 

of polymorphism. In addition, 30 RFLP (Restriction Fragment 

&qth Polymorphism) clones, isolated from a _T. urartu genomic 

library, have been used to evaluate the genetic relationship 

betwen Tritim species. 

Fourteen species were used for this research: _T. mnococcum, _T. 

bceoticum, T. urartu, T. dicoccoides, 2. dimcum, T. carthlim, 
T. m, _T. turanicum, T. aetio~icum, _T. polonicum, _T. - 
ti-vi, 2. aestim, 1. vavilwii, and T. =a. Each 

hybridizing band obtained in Southern blotting experiments was 

treated as a unit character and its presence or absence in each 

genotype was recorded as 1 (presence) or 0 (absence). Data have 

been analyzed using the MTSYS-pc ccmputer program enployiq 

correspondence analysis. All the hybridizing bands revealed by 

the available 30 clones were used to develop a dissimilarity 

matrix, from which a -am was constructed. 

This experiment con£irmed that diploid species are 

differentiated from tetraploid and hemploid ones. Within the 

diploids, all the examined accessions of _T. mnccoccum and 2. 
bticum appeared to be closely related but separated from those 

of _T. m u .  This last species, as expected, turned out to be 

closer than T. mlloccccum and T. boeoticum to the polyploid wheat 
species. 

C. C e o l d ,  E. Parceddu, L. Ercoli, E. Iacm, and Lan Qiang 

(Wv.  of Tuscia) and A. B. IZrmania 



1.4.4. Oenetic structure of wild wheat papulatians in Syria 

Ps a result of the collection mission to the southern prwinces of 

Syria (see Section 1.2.1 .  of this Annual Report) , six populations 
of Triticum diccccoides and four populations of Triticum m u  

were sampled from eight sites where single heads were collected at 

a distance of 15 - 20 rn in transects 350 - 800 m long (Table 44). 

Single heads, as well as 19 bulk population sanples of wild 

Triticum spp., were studied for seed storage protein plymrphim 

utilizing PAGE analysis of gliadins to estimate genetic diversity 

in the natural populations. In addition, study of single heads 

provided infomtion on the spatial distribution pattern of the 

Table 44. NMnber of sirgle head sauples of wild &eats collected 
in southem Syria 

Site No. 

Species 2 3 4 5 7 8 14 16 Total 

T. diccccoides 75 - - - 25 40 3 1  30 25 226 

diversity of the populations 

Initial results of the single nead analyses showed revarkable 

differences between populations of _T. diccccoides from different 

habitats. Lvge populations £ r a n  the high plateau in the J&l 

Al-Arab area in the province of Sweida displayed very high overall 

diversity of qliadins, as well as variation over a short distance 

on the transects through populations. Both single-hd mutations 

and reambinations of entire gliachn blocks seemed to be involved 

in generating new genetic diversity. The large exter-t of the 

gliadin variation m y  indicate that these are old populations 

(Figure 24) . 



Figure 24. Gliadin variation in plants of the transect in the 
high diverse _T. dicoccoides papulatim No. 16 £run the province of 
Sweida (single arrow represents single-band nutation in allelic 
block Gli-A2, l-double arrow represents reccmbinatim of the 
entire allelic block Gli-A2 w i t h  different Gli-B2 blocks, and 2- 
double arrow represents reccnbinaticm of entire allelic block Gli- 
B1 with different Gli-A1 blocks) 

However, the m l l e r  T. dicoccoides populations, which w e r e  

found at the base of isolated valleys of the Anti-Lrbanon 

mmtalns in the vicinity of Zabadani, Damascus province, showed 



lower overall diversity. The lack of diversity and occurrence of 

only a few single-band mutations in swne segments of the transects 

indicated that these populations are probably of recent origin and 

m y  have arisen frcm single "founder" genotypes (Figure 251. 

Figure 25. Gliadin variation in plants of the transect in the icm 
diverse _T. dicoccoides population No. 33 fmn the Anti-Lebanon 
-&ins (single arrow represents single-band nutation on allelic 
block Gli-A2) 



T ~ E  implications of these findings are irprtant in deciding the 

appropriate gemplasm conservation strategy. It is practically 

impossible to conserve for the extensive diversity of these large 

populations £ran the Sweida region. An eu &u collection should 

be caqlemented with an in situ (on site) conservation of the 

ppulations in their original habitat to conserve the mxim 

genetic diversity. 

In ex situ preservation, the dynamic evolution of a population 

sample is intempted, h t  if appropriate in situ conservation 

strategies are adopted, in collaboration with the national 

programs, the original m a t i o n s  can not only be safely 

conserved, but the process of natural evolution is permitted to 

continue, perhaps resulting in further release of useful 

variability. 

J. Valkoun, A.B. -a, and H. Altvnji 

1.4.5. Photo- respcnse in barley fran china, Algeria, 
Egypt and Syria 

As with other long-day annual cereals, the phenolcgy of barley 

depends on its response to teprature and day length. 

Phototheml characterization of landraces in the barley 

collection can, therefore, provide very useful infomtion, since 

the adaptation of gemplasm to different agro-ecological 

conditions is closely related to crop phenology. 

The objectives of the research were as follows: 

a. Determine the parameters of the phototheml response, 

b. Estimte the importance of these parameters for heading 

time in Syria, and 

c. Classify the gemplasm according to the parameters of the 

phototheml response. 

Material for the study was selected from the recent 

introductions from China and barley landraces collected jointly by 

ICARaA and NARS in Algeria, Egypt, and Syria. Tbe choice of the 

gemplasn was based on the results of an preliminaq evaluation in 



the field (GRU Annual Report 1990, Sections 1.3.2 and 1.3.3). A 

total of 131 Chinese landraces, 13 single head progenies derived 

from Algerian landraces, 14 single head progenies produced fm 

Egyptian landraces and 11 single head prcgenies developed from 

landraces collected in Syria were included in the study. 

'Ik rain qriment was planted at the ICARDA experimtal f m  

Tel Hadya, Syria in t m  plastic houses with different temperature 

and day length regimes using both vernalized and non-ve~dized 

germinated seed. Treatments A and B were planted on Nov&r 5, 

1991, in a plastic house with a temperature of 25OC, and treatments 

C and D on November 11, 1991, in another plastic house with a 

diurnal temperature 25°C/15nC. Evaluation of heading time was 

terminated by W c h  1, 1992. 

The w r i m t a l  treatrents were as follows: 

Treatment A - vernalization 60 days; long-day diumal 

regime (16 hours of additional artificial 

light, 8 hour dark) , 

Treatment B - as treatment A, but no vernalization, 

Treatment C - vernalization 60 days; natural, short-day 

regim without extra light (day length < 12 

hours d u r i q  the whole period), and 

Treatment D - as treatment C, but no vernalization. 

One row per accession (half-row vernalized and half-row non- 

vernalized treatmnt) was planted in each plastic house. Heading 

time was scored when 50% of the main tillers headed. Other traits 

evaluated were plant height, spikelet groups/spike, spike 1-h. 

and number of tillers. 

A n  additional experiment was planted in the field on Noverkr 

19, 1991, with the same accessions in a nan-replicated design, 

with one row per accession. 

The following traits were evaluated: growth habit, frost h g e ,  

days to heading, days to maturity, ray type, kernel cover, and 

yield/plot . 
Data on days to heading of the Chinese landraces in 1990 were 



taken from the preliminary evaluation experiment of 1989/90. 

For the analysis of the pkntothermal resp3nse the follcwing 

variables were used: 

1. DAHELW - earliness E r  = days to heading in 

treatmt A, 

2. DAHELD - days to heading in treatment B, 

3. lNFSLW - days to heading in treatment C, 

4. DAm% - days to heading in treatmt D, 

5 .  BA - vernalization response in days, computed as 

BA=DA!4EU-DAHFLDV, 

6. CA - photoperid response in days, computed as 

CA= (DAHESW-12.4) -DAHELW, 

7. DC - shor-day vernalization response in days, 

computed as DC=DAHESD-DAHESW, 

8. DB - photoperid response of non-vernalized plants 

in days, cwnputed as DB= (DNIESD-12.4) ENELD, 

9. DAHE1990 - days to heading in 1989/90 expriment, and 

10. DAHE1992 - days to heading in 1991/92 expriwnt 

The constant of 12.4 days was calculated and subtracted frcm the 

values obtained in treatments C and D to canpensate for the 

difference in degree-days between the low-day vs. short-day 

treatments. 

~lthough the relationship of some of the variables 1 to B to 

parameters of the photothermal response and crap phenology is 

obvious, it is not so straightfoward in the others. Therefore, 

basic statistics, correlation and factor analysis were errployed to 

elucidate the relationship between the variables and the factors 

involved. Only 127 accessions were included in the analysis, 

since cases with missing data had to be excluded. These were 

mstly accessions with very high vernalization and/or photoperid 

respnses from the northeastern provinces of China (~ebei, Shanx, 

Heilongjiang, Henan, and Shandong) . 
wcted, mean values for variables 1 to 4 (Table 45) s m d  

that vernalized pla~~ts qrm under the long-day conditions headed 



earlier than in the other treatments, while plants in the short- 

day, non-vernalized treatment D headed latest. The delay in 

heading time of non-vernalized plants was influenced by the day 

length and was much shorter in the short-day treatment (22.7 vs 

7.7 days). This phenomenon was found in barley earlier and was 

called 'short-day vernalization'. 

Table 45. Basic statistics and factor analysis data for 127 
barley accessicas studied for photothemd respcolse 

a : For variable abbreviations, see text 

Simple correlations revealed close associations between the 

variables DAWELD and BA and DB (r=O. 96" and 0.95", respectively) . 
The f o m r  figure indicates that vernalization sensitivity is the 

only factor involved in D m ,  whereas the latter correlation 

results from the fact that with short days, the vernalization- 

sensitive genotypes headed earlier than with long-day conditions 

and the ' spring' (vernalization insensitive) genotypes extended 

heading tirw because of their photoperiod sensitivity. 

Using factor analysis for variables, three factors were 

extracted which explained 89.0% of the total variance and the 

individual contributions of factor 1, factor 2 and factor 3 were 

43.7%, 28.3%, and 17.0%, respectively. 

Data obtained from the rotated factor mtrix are presented in 

Table 45. Bold nwnbers indicate close associations of the 

individual variables with the factors. Factor 1 is linked to 



vernalization response, as indicated by the strong asmiations 

with DAHELD and BA. The very high value of CA for factor 2 

inplies that photoperiod response is a major component of that 

factor. Factor 3 is closely associated with DAWELW, i.e., 

treatment A, in which the effect of vernalization and photoperid 

were excluded and the heading time resulted frm the response to 

a sum of the effective daily temperatures [degree-days) . This 

response is called earliness E r  ~ _ e  or earliness in the narrow 

sense and, as the data show, the variable UWmDV is the best 

indicator of that response. The variable CC, which can be 

interpreted as vernalization response under short-days, was 

related somewhat mre to factor 2 than factor 1 (Table 45, Figure 

26). This irrplies that vernalization response in the short-day 

treatment is substantially affected by photoperid. 

Figure 26.  Factor-lmdhgs plot of the variables of phototh@rrml 
reac t id  

6 S p b l  Variableb Coordinates 

a : Factor 1 is horizontal and factor 2 is vertical axis, 
respectively. 

b : For variable abbreviations, please see text 



The relationships between the variables of phototheml response 

is shown in Figure 26, where the variables are plotted using 

factor 1 and 2 after an orthogonal (varimi rotatlon of the t m  

factors. 

A set of 93 Chinese accessions, in which 1990 and 1991 data on 

days to heading in Tel Haw in the field were available, was 

subjected to stepwise regression analysis to determine the 

relationships between parameters of the phototheml response and 

heading time in the field. When variables associated with a 

single factor ( ~ V ,  BA, and CA) were included in the analyses, 

the following regression equations and coefficients of 

determination were obtained: 

DAHE1990= 78.5 + 0.571 DAHELW + 0.433CA ~'=0.377 

DAHE1992=122.9 + 0.335 DAHELDV + 0.291CA R2=0.402 

These equations indicate that in both years earliness E r  ~ _ e  

and photoperiod sensitivity determined heading dates in the field. 

The planting date in 1990 was 26 days later than that in 1991. 

When this period of time is subtracted from the 1991 constant, the 

new value, 96.9 days, becaws similar to the 1990 constant and the 

difference can be explained by the later onset of higher 

temperatures in the spring. Although the variable BA was included 

in the analyses, it did not appear in the equations and this 

suggests that vernalization response had little effect on heading 

time. The period of l m  winter teqeratures was, therefore, 

sufficient for vernalization of the sensitive genotypes. 

When all variables, including those with the ccmpound effect 

(m, DAHFSDV, DAHESD, DB, and E), were included in the 

computations, DAHESDV remined in the equations as a single 

variable showing almst the same coefficients of determinations as 

in the previous analysis: 

DAHE1990 = 76.2 + 0.482 DAHESW R2 = 0.366 

DAHE1991 = 123.2 + 0.307 DAFIESDV R' = 0.392 

Consequently, DAHESW, a variable associated relatively closely 

with both factor 2 (photoperiod response) and factor 3 (earliness 



E r  s_e, see Table 451, reflects well the factors important for the 

heading time in the field in northern Syria. 

Hierarchical cluster analysis was employed to classify the 

accessions according to parameters for phototheml response. 'RE 

variables DAHELDV, BA and CA, which were the mst closely 

associated with the factors related to plant phenolqy, i.e., 

earliness K r  se, vernalization, and photoperiod response, 

respectively, were used for the cluster analysis. 

A level of twelve clusters were considered sufficient for 

classification of the diversity in the photothed response. The 

mean values for accessions in the clusters and their three-digit 

f o d a e  are given in the Table 46. The f o d a e  were derived 

f m t h e  man values transformed to a numerical scale, in which 1 

was low, 2 medium, and 3 kigh response. 'RE first digit in the 

formula corresponds to the value for earliness E r  se, the second 

and the third indicate vernalization and photaperiod response, 

respectively. 

Table 46. Cluster characteristics - man values (days) and 
cluster f o d a s  

Cluster N3.acces. DMELDV BAa CAB FO&~ 

a : For variable abbreviations, see text 
b : For explanation, see text. 

Data in Table 46 show larye diversity for phototheml charact- 



eristics and their combinations. Earliness E r  se ranged £ r a n  49 

days in cluster 10 ~o 75 in cluster 7. Response to vernalization 

extended from complete insersitivity or negligible sensitivity in 

clusters 2. 3, 7, 8, and 10 i' spring' barley) , to m d i u m  (clusters 

1, 5, and 12) and high sensitivity in clusters 4. 6, 9, and 11. 

The latter cx. be considered true 'winter' types. Considerable 

variation was also found in the photaperiod response, ranging from 

insensitivity or low sensitivity (clusters 7, 10, and 11) to high 

sensitivity in clusters 2, 4, and 5. Clusters with medium photo- 

period sensitivity bad the highest frequencies. 

Relationships between the clusters is shown in Figure 27, which 

was drawn using the squared Euclidean distances. Cluster 11 stood 

apart and included only one accession of photoperiod-insensitive 

winter barley. The other clusters were distributed into tvm large 

groups: vernalization-insensitive (spring barley) and medium to 

high vernalization-sensitive barley. Clusters pairs 6 - 9  and 3-8  

display high similarity. 

The distribution of accessions of different geographical 

origins in the clusters is presented in Table 47. 

Chinese gemplasm displayed high diversity in phototheml 

response and is represented in all the clusters (Table 47) ,  

however, d y  one accession occurred in cluster 12, which is 

otherwise mostly f o m d  by Algerian gemplasm. Medium response to 

photoperiod was characteristic for all accessions f m  M (West 

Asia and North Mrica) countries, with the exception of one Syrian 

accession originating f m  a high-rainfall coastal region. 

Chinese gemplasm was, however, very diverse in the photoperiod 

response, ranging from insensitivity (clusters 7, 10, and 11) to 

high sensitivity (clusters 2, 4, and 5 )  and could be used as a 

donor of genes tor phenology mipulations in breeding prqram 

for different target environments. 

-tian barley showed low diversity for the phototheml 

characteristics, since clusters 3 and 8 are similar, differing 

only smwhat in earliness E r  ST. Algerian and Syrian barley 



Rescaled distance cluster ccmbine 

a : Cluster numbers explained in text. 

Figure 27. Ea=&qmm for 12 clusters of the photo- 
reapmse in barley 

landraces were mre variable, with differences between and within 

landraces. 

Data on phototheml response of single-head progenies from 

Algeria and Syria are presented in Table 48. Although the other 

phototheml characteristics shnwed saw within-population 

variation, the highest diversity was found in the vemdization 

response, e . g. , in Algerian landrace 48 and Syrian landraces 4 and 
6 .  In spite of t.he low effect oE the vernalization response on 

the heading tim in the semi-arid regions of Syria, this factor 

m y  be important for limiting frost damage in cold winters that 

occur frequently in central Syria where the two populations were 



'P
ab
le
 4
7
.
 D

is
tr

h
ti

c
n

 o
f 

ac
ce

ea
ic

n
s 
of
 d
if
fe
re
nt
 g
eq
ra
&i
ca
l 

o
r
i
g
i
n
 i
n 

c
l
u
s
t
e
r
s
 

F
o
d
a
a
 

12
2 

21
3 

11
2 

13
3 

12
3 

13
2 

3
1
1
 

2
1
2
 

13
2 

1
1
1
 

2
3
1
 

32
2 

Cl
us
te
r 

1
 

2
 

3
 

4
 

5
 

6
 

7 
8 

9 
10
 

1
1
 

12
 

T
o
t
a
l
 

S
h

m
d

o
n

g
 

1
 

2 
1
 

1
 

1
 

1
 

7
 

H
en

an
 

1
 

2 
1
 

4 
sh

aa
n
x
i 

1
 

1
 

1
 

2 
1
 

6 
H

ei
lo

n
g

j i
a

n
g

 
1
 

1
 

2 
L

ia
o

n
in

g
 

2 
2 

4
 

G
an

su
 

2
 

3
 

1
 

6 - 
Ji

a
n

g
su

 
2 

S
h

an
g

h
ai

 
2 

H
u

b
ei

 
1
 

1
 

Hu
na
n 

2 
S

ic
h

u
an

 
1
 

Y
u

n
n

a
n

 
1
 

1
0

 
3 

Ji
a
n
g
x
i 

1
 

2 
B

e
ij

 in
g
 

1
 

1
 

V
le

 j 
ia

n
g

 
1
 

1
 

2 
3
 

Co
un
tr
ie
s:
 

A
lg

e
ri

a
 

2 
Eg
yp
t 

1
0

 
S

y
ri

a
 

4 
1
 

T
o

ta
l 

1
0
 

7
 

42
 

5
 

4
 

20
 

9
 

1
7

 
1
8
 

6 
1
 

6 
1

4
5

 

a
 
: 

F
o

r 
q

la
n

a
ti

o
n

, 
se

e
 t
ex
t.
 



Table 48. Earliness BB (DAHELW, vernalizaticm (BA), and 
photoperid (CAI respcnse in single-head prcgenies derived frcm 
Algerian and Syrian landaces 

Original 
SH Progeny Population C a m t r y  DAHELDV BAS CAa Cluster 

Algeria 
Algeria 
Algeria 
Algeria 
Algeria 
Algeria 
Algeria 
Algeria 
Algeria 
Algeria 
Algeria 
Algeria 
Syria 
Syria 
Syria 
Syria 
Syria 
Syria 
Syria 
Syria 
Syria 

a : For variable abbreviations and explanation, see text 

collected. 

The small number of landraces and their single-head prqenies 

analyzed does not allow definite conclusions on the structure of 

the populations. Nevertheless, these preliminary results indicate 

that cunsiderable genetic diversity in the photothermal reqmme 

is maintained within the lanjrace populations, providing them with 

a buffering capacity against adverse effects of a highly variable 

and stressful enviromrit in the WANA region. 

J. Val- and M. Tahir (CP) 



1.4.6. Taxxudc study of Aeqilws 

In the frame work of the taxonanic revision of Awiloos and the 

wild species of miticum, the herbaria of the follmbg 

institutions were visited, partly in conjunction with collection 

missions (number of inspected herbarium sheets in parenthesis) : 

~stituto ed Grto Botanico, University of Bologna 1541, Bologna, 

Italy; Nuseo Botanico, University of Firenze (483), Florence, 

Italy; Istituto Botanico Hanbury ed Grto Botanicc (691, University 

of Genova, Genova, Italy; Dipartemto di Scienze Botaniche (187) , 
University of Pisa, Pisa, Italy; Dipartemto di Biologia Vegetale 

(270), University of Torin0 Torino, Italy; &.parternent de Biologie 

VaGtale (10631, University Claude B e d  at Lyon, Frrance; 

Institut de Botanique (1023). Montpellier, France; Consemtoire 

et Jardin Botaniques de la ville de GenSve (1349). 

CbmEsy/Gen6ve, Switzerland; Departmt of Plant Taxonmy and 

Geography (336), Institute of Botany of the Acadeny of Sciences of 

Armenia, Yerevan, Armenia; Botany Department (54). Armenian 

Institute of Agriculture, Yerevan, Anrenia; and Biology Department 

(1041, American University of Beirut, Beirut, L&mon. 

The herbaria in Prance, Italy, and Switzerland here studied 

during a mission in June, 1992, a i d  at solving m y  remining 

typification problems in the frmmrk of the taxonomic revision 

of Aesiloos. Invaluable help was received fm 12 E. Gandilian- 

Nazarova in Yerevan, Armenia, who translated all the Cpillic- 

written labels of the A_rmenian institutes into mglish. 

W i n g  herbarium and literature studies in the Netherlands and 

the U.K., additional material was examined from the herkaria of 

Barcelona (166), Berlin (lo), Coinbra (48 ) ,  -h (500), Kay 

(323) , Lund (757) , Prague (148) , and Tiibingen (82) . Material 

studied in the Netherlands was received on loan by the Lsboratory 

for Plant Taxonany of the Agricultural University at Wageningen. 

The database on herbariurr, specimsns of w~ld wheats n m  includes 

around 19000 entries frcm 61 herbaria. The database will be 

converted into a D-base file, enabling rapid sorting by attribute, 

which will include: genus, species and variety names, country, 



pmvince (in msst cases), location, collectors, and coded 

herbarium abbreviations following the Index Herbariorum, edition 

8 ( H o l v  et al., 1990) . Herbarium samples made in canjunction 
with ICARaA missions are linked Co the gemplasm database and will 

thus, provide m h  mre data on biotic and abiotic factors. 

Ils a result of this mrk, the so-called "special" or "taxoncmic" 

paa of the revision was completed during 1992. The special part 
comprises the nmclature, description, distribution, ecology, 

altitudinal distribution, flmring and fruiting time, genome 

type, vernacular l m s  (if any), notes (if any), and a selection 

of examined specimens of the 22 species and five varieties 

recognized in the revision. A prelimhary example of the 

presentation of a species in the special part is shown in the GRU 

Annual Report for 1991, pp. 107-111. The so-called "general" part 

will be added, consisting of chapters on, m g s t  others, history, 

mrpblogy, phylogeny, ecolqy, distrhtion, and relatiomhips 

with other genera in the Triticeae tribe. 

Many new data on the distribution of the accepted taxa have nay 

been compiled, both relating to herbarium specim and gemplasm 

accessions. The international sypsium on "Evaluation and 

utilization of biodiversity in wild relatives and primitive forms 

for wheat improvmt", held at ICARDA 12-15 Cctoker, 1992, 

offered the opportunity to present some notes on the distribution 

patterns of inplortant sections of the genus Aeailous L., viz. the 

section Sitousis Jaub. & Spach, comprising the S-genm species, 

and the sections Monoleutatera Eig and Pachvstachvs Eig, 

comprising the D-genome species. These sections are chosen for 

their close relation with cultivated wheat: one (mybe several) of 

the species of the Sitomis contributed the B-genm, and k. 
tauschii Coss . (caman synonym: & . suuarrosa L. ) mntributed the 
D-germre to bread wheat. 

The B-genome species show sympatric grcmth in parts of Palestine 

and Jordan, minly due to the presence of Aeailous lonqissim, 

searsii, and sharonensis in this region. For the distribution of 

&. mltoides, this region is at the southwesterrmost extreme, 





being minly represented along the Fertile Cresent and in m>st 

parts of Turkey. However, for the domestication of e m r  wheat, 

the western arc of the Fertile Crescent seems the mst likely 

place. 

The sympatric growth of the D-genome species (&. tauschii, 

cvlindrica, -a, iuvenalis, vavilovii, and ventricosa) is mre 

canplicated, as is sham in Figure 28. The central part of the 

Fertile Oesent is again the region with the greatest diversity 

for these species, with additional sympatric qravth in the Knpet 

Dag muntains of TurMia, and in muntainous regions in 

Uzbekistan and Tadzhikistan. Only one species, ventricosa, occurs 

vainly west of the Fertile Cresent, while the others have spread 

to the north and east of this mjor area of diversity of the 

genus. There appears to be a kind of gap in the distribution of 

these species, formed by the great salt deserts in eastern Iran 

(the Dasht-e-Kavir and the Dasht-e-Luz) and by western 

Afghanistan. This does not mean, however, that the mst. likely 

species, -a and tauschii, do not occur there, but rather that 

nokdy crossed this region to search for them. In general, D- 

gencm species are found at higher latitudes and altitudes, and 

my show better adaptation to cold than mst species of Aeqilows. 

Table 49. Summary of distribution of Aegilops and Amblyopyrum 
species 

Species Takhtajan (1986) term Notes 

bicornis Mediterranean element (both varieties) 
Confined to coastal 
areas of Libya, Egypt, 
Palestine: rarely more 
inland. Uncommon. 

biuncialis Mediterranean ! Western Mainly Aegean, also 
Asiatlc element Turkey. Cyprus, 

western arc of FC' and 
Transcaucasia. Locally 
abundant. 



Table 49. (continued) 

Species Takhtajan (1986) term Notes 

caudata Mediterranean element 

comosa Mediterranean element 

columnaris Mediterranean / Western 
Asiatic element 

Western Asiatic element 

cvlindrica Mediterranean / Western 
Asiatic / Circumboreal 
element 

iuvenalis Western Asiatic element 

kotschy~ Mediteranean / Western 
Aslatic element 

lonqissima Mediterranean element 

neqlecta Mediterranean / Western 
Asiatlc / Circumboreal 
element 

G r e e c e ,  T u r k e y ;  
scattered but in most 
parts of FC. Locally 
abundant. 
(both varieties! Mainly 
G r e e c e .  T u r k i s h  
locations probably all 
historical. Var. comosa 
new for Cyprus. 
Uncommon. 
Westward to Crete;rare 
in Iran; malnly in 
Turkey and western arc 
of FC, but scattered in 
eastern part as well. 
Uncommon. 
Throughout, but mainly 
northern part of FC; 
well presented in 
Central Asia up to Tian 
Shan mountain ranges. 
Occasionally in steppe 
(Syria, W Iraq!. 
Locally common. 
Widespread, with 
tendency to weed 
behaviour. Adventive in 
Europe and USA. Mainly 
at hlgher latitudes. 
Common throughout, but 
rare in W part of FC. 
Mainly Armeno-Iranian, 
T u r a n l a n  a n d  
Turkestanianprovinces. 
Scattered in N part of 
FC. Rare. 
Coastal Llbya, Egypt. 
Throughout FC but 
mainly western arc. 
Scattered in Central 
Asia, eastern arc of 
FC, Kuwait and E Saudi 
Arabia. Locally common. 
C o a s t a l  Egypt,, 
Palestine; rare in 
J o r d a n .  Limited 
distribution and 
uncommon to rare. 
Widespread in S Europe. 
westward to Portugal; 
rare in western North 
Africa; scattered 
throughout FC; eastward 
to W Turkmenia. Locally 
abundant. 



Table 49. (continued) 

Species Takhtajan (1986) tern Notes 

Mediterranean / Western 
Asiatic / Circumhoreal 
element 

pereqrina Mediterranean element 

searsii Mediterranean element 

sharonensis Mediterranean element 

sueltoides Western Asiatic element 

tauschii Western Asiatic element 

triuncialis Mediterranean / Western 
Asiatic / Circumboreal 
element 

umbellulata Mediterranean / Western 
Asiatic element 

uniaristata Mediterranean element 

vavilovii Western Asiatic element 

ventricosa Mediterranean / 
Circumboreal element 

Throughout southern 
Europe and North Africa 
(more rarely in the 
eastern parts) ; only 
western arc of FC. 
Adventive in central 
and northwestern 
Europe. Common. 
(bothvarieties) Mainly 
western part of FC and 
locally common. Rare in 
Greece, Egypt, Turkey. 
Both vars. adventive in 
Morocco. 
Limited to Palestine, 
Syria, Jordan, Lebanon. 
Uncommon. 
Endemic in Sharon 
plain, Palestine, and S 
Lebanon. Locally 
common. 
(both varieties) 
Widespread in but 
mainly limited to 
entire FC. Locally 
common. 
Almost exclusivelyeast 
of 4 0 °  longitude in 
Western Asiatic 
subregion. Only 
northern part of FC. 
Common. 
Widespread in southern 
Europe ,Western and 
central Asia; less so 
in western part of 
North Africa. Common. 
Var. persica rare and 
Only Western Asiatic. 
Rlrkey, Iran, and mainly 
northern and eastern 
FC. Uncommon. 
Adriatic coast, Greece; 
rare in Turkey. 
Uncommon, but mainly 
rare. 
Western and northern 
FC. Uncommon to rare. 
Western parts of North 
Africa and Mediterr- 
anean; rare in Italy. 
Libya, and Egypt. 
Uncommon. 

a : FC = Fertile Cresent (see text). 



A s u m ~ l y  of the distribution areas of all Awilo~s and 

Anblvuwmm species is presented in Table 49, together with a 

general characterization in the terminology of Takhtajan's (1986) 

Floristic Regions of the World. 

M. van Slageren 

1.4.7. Relationships amrmg wild Lens species and genetic 
d i m i t y  w i t h i n  Lens species 

Stepwise discriminant analysis was run with the quantitative 

descriptors for the four wild Lens species evaluated in Section 
1.1.12andD~,DAP,DD~,DDAP,~,tWX,PWY,LFTLLFIW,~, 

LPP, LAP, and LFL were selected for further analysis. Discrim- 

inant analysis was run using canonical functions of the 13 

descriptors selected ab3ve and the three canonical functions wre 

found significant by Wilks landa. 

Gverall, there was a correct species classification rate of 

79.4% based on quantitative traits. Hierarchical cluster analysis 

based on species centroids of canonical functions (all three 

significant) from the abwe discriminant analysis indicated that 

L. orientalis and &. cdenwsis were the mst closely related - 

species, with this set related to _L. nicrricans (Figure 29). _L. 

ervoides was  very distinct f m ,  the other wild a species. Most 
other researchers have found similar results using i s o w ,  RFLP 

Rescaled Distance Cluster Combine 
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 ens species I 1 I I I t 
cdenwsis 

orientalis 

nisricans 

ervoides 1 

Figure 29. E e w b q m m  of Lens species baaed cm d c a l  
discriminant frmctica centroids developed fran quantitative 
descriptors 



and DNA analysis, with the exception of th-. intercharge of 

niqricans and _L. ervoides. However, in a recent paper Rosa and 

Jouve (1992) have found the s m  relationships among wild Lens 
species, including the pitons of L. nicrricans and &. ervoides 
with 11 polymorphic isozyme lcci using Spanish accessions. 

Qualitative descriptor frequencies were used to cluster the four 

wild Lens species (Figure 30) with similar results found with the 

Rescaled Distance Cluster chbine 

0 5 10 15 20 25 
 ens species 4 I I I I t 
orientalis 

nigricans 1 
odemasis 1 
ervoides 2 

Figure 30. -ram of Lens species based cn frequencies fgr 
qualitative descriptors 

exception that _L. nimicans and _L. cdemis were interchanged and 

L. cdemis was closer to _L. ervoides. The phylogeny tree - 

developed by cluster analysis f m  eight iso- lcci (Figure 31) 

was very similar to the results from quantitative descriptors 

Rescaled Distance Cluster Combine 
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Figure 31. Dendrogrw of species based on frequencies for 
eight isozyme loci 



(Fiqure 29) ,  with the only change king that _L. nisricans rmved 

closer to _L. ervoides. 

The results from Figures 29-31 suggest that the species L. 
orientalis and _L. d e w i s  are the closest related wild 

species and that _L. nisricans is fairly closely related to this 

cluster, with _L. emides set aside from the other three wild 

species. The results of others with isozyws and techniques 

are similar, except for the interchange of _L. nisricans and _L. 

ervoides . 
For _L. orientalis, the 126 accessions with geographcal origin 

information were clustered according to five regions 

(EturNEsyr=eastern Turkey and northeastern Syria, 15 accessions; 

SturNWsyr=southern Turkey and northwestern Syria, 74 accessions; 

Ssyr=southern Syria, 18 accessions; Ntur=northern Turkey, 8 

accessions; Wtur=western Wkey, 11 accessions). 

Us- canonical discriminant function centroids develcped f m  

the quantitative descriptors (three significant) heirarchical 

cluster analysis revealed that the mst closely related regions 

were the northern part of Syria and southeastern W k e y  (Figure 

32). Southern Syria was fairly closely related to this cluster, 

Rescaled Distance Cluster cmhine 

ssyr 

Ntur 

wtur A- 

Figure 32. - of five sub-regicns ('see text for 
description) for Lens orientalis developed based an cancmical 
function centroids developed £ran discriminant analysis of 
quantitative descriptors 



however, northern and western Turkey £0- a closely linked 

cluster that was not related to the other three regions. T h e  

results f m  using the eight i s o w  loci were similar for the 

cluster for the northern Syria and southeastern Turkey cluster 

(Figure 331. Haever, northern Turkey stood by itself and western 

Turkey and southern Syria fomed a tightly linked cluster that was 

linked with the cluster for northern Syria and southeastern 

Turkey. 

Rescaled Distance Cluster M i n e  

0 5 1 0  15 20 25 
Region" i I I I I t 

Ntw I 

Figure 33. Lkndrqram of five sub-regiam ("see text for 
descripticn) for Lens orientalis developed base3 cm eight isozyme 
descriptors 

Overall, there seems to k a relationship of i s o w  and 

quantitative descriptor information to geographical region of 

origin. ?he area of southeastern lrkey and northern Syria forms 

a tightly linked group, with southern Syria fairly closely linked 

with this cluster, based on both quantitative and isozyme 

descriptors and northern Turkey is quite distinct f m  this group. 

Data frm eight isozymz loci were used to calculate genetic 

diversity for the four wild species of based on the Shannon 

Weaver Infomtion index and Nei's heterowosity indw (Table 

50). These diversity measures indicate that the mst genetic 

diversity was with _L. orientalis, followed by _L. niqricans and _L. 

odeensis, with the least diversity for _l. ervoides. _L. orient- 



Table 50. -tic dimsi ty  of the four species as masured 
by eight iso?aym loci using the Nei's hetero-ity index (Q) and 
the Shanncn-Wearer Monratica index (H) 

Species (%,la 

orientalis cderensis nigricans -ides 
Locus -142 n=30 -90 n=33 

ACP 0.185 0.245 0.241 0.590 

H 0.415 0.225 0.109 0.280 
k 0.214 0.112 0.046 0.139 

a : Y . ~  is H on a F r  locus basis. 

alis showed at least 50% higher diversity than the other species. - 
The accessions for _L. orientalis were suMivided into the five 

sub-regions as above for determining differences in genetic 

diversity for these regions by use of the eight isozyme loci. The 

highest genetic diversity was found for the southeastern Turkey 

and northern Syria regions and northern Turkey, followed by 

western Turkey (Table 51). The leest diversity was for southern 

Syria 

The loci with the highest genetic diversity and plynnrphism 

were the FGI-1, ACP, ME-1, and ME-2 loci. These showed genetic 

diversity for all four species (Table 50). Haever, FGI-2 s M  

diversity for only one species and the other loci showed diversity 

for only two species. For &&s orientalis , FQ-1 and ME-2 shoed 

the highest diversity. 

M. Ferguson and L.D. Robertson 



Table 51. Genetic diversity for five geogaphical regions for _L. 
orientalis as measured by eight isoyme loci using the Nei'e 
heterozygosity index (Y) and the Shannon-Weaver Infonmticn index 
(HI 

~tur/ Stur/ 
Ntur w m  NEW SsYr MSYr 

Locus n=7 n=ll n=13 1148 n=65 

a : y., is H on a per locus basis. 



Documentation of a s q l e  in a genebank starts at the receipt of 

material and continues throughout its life span. The initial data 

on sanpjles entering the germplasm collections (usually passport 

data o:~ly) is gradually expanded follming characterization and 

evaluation work done by curators and cwperators. The files 

related to availability of material and its distribution to users 

have to be kept up to date to assist in collection management. The 

bcmentation Section of GRU routinely handles the data for newly 

acquired mterial, the data from current exprinwts, and seed 

stock control information. 

The GRU's dmntation system was significantly altered in 

1991 after acquisition of Personal Computers (see GRU Annual 

Report of 1991) . In 1992 the software was further 'tuned' to 

increase flexibility and perfomce of data handling. In 

particular, functions related to seed stock control, label 

generation, export of data to different packages, etc. were 

implemented. The main enphasis, however, was placed on perusal of 

existing data for inaccuracies, inconsistences and gaps. 

The collection data concerning germplasm acquired during ICARaA 

missions in 15 years were verified. The m r i e s  of missions 

(species collected, sites visited, and collectors and 

organizations involved with missions) are being compiled for 

publication in 1993; detailed data will be available through a 

specialized database. In order to take advantage of map 

preparation software, the latitude-longitude coordinates of sites 

were estimated, when needed, by referring to locality details and 

consultation of maps. 

The passport data of mterial donated to ICARDA collections 

were also examined and compared with records £ran donors. 1x2 to 
GRU involvement in the establishment of a barley core collection, 

priority was assigned to inproverent of documentation for barley. 

ICARDA's data base was cqared with data obtained f m  the mall 



Grains Collection of USiX (donor of mre than 12000 accession), as 

well as the database established by the European Cocperative 

Wcgrarn for Plant Genetic Resources (ECP/GR) . The exercise p m d  

to be very useful. For instance, the origin of approximtely 3500 

accessions was clarified, missing collection numbers and site 

details were obtained, etc. Eqerience gained during linking the 

databases will certainly be useful for production of a regional 

database for barley. 

Speedy transfer of data obtained during evaluation of samples 

in the field or in the laboratory to camputer files, which can be 

subsequently processed, is of parmunt importance in research. 

Traditionaly, the expximtal data are written in field bsok or 

forms and than typed in into the data files. This is a tedious, 

error prone, and time consmning process. In 1992 GRU inthced 

"PSION Organizer 11" datalqers to facilitate and significantly 

reduce the time of data entry. Necessary software was developed. 

The devices were used in the labs and field testing will take 

place in 1993. 

Gemplasm collections maintained by Q!U are being duplicated in 

base collections in other organizations. Full dcammtation of 

sanples is always sent along with seeds. In addition, an 

"7qreement on Safety Duplication of ICARaA's Genetic Resources 

Data at IBPGR" has been developed and databases of all crops were 

duplicated in 1992. According to the abwe agreement, the data 

sets will be replaced annually. 

J. -ka and A. An- 



1.6.1 V i a b i l i t y  test- of cereal germplasm 

Monitorhg germplasm viability is an on-going activity at the 

Genetic Resource Unit since 1990. Up to date, 50% (10123 

accessions) of barley germplasm accessions have ken tested for 

viability, this includes 4842 viability tests conducted in the 

1991/1992 season. The germination tests were carried out in four 

replications in the lhratory on seeds stored in the mediun-term 

store (active collectioni. 

Results of viability testing indicate that 91% of the tested 

accessions had a high viability percentage (>go%) and a total of 

9665 accessions, which represents 95.5% of the tested barley, 

showed good germination (>80%) . The raining 4.5% of the 

accessions will be rejuvenated due to insufficient viability. 

For durum wheat germplasm, results of viability testing 

indicated that 83% of the tested accessions (7486) had a high 

viability percentage (>go%) and a total of 6686 accessions, which 

represents 89.3% of the tested d m  accessions, showed good 

germination (>80%). These results include 2839 viability tests 

conducted in the season 1991/92. The remaining 10.7% of the 

tested accessions will k rejuvenated due to insufficient 

viability. 

B. Mrmeid and staff 

1.6.2. Monitoring viability for rejuvenated gemplasm 

All germplasm mterials which showed low viability during 

germination tests in 1990/91, and which were planted for 

rejuvenation in the 1991/92 season, were retested for viability 

after harvest. In total, fresh seed of 1237 accessions (599 

barley and 638 d m  wheat) had been retested for viability and 

stored in the d m - t e r m  store (active collection). 

B. b n d d  and GETJ staff 



1.6.3 Cleaning gene bank accessions fran seed-borne viruses 

Cleaning gene bank accessions frm seed-borne viruses was 

conducted in t m  different directions. Seeds stored in the gene 

bank were tested and accessions king multiplied were tested and 

infected plants were eliminated to permit hamest only of clean 

seeds. 

Seeds of 900 barley accessions and 400 lentil accessions from 

the gene bank mre tested and around 10% of the accessions were 

found to contain seed-tome infections. Healthy accessions will 

be stored in the gene bank and infected ones are destined for 

cleaning during the next gxnvn season. 

K. Makkouk and W. Radwan 



The major activity of the ICARDA Seed Health Idbratory (SHL) in 

the 1991/92 season was to ensure freedom of Lnccming/outgoing 

genetical mterials frm seed-borne pathogens/pests. The SHL was 

also active in training of national scientists in seed health 

testirq. 

During the 1991/92 season the SHL received 110 seed consignments 

from cooperators of 33 countries, after king released from the 

Syrian Quarantine Authority. In order to prevent introduction of 

exotic insects to Tel Ham station, all incoming seeds were 

imdiately fumigated with phostoxin (aluminum phcsphide) or 

treated at -18 T for 7 days before the consignrent was opened. 

2.1.1 Laboratory testing and treatnu3lt 

After registration, seeds were inspected visually for disease 

qmptoms (discoloration, bunt balls, and nemtcde galls) and 

impurities (soil particles, weed seeds, etc.) . Tables 52 and 53 

show that the total number of tested lines was 11868 (11570 

cereals and 298 legumes). This was 43% nwre than the 

previous season. 

Special attention was given to pathogens which do not occur in 

Syria (Tillotia m, and2. contraversa) and to pazhogens which 
are !mown to occur in Syria, but where there is risk of 

introducing new races (LT-mstis aqrouyri on whea:, Acccchvta 

and Fusarium o w ~ r w n  f . sp . m i  on chickpea . Ustilaqo 
spp. on wheat and barley, T. caries and 1. foetida on wheat, and 

Xanthmnas translucens on cereals) . The detected pathwens 

during this season were similar to that of the previcu-; season. 

Many bread wheat lines (27741 were found contamirlatcd with the 

quarantine pathogens T .  indica, T .  corLraversa, and TJ. aqrouyri, 
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and were subsequently destroyed (Table 52) . Legume seeds received 

were only sporadicly contaminated by one on more of the pathagens 

indicated in Table 53. 

Seeds which were not treated by the sender were treated at the 

SHL with the appropriate fungicide. 

2.1.2 Field inspecticol 

In order to detect any exotic pathcgen that was not evident at the 

time of seed inspection at the SHL, so as to protect ICARDA 

gemqlasm from infection, and as per center policy, all imported 

seeds proved free of quarantine pathcgem were planted at the 

Post-entry Quarantine Area for one generation. In the 1991/92 

cycle, about 18 ha were planted to imported seeds. The field 

inspections were carried out two tires for all plots and revealed 

one quarantine pathcgen (_U. aqrouwi) . Ii~fected plarts were 

rogued and burned. 

In the 1991/92 season, 440 total consignrents of international 

nurseries (210) and specific trait geqlam (230 )  were 

distributed frcm ICARDA, accompanied by phytosanitay certificates 

and certificates of origin to cooperators in 81 countries. This 

represented h t  on 18% decrease in seed dispatch compared to the 

previous season. 

2.2.1. Laboratory testing and treatment 

Seed health testing was carried out on samples of harvested plots 

from Tel Hadya  station. Special attention was given to samples 

from plots where seed-borne diseases were found during field 

inspection and whenever special declaration was requested by the 

recipient to indicate the absence of a speciflc pathogen. Smples 

infected with _U. aqror)w-i were discarded frcm shpent. 

Information on number of tested and infected lines and detected 

pathogens are smrized in Table 54. The total number of tested 
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lines decreased by about 3% canpared to the previous season. All 

outgoing seeds are treated with fungicides / insecticides, unless 
specific request is made by the consignee. 

2.2.2 Field inspecticm 

Field inspection was carried out t w  times during the season at 

appropriate qravth stages. It covered about 145 ha of seed 

increases / multiplication plots of different craps destined for 
intemational dispatch. The occullence of flag smut in these 

plots was low during the season, but the n h r  of contaminated 

fields was higher (4  fields compared to 1 field in the previous 

season). Barley stripe mosaic v i m  was frequent in saw barley 

plots. Several potential seed-borne pathqens were inspected 

during the season. They were: msarium owmrum, PvrenoDhora 

qraminea, Rhm-rim secalis, _T. e s  and/or _T. fcetida, 

Ustilaqon &, y. tritici, broad bean stain virus, and Orobanche 

spp. Infected or even suspected plants were rogued and burned. 

A. El-Ahred and S. Asaad 



The virology labratory continued this year to be involved in a 

wide range of research and service activities. The interaction 

with national programs of the region was intensified further, 

through joint surveys and receiviq colleagues from different W.NA 

countries, who spent varied periods of time from a few weeks to a 

few mnths, receiving training in new techniques for sensitive 

virus detection in seeds or leaves of infected plants. 

3.1.1. Sun-ey of vim diseases 

3.1.1.1. Faba bean necrotic yellows vi~us 

Faba b?an necrotic yellm virus (FBNYV) is a newly characterized 

v i m  with small isometric particles around 18 nm in diameter, 

with a single stranded ENA and is persistently transmitted by 

aphids. This virus, confused for s m  tim with bean leaf roll 

virus, pmved to be very h g i n g  to faba bean and other legumes. 

Because of its potential importance in the WNA region, a 

preliminary survey was conducted to evaluate its distribution in 

the region. The results suggest that FBNYV is prevalent in 

Algeria, Egypt, Ethiopia, Jordan, Lebanon, Syria, and Turkey 

(Table 55). There was a good indication that this virus was 

epidemic in Egypt and an intensive survey for this virus in Egypt 

is planned for 1993. 

K.M. Ndkkouk and S.G. K-i 

3.1.1.2. Luteovirusea 

In the past, the belief was that bean leaf roll virus is the mst 

c m n  luteovirus in ccol season legurrrs. Testing samples over 

the last few years has sham s m  serological variability m n g  

the samples identified as bean leaf roll virus on the basis of 

sy@mm. L % i q  t tm~ plyrlcral ant* for t h r ~  distirrt lu-; 



Table  55. S e r o l o g i c a l  (ELISA) detectim of faba bean necrotic 
yellow virus (FPXYV) irr legrrme sanples with a l m p t a ~  sqgestive 
of virus infectim collected fran d i f f e r e n t  mtr iea  of W e s t  A s i a  
and North Africa during 1990-1992 

N m b r  of plants infected with FBNYV 
/Total  m m t x r  of plants tested 

W a s e  
-try Faba bean L e n t i l  Chi- legrrmes 

Algeria 
EWpt 
Ethiopia 
Jordan 
Lebanon 
Libya 
Sudan 
Syria 
Tunisia 
Turkey 

T o t a l  146/436 203/493 186/398 32/61 

a : Clover smles 
b : Forage legumes were Medicaqo, Melilotus, Trifolim, and 

-a. 

bean leaf roll virus (BLRVI , beet western yellows virus (BWYV) and 

a newly identified luteovirus at ICRISAT, chickpea luteovirus 

(CPLV) , showed that in Lebanon, Syria, and Twkey there is mre 

than one luteovirus affecting chickpea, faba bean, and lentil 

(Table 56) . 5Xch information has consequences on screening for 

vinls resistance in these crops. 

K.M. M&kouk and S.G. Kmmri 

3 . 1 . 1 . 3 .  Lentil seed-borne viruses in Syria 

Lentil fields in northern, southern, central, and northeastern 

regions of Syria were surveyed during 1930-1992 to determine the 

presence of the two lentil seed-borne viruses, pea seed-borne 



Table 56. Viruses in chickpa, faba bean, and lentil sanples w i t h  
virus-like q n p t m  collected fran Lebarum, Syria, and Turkey 
during May of 1992. Identification was based on serological 
reaction (ELIS.) 

NO. of 
country plants No. of plants found positive to 

crop tested BWYV CFZV BLKV 

Syria 
Ckckpoa 152 
F3ba bean 20 
Lentil 69 

Turkey 
Chickpea 113 
Faba bean 34 
Lent11 76 

Total 
Chickpoa 342 
Faba ban 71 
Lentil 180 

msaic (PSbMI) and broad bean stain (BBSV) viruses. A total of 

104 fields were surveyed and 200 lentil seedlings, scon after 

emergence, were collected from each field. Serolqical (ELISA) 

tests revealed the presence of P S W  in 1% of the samples 

collected from the southern region only, whereas BBSV was detected 

in 0.21, 0.19, 0.26, and 3.35% of the samples collected from the 

above mtioned four regions, respectively. 

K.M. EZ-rkkouk and S.G. K-i 

3.1.2. Yield loss and seed-tansmissicm rates in lentils. 

The yield of 20 lentil genotypes was evaluated after artificial 

inoc~lation with P S W .  Losses due to infection varied between 3% 



in 'Red Ckief' and 61% in 'ILL 6245'. Variability in P S W  seed- 

transmission rates was also evaluated for the sam lentil 

genotps and seed transmission rates varied between 0.0 and 1.7%. 

It is worth noting that the two genotyps 'Palouse' and 'Red 

Cllief', which had the least yield loss due to P S W  infection, 

also had extremly lau seed-tdssion rates (Table 571. 

Table 57. Reaction of twenty lentil genotypes after artificial 
inomlation with pea seed-born msaic virus ( P M )  k i n g  the 
growing seasan 1991-1992 

Estimated 
Percent seed 
Yield transmission 

No. rknotype Origin Pedigree loss rate (%) 

1. ILL 4400 
2. ILL 4401 
3. ILL 5582 
4. ILL 5588 
5. ILL 5699 
6. ILL 5700 
7. ILL 5816 
8. ILL 5873 
9. ILL 5994 
10. ILL 6015 
11. ILL 6193 
12. ILL 6198 
13. ILL 6220 
14. ILL 6226 
15. ILL 6229 
16. ILL 6245 
17. Chilean 78 
18. crimson 
19. Palouse 
20. Red Chief 

Syria 
Syria 
Jordan 
Jordan 
ICARDA 
ICARDA 
ICAFrn 
ICARDA 
ICARDA 
ICARDA 
ICPliDA 
ICARDA 
ICARDA 
ICARaA 
ICARDA 
ICARDA 
U.S.A. 
U.S.A. 
U.S.A. 
U.S.A. 

Syrian Local 
%ian Local 

Another field experiment was conducted to evaluate yield loss 

of the lentil cultivar 'Syrian Local' in response to infection 

with the two viruses P S W  and BBSV. Results showed that yield 

loss due to virus infection at the pre-flowering, flowering, and 

pod setting growth stages were 24, 31, and 35% for BBSV and 28, 



27, and 23% for P S W ,  respectively. In the s m  exprimt, seed 

transmission rates of the two viruses were determined. Ilesults 

indicated that BBSJ seed-transmission rates were 20.6, 19.1, and 

1.5%; P S W  seed-transmission rates were 2.2, 1.5, and 0.4% when 

plants were inoculated at pre-flowering, flowering, and pod 

setting growth stages, respectively. 

K.M. M k b &  and S.G.  K u m r i  

3 . 2 . 1 .  Effect of resistance to BYW in barley an BMV 

nwement 

Migration of BYDV was evaluated under greenhouse anditions in 

four resistant and two susceptible barley genotps. ELISA tests 

revealed that virus particles reached the rat system of the 

susceptible genotypes 5-15 days earlier than in resistant ones 

(Figure 34). The stu* showed that slow virus m v e m t  could be 

one factor which contributed to the mechanism of BYDV resistance 

in barley. Tne possible use of this characteristic to 

differentiate between BYDV-resistant and susceptible barley 

genotypes will be investigated during the coming season. 

K.M. Makkouk and W. G b d . a m  

3.3.1. Testing seed sanples for i n t e r n a t i d  nurseries 

Eight hundred lentil seed lots destined for international 

nurseries were tested for the presence of possible seed-borne 

infections. Seed lots which did not met the health standards set 

by ICARDA and by the irqmrting countries were discarded. 

K.M. M a k k a k  and W. Rddwa~ 

3 .3 .2 .  Cleaning &ley seed stocks 

In collaboration with the Agriculture Research Center in Syria, seed 



Figure 34. Period of time after inaxlatian (days) required for 
barley yellow &ax£ virus to reach the rmts of resistant (Corris, 
m - 1 0 ,  BKL 85-237, and Atlas 68) and ~usceptible (Atlas 57 and 
H a n m l )  barely genotypes 

stocks of five barley cultivars were cleaned from seed-borne 

barley stripe msaic vilus. Plants of all cultivars were tested 

individually and those found infected were eliminated. It vms 

possible to produce virus-free stocks for the cultivars Zanbaka, 

Tadnor, Rihane 03, and WI 2291. It was not possible to cmpletely 

clean the cultivar Arabi Aswad, and efforts will continue next 

season to prcduce a healthy stock of this cultivar. 

K.M Makkouk and W. 



3 . 3 . 3 .  Roguing faba h increases 

In collaboration with the Seed Health Laboratory, around 2.5 

hectares of faba bean Ere i~ispected and rcgued three tires during 

the spring of 1992. Plants suspected to be virus-infected were 

eliminated. 

K.M. MakkUk and W. FadkFm 

Wer the last 3 years a number of legume and cereal viruses were 

purified at the ICARDA virology lab. and plyclonal antisera in 

rabbits were prcduced. kom these antisera, after testing them 

for quality, ELISA kits were prepared and mde available for 

laboratories of the national programs in WXW. In each kit there 

is enough innunoglobulins and enzyme conjugate to test 2000 

samples. The following ELISA kits are now available: 

Leguw viruses 

- Broad bean mttle virus 

- Broad &an stain v i m  

- Broad bean wilt virus 

- Chickpea luteovirus 

- Cucumber mosaic v i m  

- Alfalfa mosaic virus 

Cereal viruses 

- Barley yellav dwarf virus 

- Barley strip msaic virus 

K.M. Makkouk and S.G. Kumari 



Gn request of the NARS in W, a number of trainees received 

individual training in the Genetic Resources Unit at ICARaA 

Headquarters, Tel Hadya, Syria, in activities relating to plant 

taxonmy and species identification, germplasm evaluation, and 

documentation. Dr. N. iv!axted, a consultant from the University of 

Southampton, U.K., assisted in training for a legume identifi- 

cation course. A swrmary of the training is presented in Table 

58. 

Table 58. Trajnees in genetic resources activities in 1991/92 

W of NO. of course 
course trainees Country cbratim 

Forage legume short 8 
identification 

Forage legume individual 1 
identification 

Chickpea individual 1 
evaluation 

Germplasm individual 1 
dccunentation 

Classification individual 1 
of wild Piticum 

Syria, 2 weeks 
Algeria, 
TUnisia 

Tunisia 2 weeks 

Iran 3 weeks 

Syria 2 weeks 

Syria 1 week 

4.2. T D 3  in seed M& activities 

Three scientists frcmthe Syrian Quarantine Direction were trained 



for six months on seed health testing and field ivction. One 

scientist from China was trained for two mnths on seed health 

testing. The SHL personnel have covered in lectures and 

practicals seed health aspects in the residential courses of the 

improvement programs and in country training courses as well. 

During 1992 the virology labratory received five visiting 

scientists from Syria, Egypt, Lebanon, and the Netherlands, for a 

period of two to eight ueeks each. The laboratory also received 

eight trainees from CtMn, Lebanon, and Syria. 

A three w e k  intensive virolw course was conduct& in Egypt 

in collaboration with FAO, ICWRS, and ORSTCM. 

QN Staff 
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Table A4. Status of 1- collecticns by origin (Decmker 1992) 

F O ~  Folase 
Origin Cereals L%W-- Legumes Total 

Afghanistan 
Algeria 
Armenia 
Q'P- 
Egypt 
Ethiopia 
Iran 
Iraq 
Jordan 
Lebanon 
Libya 
MO]TOCco 
Cman 
Pakistan 
Palestine 
Saudi Arabia 
Syria 
W s i a  
W k e y  
W t e d  Arab Em. 
Y e m  

ICARDA l ines 

EUROPE 

Albania 
Austria 
Belgiun 
Bulgaria 
Czechoslovakia 
CeNMrk 
Finland 
France 
Germany 
Greece 



W l e  A4. (ccnt.) Status of ICARaA collecticne by origin 
(December 1992) 

- 

~ o o d  Forase 
Origin Cereals Legrrrnes Total 

Ireland 
Italy 
Malta 
Netherlands 
Norway 
Poland 
Portugal 
lbmnia 
Soviet Uniona 
spain 
Sweden 
Switzerland 
United Kingdom 
Yugoslavia" 

ASIA 

Bangladesh 
Bhutan 
china 
India 
Indcnesia 
Japan 
Korea 
Mongolia 
Nepal 
Sri Ianka 
Thailand 

m c A  

Central Africa 
Gab3n 
Kenya 
Malawi 



Table 4A. (cmt.1 Status of ICARDA collectims by origin 
(DecerSw 1992) 

Food Forage 
w i n  Cereals L . 8  Total 

Mauritius 
Nigeria 
Rwanda 
Senegal 
Sorralia 
South Africa 
Sudan 
Tanzania 
Wanda 
Zaire 
Zimbdowe 

AMERICA 

Argentina 
Bolivia 
Brazil 
Canada 
olile 
Coldia 
Costa Rica 
Ecuador 
Greenland 
Guatemla 
Mexico 
Paraguay 
Peru 
United States 
Uruguay 
Venezuela 

Australia 
New Zealand 

a : Germplasm received by GRU prior to 1991 



Table A5. Status of cereals collectic~ls by origin (DBcenkm 1992) 

Wild hrnrm Bread Wild 
origin Barley Barley Wheat YVheat Wheat Aeg.' Total 

Afghanistan 176 
Algeria 125 
m i a  . 

%+US 7 
%YPt 191 
Ethiopia 2679 
 ran 156 
Iraq 50 
Jordan 132 
Lebanon . 

Libya 83 
Morccm 74 0 
Cman 44 
Pakistan 179 
Palestine 7 
Saudi Arabia 3 
Syria 447 
Tunisia 599 
Txkey 1183 
UnitedArabEm. 7 
Yenen 89 

ICARaA lines 2336 

Albania 2 
Austria 48 
Belgium 6 
Bulgaria 31 
Czechoslovakia 94 
Denmark 110 
Finland 44 
France 70 



Table A5. (cmt.) Status of cereals collecticns by origin 
(Decedxr 1992) 

Wild hrnrm Brsad Wild 
Origin Barley Barley wheat Wheat %eat %.a Total 

G e m  1032 
Greece 18 
-arY 70 
I re land  1 
Italv 16 
wtH . 

Netherlands 29 
Norway 5 
polan2 111 
Portugal 16 
Rorrania 29 
Soviet  U n i d  771 
Spain 224 
Sweden 55 
Switzerland 687 
United Kingdm 139 
Yugoslaviab 414 

ASIA 4176 

Bhutan 30 
China 2810 
India 398 
Japan 244 
Korea 195 
Nkxgolia 4 
Nepal 495 

Central Africa 1 
Kenya - 

Rwanda - 
South Afr ica  146 
Sudan 6 
Tanzania . 
ZimMxe 3 



Table A5. (cont.) Status of cereals collecticns by origin 
(Decenber 1992) 

Wild Dunrm Bread Wild 
Origin Barley Barley Wheat Wheat Wheat Aeg.' Total 

AMERICA 

Aryentina 
EDlivia 
Brazil 
Canada 
Chile 
Cblcmbia 
Ecuador 
Greenland 
Guatmla 
Mexico 
Paraguay 
Peru 
United States 
Uruguay 
Venezuela 

ccE?Nm 

Australia 

TOTAL 20968 1540 17751 7151 1430 2314 51154 

a : Aq.=Amlio~s. 
b : Germplasm received by GFTJ prior to 1991. 



Table A6. S t a t u s  of food 1qun-e~ co l l ec t im  !q origin (Decwber  
1992) 
- 

Faba Wild Wild 
Origin Bean Lentil Lens Chi- Cicer Total 

WLNA 

Afghanistan 
Algeria 
0- 
Egypt 
Ethiopia 
Iran 
Iraq 
Jordan 
Lebanon 
Libya 
Morocco 
Cman 
Pakistan 
Palestine 
Syria 
Tunisia 
Turkey 
Yemen 

ICARDA lines 

EUROPE 

Albania 
Austria 
Belgium 
Bulgaria 
Czechoslovakia 
Denmark 
France 
Germany 
Greece 
H u n g w  



Table A6. (cmt.) Status of food 1-8 collectim by origin 
(December 1992) 

Faba Wild Wild 
Origin Bean Lentil Lens Chi- Cicer Total 

Italy 
Netherlands 
-Y 
Poland 
Portugal 
m i a  
Soviet Uniona 
spain 
*den 
Switzerland 
United Kin- 
Yugoslaviaa 

ASIA 

m l a d e s h  
china 
India 
Indonesia 
Japan 
Nepal 
Sri Lanka 

AFRICA 

Malawi - . 3 - 3 
Mauritius - 1 - - - 1 
Nigeria . - - 1 . 1 
Somalia . 2 . - - 2 
Sudan 115 2 . 22 - 13 9 



Table A6. (cat.) Status of food 1- collecticma by origin 
( D e c h  1992) 

Origin 
Faba Wild Wild 
Bean Lentil Lens Chickpa Cicer Total 

AMERICA 3 62 431 - 578 - 1371 

Argentina 
Brazil 
Canada 
Chile 
Colombia 
Costa Rica 
Ecuador 
W t e m l a  
Mexico 
Peru 
United States 
ULUguaY 

OCEANIA 

Australia 
New Zealand 

a : Germplasm received by CRU prior t o  1 9 9 1  



Table A7. Status of forage leg.lrmes collectiaa by origin 
(Decmber 1992) 

0- 
Origin Medics Vicia Pim.un Lath.. Wif: forages Total 

Afghan is tan  18 
A l g e r i a  730 
QPmS 263 
%lYPt 5 1  
E t h i o p i a  46 
I r a n  299 
Iraq 136 
Jordan 666 
Lebanon 218 
Libya 173 
mrcccc 531 
Cman . 

P a k i s t a n  5 
P a l e s t i n e  37 
Saud i  Arabia - 
S y r i a  1744 
runisia 108 
m k e y  766 
Y e n w  . 

M a  - 

Austria . 
Belgium 1 
B u l g a r i a  1 
Czechoslovakia 11 
i2enlMr-k 3 
Finland - 
h-ance 4 1  
Germany 5 
Greece 167 



Table  A7. (ccnt . ) Status of forage l q m r e a  collections by origin 
(Dee* 1992) 

other 
Origin Medicago V i c i a  Pisum Lath.' %if.* forages Total 

Hungary 10 
Italy 322 
Malta 8 
Netherlands - 

Norway . 
Poland 1 
Portugal 95 
R m i a  4 
Soviet Union" 36 
spain 229 
Sweden 2 
Switzerland 2 
United Kingdom 1 
yugoslaviab 9 

ASIA 2 

M n a  1 
India 1 

Japan . 

Wngolia - 

Nepal - 

Thailand . 

AFRICA 2 
Gabon - 

Kenya 1 
Nigeria . 

Senegal 
South Africa 1 
Sudan - 

m d a  . 

Zaire 



Table A7. (cant.) Status of f m  legume collecticas by origin 
( D a c e  1992) 

other 
migin Medicago Vicia Pimun Lath: R-if.' forages Total 

AMERICA 

Argentina 
Bolivia 
Brazil 
Canada 
Chile 
Ecuador 
Guatemala 
Mexico 
Paraguay 
Peru 
United States 
UIUguaY 
Venezuela 

OCEANIA 

Australia 
New Zealand 

a : Lath.=Idths, Trif.=Trifolium. 
b : Germplasm received by W U  prior to 1991. 



Table A8. Distributicm of QtZT gerplasm to users in 1992 

Food FOrase 
Cereals Legrrmes LeSrrmes Total 

Algeria 
Australia 
Bangladesh 
Bulgaria 
Belgium 
Canada 
china 
Czechoslovakia 
Daghestan 
Denmark 
m t  
m c e  
Germany 
Greece 
India 
Italy 
Iran 
Iraq 
Japan 
Jordan 
Mexico 
~ I O C C O  

Pakistan 
Poland 
Russia 
South Africa 
Syria 
Tunisia 
Turkey 
United Kingdm 
United States 
ICARDA 

Total 



Table A9. D i s t r i b u t i m  of c d s  in 1992 

Wild h n m  Bread Wild Total 
-try Barley barley wheat wheat wheat 

AZqeria 201 
Australia 46 
Bulgaria 35 
Canada . 
Czechoslaakia - 

'%WPt 159 
France . 

G e m y  24 
India 21 
Italy - 

Iraq 58 
Japan - 

Jordan 69 
Mexico - 
MOrcCCO - 

South Africa - 
USSR/Fhssia - 

Syria 50 
Turkey 24 
TUnisia 24 
United Kingdan 24 
USA - 

ICARaA 678 

Total 1413 60 8563 1638 5067 16741 



Table A10. Distributirm of food 1-8 in 1992. 

Wild Wild hba Total 
-tIy Chi* Cicer Lentil lentil Bean 

Australia . 
Bangladesh . 
Belgium - 
Canada - 
china . 

Czechoslovakia - 
i23mark . 

%fPt . 

Germany . 

India 40 
Iran - 
Italy - 
Japan - 

Jordan . 
Nexico . 
Pakistan 
Poland . 

Russia 6 
South Africa 50 
Syria 50 
Tunisia . 

Turkey - 

USA 4 

Total 1196 611 2177 707 1068 5759 



Table All. D i s t r i b u t i m  of forages in 1992. 

Other 
m-7 Medics  Trif .a Lath.' V i c i a  Pisum genera 'Ibtal 

Bangladesh 
Canada 
%YPt 
France 
Greece 
India 
Italy 
Japan 
mrccco 
Pakistan 
USA 
ICARDA 

Total 160 39 660 712 9 36 1616 






