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; ablished in 1977, the International Center for Agricultural Research in the Dry

Areas (ICARDA) is governed by an independent Board of Trustees. Based at
Aleppo, Syria, it is one of 18 centers supported by the Consultative Group on
International Agricultural Research (CGIAR), which is an international group of
representatives of donor agencies, eminent agricultural scientists, and institutional
administrators from developed and developing countries who guide and support its
work.

The CGIAR seeks to enhance and sustain food production and, at the
same time, improve socioeconomic conditions of people, through strengthening
national research systems in developing countries.

ICARDA focuses its research efforts on areas with a dry summer and
where precipitation in winter ranges from 200 to 600 mm. The Center has a world
responsibility for the improvement of barley, lentil, and faba bean, and a regional
responsibility—in West Asia and North Africa—for the improvement of wheat,
chickpea, and pasture and forage crops and the associated farming systems.

Much of ICARDA’s research is carried out on a 948-hectare farm at its
headquarters at Tel Hadya, about 35 km southwest of Aleppo. ICARDA also
manages other sites where it tests material under a variety of agroecological
conditions in Syria and Lebanon. However, the full scope of ICARDA’s activities
can be appreciated only when account is taken of the cooperative research carried
out with many countries in West Asia and North Africa.

The results of research are transferred through ICARDA’s cooperation
with national and regional research institutions, with universities and ministries of
agriculture, and through the technical assistance and training that the Center
provides. A range of training programs are offered extending from residential
courses for groups to advanced research opportunities for individuals. These
efforts are supported by seminars, publications, and by specialized information
services.
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This report was written and compiled by program scientists and
represents a working document of ICARDA. Its primary objective is
to communicate the season’s research results quickly to fellow
scientists, particularly those within West Asia and North Africa, with
whom ICARDA has close collaboration. Due to the tight production
deadlines, editing of the report was kept to a minimum.
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1. GENETIC RESOURCES ACTIVITIES

1.1. Introduction

Tn 1992 the Genetic Resourceg Unit at TCRARDA continued its effort
to acguire, characterize, document, conserve, and distribute
germplasm of the Center mandate crops for the benefit of crop
improvement programs, both at ICARDA and for countries of the
West Asia and North Africa (WANA) region.

Collecting missicons to countries of West Asia and North Africa
(Figures 1 and 2} conducted by ICARDA in cooperation with
national programs yielded more than 1000 new accessions of
mandated crops and/or their wild relatives (Table 1}.

* Lebanon - Aegilops

Lebanon - Wild Legumes

Syria - Forages

- Syria - Cereals

Jordan - Cereals

Figure 1. Sites of collection missicns for cereals, food
legumes, pasture and forage lequmes, and their wild relatives in
West Asia for 1992



B Tunisia - Forages

*  Lybia - Food Legumes

ﬁj

Figure 2. Sites of collection missions for pasture, forage, and
food lequmes in North 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 Armenia. 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 samples of wild relatives of cereals were
collected. Existence of T. boeoticum in Syria, as well as in
Jordan, was confirmed. However, the other diploid wheat, T.
urartu was more frequent in Syria, where 14 populations were
collected from diverse habitats, rarging from the dry eastern



Table 1. Germplasm introduction at TCARDA in 1991/92

Collected Fram other New acquisitiong

Crop by GRU ingtitutions (total)

Barley 68 2442 2510
Wild barley 125 75 i 200
Durum wheat 7 156 163
Bread wheat 17 160 177
Wild wheat a3 240 323
Cereals 300 3073 3373
Chickpea &4 364 428
Wild Cicer 3 9 12
Lentil - 2 2
Wild Lens 28 15 43
Faba bean 96 80 176
Food lequmes 121 470 66l
Medicago 157 - 157
Vigia 36 - 36
Lathyrus 18 - 18
Trifolium 54 1500 1554
Others 248 - 248
Forage legumes 5le 1590 2016
Grand total 1007 5043 6050

slopes of the basaltic Jebel Al-Arab wourtains in the province of
Sweida, through the more fertile, low-land sites in northern
Syria, to high elevation limestone slopes in the Anti-Lebanon
mountains in the province of Damascus. The highest site was
found at 1840 m a.s.l., which is a record altitude for this
species. Seed storage protein electrocphoresis revealed



significant differences in genetic diversity among these wheat
populations collected from southern Syria.

In Iebanon, 37 accessions of wild lens and Cicer were
collected from the coastal region and in Libya, 14 accessions of
food legumes were collected (faba bean and chickpea) .

In ecogeographical survey of pasture and forage legqumes was
conducted in Tunisia, with 375 ecotypes collected from the

central region and data was taken on the relative frequencies of
various species. Cne-lundred-fifty ecotypes of pasture and
forage legqumes were collected from scuthern Syria to £i11 the gap
for this area in the collections.

A total of 6500 accessions of cereals and lequmes were
evaluated for the IBPGR/ICARDA descriptor list (Table 2). Mualti-
variate statistical procedures were applied to the data of lentil
and barley to study the relaticnships of landraces from different
countries and sub-regions.

Jordariian ecotypes of Vicia and lathyrus from recent
collections were characterized in collaboration with NARS Jordarn.

Photothermal characterization of barley landraces from China,
Algeria, Egypt, and Syria revealed very high diversity for basic
parameters of the photothermal response (earliness per ge,
vernalization, and photoperiod reaction) among the Chinese
germplasm. Some Algerian and Syrian landraces were heterogenecus
in their response.

The wild Leng collection was evaluated for agro-morphological
traits and eight isozyme loci. This data has been used to draw
phylogeny trees for the gemus which show that L. orientalis and
L. odemensis are the clogsest related wild Lens species. Genetic
diversity for the wild Lens 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 mumber of
accessiong held in the genebank to more than 92000 (Table 3).
Details on the status of ICARTA collections by country of origin



Table 2. Germplasm multiplication, characterization and
evaluation in 1991/92

Multiplied Characterized and/or evaluated

Crop {accessions) {accessions) (traits)
Barley 1401 2340 18
Wild karley 67 133 18
Durum wheat 705 163 14
Bread wheat 616 177 14
Wild wheat 339 159 18a
Cereals 3128 2972 -
Chickpea 729 1123 29
Wild Cicer 57 - -
ILentil 432 1860 3¢
Wild Leng 55 323 41
Faba bean 1005 - -
Food legumes 2278 3306 -
Medicago 810 - -
Vicia 1281 195 19
Lathyrus 104 23 19
Trifolium 515 - -
Others 2341 - -
Forage legumes 5051 218 -
Grand total 10457 6496 -

are presented in Tables Ad4-7 of the Appendix.

Utilization of the GRU/ICARDA germplasm collecticn was high in
1992; more than 24000 seed samples were distributed to users
worldwide. Two thirds of this nurber were used in West Asia and
North Africa - the region mandated to ICARDA - either directly by



Table 3. Status of ICARDA collections by origin (Decamber 1992)

Nmber of accessions originated from

Other

WANA coumtries Unknown  Total
Cxop no. (%) no. (%) no. (%) no.
Barley 9233 44.0 11545 55.1 190 0.9 20968
Wild Hordeum 1391 90.3 129 8.4 20 1.3 1540
Durum wheat 12222 68.9 4288 24.2 1241 7.0 17751
Bread wheat 6665 93.2 438 6.1 48 0.7 7151
Cther Triticum 1248 87.3 42 2.9 140 9.8 1430
Begilops 1786 77.2 472 20.4 56 2.4 2314
Cereals 32545 63.6 16914 33.1 1695 3.2 51154
Chickpea 670G 78.9 1655 19.5 136 1.6 8495
Wild Cicer 263 S7.0 8 3.0 - 0.0 271
Lentil 3988 55.2 3205 44.3 35 0.5 7228
Wild Lens 315 81L.56 64 18.6 7 1.8 386
Faba bean 1628 46.2 1354 38.4 541 15.4 3523
Focd legumes 12894 64.8 6290 31.6 719 3.6 19903
Medicadge 5791 79.9 1107 15.3 353 4.9 7251
Vicia 2247 48.8 1147 24.9 1210 26.3 4604
Pisum 467  13.7 1751 52.4 1160 33.9 3418
Lathyrusg 1180 83.3 228 1le6.l1 9 0.6 1417
Trifolium 2741 85.4 63 2.2 68 2.4 2872
Cther denera 2218 8l.1 516 18.9 - 0.0 2734
Forages 14644 657 4852 21.8 280C 12.6 22296

Grand total 60083 64.4 28056 30,1 5214 5.6 93353




MARS or indirectly through crop improvement programs at ICARDA
(Table 4).

Table 4. Distribution of ICARDA germplasm to users in 1991/92

Food Forage Total
Cereals lequmes legqumes 1991/92
User no. % no. % no % no. %
WANA 4525 67.2 1855 27.5 357 5.3 6737 27.9

ICARDA 7147 77.6é 1543 16.8 517 5.6 9207 38.2

Total
WANA 11672 73.2 3398 21.3 874 5.5 15944 66.1

Others 5065 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 "Agreement on Safety Duplication of ICARDA’s Genetic
Resources Data at IBPGR" has been signed and a data duplicate was
deposited in IBPGR, Rome. The data sets will ke replaced
anmially.

In the 1991/92 season, the Genetic Resocurces Unit started
uging "PSION Crganizer II" dataloggers to speed up and facilitate
camputerizaticn of genetic resources data.

In 1992, ICARDA participated in various glcbal and regional
genetic resources activities. The Center organized and hosted,



in collaboration with IBPGR and other instituticons, four

intermational events relating to genetic resources as follows:

- Barley Core Collection meeting of a working group of the
International Barley Genetic Resources Network (IBCRN) ;

- West Asia and North Africa PFlant Genetic Resources
Workshop, organized jointly with IBEGR and FAO, in which
a collaborative network on plant genetic resources in
WANA was established;

- IBPGR/IDRC/ICARDA training workshop dedicated to a self-
teaching approach to the understanding, analysis, and
developrent of genetic resources documentation systems;

- TInternational workshop cn "Evaluation and Utilization of
Biodiversity in Wild Relatives and Primitive Forms for
Wheat Improvement." This workshop, which was attended
by 60 scilentists from 26 countries, reviewed the
progress achieved and identified areas of research where
emphasis should be placed.

Collaboration with IBPGR has been strengthened with the
transfer of the IBPGR regional office for West Asia and North
Africa from Rome to ICARDA headquarters in Aleppo, Syria.

This Anmual Report presente 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
gpecial projects to take notice of the achievements during 1992
the respective projects and their secticns are listed below:

- "Enhancing wheat productivity in gtress environments
utilizing wild progenitors and primitive forms", funded
by Italy, principal scientist Dr A.B. Damania, 1s 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.

- "ollection and characterization of germplasm of wild
relatives of wheat", funded by the Netherlands, principal
scientist Dr M.W. Van Slageren, 1s reported in Secticns
1.2.1, 1.2.3, 1.2.4, 1.3.5, 1.3.6, and 1.4.6.

- '"Measurement of bicdiversity within the Genus Leng" funded
by CDA, U.K., Dr L.D. Robertson and Ms M. Ferguson, is
reported in sections 1.3.12 and 1.4.7.

Two laboratories are associated with the GRU: (1) the Seed
Health Lsboratory, and (2) The Virclogy Laboratory.

The Seed Health Laboratory has conducted testing for seed-borme
pathogens,/pests in all seed shipments coming into TCARDA or going
abroad. The total nmunber of lines tested from the received and
dispatcched shipments were 11868 and 3319, respectively.

The field inspection of plots from the newly introduced
germplasm grown at the post-entry quarantine area revealed no
exotic seed-borne pathogen/pest during the season.

In the Virology laboratory, the surveys for virus diseases
focussed on faba bean necrotic yellow virus, luteoviruses, and
lentil seed-borme viruses. The effect of resistance to barley
yellow dwarf virus (BYIV) in barley was studied in relation to
BYDV movement. Seed samples from the ICARDA international
nurseries were tested for the presence of seed-borne viruses.
The cleaning of the GRU/ICARDA barley germplasm collection from
seed-borne viruses continued.

New ELISA kits for detection of plant viruses were developed
and distributed to the laboratories of naticnal programs in the
WANA regicn.

J. Valkoum and GRU staff
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1.2. New gempilasm oollected or introdaed in 1991/92

1.2.1 Collection of wild wheat relatives in Lebanon

A germplasm collection/herbarium study mission was jointly conducted
in lebanon with the Agricultural Research Institute (ARI), Beirut,
Lebancn. Based mainly on an extensive survey in the Beka’a valley by
Nicclas Rebeiz in 15988, it was known that Lebanon is a rich country
for wild relatives of wheat. A total of 39 germplasm accessions and
two herbarium samples were collected in this misegion. The germplasm
collection breaks down as follows: ilops biunciglis (2), 2A=. ovata
(9), Ae. peregrina var. peregrina (11), 2s. speltoides var.
gpeltoides (2), Ae. speltoides var. ligustica (1), Ae. Lriuncialig
(4), Hordeum bulbosum (buibs from 1 population), H. spontaneum (1),
and, in addition, Medicago sp. (6), and Ondorychis sp. {1). Nicolag
Rebeiz from the ICARDA-Terbol station supplied germplasm sarples from
degilops gylindrica (1) and Ae. wvavilovii (1) while wvisiting the
station on the way back to Damascus. The accessions collected of

ilops spp. and wild Triticum species in this and other GRU
missions (Sections 1.2.2, 1.2.3 and 1.2.4) this year are given in
Tables 5 and 6, respectively.

The regions vigited within Iebanon were ag follows: (1) the Chouf
mountains and the coastal region south to Sidon (Saida) and Tyrus
{Sour); {2} the northerm mountain area, east of Tripoli: Halba,
Zgharta, Bcharre, and (3) the mountains east and northeast of Beirut:
Brummana and the Jounié-dbail area. In general, rainfall in the
regions visited varies between 700-1000 mm ammmally, which is rather
high for Aeqilops species. The results of the mission may,
therefore, be sowewhat disappointing, but is probably the maxdimm
that could be expected. Nicolag Rebeiz’g earlier survey in the much
drier Beka’a valley, however, serves as a very gocd conmplementation,
so most parts of Lebanon can now be considered well covered for wheat
wild relatives. Triticum urartu, reported from the Mc. Hermon region
in Lebanon, was, unfortunately, not found elsewhere. Hordeum
bulbcgum was collected only once, but this species is a weed in Leb-
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Table 5. New accessions of Aegilops and Amblycpynum resulting fram
1992 collection missicns

Species Armenia® Lebancn Syria® Total®
Aegilops
biuncialis 1/- 3/- 5/1 9
caudata - - 2/2 2
columaris 5/2 - 1/1 6
crassa 2/- - 1/- 3
eylindrica 6/2 1/- - 7
ovata - 9/- 3/- 12
peregrina

peregrina - 11/1 1/- 12
peregrina

brachyathera - - -/1 -
searsii - - 4/1 4
gpeltoides

liquetica - 1/- -~ 1
speltoides

speltoides - 2/- - 2
tauschiid 3/2 - - 3
triuncialis 5/1 4/- 3/- 12
vavilovii - 1/1 3/- 4
Arblyopyrum
mucicum 1/1 - - 1
Total 23/8 32/2 23/6 78
a : Reported in Section 1.2.4. For all countries listed: left rnumber

= germplasm; right number = herbarium sample.
: Reported in Section 1.Z.3.
: Numbers refer only to germplasm accessions.
: Alsc known as sguarrosa.

a o

anon and can be found everywhere. On the other hand, H. spontaneym
proved to be very rare and was found only once at the sites visited
on this mission.

M. van Slageren and N. Suleiman (ARI, Lebanan)
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Table 6. New accessions of Tritioum resulting fram 1992 collection
missicns

Species Armenia® Jordan™*° Syria® Total®
aestivurt 5/- 5 - 5
timopheevii

araraticum 2/3 - - 2
TONOCOCCm

boecticum 4/4 2 3/2 7
turgidum

dicccooides - 5 21/8 23
urartu 1/1 - 14/3 15
Total 12/8 12 40/13 52
a : Reported in Section 1.2.4. For all countries listed: left number

= germplasm; right nurber = herbarium sample.

b : Reported in Section 1.2.2.

c : Nurbers refer only to germplasm accessions.

d : Reported in Secticn 1.2.3.

e : Includeg cultivarg and landraces.

1.2.2. Collection of wild wheat relatives in Jordan

Jordan belongs to the center of genetic diversity for wild emmer
wheat (T. dicoccopides). Therefore, collection and conservation of
native populations of this species receives high pricrity.

A collection mission to previcusly collected sites was conducted
jointly with the Jordanian naticnal program in June, 1992, to attempt
to study population dynamics of T. dicoccoides over years and
locations. In total, 18 gites were revigited and and the misgion
resulted in collecting 5 populations and 1059 single head samples of
T. dicoccoides and 2 populaticns and 35 single head samples of T,
boecticum. The collected materials will be planted in the 1992/93
geason in the ICARDA post-quarantine field as a joint activity
between GRU/ICRRDA and the Jordan University for Science and
Technology (JUST) .

B. Humeid, M. Hamran, &. Jaradat (JUST, Irbid), and Z. Thopsun
(NCARTT, Amman) .
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1.2.3. Collection of wild wheat relatives in Syria

West Asia is the primary center of diversity and origin of cultivated
wheat (Triticum species). A number of wild progenitors and
relatives, primitive forms, and cld varieties of this crop are
indigencus to this area of the world. Syria forms part of the
‘Fertile Crescent’, which is particularly rich in diversity of wild
relatives and progenitors of modern wheats. In order to collect this
valuable germplasm, missions were mounted in the last week of June
1992, to areas around the town of Afrin in northwest Syria and in the
provinces of Damascus and Suwelda in southern Syria. The latter
areas had received a record amount of snowfall in February this yvear
and the chservaticn of the effects of this form of stresg was also
interesting. The explorations were carried out jointly with the
Agricultural Research Center at Douma near Damascus.

In the areas before Afrin, in the province of Aleppo, collections
of T. bosoticum, T. urartu, T. dicoccoides, and H. spontaneun were
taken near the village of Deir Al Jamal. These were mostly found
growing on roadsides or on dividers between cultivated fields of
cereals, legumes or coccasionally in fig and/or olive groves,

Durirggy the last week of June, the provinces of Suweida and
Damascus were explored and population samples, as well as gingle
spike samples, were collected as follows: T. boeoticum (3), T. urartu
(14}, T. diceccoides (23), Re. bluncialis (5), Ae. caudata (2), Ae.
columaris (1), Ae. crassa (1), RAe. ovata (3), Be. pereqrina (1), Re.

gearsii (4), Ae. triuncialis (3), and Ae. vavilovii (3). All
boecticum samples were collected in Damascus province, the team did
not come across this species in Suweida. Tn addition, 19 herbarium
samrples were made, mainly of the wild Triticum species. These
samples were collected from or near the following villages: Salkhad,
Rashida, Sha’af, Salih, Shaba, Shaka’a, Abu Dubeib, and Bithiana in
the Suweida area, and Tukeya, Rawda, Wadi El Hanoun, Ain Hawar, and
2bu Zaad in the Bloudan-Zabadani area in Damascus province. A hybrid
between T. durum and T. dicoccoides was also observed near Om Dubeib

village in the Suweida area, providing evidence of gene exchange and
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evolution in nature. 2Also, sympatric samples of Ae. searsii, T.
urartu, and T. dicocgoides were found in these areas.

A sample of T. urartu was cheerved in the mountaing above Bloudan
at an elevation of 1840 m a.s.l. At this height, it was not
surprising that it was still green, with maturity at least a month or
so later than samples at lower altitudes. This has been the highest
reported altitude for this species in the 'Fertile Crescent’ or
elsewhere, to the best of our knowledge.

It was concluded that there is some danger of genetic erosion of
the wild species of Triticum and Regilops due to overgrazing,
disturbance, and rapid urbanization as a result of an upsurge in the
econony. For example, near Blouwdan the team found an area where
2eqgilops species were growing naturally in great abundance. However,
a part of this area was encroached upon by a horticulturist who had
cleared the field to grow peaches, cherries, plums, and vegetables.

Another problem was overgrazing. Also, in the Suweida region a
considerable mumber of fields left as fallow were grazed by small
ruminants.

It is fortunate that there had been good rains in 1992 in the
region, thus providing encugh green cover for the small ruminants to
graze. But in years of drought, it is conceivable that several
hectares of fields supporting wild wheat relatives would be grazed by
a succession of flocks of small ruminants, as was chserved by the
team this year. More such destruction of the natural habitat of
thege species may be expected in the future.

Conservation of wild plants is most effective in their natural
habitat. If this is threstened, selected sites way require
protecticn. Hence, the Genetic Resources Unit is taking steps to
develop projects, with external funding, in collaboration with the
naticnal programs of Jordan, Lebanon, and Syria to conserve this
genetic diversity in situ. One such area which merits attention is
located just outside Salkhad village in Suwelda province.

J. valkoun, A.B. Demania, M. van Slageren, P.A. Gandilyan (AAT,
Armenia), M. Hamran, and Kh. Cbhari and Y. Waghani (ARC, Douma)
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1.2.4. Collection of wild wheat relatives in Armenia

From 11-18 June, 1992, a joint collection mission was held in
Armenia with the Armenian Agricultural Institute (AAT), Yerevan,
Armenia. Due to the difficult situaticn in the country, trips could
cnly be made in the larger 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 known

ilops and wild Triticum species for Armenia were found, as well as
2blyopyrum  muticum. In all, 35 accessions and 20 herbarium

specimens were collected. The germplasm collection breaks down as
follows: Aegilops biuncialis (1), Re. columarig (5}, Ae. grassa (2),

Ae. cvlindrica (&), Re. tauschii {(also known as Ae. squarrosa) {3),
A, triuncialis {5}, Arblyopyrum muticum (1), Triticum btimopheevii

sgp. arxaraticum (2), T, monococcum ssp. boeoticum (4), T. urartu (1),
and the cultivated T. aestivum (5). Except for Ae. biuncialis and
crassa, and the cultivated bread wheat, herbarium material was also
collected of all species. In addition, herbariun material was made
from natural hybrids ccourring among their parents {(citation of
female parent x mals parent): As. crasga x cylindrica (1), Re.
cylindrica x columaris (1}, and As., cylindrica x T. aegtivum (2}.
The bread wheat material included a released cultivar, "Armeniaca
60", the old Armenian cultivar "Kangun", and three landraces growing
as mixtures within these cultivars,

& large grassland adjacent to and including the Erebuni Nature
Reserve northeast of Yerevan yielded most of the wild species
menticned above, The dominant cover consisted of Aesgilops
triuncialis, representing the largest population ever encountered and

egtimated to exceed 50 hectares. Amblyvopyrum muticum has been

considered a species of Aegilops (as Ae. mutica and occupying the
monosoecific subgenus Amblyopyram, according to Hammer, 19807 . From
its creation by Boissier in 1844 on, however, it has been considered
to be taxornomically intermediate between pegilops and Agropyron.
Davis (1985), in his Flora of Turkey, cites Amblyopyrum as a separate
genus that 1s intersterile with pegilops. Tt has long hbeen
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censidered an uncommon species of the Anatolian highlands in Turkey.
The Amrenian lccation is thus far the only one known from outside
that comntry, ending its status as an endemic for Turkey. Revisiting
the site, discovered eariier by Dr Gandilian, a large population,
including both known varieties, muticum and loliaceum, was found just
outside the protected area of the Erebuni Reserve, and duly collected
as germplasm and herbarium material. The Regerve also yielded the

rare subspecies araraticum of Triticuwm timopheevii, as well as
various Triticum boeoticum populations, whereby black- and white-

spiked plants were collected separately. Also interesting, in this
now protected area, T. urartu was discovered and published for the
first time 1in 1935 by the Armenian botanist Thumanian. This "locus
clagsicus" was algo revisited, providing a confusing mixture of
urartu and black- and white-spiked boeoticum.

AL places where the grassland next to the Erebuni Reserve bordered
a field of bread wheat, the natural hybrid of 2Ae c¢ylindrics with T.
aestivun was found. This hybrid has been described by Gandilian as
¥ Aegilotriticum cylindrosesivum Gandil. in 1976, but the earlier
name x Begilotriticum sancti-andreae (Degen) Sod from 1551, based on

degilops sancti-andreae Sod 1917, must have preference according to
the rules of botanical nomenclature. In the experimental garden of
the Botanical Institute in Yerevan the hybrid 2Ae. cylindrica x
columaris was found among the parental species. In the canyon of
the Rasdan river, flowing through Yerevan, the rare hybrid Ae. crassa
% bread wheat was found cn a ruderal site.

M. van Slageren and P.A. Gandilyan (AAT)

1.2.5. Collection of wild relatives of food lequmes in Lebanon

To enrich the ICARDA collecticn of wild food legume relatives, a
joint collection mission in lebanon with the 2gricultural Research
Institiute, Beirut, Iebanon {ARI) was conducted in May, 1992. This
geven day ccllection mission vigited 17 sites and resulted in 16
germplasm sanrples of lLeng (1% accessions of L. ervoides and 1
accession of L. orientalis) and 5 accessions Cicer (all C. Judaicum) .



17

The areas covered by the missicn included the provinces of Beirut,
Saida, Sour, Junie, Jukeil, Bitron, and Tripoli and were all cocastal
sites.

N. Suleiman (ART} and A. Ismail

1.2.6. Collecticn of food legumes in Libya

A joint collection mission with the ARC, Libya was conducted 24 May
to 6 June, 1992, to collect food 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 (Ciger
arientum) and cne accession of wild Leng (L. odemensis). The
provinces visgited included Benghazi, Al-Marj, Al Beyda, Darna,
Musrata, Al Kums, Tripoli, Azzawiyah, Gharyan, Tarhconeh, Yafren, and
Nalut. ‘These accessions, with what already exists in the ICARDA
gemplasn collection from Libya, now well represent the diversity
that exists in Libya for food legumes.

M. Al Shareif, Y. Om. Shoaeh and F. Sumeida (ARC, Tripoli) and A.
Tamail

1.2.7. Collection of pagture and forage legumes in Syria
During the period 14 to 20 June, 1992, a joint seven day mission to
collect pasture and forage legumes was conducted with the
Agricultural Research Center, Douma (ARCD) in the southern provinces
of Dera‘a, Qunaitra, and Sweida. The objective of the mission was to
collect the pasture and forage legumes from these provinces which had
not been previcusly collected in.

Twenty-three gites were collected and 150 accessions were
collected. The accessions were from 14 genera (Table 7} with the

greatest number from Trifolium {56), Medicago, and Vicia (20 each}.

501l samples were taken at each site to evaluate to evaluate soil
characteristics to relate to distributicn of the species collected.
Kh. Gbari, G. M. Ali and H. Hariri (ARCD), and A. Shehadeh and F.
Sweid
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Table 7. Frequency of pasture and forage lequme genera collected in
Syria in 1992

Genera No. of accessions Frequency (%)
Medicago 20 13.33
Trifolium 56 37.33
Astragalus 15 10.00
Scorpiurus 3 2.00
Hymenocarpus 5 3.33
Trigenella 3 2.00
Pisum 3 2.00
Vicia 20 13.33
Lathyrus 14 9.33
Onecbrychis 4 2.66
Coronilla 2 1.33
Hippocrepis 2 1.33
Bigerrula 2 1.33
Cicer 1 .66
TOTAL 150 100.00

1,2.8. Ecogeographic survey of pasture and forage legumes in
Tumigia

The objective of this mission was to collect useful pasture and
forage legume genetic resources from south central Tunisia in the
range of 200 to 400 mm rainfall in a joint collection mission with
the Pasture, Forage and Livestock Program, ICARDA (PFLP), and the
Tunisian naticnal program (Institute National de la Recherche de
Agronomige Tunisie, INRAT). Ecotypes of forage legumes were
collected and divided with INRAT amxd plans established for
maltiplication, cdharacterization, and evaluation of populations
collected.

The missicn was conducted 26 June to 5 July, 1992, and covered the
following locations: Sfax; Kasserine; Sheitala; Kairouan; Thugga;
Thboursouk; and Tunis. Iocations for all sites are given in Figure
2 in Section 1.1 of this Report.

During this mission, 375 accessions from 16 genera and 4% species
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were collected of pasture and forage lequmes (Table 8). The largest
nurber of accessions were of Medicago, with 12 species, and of
Astragalus, with 7 species. Importantly, 30 accessions of 3
Hippocrepis sgpecies and 21 accessions of 5 Hedysarnum species were
added to the TCARDA collection.

A. Zoghlami and H. Hamai (INRAT) and L.D. Robertson and A. Khatib
(PFLP)

Table 8. Distributicn of genera and number of samples collected of
each sgpecies of pasture and forage legumes in Tumisia in 1992

Number of Number of Frequency

Genera gpecies samples {%)

Astragalus 7 51 13.60
Coronilla 2 22 5.87
Hedysarum 5 21 .60
Hippocrepis 3 30 8.00
Hordeum 1 1 .27
Hymenocarpus 1 1 .27
Lathyrus 2 3 .80
Iclium 1 3 .80
Lotus 3 17 4.53
Medicago 1z 131 35.20
Melilotus 2 19 5.06
Ononis 1 2 .53
Scorpiurus 1 29 7.47
Trifolium 1 1 .27
Trigonella 4 24 6.40
Vicia 3 20 5.33

375 100.00

:
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1.3 Gesmplasm miltiplication, deracterization add evwhetim

1.3.1. Evaluation of barley from the USDA collection

-A large number of new accessions received from the USDA collection
(1603 accessicns from 30 countries) were muiltiplied and evaluated
in the field using a non-replicated design with repeated checks.
Accessions were planted November 17, 1991, in plots of two rows,
1 m long, with 0.35 m between rows and 0.70 m between plots.

The main objective of the study was to characterize the
germplasm in the eco-geogrsphical conditions of northern Syria
using the following set of 17 descriptors: growth habit (GHA),
frost damage (FRD), leaf color {(LFC), growth class (GCL}, days to
heading (CHE), days to maturity (IMA), flag leaf width (FLMW),
kernel row nunber (RNO}, hoodedness/awnedness (H/A), awn roughness
(ARG}, spike density (SDE}, resistance to lodging (10D}, awn color
(a0}, kernel covering (XK0), powdery mildew reaction (PMR),
plant height (PLH), and 1000-kernel weight (KWT).

This characterizaticn data was used for computation of
descriptive statistics and multivariate statistical analysis to
assess the discriminative power of the descriptors used and to
determine relationships among germplasm groups based on origin.
Countries with less than 10 accessions (Argentina, Bolivia, Egypt,
Ethicpia, Irag, Libya, Morocco, Romania, Tunisia, and USA) were
excluded from the multivariate analyses.

Most accessions were ¢lassified in the intermediate growth habit
category, but there was considerable variation in relation to
country of origin. Short plent stature was typical for Iran,
Yemen, and Pakistan, while germplasm from Finland was the tallest
(Table 9). Yugoslavia and Bustralia had a high proportion of
prostrate types (69.8 and 68.2%, respectively), while Japan and
Nepal displayed more erect types (72.2 and 38.6%, respectively).

Light-green leaf coler was typical for barley from Pakistan
(71L.7%) and this category was alsc frequent in Indian germplasm
(40.7%) .
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Table 9. Country meang for FRD, DHE, DMA, PHT, and KWT for barley
acceszicns fram 20 countries

Origin Code No.acc. FRD? LHE A PHT ¥WT

Australia AUS 22 7.3 140.1 170.4 78.3 44.¢6
China CHN 74 7.0 142.7 176.3 76.0 36.6
Czechoslovakia CSK 51 7.2 l46.6 179.1 79.9 40.8
Spain ESP 196 7.3 153.3 185.5 75,7 40.1
Finland FIN 25 6.8 145.5 176.1 88.4 35.4
Germany FRG 127 6.7 147.9 18l1.6 82.% 42.3
Greece GRC 13 7.3 147.1 181.2 84.2 35.4
Hungary HON 11 6.8 150.9 183.5 71.4 42.2
India IND 145 5.9 140.0 175.2 73.5 39.3
Iran IRN le 7.1 143.8 175.8 63.1 44.5
Japan JEN 18 6.1 143.0 178.4 70.8 32.0
Nepal NFEL 176 6.0 14¢.5 173.6 83.3 33.5
Pakistan PAK 92 5.6 143.5 176.7 66.5 34.8
Peru PER 93 6.4 146.0 179.9 79.1 40.0
Poland BOL 38 6.8 147.6 183.5 7z2.3 40.7
Portugal FRT 10 7.4 148.4 183.2 80.3 42.8
USSR SUN 29 7.5 149.3 182.0 76.1 40.3
Turkey TUR 86 7.0 152.1 185.0 72.5 35.5
Yemen YEM 13 6.2 13%.0 171.8 64.6 50.2
Yugoslavia YUG 199 B.C 154.1 185.3 74.2 36.2
Total/mean 1434 6.8 147.0 180.1 76.4 38.1

a : For descriptor abbreviations, see text.

Approximately half of the accessions were classified in the
spring growth class. All barley accessions from Bolivia (7
accs.), Egypt (5 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 (570%).
The winter growth class category prevailed in barley from
Yugoslavia and Romania (>70%), and Spain and Turkey (»50%).

Six-row accessiong were wore frequent than two-row ones (70.6
ve 28.7%) . All entries from Pakistan, Portugal, and Romania were
six-row barley. The high proportion of this row type was found as
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well in Indian, Japanese, Nepalese, Peruvian, and Yugoslavian
germplasm {>90%) . However, two-row barley was typical for
Czechoslovekia, Finland, Germany, Hungary, Poland (»90%), and
Australia (86.4%) .

Dense-spike types prevailed among the Japanese accessions
{61.1%) and were common in the Portuguese germplasm (50.0%). Most
of the barley accessions had covered grains (81.0%), however,
naked barley prevailed in barley originating from Peru (76.3%),
Pakistan (73.9%), and Japan (61.1%) and was also comon amorgg
Chinese accessions. Germplasm from Yemen and Australia (mostly
two-row barley) had the largest and that from Japan the smallest
grains (Table 9).

Mean values in Teble 9, as well as fregquency distributions,
indicate a high level of frost toleranice in germplasm from
Yugoslavia, Romania, and USSR (52.3, 50.0, and 31.0%, respect-
ively) .

Farliness 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 pericd.

Phenctypic correlaticns among the descriptors revealed that
plant height was not strongly asscciated with the other traits.
Row type was correlated with flag leaf width (-0.54") and kernel
weight (0.42™). Surprisingly, frost damage was more strongly
correlated with growth habit (-0.45") than with growth class
(-0.40") . This might indicate that the classification into growth
class categories was more related to photopericd than to
vernalization response. This assumpticon is further supported by
the high correlation between growth class and days to heading
{-0.89") and the multiple regression equations in Section 1.4.5 of
this Annmual Report, which show a high effect of photoperiod
sengitivity on heading time in the field.

One-way analysis of variance revealed that with OHE, DMA, and
GCL, most of the variation was due Co differences between
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countries, while with the other descriptors, the within-comtry
variation was more important (Table 10). Descriptors, 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 13). For
other descriptors, the between country variation was lower than
50%.

Table 10. Partitioning of variance for different descriptors to
between and within countries variation (in % of total) for barley
accessions from 20 countries

Source of variation

Between Within
Descriptor Abbrev. comtries countries
Growth habit GHA 42.5 57.5
Frost damage FRD 39.3 60.7
Growth class GCL 61.6 38.4
Daye to heading CHE 64.2 35.8
Days to maturity DvA 58.4 41.6
Spike density SPD 15.3 84.7
TIodging LoD 44 .0 56.0
1000-kernel weight KWT 30.8 £9.6
Plant height PHT 34.8 65.2
Degrees of freedom 29 1601

Flant phenolcgy was also associated with the average latitude
of the country of the germplasm origin, as shown by the simple
correlation between the average country latitudes and days to
heading of ¥=0.57".

Discriminant analysis was applied to 17 descriptors to estimate
the importance of the descriptors for classification, assessing
the similarity of germplasm from the different geographical
origins by use of misclassification data, and obtaining group
centroid values which were usged in a subsequent hierarchical
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cluster analysis.

The first four canonical discriminant functions contained 49.5,
18.4, 9.1, and 6.3%, 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 (C.62", -0.59", 0.50%,
-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").

Large countries (China, USSR, and Turkey), which included
regions with different agro-ecological conditions and different

Table 11. Summary of the classification by discriminant analysis
for barley accessons fron 20 countries

No. Correct Misclassifications in %

Country acc., class. (%) (for frequencies >7.0%)

Australia 22 72.7 C8K-5.1

China 74 21.6 PER-16.2, IND-12.2, AUS-12.2,
JFN-39.5

Czechoslovakia 51 49.0¢ POL-15.7, FRG-11.8, HUN-7.8

Spain 156 44 .9 YUG-12.8, TUR-12.8

Finland 25 84.0 -

Germarty 127 51.2 CSK-12.6, HUN-10.2, POL-7.1

Greece 13 46.2 ESp-15.4, PRT-15.4, HUN-15.4

Hungary 11 54.5 FRG-18.2, POL-18.2, GRC-9.1

India 145 50.3 NPL-17.2, PAK-13.8

Iran 16 62.5 YEM-12.5

Japan 18 61.1 CHN-11.1, NPL-11.1

Nepal 176 54.5 IND-11.4, CHN-8.5, JPN-8.5

Pakistan g2 76.1 IRN-7.6

Peru 93 73.1 PRT-7.5

Boland 38 68.4 CSK-13.2, HUN-7.9

Portugal 10 90.0 TUR-10.90

USSR 29 31.0 ESP-13.8, CSK-10.3, YU3-10.3

Turkey 86 40.7 YUG-15.1, POL-9.3

Yemen 13 69.2 IND-15.4, IEN-7.7, FRG-7.7

Yugoslavia 199 73.4 ESP-10.6, TUR-7.0

Total 1434 56.1
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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 Combine
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Figure 3. Cluster analysis for barley accessions fram 20

countries of origin based on group centroids of 12 significant
canocnical discriminate functions

The first twelve canonical discriminant functions, i.e., the
significant ones, evaluated at group means (group centroids) in
the discriminant analysis were used for hierarchical clustering.

The dendrogram (Figure 3) computed by using the average linkage
method (between groups) shows a high similarity within the Central
European germplasm {Czechoslovakia, Germany, Poland, and Hungary) .
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This cluster is also associated with Finland. Ancther large
cluster involves the Mediterranesn countries (Spain, Turkey,
Yugoslavia, Greece, and Portugal) and the former USSR. The two
clusters are well separated from the Asian group (China, India,
Nepal, and Japan), which also included Peru. BAustralia, Yemen,
and Iran formed a very loose associaticon, somewhat apart from the
other clusters.

The hierarchical cluster analysis revealed that the countries
of origin may be grouped into larger groups which are mutually
different in several aspects. For example, the central Eurcpean
group consists mostly of two-row, malting spring barley; the
Mediterranean germplasm includes six-row, winter or facultative
types; and the Asian group has a high proporticon of the naked,
mostly spring barley.

J. Valkoun and B, Humeid

1.3.2. Multiplicaticn and characterization of new barley
gerplasm

A total of 877 seed samples of barley received from or collected
in different countries (Czechoslovakia - 25, Hungary - 140, Libya
- 76, Yemen - 75, Japan - 40, Jordan - 54, Russia - 41, Tunisia -
115, and Nepal - 311} were planted during the 1991/92 season in
the ICARDA post-quarantine area. The accessions were planted with
gsix ICRRDZ checks (Harmal, Arar, Tadmor, Roho, Radical, and
Steptos) in mid-Novenber, 1991, and in late Decerber for Nepal
accessions.

The germplasm was planted in non-replicated plots of 1-2 rows
of 1.0 m length and 0.45 m between rows and 0.9 m between plots,
except for germplasm from Nepal, where the plots were 1.0 m long,
with 0.3 m between rows and 0.6 m between plots.

The germplasm was scored for the following descriptors: growth
habit (GHR), frost damage (FRD}, leaf color (LFC), growth class
(GCL), days to heading (DEE), days to maturity (DMA), flag leaf
width (FLW), kernel row number (RNCO), hoodedness/awnedness (H/A),
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awn roughness (BRG), plant height (PLH) in cm, spike density(SDE),
resistance to lodging (ICD), awn color (ACO}, kernel covering
(KD), 1000-kermel weight (KWI) in g, powdery mildew reaction
{IMR), and grain yield/plet (BGY) in g.

A large diversity was found for most descriptors. All
accegsicns from Libya and all but one from Nepal were six-row
barley. This row type was also most prevalent in Tunesian barley
landraces. Yemeni barley landraces were the earliest, while those
from Tunisia were the latest (Table 12).

Table 12. Descriptor means for countries of origin for new
accessions of barley and the checks

Origin No.acces.” LHE IR PLH EWT PGY
Country

Libya 76 140.0 173.4 68.7 40.0 322.8
Yemen 75 134.9 167.1 61.2 46.1 228.0
Japan 40 141.3 176.3 65.8 36.3 239.1
Jordan 54 141.8 173.7 67.1 47.3  370.4
Tunisia 115 151.3 188.3 74.0 48.6  263.7
Checks

Harmal 18 129.0 162.5 62.8 48,4  280.2
Arar 17 131.6 166.9 68.2 34.1 243.0
Tadmor 14 130.8 162.5 63.0 44.8 323.4
Roho 14 133.7 167.2 56.6 52.8 260.6
Radical 13 146.8 178.7 53.3 34.9  241.9
Steptoe 12 145.1 179.3 80.4 44.5 495.0

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

Germplasm from Jordan and Libya showed the best adaptation to
the semi-arid agrececological conditions of northern Syria and a
number of accessions from both countries exceeded the mean plot
vield of the best check (Table 13). The characterization data is
to be published in a catalog.

J. Valkeum and B. Haeid
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Table 13. Characterization of new high-yielding accessions of
barley (plot yield higher than mean of the best check)

IcBt Origin RN 10D PMR DHE DMA FIH KWT PGW

152 182 86 41 691
152 182 65 40 666
139 171 70 45 608
142 170 72 41 5%9
141 182 88 47 587
141 174 84 46 582
141 182 77 4B 581
143 182 84 51 566
140 171 78 40 565
140 171 70 52 562
152 182 83 41 556
141 171 &8 48 551
138 171 75 49 540
139 171 71 54 6536
145 193 86 51 536

118696  Algeria
118699  Afghanistan
119152 Jordan
119135 Jordan
120672 Libya
120679 Libva
1206732 Libya
120674 Libya
118171 Jordan
119162  Jordan
118698  Afghanistan
119164 Jordan
119172 Jordan
119153 Jordan
120947 Tunisia

120671  Libya 135 182 82 47 534
118684 Iran 155 182 78 36 530
12067C Libya 145 182 79 47 528

119131 Jordan
118687 USSR
120710 Libya
1192157 Jordan
118682 Iran
119128 Jordan
120680 Libya
118691 Tunisia
119193 Tadzhikistan
120782 Yemen
118695 Tunisia
119173 Jordan
120676 Libya
119166 Jordan

140 171 e8 50 526
147 179 88 38 524
138 171 68 42 521
138 167 62 45 518
147 182 74 40 5le
140 171 72 B3 E15
145 182 76 48 511
149 185 88 46 509
147 1789 83 56 508
135 171 68 51 504
157 190 85 42 501
141 171 76 55 501
145 179 73 47 499
141 171 70 45 496

MEPFMNMRPMMRPRERRFEFNEFFNMERPRERRPNNNHBDNHEBRRP DD E
W UTUT L W) W UT U WU WL WW WU U WW W WWwwwow o e
WWUWWKRHWWHWWWWWEWIWUOWwWwow-1Wwwww--3Ww

ICB=TCARDA accessicon rurber.

RNO=row number, l=six-row, 2=two-row; LOD=lodging resistance,
l=excellent, 9=very poor;BMR=powdery mildew resistance,
O=resistant, S9=very susceptible; for other akbreviations, see
text.

oV
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1.3.3. Multiplication and characterization of wild barley

A total of 122 bulk population samples of wild barley H.
spontaneum, collected from Jordan (88), Syria (22), Turkestan {(8),
Uegbekistan (2), and Tadzhikistan (1) were planted in the post-
quarantine area for multiplication and characterization. The
germplasm was planted in mid-November, 1991, in a ncon-replicated
nursery with two types of ICARDA checks: wild type checks (41-1,
41-5) and cultivated type checks (Haxrmal, Arar, Tadmor, Roho,
Radical, and Steptoej.

The plots were 2 rows, 1 m long, with a distance of 0.45 m
between rows and 0.%0 m between plots.

The accessicns were evaluated for 18 descriptors: growth habit,
frost damage, leaf color, growth class, days to heading, days to
maturity, flag leaf width, row type, hoodedness/awnedness, awn
roughness, cancpy architecture, node pigmentation, plant height,
spike length, awn length, peduncle length, peduncle estrusion, and
povdery mildew reaction.

An extensive diversity was found in most of the characters
evaluated. The characterization data will be analyzed jointly
with the collection site information, to established associaticons
between the two types of data.

J. Valkoun and B. Humeid

1.3.4. Characterization and multiplicaticen of new wheat
germplasm
Durum wheat

A total of 163 seed samples of durum wheat landraces originating
from Tunisia (100}, Yemen (56), and Jordan (7) were planted during
in 1991/92 season in the post quarantine area in the game way as
the wild barley gemplasm (see Secticn 1.3.3). Haurani and Om
Rabi were used as checks.

The following characters were scored: Growth habit, frost
damage, growth class, days to heading, days to maturity, plant
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waxiness, awnedness, spike length, plant height, spike density,
lodging, 1000-kernel weight, grain color, and kernels per spike.

Bread wheat

In the 1991/92 season, a tctal of 162 seed gamples of bread wheat
originating from Czechoslovakia (23), Turkey (38), Russia (5),
Japan (129), Jordan (12}, and Tunisia (84) were planted in the
post-quarantine area for maltiplication and characterization using
the same experimental design and descriptors as in durum wheat
above.

Primitive formg and wild Triticum

A set of 26 geed samples of T. compactum, T. dicoccoidesg, and T.
urartu collected from Uszbekistan (2} and Syria (24) were planted
in mid-Noverber, 1991, with three ICARDA checks: Mexipak, Cham-4
and Sonalika. Ancther set of 112 samples was received from
CIMMYT, comprising Triticum dicoccum, T. monococcum, T. polonicum,
T. carthlicum, T. compactum, and T. sphasrococcum. The materials
were planted in 2 row plots of 0.45 m row width and 0.9 m apart.
The followirg characters were scored: Growth habit, frost
damage, growth class, days to heading, days to maturity, plant
waxiness, maturity time, plant height, spike length, awn length,
peduncle length, and peduncle extrusicn.
A. B. Damania, B. Humeid, I. Abu Maizer, and M. Hamran

1.3.5 Characterization of Aeqilops germplasm

A set of 159 entries from Algeria, Armenia, Azerbaijan, Bulgaria,
Libya, Syria, Tadghikistan, Tunisia, Turkmenia, and Uzbekistan
were planted in an unreplicated nursery with three systematically
repeated checks (Begilops searsii, Acc. no. 400061; Ae.
triuncialis, Acc. no. 400021; As. vavilgvii, Acc. no. 400067) and,
in addition, a fourth randomized check (Ae. biuncialis, Acc. no.
400831} .
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Qualitative and quantitative descriptors were evaluated on a
plot kasis using the IBPGR wheat descriptor list. Qualitative
descriptors included early vigor, juvenile growth habit, growth
c¢lass, leaf shape, leaf attitude, flag leaf attitude, and wexiness
of the plants. The Aegilopg trial was not protected against
vellow rust, Nine quantitative descriptors were evaluated on
three single plants randomly selected from each plot.  They
included: number of tillers per plant, muiber of productive
tillers per plant, plant height (average of 3 readings per
individual plants), spike length (average of 3 readings per
individual plants), number of spikelets per spike, and flag leaf
length and width. In additicn, the nurber of days to heading and
days to maturity were calculated starting from the day of the
first effective rain after planting (11 December 1591). Data on
three quantitative tralts are presented in Table 14.

M. van Slageren and O. Cbaji

1.3.6. Screening for resistance to inmportant whsat diseases
in a selectiom of the ICARDA Asgilops collecticm
During the 1991/1992 season, a second part of the Aegilops
collection was tested for important fungal wheat diseases, viz.
vellow trust [Puccinia sgtriiformis Westend. £.sp. tritici],
septoria tritici blotch [Myvcosphaerella graminicola (Fuckel)

Schr. ; anamorph Septoria tritici Rob.], and common bunt (Tilletia
foetida (Wallr.) Liro and T. caries (DC.) Tul.]. We attempted to

screen for leaf rust and stem rust using summer planting and

produced preliminary results. In total, 660 accessions were
selected for screening. Eighteen out of the 23 recognised species
(&, mutica is for the moment regarded as belonging to Asgilcops
rather than to the monospecific genus Amblyopyrum) were involved.
Only material of As. gharcnensis has not been tested, sc far, for

the above diseases. Results for the testing for resistance to
septoria blotch ard common bunt are presented under "Durum Wheat
Pathology: studies on the host-pathogen system" in the Cereal
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Program 2nnual Report for 1952,

For yellow rust screening, a set of 660 accessions was planted
cn 16 December, 1991, in an unreplicated trial, using 8 sgeeds
planted in 2 rows of 1 m each and 30 an apart as the test plot.
Randomization was not performed but instead the selected
accessions were planted following their accession number. This,
in general, prevented ocutcrossing species from being planted next
to each other, while providing for a certain amount of randomizat-
ion.

Seventy five entries did not germinate. Alsc included in the
initial 660, were 178 retested entries that scored 15 MR, a CI of
6.0, or less during the 1990/1991 screening (GRU Armual 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
modified COBB’s scale, with trace infection scored as 1%. Field
response, or reaction type, was classified with the categories R,
MR, M, MS, and S. Severity and response were converted to a
Coefficient of Infection, or CI (= severity x respconse), using a
constant value for the field response: R = 0.2, MR = 0.4, M = 0.6,
MS =0.8, and S = 1 (Stubbs et al., 1986). For each species the
Average Coefficient 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 individual accessicon and at the species level,
{Table 15). 2An ACT of 15 MR (CI = 6.0) or less was shown by only

seven species: overall in Ae. biuncialig, ovata, negqlecta,

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

accessions of Ae. kotschyi, umbellulata, arnd uniaristata. The

widespread 2Ae. neglecta, 2Ae. ovata, and Ae. triuncialis may
provide a rich source of resistance to yellow rust. From these
three species, and over two vyears and from many different

countries, a total of 64, 197, and 152 accessicns, respectively,
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Table 15. Performance of 18 Aegilops spp., resulting froam the
yellow rust screening, Tel Hadya, Syria; 1991/1992

Severity/Reaction ACT ACT No.
Species range gpecies country pop. Country

b
(o]

biuncialis 1-30/R-8 3.4 Bulgaria
Cyprus
Lebancn
AZR, RUSP
Tunisia
Turkey
Bulgaria
Lebanon
Lebanon
AZE"
Syria
Turkey
TRM, UZB®
Syria
AR, D, HE,
UzZR®
RUS, UZR®
JuVaz
Bulgaria
Irag
Moroceo
ARM, AYH,
RUS®

3 Syria
20 Turkey
18 Bulgaria
Cyprus
19 Algeria
22 Iebanon
Libya
37 Maorocco
13 Syria

5 Tunisia
15 Turkey
3 lLebanon
29 Syria

1 Jordan
1 Bulgaria
Syria

1 Turkey
1 India
5 AZB, RUS®

il =2}
[§2]

caudata 1-90/R-8 £0.5

columaris 1-40/R~-S 13.8 13.
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crassga 1-50/R-8 15.0 45,
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cylindrica 1-40/R-S 6.8 6.

juvenalis 20-80/MS-S 48.0 48.
kotschyi 1/8 0.6"
neglecta® 1-15/R-MS 0.8

[

QOHCoCOO®
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ovata 1-60/R-8 3.9

s
[+
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(oY)
COQUODUMUOUHORPHFPOWWOOOO

OR OB WERUIOOM -0
(s3]

peregrina 1-60/R-S 8.3

o©

searsii 85/5 85.0
speltoides 1-70/R-8 7.1

OOG&MZ:J
W Fil
'_I
o0}

LT

tauschii® 1-30/R-S 10.4

9]
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Table 15. (contimed)

Severity/Reaction ACI ACI No.

Species range speciea coumtry pop. Country

triuncialis 1-20/R-S 1.3 1.4 25 Bulgaria
2.4 2 Cyprus
0.27 1 Algeria
0.6 17 Lebaron
2.6 15 Morocco
0.2% 1 Pakistan
1.3 8 AZB, RUS,

TUR, UZRF

2.1 2  Syria
0.85 24 Turkey

urbellulata 1-5/M-M3 1.9 3.0 1  AZR°
0.8 1 Turkey

uniaristata 1/R 0.22 0.22 1 RUs?

vavilovii 80/8 80.0Q 80.0% 1 ILebanon
80.0% 1 Syria

ventricosa 10-90/MS-S 67.0 80.7 7  Libya
13.0 2 Morocco

Total 407

a : Data of one accession; only CI calculated.

b : USSR now defunct. Material originating from Armenia (ARM),

Azerbaijan (AZB), Georgia {(GEQ), Daghestan, Russia (RUS),
Turkmenia (TRM), Uzbekistan (UZB).

¢ : Synonym of peglecta: Ctriaristata; synonym of tauschij:
squarrosa.

d : Material from Daghestan, Russia, station of the Vavilov

Institute. Origin unclear but probably Croatia of Greece.

have consistently shown good resistance to yellow rust. The
lesser widespread Ae. 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 Tunisia) were more
susceptible. Emphasis for collection may thus be on other
countries where this species is represented. The ACI by species
may obscure promiging regions (here: countries), present in
species with a higher overall ACI. BAn example of this are the 18
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Syrian accessions of Ae. gpeltoides with an ACT by country of 5.6.
When excluding from this species, the susceptible Turkish
accession (CI of 40), and one from Syria with a CI of 70, the
overall species ACI would have been as low as 1.75, and thus
similar tc the 1990/1991 results {then an ACT of 2.1).

Material with good resistance was again defined as showing a
severity of infection between trace (1%) and 15%, and a response
of R-MR, which is a CI range of 0.2 to 6.0. 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. Number of resistant accessions to yellow rust in the
Aegilops collection, screened in 1991/1992

Severity and reaction type® No. Accessicns
1 R 242
5 R 7
10 R 10
15 R 5
1 MR 10
5 MR -
10 MR
15 MR -
Total 275

a : Trace severity put at 1%.

Retesting of the 178 registent accessions of the 1990/1991
screening gave the following results (referring to 160 entries, as
18 accessions did not germinate) in 1991/1992., Qut of the 160, 72
{45%) gave the same CI score, 33 (20.5%) a lower CI score than the
previcus year, and 55 (34%) a higher CI score, of which 32 scored
a CI of 6 or lower, and 23 a CI higher than 6. Thus, most of the
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entries maintained their resistance to yellow rust during the
second year. As a result of the retesting of 160 accessions, a
total of 105 are identified as having a good resistance to yellow
rust, maintained during the two years.

That repeated testing is necessary, is illustrated by the 23
accessions (nearly 13%) that showed a sometimes dramatic
sensitivity to the disease, Examples of striking differences
between the years are Jordanian and Syrian accessions of Regilops
bivncialig, and all accessions of Ae. kotschyi and Ze. peregrina.
The resigstance of two Ae. gearsii accessions from the 1$90/1991
gscreening also proved to be misleading. Their score (ACI of 65)
is now more similar to the ACI calculated for 22 accessions in the
first year (then a susceptible 27.1; GRU Amual Report for 1991,
Table 18).

The 1991/1992 seascon shows generally higher ACI scores than the
first year, which may be due to a change in the pathogen virulence
or the envircnment. Table 17 shows a compariscn of the two years

Table 17. Resistance of 178 accessicns of ilops species by
regions, resulting from the 1991/1992 retesting as campared with
the 1990/1991 screening, Tel Hadya, Syria

1991/1932 1950/1991
ACT® ACT ACT ACI  No.
Species species country species country pop. Country
bicormnis - - 0.2 0.2 0-4  Cyprus
- - 0.2¢ 0.2* 0-1 Egypt
biuncialis 4.8 1.5 1.1 1.9 & Bulgaria
0.3 0.8 6 Cyprus
11.8 0.9 5 Jordan
0.22 2.0% 1 Lebanon
18.0 0.25 4  Syria
1.0 1.1 9-10 Turkey
caudata 6.0 15.90 0.2 6.2 1-2  Syria
1.6 0.2 2-3  Turkey




38

Table 17. (Contimued)

1951/1992 1990/1991
acr? acT ACT ACI No.
Species species country species country pop. Country
columaris 3.3 - 1.8 4.0% 0-1 ILebanon
3.3 1.0 5 Syria
- 4.0% 0-1  Turkey
cylindrica 40.0 40.0° 0.2 Q.22 1 Turkey
kot schyi, 45.0 40.0° 1.4 0.2° 1 Jordan
47.5 2.0 2 Syria
mutica - - 2.0 2.07 0-1 Turkey
neglecta® 0.95 1.0 1.0 0.8 3 Bulgaria
1.1 0.3 5 Syria
0.9 1.3 13  Turkey
ovata 1.45 1.1 1.0 2.0 2-3 Bulgaria
6.1 0.2 7  Cyprus
0.3 2.5 5 Algeria
3.0° 0.2 1-2 Jordan
0.2 1.0 8-9 Syria
0.3 0.9 15-16 Turkey
peregrina 16.2 21.25 0.8 0.7 4 Jordan
11.1 1.C 4-5 Syria
searsii 65.0 65.0 3.0 3.0 2  Jordan
speltoides 1.1 0.2 0.75 0.2 4-§ Syria
5.0° 4.0 1 Turkey
triuncialis 1.4 1.4 Q.9 ¢.8 & Bulgaria
2.3 0.7 7  Cyprus
0.2° 0.2° 1 Algeria
4.7 0.2 5 Syria
0.3 1.1 20 Turkey
ubellulata 4.1 1.07 0.7 0.2° 1  Syria
5.1 1.7 3 Turkey
Total 160-178

Data on one accession; only CI calculated.

ACT calculated for the retested entries only. A (-) in any
of the colums indicates that the accession died in an early
stage during retesting.

¢ : Common synciym: triaristata.

oo

of testing of the 178 accessions initislly scored as resistant.
Table 15, together with the similar Table 18 from the GRU 1591
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Table 18. Susceptibility of Aegilops species carrying the D- and
S-gename to yellow rust, screenings 19%0/1991 and 1991/1992, Tel
Hadya, Syria

Species Gencme formula® ACT 90-91 ACT 91-92
D-gename

crassa M / DM 18.6 15.0
cylindrica cD 28.6 6.8
juvenalis Vg - 48.0
tauschii D 31.8 10.4
vavilovii s 44 .8 80.0C
ventricosa DUn 25.1 67.0
S-gencme™

bicornis s° 10.8 -
longisgima gt 7.7 -
gearsii s 27.1 85.0
speltcides S 2.1 7.1

+ : CGenomic formula according to Kimber & Sears, Proc. 6th
International Wheat Genetics Sympogium, Kyoto, Japan: 1195-
1196 {1983). A (-) indicates that entries were either not
tested or died during retesting.

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

Anmual Report, furthermore shows the interesting feature that
species with the D-genome show a consistent susceptibility for
vellow rust (separately presented in Table 18). To a lesser
extent, the S-genome species, one of which may have contributed
the B-genome in wheat, are also susceptible. The exception here
is 2egilops speltoides, which scored an ACT of 2.1 (for 9
accessions) in the first year and slightly above 6.0 (i.e. 7.1

with 19 accessions) in the 1991/1992 screening. Resistant
accessions of this species maintained their performance over the
two years (Table 18).

M. van Slageren and O.F. Mamluk (Cereal Program)
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1.3.7. Screening for barley yellow dwarf virus (BYDV) in
cereals

Over 1000 new breedirng lines were evaluated for their reaction to

BYDV after artificial inoculation with a PAV isolate (non-

specifically transmitted Ly Rhopalosiphum padi and Sitobion

avenae), tolerant lines are listed in Table 19.

Table 18S. Evaluation of new cereal breeding lines after
artificial inoculation with BYDV during the 1951/92 growing seascn

Number of Lines with tolerance

Cereal nursery lines tested to infection

Bread wheat

WEL-1992 280 2%,10,25,63,71,94,98,
105,114,124,141,147,
151,153,161, 164,187,
201,216,222,225,232,
237,244 ,246,256,263,
272,273,279,

C-YD-BW-1992 157 6,12,57,67,119,120,121,
122,132,140,145,147,
149,151.

Durum wheat

DEL-1992 260 42,46,49,58,81,95,115,
116,139,149,172,174,
197,198,213,252.

C-YD-IW-1992 52 2,3,4,27,28,31,33,48,
50,51.

Barley

BKL-19%2 200 17,24,25,30,57,59,63,
65,84,85,87,93,101,110,
170.

C-YD-BA-1992 71 i1,14,17,18,19,23,24,
32,34,62,71.

a : Numbers refer to ICARDA mursery serial murber, e.g. 2 is WKL-
92-2.

The most promising lines of the pravious two years were pooled
and evaluated in 1.5 m long 4-row plots. A rmutber of traits,
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including yield loss in comparison with a healthy control, were
evaluated (Table 20). The best performing lines from this trial
were used to constitute the BYDV mnursery which is being
distributed to national programs of the region.

K.M. Makkouk and W. Glulam

Table 20. Re-evaluation of cereal breeding lines which performed
well over the last two years after artificial inoculation with
BYDV during 1991/92

Cereal mursery Lines with tolerance to infection

Bread wheat

Canada-91 24,4,7,9,10,11,12,13,15,17,19,20, 28

CIMMYT-YD-BW-91 3,4,27,28,31,32,36,45,104

WKL-91 11,16,28,37,43,46,62,63,64,
65,71,7%,82,110,125,138,185

Chile-BW-91 2,3,8,5,10,14,16,18,21,23,25

Durum wheat

DEL-91 17,19,37,41,43,69,162,164,
177,187,191,193,197,1598,216

DCB-21 14,23,24,25,3¢6,38

CIMMYT-YD-IW-91 2,4,7,14,22,37,47,49

Chile-DW-91 28,29,31,32,33

a : Numbers refer to ICARDA nursery serial number, e.qg. 2 is WKL-
92-2,

1.3.8. Enhancing wheat productivity in stress envircamments
utilizing wild progenitors and primitive forms

Wheat is one of the earliest crops to be brought under cultivaticon

through domestication and has acquired a wide range of distri-

bution throughout the world., To further realize advances in

improvement and to address new demands being put on this crop in

terms of improved yields and tclerance to stresses, it has become

increasingly urgent to broaden its genetic base with the intro-
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duction of genes from non-conventional sources, such as wild
relatives and previcusly cultivated species.

In view of the "greenhouse phenomenon’ and subsequent glebal
warming, increasing genetic tolerance of crop species to
environmental stresses such as drought and high temperature is of
paramount importance. For any fruitful work in this area, it is
important to have at hand a comprehensive collection of germplasm
from the areas of high genetic diversity where these traits cccur.
For wheat, this hag been partly accomplished through a seriesg of
expeditions since 1978 in the southwest Asian and Mediterranean
regions, which are in the primary centers of diversity for wheat
and its wild evcluticonary progenitors, such as wild amer
{Triticum turgidum var, dicoccoides Koemn.), ag well ag a number
of other wild Triticum and Regilops species.

Since the most realistic approach toward inproving wheat
production under drought stress is the genetic improvement of
wheats for biotic and abiotic stress tolerance, we emphasize the

gernetic aspect of these stresses in our research. The 1351/92
season was considerably wetter than previous seasong. Tel Hadya
received a total rainfall of 352.5 mm, which is 20 mm above the
long-term average and hence, conditions were ideal for wheat
growing. Breda received a total of 263.2 mm, which is identical
to the long-term average. The season was noted for a relatively
heavy gnowfall in February, which was unprecedented in the last 50
years. This was, hence, an ideal opportunity to confirm the
regults of several years of testing for frost tolerance.

1.3.8.1. Evaluation of Triticum dicoccoides for abiotic stresses

Wild emmer, T. dicocopides (AaBB}, 1z the progenitor of all
cultivated wheats. Its distribution can be divided into two
regions according to Zeven and de Wet (1982). The northern region
is comprised of southern Turkey, Iran, Irag, and the southern
region consists of Palestine, scuthern Syria, and Jordan. This

wild species seems to have bean derived from a natural amphi-
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diploidization of an unknown dipleid species, perhaps T.
boeoticum. It is thought that this amphi-diploidization must have
occurted in socuthern Syria or Palestine, or at several places
within this region. Speculaticn as to the identification of this
unknown diploid parent is a subject of continuing research.

Cne hundred and seventy selected samples from the T.
dicoccoides collection have undergene continuing evaluaticn at Tel
Hadya and Breda to identify suitable parents to be used in crosses
with cultivated durum wheat in order to improve protein content
and diseage resistance. Variation was considerable for all
characters, even for the checks, wviz., Cham 1, Haurani, T.
dicoccum {tetraploid); and Mexipak and Cham 4 (hexaploids).

Table 21. Simple statistics of 170 samples of T. dicoccoides
evaluated at Tel Hadya and Breda

Trait Mean Max. Min. 8.D. Mean Max. Min. s.D.
DHE® 156 164 150 1.98 162 172 150 3.69
155 159 152 3.24 157 164 152 4.41
DvA 186 191 182 2.17 190 197 180 3.29
191 193 189 1.41 176 152 90 3.08
PIH 84.5 105 65 8.24 53.6 84 35 8.63
88.6 100 66 11.5 56.5 76 39 14.7
PED 3.8 52 26  4.50 24.6 47 14 5.14
37.7 50 30 6.50 22.4 32 12 8.82
TOTIL 9.3 18 3 3.30 11.1 26 3 4.84
4.0 7 3 37.6 4.6 7 3 1.51
FTIL 5.6 10 2 1.79 9.79 20 3 3.99
3.8 7 3 1.40 4.30 7 2 1.80

a : [HE = Days tc heading; DMA = Days to maturity; PLH = Plant
Height; PED = Peduncle length; TOTIL = Total no. of tillers;
FTIL = No. of fertile tillers. Figures in bold refer to the
five checks.



44

All dicoccoides samples were tolerant to frost at both
locations, although during this season there was relatively more
days with low temperatures than in previous seasons. Simple
statistics for the dicocccides samples are given in Table 21,
A.B. Damania and H. Altunji

1.3.8.2. Characterization and taxonomic identification of wild
Triticum

The wild dipleid species of Triticum, which have contributed their
genomes to polyploid wheats, are presumably moncphyletic in
origin, though they have diverged considerably from each other.
This divergence is particularly evident in the morphologically
well defined seed dispersal units of the species and their
gpecific ecological requirements and geographical distributions.
Cytogenetic data have corrchorated the taxonomic classification by
showing that each dipleid contains a distinct genore. There is
camplete sterility and isclation of the diploid gspecies from each
other.

A collection of wild Triticum species was planted at Tel Hadya
in order to correctly clasgify the plants according to their
species. Of a total of 558 accessicns, 175 were found to be
dipleoid T. urartu and 24 were T. boeoticum, whereas the rest were
T. dicoccoides (tetraploid). Several morphological features such
as smoctlness or hairiness of leaves, erect or progtrate habit,
and hairiness of the stems were used to correctly identify the
species. Final confirmation was made at the time of flowering
when cbvious differences in spike characteristics, such as the
relative size of the adaxial and abaxial glume teeth, and anther
gize, left no doubts as to the species. The computerized
documentation on these accessicons have now been corrected.

A.B. Damania, J. Valkoun, M. van Slageren, and H. Altunji



45

1.3.8.3. Evaluation of 2egilops spp. for drought and frost
tolerance

Pure lines from two fundred and thirty-nine accessions of Aegilops
spp. selected from the previcus three seasons for drought strese
tolerance were planted in a replicated experiment at Tel Hadya
during the 1991/92 season. The incidence of severe frost at the
beginning of February, 1992, provided an excellent screening
cpportunity.

In general, all species of Aegilops exhibited a moderate
tolerance to frost and the accompanying low temperatures, however,
it was cbserved that pe. vavilovii was considerably more frost
tolerant than the rest of the species (Table 22).

Table 22. Screening Aegilops spp. for tolerance to cold at Tel
Hadya during 1991/92 seasan (two replicates)

No. of Frogt®

Species lines toler. Genome Ploidy
biuncialis 36 2.89 [l 4%
caudata 4 2.83 C 2X
columaris 18 2,94 ol 4x
crassa 2 3.00 oM 4X
kotschyi 4 3.21 us 4%
longissima 1 5.00 5 2X
ovata At 3.03 M 4X
peregrina 20 2.95 us 4X
speltoides 7 3.00 5 2X
squarrosa 2 2.50 D 2%
triaristata 7 3.12 UMUn 6X
triuncialis 43 2.89 uc 4%
umbellulata 7 3.18 U 2X
vavilovii 7 2.54 Vs &x
Checks

Haurani 2 2.94 AABR 4X
T. dicccoum 2 2.50 ANBR 4x
Cham 1 2 3.7% AMBB 4%
Mexipak 2 2.00 BABRDD &X
Cham 4 2 2.50 AABEDD &X

a : Frost tolerance scored on 1-5 scale, i.e. 1 = tolerant; 5 =
susceptible, based on mean of two cbservations.
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Eighty of the best performing lines from this collection will
be planted next season. This will also be the last season for
testing these Aegilops species, which will then be recommended to
breeders for possible use in wide-crossing.

Forty-four accessions of Aegilops spp. were sent in 1990 to the
Biotechnology Center, Punjab Agricultural University (PRU) at
Ludhiana, India, for screening for drought tolerance. After
undergoing quarantine procedures at the National Bureau of Plant
Genetic Resources (NBPGR) during 1990-31, the accessions were
tested under field conditions at Ludhiana. In a particularly
drought prone seascn, 15 lines showed a marked degree of tolerance
to low goil moisture conditions by flowering almost normally. The
lines are given in Table 23 and are available to interested
scientists.

A.B. Damania, H. Altunji and H.S. Dhaliwal (Punjab Agriculture
University, Ludhiana, India).

Table 23. Lines of Aegilops spp. selected from ICARDA populaticn
samples tested at PAU and found to be highly tolerant to drought

ICAFDA
Acec.Nc. FAU No. Ploidy Gencmg®
(popnn.) (lines) Specles level synbols
400023 13750 speltoides 2% S
400044 13751 speltoides 2X S
400047 13752 speltoides 2X S
400048 13753 speltoides 2X s
400072 13754 speltoides 2X S
400073 13755 speltoides 2X 5]
400081 13756 speltoides 2X 5
400080 13758 SqUArTosa 2% D
4000921 13760 aguarrosa 2X D
400017 13749 umbellulata 2X U
400588 13773 umbellulata 2X uJ
400010 13748 triuncialis 4¥ uc
400580 13770 columaris 4X M
400589 13771 columaris ax M
400586 13772 peregrina 4% us

a : Genome symbels according to Kimber and Feldman (1987).
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1.3.8.4. Evaluation of diversity in wheat Jlandraces fram
Ethiopia

Wheat is the fifth most important crop in Ethicpia, generally
grown exclusively by small holder peasant farmers and cooperatives
nmn by the government of Ethicpia, at elevations ranging from 1600
to 3000 m a.s.l. wxler rainfed conditions. In recent years the
broad genetic diversity of wheat is under great threat in Ethicpia
due to the influx of newer varieties of wheat and clearing of
forests for fire-wood and cultivation.

The more easily accessible areas in Ethicpia have already been
explored and collected. A University of Kyoto 1967 expedition
managed to explore 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 durum wheat lardraces from Bthigpia forms part of a
joint project between the Plant Genetic Resources Center -
Ethiopia (PGRC/E), the University of Reading (UK), and the ICARDA
Genetic Resources Unit.

Ten and fifty-twe samples of bread wheat and durum wheat,
regpectively, were planted in two 2.5 m rows with 30 cm between
rows and 1 m between plots. The long-term TCARDA checks, Haurani
and Cham 2, were also included in the experiment as controls.
Fertilizer was applied at the time of land preparation (no
fertilizer or irrigation was subsegquently supplied to the
experiment) .

A rare snowfall in February could have done considerable harm,
but growth was somewhat retarded due to the cold weather in the
two previous months and the plants were in the three-leaf stage.
Hence, they were able to fully recover from any damage caused by
exposure to subzerc temperatures. This season most rain fell
after flowering and hence, a high incidence of rust was avoided.

Table 24 gives the yield performance of durum and bread wheat
samples as compared to the checks.

The highest 1000-kw of 37.7 g was recorded for a bread wheat,
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Table 24. List of samples fram Ethiopia with higher grain yield
per plot than the checks Haurani and Cham 2

Protein Fertile
Sample 1000-FW  Yield Pl. Hgt. cantent tillers
No.® (@) g} {cm) (%) (%)

T. aestivum

5706 27.8 836 29 11.5 4
214344 31.7 945 94 10.7 4
214602 24.2 921 100 10.6 6
208871 29.8 873 95 10.1 4
204517 20.6 964 105 11.3 4
5891 31.4 897 96 10.4 4
203974 31.8 1122 107 14.6 4
208877 37.7 914 118 10.4 6
222782 18.2 942 121 13.6 7
227038 32.4 966 113 9.9 4
T. durum

204520 26.56 893 96 12.2 7
Checks

Haurani 34.6 921 101 10.4 5
Cham 2 36.1 822 93 9.6 5

a : Sample Nos.

PGRC/E sanple No. 208877, but its grain yield was 914 g, which was
lower than the checks. The highest yielder was sample No. 203974,
This sample had a tall hsbit and a relatively high protein content
of 14.6%. Its heading and maturity time was identical to the
checks and hence, could ke a valuable source of genes for high
yield under moderately fawvorable conditions. The Ethicpian
germplasm also exhibited considerable wvariability in gliadin
banding patterns (Figure 4).

The T. dicocccoides samples menticned 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
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Figure 4. PAGE banding patterns of storage proteins (gliadins) in
samples of old wheat landraces fram Ethiopia. Samples in lanes 5,
6, 7. and 9 are tetraploid wheats. M = bread wheat cv. "Marquis"
used for reference

nurseries. Selected samples will be tested at Breda and Tel Hadya
for stress tolerance and for genotype x environment interacticn.
A.B. Damania and H. Altunji
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1.3.8.5. Evaluation of wild relatives and primitive forms of
wheat for heat and cold tolerance

In the WANA region, wheat is mostly grown in areas receiving
between 300-500 mm of rainfall. These moderate to low rainfall
areas are characterized by large seascnal fluctuations in
precipitation, temperatures, and cther environmental ~factors,
hence, cultivated wheat is at rigk and poor yvields or even crop
failures are common. Yield loss in wheat occurs when day and
night mean temperatures during grain-filling period rise above
15°C.  Several methods have been reported to estimate the damage
caused by heat and a number of approaches are available to develop
heat -tolerant wheat varieties.

Forty-six samples of cultivated wheat and its wild and primitive
forms originating from WANA, representing diverse ecclogical
regions, were selected for this study. They ranged in collection
gite altitude from -10 meters a.s.l. for samples collected near
the Dead Sea in Jordan, to 1900 meters above sea level in the
highlands of Pakistan.

A medified method, using a growth chamber described by Saadalla
(1990), was used for screening for heat tolerance and cold
tolerance using the methods described by Tahir {19%1). 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 two
gets of experiments, each comprising 23 genctypes plus the check
in a randomized complete bklock (RCB) design with three
replications. In the cold tolerance study, entries from the
second experiment could not be evaluated due to malfunctioning of
the freezing chamber, hence, the results from this study are nct
reported.

The check cultivar, T&M 105, proved to be tolerant to heat, as
expected. However, there were several samples which were equally
tolerant and a few were considerably more tolerant than the

tolerant check, cv. TAaM 105, These were as follows: T. aestivum
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ICBW 206010 (Pakistan); T. durum ICDW 22417 {(Algeria), ICDW 19543
and ICTW 22539 (Syria), ICDW 22421 (Morocce); Re. squarrosa 400627
(Azerbaijan), 400623 (Armenia), 400709 (Syria}, and 400359 (Iran).
While studying a large number of T. aestivum and T. durum sarples
from different ecological regions for heat tolerance, Tahir (1991)
reported higher murbers of tolerance genes in T. aestivum and
attributed it to the D genome from the donor species  Re.
squarrosa. The identification of highly tolerant lines of Ae.
squarrosa in the present study appears to support this report.
The tetraploid cultivated wheat T. durum was found to be, on
average, the most tolerant to heat. Three samples of T. compactum
were also tolerant to heat, followed closely by Aegilcps
squarroga. Bread wheat, T. aestivum, was only moderately tolerant
and the rest of the species were susceptible. T. dicoccoides, the
wild pregenitor of durum wheat was, swrprisingly, the wost
susceptible to heat. The single sample of T. timcpheevi was also
susceptible. These results are summarized in Table 25. The sam-

Table 25. Summary of heat tolerance tests of wild relatives and
primitive forms of wheat based on genomic composition of the
gsamples tested

No. of Mean heat

Species Gencme samples damage (%) Rank
T. aestivum AABRLD 3 29.9 4
T. compactum ARBRDD 3 28.6 2
T. durum APER 8 28.5 1
T. dicoccoides BARB 8 44.8 8
T. timopheevi ARG 1 42.0 7
T. boeoticum AR 8 36.8 €
T. urartu AL 3 2.3 5

Ae. squarrosa LoD 8 28.8 3
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Table 26. List of sanmples of wild relatives and primitive forms of
wheat with better heat tolerance than the check, T. aestivum cv.
TAM 105

Species Gencmea IC NO. Origin
T. aestivum AABRIOD 206010 Pakistan
T. curum ARBB 22417 Algeria
22414 Algeria
15543 Syria
22539 Syria
22421 Morocco
De. squarrosa oD 400627 Azerbaijan
400623 Armenia
400709 Syria
4003585 Iran

ples which exceeded the performance of the check TAM 105 under
heat stress are listed in Table 26.

The provenance of a sarple and the ecology of the collection
site ig important in determining reaction to heat stress. For
example, the three most tolerant samples were all Ae. sguarrosa
originating from low altitude areas in Central Asia. Similarly,

the heat tolerant accessions of T. durum originated from heat

prone sites in Algeria and Morocco, whereas the most susceptible
samples of T. dicocccides were collected from higher altitudes
ranging from 760 tc 1500 meters. Hence, it can be surmised that
these samples were unadapted to heat stress, which mostly occurs
at low altitudes. Tt has been reported that samples of T, durum
collected from Afghanistan were among the most tolerant to the
combined stresses of heat and soil salinity when tested at a gite
in Northern Syria (ICARDA Cereal Program Anmual Report 1987) .
This study of cultivated wheat and its wild progenitors for heat
tolerance hag shown that the ARBB genomic composition seems to the

most tolerant to heat, whereas no clear trend for cold tolerance
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emerged. Heat tolerance in cultivated T. durum is not unexpected.
For centuries after its domesticaticn durum wheat was grown mostly
in the Mediterranean and the Near East, where terminal heat was
cne of the major stresses.

The check TAM 105 was also the most cold tolerant, with 75% of
the plants surviving the screening test {Table 27). The next most

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

Species Gename ICND. CT Origin

Triticum aestivum {Check) AABRCD TAM 105 75 Usa
206418 7 Syria
206414 3 Syria
206408 0 Algeria

Triticum compactum AABBDD 500024 3 Turkey

500003 17 Turkey

Triticum durum AMBR 22546 0 Syria
22539 19  Syria
22426 0 Syria
22421 0 Moroccoo

Triticun dicoccoideg ARRR 600905 0 Syria
600919 7 Jordan
600908 0  Syria
600854 10 Jordan

Triticum boeoticum AA 300076 27 Turkey

300049 13 Turkey
300047 7 Bulgaria

Triticum urartu AR 300020 5 Syria
500253 57 Russia
500254 40 Russia

2egilops squarrosa oD 400627 40 Azerbaijan
400623 17 Armenia
400709 7 Syria
400359 0 Iran
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tolerant group was T. urartu, whereas for T. boecoticum, Ae.
squarrosa and everything else, including cther bread wheats, the
reaction to cold ranged from complete susceptibility to moderately
susceptible.

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

1.2.8.56. Evaluation of Triticum dicocoum (emmer wheat)

Emmer, Triticum dicoccum Schuebl. (2x=2n=28), is the oldest type
of wheat grown in the 'Fertile Cresgcent’, dating from ca. 10000 BP
but has been widely replaced in recent times by modern forms of
tetraploid (T. durum) and hexaploid (T. aegtivum) wheats. Together
with other older forms of wheats, emmer wheat possesses
considerable morphological variation which can be useful for
breeding for the dry areas, where abiotic stresses play a major
role in reducing yield.

Further evaluation of sixteen lines selected from the criginal
41 accegsions evaluated in previcus seasons was carried cut at Tel
Hadya during 1991/92. CObservaticns for the following traits were
recorded: early growth vigor, frost tolerance, days to heading,
total no. of tillers, fertile tillers, plant height, peduncle
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 low temperatures, including snow fall, which occurred at
the beginning of February, 1992, and seven lines were moderately
tolerant. One line, however, selected from accession 600778, was
killed by the frost and snow fall. The early growth vigor of the
test lines was lower than the mean for the checks Haurani and Cham
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 Hakim. There was large variability in plant height,
which ranged from 81 to 104 cm. The peduncle length also varied
between 23 to 42 can. The evaluation data is given in Table 28.
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Table 28. Evaluation data on fifteen lines of T. dicocoum
selected at Tel Hadya in 1991/92

ACC.NO. FRO® BGV DHE TOTIL FIIl. PLH PED TMA
600765 1 3 164 2] 5 92 30 194
600767 1 3 162 2] 6 81 23 193
600768 1 4 161 5 5 84 26 192
60076% 1 3 158 3 3 100 33 191
600770 1 3 163 5 4 90 32 195
600771 1 2 167 7 7 104 42 199
600772 1 3 169 6 5 103 36 199
600774 2 3 164 ) 5 103 34 196
600775 1 2 165 7 7 100 34 198
600776 2 3 167 4 4 99 34 198
600777 2 3 165 6 6 83 29 197
&£00780 2 4 165 @ ¢ 107 35 197
600781 2 3 166 7 6 10% 34 197
600782 2 2 168 6 6 104 31 198
600783 2 3 164 8 8 104 43 195
Check

means 2 5 155 5 5 88 37 1921

a : FRO; Frost tolerance 1=highly tolerant and 5=highly
susceptible; EGV: Early growth vigor l=low and 5=High. Other
abbreviationg ag in Table 21.

Hence, it can be seen that the T. dicoccum lines harbor a large
amount of useful morpholegical variation which could be exploited
for durum wheat improvement in the dry areas.

A.B. Damania and H. Altunji

1.3.8.7. Maltiplicaticn and evaluaticn of primitive wheats from
the CIMIYT collection

One hundred and twelve samples of primitive received from CIMMYT

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

at Tel Hadya for a second season for multiplication and further

evaluation. The response of these sanples to naturally occurring

rusts and other diseases was reported in the GRU Annual Report
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(1991) . The agromorphological data on various species are
reported below.

Triticum carthlicum

Persian wheat (T. carthlicum Nevski; syn. T. persicum Vav. ex
Zhuk. 2n = 28, genome AABB) 1s said to have evolved by hybrid-
ization from T. dicoccoides and subsequent domestication of the
progenies. The primary center of origin ig in the Near East, with
a secondary center in Ethicpia and the Mediterranean basin.
Carthlicum wheat used tc be widely cultivated in the past in Iragq,
Iran, and Caucasia. Forty-three samples were evaluated in 1$91/92
and the simple statistics of evaluation given in Table 29.

Table 29. Simple statistics of 43 samples of Triticum carthlicum
fram the CIMMYT collection

Trait?® Min. Max. Mean Var. S.D.
FRO 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
TCTIL 4.0 12.0 6.53 3.25 1.80
FTIL 3.0 2.0 5.97 2.07 1.44
PED 23.0 43.0 33.9 21.4 4.63
PLH 87.0 119.0 101.1 46.79 6.84
MA 193 199 155 2.85 1.69

a : Abbreviations same as in Table 28.

Table 30 gives the correlation coefficients among FRO, EGV, DHE,
TOTIL, FIIL, PED, DMA, and PIH. Only three correlations were
statistically significant, as expected. A considerable nurber of
samples of thisg gpecies are late in comparison to the checks, Cham
1 Haurani, Mexipak, and T. diccocun {Acc. No. 600777), which
matured 190 days after sowing. There was considerable variation
in plant height, with most of the sanples being between 92 and 106
cm. However, a lower plant height was found in one of the samples
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Table 30. Correlation coefficients among descriptors for 43
samples of T. carthlicum fram the CIMMYT collecticn

Descriptor BGV* CHE TCOTIL FTIL PED oA PLH

FRC -0.07 -0.13 0.039 0.07 -G.01 -0.26 -0.12
EGV -0.05 -0.17 -0.18 -0.19 -0.06 -0.06
DHE 0.28 g.18 -0.17 0.50" 0.03
TOTIL 0.05 0.02 0.22 0.16
FTIL 0.03 0.10 0.07
PED -0.11 0.56"
MR 0.607

* : Significant at P= 0.05.
a : Akbreviaticns same as Table 29.

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

{Figure 5}.

14

12 1

10

No. of Samples

89 94 99 104 109 114 119

Figure 5. Distribution of plant height {cm) for samples of T.
dicoccoum evaluated at Tel Hadya during 1991/92



58

Triticum meonococcum

Einkern (Triticum monococoun L. 2rn=14, genome AA) was domesticated

in the ‘Fertile Crescent’ from its wild progenitor T. boecoticum
Boiss., which has a brittle rachis. Its earliest appearance in
archaeological records is from Ali Kosh in Iraq dating from ca.
8500 BP. Thig makes it later than T. dicoccum which, according to
archaeological records, dates from ca 10000 BP, making it the
oldest cultivated wheat. In the past, einkormn was spread over
Europe, K. Africa, Asia Minor, Caucasia, Irag, and Iran. In
Eurcpe it was mainly cultivated as a fodder crop and poultry feed.

Twenty-one samples of einkom received from CIMMYT were
evaluated at Tel Hadya. Three samples (CWLI 2288, 2358 and 19537)
were killed by frost. BApart from other useful variation in days
to heading and maturity, and plant height (Table 31}, cne of the
samples (Acc. 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 compactum

Club wheat {(T. compactum Host. 2n = 42, genome AABBDD) is reported
to have developed in the Hindu Kush mountains and have a secondary
center of diversity in Armenia. According to Simmonds, the
earliest hexaploid wheat to be found was club wheat in the
archacological remains at Tell Ramad in Syria from ca. 9000 BP.
While tetraploid wheats, in keeping with their center of origin in
the Near East, are adapted to mild winters and rainless summers,
the addition of the D genome introduced from Central Asia by Ae.
tauschii must have contributed to greater adaptation of hexapleoid
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. 1In Syria, remants of past cultivation of club wheat can
still be found in the form of two or three odd plants in cultivated
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Table 31. Evaluation data on eighteen lines of T. monococcum
fram the CIMMYT collection at Tel Hadya in 1991/92

CWI.NO. FROP  EGV DHE TOTIL FTIL. PLH PED IMA

2354 2 2 178 22 13 108 38 207
2355 3 2 177 16 9 108 41 209
2356 1 4 176 & 5 112 37 208
2357 1 3 178 9 5 110 32 209
2359 2 4 174 5 5 112 29 204
19457 2 2 170 a8 & 108 35 199
19465 3 2 173 7 & 134 47 200
19468 2 3 170 6 5 130 45 199
19469 2 3 151 4 4 118 34 186
19490 1 3 172 22 18 138 44 203
19494 1 3 168 5 4 107 38 199
19502 1 3 162 a8 & 115 42 199
19528 1 4 175 13 8 119 37 204
19532 1 3 178 9 7 108 36 203
19535 1 3 168 15 11 105 39 203
19536 1 4 178 12 9 118 43 205
15538 2 3 177 8 8 110 42z 207
19539 2 4 176 8 7 125 45 205
Check

mearl 2 5 155 5 5 a8 37 121

a : Rbbreviations and scales same ag in Table 28.

wheat fields in the El Hassakeh region, where they can be easily
detected by their earliness in maturity and sometimes due to
infection with rusts to which they are susceptible.

A collection of 18 samples of T. compactum received from CIMMYT
was planted at Tel Hadya. All samples were tolerant to cold
temperatures and resistant to frost damage. For other characters,
such as days to heading and waturity, there was a high degree of
unifermity. Only in the case of CWI No. 3162 was there a high
mmber of total and fertile tillers. 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 traits in
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Table 32. Evaluation data on eighteen lines of T. compactum
fram the CIMMYT collection at Tel Hadya in 1991/52

CWI.NO. FRO® EGV DHE TOTIL FITIL PLH PED MR
3145 1 4 163 5 5 102 37 195
3150 2 4 162 7 7 95 39 194
3152 2 3 163 9 9 97 39 185
3153 1 4 163 7 7 101 28 185
3154 1 4 163 6 6 98 34 195
3155 1 3 163 5 5 100 31 194
3157 2 3 152 5 5 88 29 185
3158 2 2 164 8 7 101 28 185
3159 1 3 1562 6 6 92 27 136
3160 2 3 162 6 6 94 29 195
3161 2 3 163 5 5 92 32 195
3162 2 2 165 10 8 101 34 197
3163 2 2 163 & 5 100 29 195
3164 1 3 lel 7 & 100 30 193
3165 1 3 162 8 8 102 31 196
3166 1 2 167 6 6 98 26 199
3167 i 3 lée 7 6 S0 31 199
3168 1 3 165 8 7 103 29 204
Check

mean 2 5 155 5 5 88 37 191

a : Abbreviations and scales same as in Table 28.

old forms of wheat. This variability can be readily exploited for
crop improvement programs since, unlike certain wild relatives,
genomic disharmony does not impede crossing with other forms of
cultivated wheat.

In recent years, short strawed, solid stemmed, erect progeny
lines of durum wheat, possessing resistance to lodging and
relatively good grain yield under unfavorable conditions, have
been obtained from crosses where cne of the parents has been T.
dicoccum.

Breeders seeking genes for biotic and abioctic stresses to
broaden the genetic base of durum wheat targeted towards the low-
rainfall areas could develop pure lines for greater stability from
the accessions reported here. It is also suggested that older
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forms of wheat, such as T. dicoccum, c¢an themselves be promcted as
cultivars and hence, play a brocader and more significant role in
improving quality than merely correcting specific shortcomings of
otherwise well-zdapted modern varieties.

All the above gollections of primitive wheats from CIMMYT have
now been accessed into the ICARDA collection, which will also
serve as a safety duplication of the CIMMYT gernplasm, as per the
Memorandum of Understanding between the two Centers.

A.B, Damania, H. Altunji and B. Skovmand (CIMMYT, Mexico)

1.3.8.8. Further evaluation of genetic stocks fram
Czechoslovakia

Cenetic stocks of bread and durum wheat lines were developed by
utilizing disease resgistance genes from T. monococcum at the
Research Tnstitute of Crop Production in Prague, Czechoslovakia
(GRU Armual Report 1921). Twenty of these lines were planted at
Tel Hadya for evaluaticn against moderate drought and frost
tolerance, as well as recording of agronomic traits, with results
given in Table 33.

Tt was cbserved that all winter bread wheat, except one line,
were highly tolerant to frost. Three of the lines which were
highly tolerant possessed the Lr Tm gene, which has resistance to
leaf rust, whereas 206973 was the check cv. Yubileynaya from
Russia, which is highly cold tolerant, photo-insensitive and as
early as the other lines derived from crosses with T. monococoum.
Therefore, this germplasm material could be extremely useful for
breeding for the WANA highlands where cold tolerance is an
important requirement., Further tests at a cold site in Turkey are
in progress in ccllaboration with the Cereal Improvement Program.
A. B. Damania and H. Altumji



62

Table 33. Results of agronamical and frost tolerance evaluation
on 20 vheat lines derived fram crosses with T. monococcum

5.No. Acc.No. Habit FRC® DHE B 12N TIL PLH PED

T. durum (Durum wheat)

1. 22708  Spring 2 160 199 9 98 45
2. 22709  Spring 2 161 199 4 111 46
3. 22710  Spring 2 163 194 9 100 34
4. 22712  Spring 2 153 195 5 118 49
5. 22713 Spring 2 167 199 3 125 48
6. 22714 Spring 2 162 196 5 113 41
7. 22715 Spring 2 162 196 7 113 43
8. 22716 Spring 2 166 195 5 114 38
9. 22717 Spring 2 163 198 9 114 46
T. aestivum (Bread wheat)

10. 206569 Winter 2 164 185 5 103 37
11. 2065970 Winter 1 163 193 5 94 35
12. 206971 Winter 1 162 152 & 107 34
13. 206972 Winter 1 163 193 8 106 37
14. 206973 Winter 1 164 193 3 105 37
15. 206974 Spring 2 167 202 3 103 36
16. 206575  Spring 3 167 201 5 108 33
17. 206976 Spring 2 166 202 3 115 38
18. 206977 Spring 2 168 202 4 115 39
19. 206978 Spring 2 167 200 3 97 35
20. 206979 Spring 2 169 203 12 105 31

a : Abbreviaticns as in Table 28.

1.3.8.9. Pre-breeding and development of genetic stocks with
genes fraom wild and primitive forms
Germplasm of wild and primitive forms is alsc being utilized for
a pre-breeding program which seeks to infuse desirable genes from
the wild or primitive parent into the cultivated form through
crossing and selecticn. 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.
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The wild progenitors of wheat are commonly sympatric with their
cultivated forms. They differ, however, 1n phenotype and
adaptation kut remain sufficiently related genetically to cross
and produce fertile hybrids with exchange of genes particularly in
the direction of the cultivated forms. Breeders are adverse to
use germplasm which may retard their improved lines or those which
require years of back crossing to eliminate undesirable traits,
which are very often inherited when wild or primitive material has
been uged in the pedigree.

Selectiong from twenty-five crosses between wild species (T.
dicoccoides with good agronomic performance at Breda as the male
parent) and durum wheat, and between durum wheat and primitive
forms with disease resistance (T. dicoccum and T. garthlicum),
which were initially made in 1989, were re-tested in in order to
cbhserve gtability in two important traits of interest to breeders,
viz, days to heading and maturity.

It was cbserved that there was no difference for days te heading
and maturity in the two previous seasons, although they were both
quite different in the amount and distribution of rainfall, as
well as in the presence cf cold stress. Small cuantities of seed
samples from the above menticned lines are available.

A. B. Damania and H. Altunji

1.3.9. Characterization of Jordanian wvetch and Lathyrus and
Algerian vetch
Twenty accessions of Jordanian ILathyrus and fonty-eight

accessions of vetch were characterized for twelve descriptors at
Tel Hadya, Syria. One hundred twenty-three accessions of Algerian
vetch were evaluated. The plot size varied from one row 4 m to 4
rows 3 m long, with 37.5 cm between rows. The seeding rate was 50
seeds per row. Checks used for lathyrus were IFLA 101 (L.
sativug) and IFLA 247 (L. ochrus) and for wetch were IFVI 67
(Vicia narbonensig) and TFVI 2541 (V. sativa) .

The descriptors evaluated were growth hsbit (GRH), frost
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tolerance (FROST), vigor (VIG), flower coler (FOO), days to 50%
flowering (DFLR), days to 90% podding (DAP), days to 90% maturity
(DMAT) , pod length in cm (PLEN}, pod width in an (PWID), seeds per
pod (SFD), and hundred seed weight in g (HSW),

Most Lathyrus and Jordanian vetch accessions evaluated were
semi-erect or erect and had strong or intermediate lavels of viger

(Table 34) . Algerian vetch accessions were mostly semi-gpreading

Table 34. Frequency distributions for GRH, FROST, VIG, and FCO
for 20 accessionse of Lathyrus and 48 accessions of Jordanian vetch
and 123 accessions of Algerian vetch evaluated at Tel Hadya, Syria
in 1591/92

Jordanian Jordanian Algerian

Descriptor/Score® Lathyrus vetch vetch
GRH
Spreading c.0 22.4 i3.2
Semi -spreading 23.8 16.3 72.9
Semi-erect £1.9 32.7 12.4
Erect 14.3 28.6 1.6
FROST
Highily tolerant 0.0 10.2 0.8
Tolerant 71.4 59.2 13.2
Moderately tolerant 14.3 26.5 51.2
Susceptible 9.5 2.0 34.9
Highly susceptible 4.8 2.0 0.0
VIG
Very strong 0.0 4.1 0.8
Strong 52.4 34.7 6.2
Intermediate 33.3 55.1 45.0
Poocr 9.5 4.1 48.1
Very poor 4.8 2.0 0.0
FCO
White 0.0 14 .6 2.4
Blue 5.0 45.8 8.1
Dark pink 60.0 2.1 7.3
Pink 0.0 22.9 2.4
Violet 0.0 10.4 75.6
Yellow 35.0 4.2 4.1

a : For descriptor abbreviations, see text.
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and with poor or intermediate VIG. Most accessions evaluated were
also tolerant or moderately tolerant to frost, however, the
AMgerian accegsions had a high proportion of susceptibility
(34.9%) . Lathyrus accessions were with dark pink and yellow
flowers and the Algerian vetch accessions had mostly violet flow-

Table 35. Summary statistics for DFLR, DAP, IMAT, PDPI, PLEN,
PWID, SPD, and HSW for 20 accessions of Lathyrus and 48 accessioms
of vetch from Jordan and 123 accessione of Algerian wetch
evaluated at Tel Hadya, Syria in 1991/92

Crop/

Descriptor® Check mean Mean Min. Max. C.V. (%}

Lathyrus
DFLR (days) 114.5 112.4 104 120 2.9
DAP (days) 129.0 126.9 110 132 3.7
OMAT (days)  155.0 156.6 151 170 3.9
PDPI 1.20 1.10 1.0 1.8 20.9
PLEN {cm) 3.53 2.91 1.9 4,7 28.3
PWID (cm) 1.03 0.63 0.3 1.4 52.2
SPD 2.84 3.93 2.4 5.8 24.9
HSW (g) 12.35 3.83 1.3 7.6 45.8

Vetch {(Jordan)
DFLR {days) 111.1 109.8 99 122 5.1
DAP  {days) 123.3 120.9 108 133 6.7
DMAT (days)  154.0 153.4 149 169 2.2
PDPT 1.08 1.36 1.0 2.6 33.8
PLEN (cm} 4.75 3.18 1.8 5.4 34.4
PWID {cm} 0.90 0.61 0.4 1.7 33.4
SPD 4.81 3.67 1.0 6.3 38.8
Haw (g) 7.18 3.21 0.4 7.9 71.2

Vetch {Algeria)
DFLR (days) 114.0 129.0 117 162 £.5
DAP (days) 122.2 140.4 120 167 7.2
DMAT (days) 162.3 171.6 160 184 3.4
PDPI 1.00 1.22 1.0 3.0 38.7
PLEN (cm) 3.93 2.73 0.7 7.0 27.8
PWID (cm) 0,63 0.62 ¢.1 1.3 30.6
SED 4.82 4.34 1.6 7.7 25.6
HSW  (g) 11.73 6.03 1.2 16.8 46.2

a : For descriptor abbreviations, see text.
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erg. However, flower colors of the Jordanian vetch accessions
were distributed over the full range of flower colors.

Sumrary statistics for the Lathyrus and vetch accessions of
Jordanian crigin and Algerian vetch are given in Table 35. The
Lathyrus accessions were smaller seeded than the checks because of
the species evaluated (which were mostly aphaca and hierosoly-
mitamug) . These alsc had more SFD and were with smaller pods
(PLEN and PWID). The Lathyrus accessions were similar to the
checks phenologically. The Jordanian vetch accessions were also
gimilar phenclogically to the checks, although the Algerian vetch
was later than the checks. The Jordanian vetch had smaller seeds
(HSW) , less SPED, and smaller pods (PLEN and PWID) than the checks.
The Algerian vetch, while with less wvalues for these descriptors
than the checks, was much closer to the check values. Again, this
was due to the species evaluated (mostly palaestina, peredrina,
monantha, and sativa nigra) from Jordan, while the Algerian vetch

included a much higher proportion of V. sativa gativa.
Larry Robertson, A. Shehadeh and F. Sweid

1.3.10. Evaluation of Iranian chickpea accessions

A joint evaluation trial was conducted at ICERDA, Tel Hadya,
Syria, together with the Seed and Plant Improvement Institute
(SPI1) of Iran with the cbjective to evaluate Iranian chickpea
germplasm accessions.

The 495 chickpea accessions were evaluated at Tel Hadya, Syria
in an unreplicated augmented design with one systematic (TLC 482)
and twe random (IIC 2379 and ILC 5104) checks, with a block size
of 23 plots., The plot size was 4 rows, 45 an between rows, S m
long (9.0 m’). The seeding rate was 240 seeds per plot. The
center two rows, 4 m length (3.6 ), were used for yield
determinations.

There were 27 descriptors observed: days to 50% flowering
(DFLR} , days to 90% maturity (OMAT), plant height (PTHT) in cm,
first pod height (HTFP} in am, canopy width (CAW) in cam, growth
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Table 36. Frequency distributicns for LFS, FCO, GRH, PLP, PLH,
FODH, and PDSH for 495 Iranian chickpea accessicns evaluated at
Tel Hadya, Syria during 1991/92

Frequency Number cf

Descriptor/Score® (%) Accesgicnsg
LFS 495
Small (<10 mm long) 2.2
Medium (10-15 mm long) 96.4
Large {(>15 mm long) 1.4
FCO 495
White 98.2
Pink 1.8
GRH 495
Semi -erect G.6é
Semi -gpreading 90.9
Spreading 8.5
FLH 495
Hairs almost absent 0.2
Pubescent 0.2
Densely pubescent 99.6
sCo 4595
Beige 70.1
Yellow 0.4
Beige mixed 27.9
Other mixed 1.4
SSH 4595
Kabuli 98.2
Intermediate 0.2
Desi 0.2
Mixed 1.4
SRO 495
Rough 97.0
Smooth 0.2
Mixed 2.8
PLP 495
No anthocyanin, pale green 10.3
No anthocyanin, green 89.5
Weak anthocyanin, partly purple C.2
PLDH 488
No dehiscence 65.0
<10% dehiscence 31.1
10% dehiscence 3.9
PDSH 488
Low 36.5
Medium 52.9
High 0.6

a : For descriptor abbreviations, see text.
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habit (GRH), iron deficiency chlorosis (IDC), pod dehiscence
(POCH), ped shedding (PDSH), leaflet type (LFT), leaflet size
{LFS), flower color (FOO), plant pigmentation (PLP), plant
hairiness (PIH), leaflets/leaf (IFL), seed chape (STH), seed
surface roughness (SRO), seed color (SCD), pods per plant (PCD),
seeds per plant (SPP), seeds per pod (SPD), pods per pedncle
(PPED) . hundred seed weight (HSW) in g, seed yield (SYID) in
kg/ha, biomass (BYID) in kg/ha, straw yield (STYLD} in kg/ha, and
harvest index in % (HI).

There was no variation of IFT, all accessions had compound
leaves. There was very little variation for LFS, FCOO, GRH, and
PLH, most accessions showed the values of the regqularly cultivated
chickpea for the near east (Table 36). Most accessions were
kabuli type chickpea with a ram’s shaped head (98.2%) and a rough
geed 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 low (62.9%).

Evaluation of sumary statistics (Table 37) reveals that the

Table 37. Summary statistics for 495 Iranian chickpea germplasm
accessions evaluated at Tel Hadya, Syria during 1991/92

Descriptor Check mean Mean Min. Max. C.V. (%)
DFIR® {days) 128.5 130.7 122 147 4.0
DVMAT  (days) 170.3 171.6 165 186 2.5
PTHT (days) 43,1 39.4 26 54 19.6
HTFP {cm) 19.0 17.8 9 a5 22.9
LFL 13.5 14.0 10.3 18.0 7.1
W (cm) 35.4 34.0 15 52 16.8
BOD 39.8 42.9 21.1 97.2 25.6
SED 0.88 0.89 0.54 1.24 14.9
FPED 0.63 0.67 0,42 0.87 11.6
HI {%) 54.1 51.2 29.0 72.1 12.3
Hsw (g 28.0 24.0 14.1 52.7 24 .4
SYID  {kg/ha) 1921 1777 739 2967 22.8
BYLD (kg/ha) 3577 3482 1556 5544 16.2
STYLD (kg/ha) 1656 1704 639 3247 22.8

a : For descriptor abbreviations, see text.
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largest variation for quantitatively scored descriptors was
for PCD, HSW, and HIFP, arnd the yield descriptors SYLD and
STYID. The mean values of Iranian chickpea accessicns were
similar to the check lines for most of these descriptors but
had a lower EI, HSW, and SYILD.

The distributions for DFLR, HI, and HSW {(Figures 6, 7, and
8) do rnet show normal distributicons. They suggest that there
are two to three different groups in the Iranian chickpea
germplasm evaluated. The distribution for SYID was more or
less normal (Figure 9).

RMS Distance

0.0 0.5 1.0 1.5
| i 3 | 1 i 1 H 1 ] ] 1 1 1 .1 1 §
| T | H | [ I 1 T | [ | | T i 1 1 I
Case®
L9 (95)°
iz (142) L5
CLS
CTa1 {190)
CLi3 (15)
fy
154 (2) o
G127 (15)
C136 (10) —CLT
CT4—
CL10 (5) S Jo W
ILC 8140 (1)

a : Case refers to original cluster mmber assigned, CL=cluster.
b : Mumbers in parenthesis are mumber of accessions in cluster.

Figure 10. Dendrogram of 475 Iranian chickpea accessions
evaluated in 1991/92 at Tel Hadya, Syria at the nine cluster level
extraction. Original analysis cluster mewbership and normalized
root mean square distances used
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Unfortunately, data on the collecticn sites within Iran is not
available at this time, however, heirarchical cluster analysis was
nm to try to separate out the major groups within this germplasm
{475 accessions with no missing data) using the quantitatively
scored discriptors DFLE, LFL, PTHT, HIFP, CAW, DMAT, PPPD, PCD,
SPD, HSW, SYLD, BYID, SIYID, and HI. The results of hierarchical
cluster analysis suggest three major clusters and six minor
clusters, which will be explained kelow (Figure 10).

Cluster 6 (cluster numbers in this discussion refer to the
original cluster analysis cluster numbers assigned) and cluster 3
are relatively small clusters (17 and 31 accessions, respectively)
and most likely represent germplasm in the Iranian collection
from cutside the country, breeding lines or unique cases (Figure
10). The three major clusters (cluster 2, cluster 12 and cluster
11) represent the majority of the accessions (427 accessions),
thig is in agreement with Figures -9, which suggest three groups
in this germplasm set.

Examination of summary statistics for the individual clusters
(Table 38) reveals the characteristics of the three major clust-

Table 38. Sumrary statistics for nine clusters developed from
hierarchical cluster analysis of 475 Iranian chickpez germplasm
accessions evaluated at Tel Hadya, Syria in 1991/92

DFLR* DMAT  SYLD HI  HSW  PIHT
Cluster Freq. (days} (days) (kg/ha) (%) (o (cm)

cii1 190 128.7 16%.8 1722 54.9 23.2 37.9
L1z 142 122.0 170.5 2062 53.2 26.2 40 .4
Lo S5 135.7 175.2 1550 44.3 22.2 40.8
CL13 15 131.3 i71.0 1192 51.7 19.2 36.3
CL17 15 133.5 174.9 1879 41.7 27.2 40.6
CL3s 10 127.7 168.6 2463 53.4 27.2 40.0
Crao 5 134.8 175.6 2063 40.5 25.4 40.4
54 2 128.0 169.0 918 56.3 20.4 33.0
ILC 8140 1 125.0 167.0 2578 53.5 24.3 40.0

a : Por descriptor abbreviations, see text.



73

30 7 Cluster 11
B Cluster 12
40- X &3 Cluster 9

oo
585

<z
52

ST5S
oo ¥

..
£
e

oot o
CEREESER

g
==

<7
<>

S

Frequency of Accesslons (96)

258

oo o o>
S e SaTs ety

o0
oS

55

v
..

TG
S50

25

Ve

1800 2200 2600

Figure 11. Distributions for SYLD (kg/ha) for the three major
clusterse from hierarchical analysis for Iranian chickpea
accessicns evaluated at Tel Hadya, Syria in 1991/92

ers. Cluster 12 had the highest SYID (Figure 11) and largest HSW
of thege clusters, with a high HI early DFLR (Figures 12 and 13).
Cluster 9 had the latest DFLR, lowest SYLD, and lowest HI.
Cluster 11 wag similar to cluster 12 for DFIR and HI but had a
smaller HSW and slightly higher HI and lower SYID. The clusters
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evaluated at Tel Hadya, Syria in 1991/92

36 and ILC 8140 are interesting minor clusters with very early
DFLR and very high SYID and HI. Also, cluster 10 is interesting,
in that although DFIR was late and HI was low, the SYID was high,

Figures 6, 7, and 8 suggested that there were three major groups
of germplasm when DFLR and HI were examined and therefore, hierarchical
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Figure 13. Distributicns for DFIR {days) for the three major
clugters from hierarchical analyses for Iranian chickpea
accessions evaluated at Tel Hadya, Syria in 1991/92

cluster analysis was performed. The three major clusters from
this hierarchical analysis had different means for DFIR and their
distributions confirm one very late cluster and two clusters that
are early (Figure 13). Similarly, distributions for the three
clusters for HI are distinct and separate (Figure 12} and follow
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what was expected from Figure 7. The distribution for SYID
(Figure 9) did not suggest the three clusters that DFLR, HI, and
HSW did. However, when the three major clusters are plotted
separately (Figure 11), their distinct distributions can be
Seer.

The descriptors for the three major clusters show 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 accessions within the country,
these accessions will be plotted and the geographical regions will
be related to these clusters. The minor c¢lusters will be studied
to determine any unique infermation from the passport data that
would explain their divergence from the majority of the accessions
as found by hierarchical cluster analysis.

L. D. Robertscn, A. Ismail, and S. Namel (SPII, Iran)

1.3.11. Evaluation of lentil lardraces

A total of 1859 lentil landraces and ICARDA breeding lines were
evaluated in an wwreplicated augmented design with one systematic
(ITL 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 m long (7.5 0f). The seeding rate was 1200 seeds per plot.
The center two rows, 4 m length (3 f), were used for yield
determinations.

There were 20 descriptors observed: days to 50% flowering
(DFIR}, bicmass in kg/ha (BYID), seed yvield in kg/ha (SYLD), straw
yield in kg/ha (STYID), 100 seed weight in g {HSW), days to 90%
maturity (IMAT}, plant height in cm (PTHT), height to first pod in
camn (HIFP}, pod shedding (PDSH}, pod dehiscence (PFDDH), lodging
susceptibility (10D}, harvest index in % (HI), testa coler (TCO),
testa pattern (TPA), cotyledon color (CQOC), testa pattern color
(TPC), leaflet size (LFS), tendril length (TIN), leaf pubescence
{LFP} , and pod pigmentation {(FDP) .

There was little variation for TIN, LFP, and PDP, with 94.6% of
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accessions with prominent TLN, 94.2% with dense LFP, and 99.7% of
accessions with no PDP, respectively (Table 39). LFS was mostly
large or medium. Seed testa traits were highly mixed and COC was
vellow (49.8%) or orange/red (23.5%). LCOD was mostly low or none
{65.4%) with medium LCD of 30.2%. PODH and FDSH were mostly none
or low (66.6% and 44.3%, respectively) or wedium (22.9% and 37.1%,
respectively,; .

Table 39. Frequency distributions for LFS, TLN, LFP, LOD, FDF,
TCO, TPA, TPC, OOC, PDDH, and PDSH for 1859 lentil accessians
evaluated at Tel Hadya, Syria in 1991/92

Frequency Number of

Descriptor/Score® (%) accessicns
LFS 1855
Small 7.0
Medium 43,1
Large 49.9
TLN 1859
Rudimentary 5.4
Prominent 94 .6
Mixed 0.1
LFP 1859
Slight 5.8
Dense 94.2
LoD 1859
None 2.9
Low 62.5
Medium 30.2
High 4.4
FDP 1859
Abhsent 99,7
Present 0.3
<O 1852
Green 0.5
Grey 6.6
Brcwn 1.8
Black 15.3
Pink 0.4
Mixed 75.3
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Table 3%. (continued) Frequency distributions for LFS, TIN, LFP,
LoD, PDP, TCO, TPA, TPC, COC, PDDH, and PDSH for 1859 lentil
accessions evaluated at Tel Hadya, Syria in 1991/92

Frequency Nuber of

Descriptor/Score® (%) accessions
TPA 1852
Absent 15.1
Dotted 1.4
Spotted 0.7
Marbled 0.5
Complex 0.7
Mixed 8l.e
TPC 1852
Absent 15.1
Olive 5.9
Crey 0.1
Black 7.0
Mixed 72.0
coc 1852
Yellow 49.8
Orange/red 23.5
Mixed 26.7
PODH 1356
None 27.9
Low 38.7
Medium 22.9
High 10.3
PDSH 1356
None 3.1
Low 41.2
Medium 37.1
High 18.6

a : For descriptor abbreviations, see text.

Summaxry statistics (Table 40) reveal that the largest variation
for quantitatively scored descriptors was for the vield
descriptors SYLD, BYLD and STYID, and HSW, all with C.V.s over
40%. The means of the accessions for SYLD and STYLD were lower by
25% and 17%, respectively, than the three checks. Except for HSW,
the other descriptors had similar means for the germplasm
accessions as the checks. Distributiong for DFLR, PTHT, SYLD, and
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Table 40. Summary statistics for 1859 lentil germplasm acceszions
evaluated at Tel Hadya, Syria during 1%91/92

Descriptor Check mean Mean Min. Max. C.V. (%)
DFLR* {days) 122.4 122.8 106 147 4.8
DMAT  (days) 162.2 162.5 142 184 4.4
PINT (days) 23.8 22.8 6 41 19.6
HTFP {cm) 12.4 11.1 1 26 33.7
HI (%) 44 .3 42.0 2,0 75.8 18.8
HW (g} 5.5 4.3 1.6 10.1 40.9
SYID (kg/ha) 1302 976 23 3453 43.8
BYID (kg/ha) 2924 2325 360 7293 40.3
STYID (kg/ha) 1623 13493 207 46587 43.2

a : For descriptor abbreviations see text.

SIYID are sghown in Figures 14 to 17 and show normal distri-
butions,

Stepwige discriminate analyses was performed with accessions
from those countries represented by at least 10 accessions {20
counttries) and for ICARDA breeding lines developed at Tel Hadya,
Syria, which were treated as a separate category for discriminate
and hierarchical cluster analyses. Sixteen descriptors (DFLR,
LFS, TLN, LFP, DMAT, PTHT, HIFP, 1CD, TRC, COC, EDP, HSW, SYID,
BYLD, STYID, and HI) were chosen for further analyses.

Discriminate analysis was performed using canonical functions
of the 16 descriptors selected, with 11 cancnical functions found
significant by Wilks lamda.

Cverall, there was a 46.5% correct classification rate using the
fifteen possible cancnical functions {Table 41). For most
camtries of origin, the majority of misclassifications were with
countries from similar ecologies and latitudes, for example,
Ethiopian lines misclassified as Yemeni or Pakistani or Indian
lines misclasgified as Yemeni or Pakistani. The poor class-
ification of some countries, such as Bulgaria and Algeria, may be
because of the relatively small mmber of accessions, which may

not be representative of the country. Algerian accessgions classified
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Table 41. Classification by coumtry of origin for lentil
germplasm accessiong evaluated at Tel Hadya, Syria in 1991/92
using cancnical discriminate functions. MNumber of cases, percent
correct classification, and first three misclassifications (% and
country in parenthesis)

Classification percentage (ORT®)

MNo.

ori* Cases Corr. Miga., 1 Migas., 2 Migs. 3

BGR 17 5.9 23.5(PRT} 17.6 (IRN) 11.8(ICA,SYR)
CHL 26  34.6 15.4 (ESP) 11.5 (DZA) 11.5(TUR)}

DZA 12 0.0 25.0(ESP) 16.7 (IND) 16.7 {SUN}
BGY 13 46.2 15.4 (JOR) 7.7° —

ESP 59 54.2 8.5{(FRT) 8.5(TUR) 5.1 {MEX)
ETH 35  45.7 20.0{YEM) 11.4 (SYR) 5.7 {FAK)
GRC 13 23.1 15.4 (ESP) 15.4 (MBR) 15.4 (PRT)
ca” 564 40.1 12.6 (SYR) 10,3 (JOR) 8.5 (MAR}

IND 81 17.3 21.0 (YEM) 17.3 (PRK) 8.6 (ICA,NPL)
IRN 18  33.3 11.1(CHL) 11.1{ICA) 11.1(PRT)
JOR 90  40.0 21.1(1CA) 15.6 {MAR) 8.9 (SYR)
MBER 39  56.4 10.3{ICh) 7.7 (MEX) 5.14

MEX 20 30.0 15.0 (DZA) 15.0 (MAR) 10.0(SYR)
NPL 248 80.6 8.5 (PAK) 4.8 (IND} 1.2{EGY)
PAK 89 50.6 16.9{NPL) 14 .6 (IND) 5.5 {(SYR)
PRT 11 54.5 27.3 (BGR) 18.2 (ESP) -——

SUN 46 45,7 13.0 (B&R) 8.7 (ESP) 6.5 (MEX, PRT)
SYR 313  49.8 18.2(ICA) 7.3 (JOR} 5.4 (DZA)
TUR 82  18.3 12.2(SYR} 11.0 (PRT) 9.8 (ESP)
YEM 21 71.4 19.0(ETH) 4.8 (DZA) 4.8 (SYR}
Total 1797 46.5 - — -—

Country origin abbreviations are as per IBPGR country codes.
ICARTA lines develcoped at Tel Hadya, Syria.

ETH, ICA, IND,MEX, PRT.

BRG,DZA, ESP,MEX .

an oW

accessions classified as 25% from Spain, which probably represents
the movement of seed to Algeria in the recent past. The highest
correct classification rate was with Nepal (81%) with 13%
misclaseifications 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
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represented in the misclassifications.

ICARDA breeding lines represented 564 of the accessions tested
and were treated as a separate origin. These represented mostly
selecticons of crosses from the breeding program at ICARDA and also
a few selections from within WANA landraces. These classified
fairly distinctly (40.1% correct classificaticn) as a separate
group (Table 41} . This would be expected with breeding pressure
applied for a specific high vielding broadly adapted genctype.
The misclassificaticns were from WANA with Syria (12.6%), Jordan
(10.3%), ard Morocco {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 Combine

0 5 10 15 20 25

] } ] |
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=l

IND
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Figure 18. Dendrogram of lentil accessicns evaluated in 1991/92
by comtry of origin for countries with at least 10 accessioms
evaluated. Rescaled cluster cambines used
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The centroid values for the 20 country of origins for the 11
gignificant canconical functions were used for hierarchical cluster
analyses for the countries (Figure 18). As expected from
latitude, the accessicons from India, Pakistan and Nepal formed cne
group, accessions from Yemen and Ethicpia formed another and these
two groups formed a section that was quite distinet from all the
other countries. The ICARDA lines grouped very closely with the
Syrian accessions, as would be expected from lines which were all
developed at Tel Hadya. These also formed a group with accessions
from Jordan, Morocco, and Egypt. The other groups formed
predictable groups, though with some members which do not fit in
well. Chile and Spain formed cne group which can be explained by
movement of landraces, but Iran is in the same group. Likewise
Bulgaria, Turkey and Greece form a "Balkan" group, however, Mexico
and Algeria are also in this group. However, in general, these
groups fit the predicted response, considering latitude and eco-
geographical region.

L.D. Robertson and A. Ismail

1.3.12. Evaluation of wild Lens

The wild Lens coollection was evaluated for morphological,
agronomic, and isozyme descriptors. A total of 216 accessions
from L. orientalis, L. cdemensis, L. nigricans, and L. ervoides
were evaluated in nine randomized 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
(DFLR) , days to 90% podding (DAP), flower color (FLC), pod
pigmentation (PDP), plant height in mm (PTHT), plant width between
rows in mm (PWX), plant width within rows in mm (PWY), growth
habit (GRE), cotyledon color (QOC), flowers per plant (FPP),
internode length (INL), leaflets per leaf (LPL), leaflet length in
mm {LFTL}, leaflet width in wm (LFIW), leaf length in mm
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(LFL}, leaves per plant (LPP), total leaf area per plant in cont
(LAP}, tendril (TEN}, arista (ARS), flowering duration (DDFLR),
and podding duration (DDAP) .

Table 42, Frequency distributioms for FLC, PDP, GRH, COC, TEN,
and ARS for 316 accessions of wild Lens evaluated at Tel Hadya,
Syria in 1991/92

Lens gpecies (%)

Descriptor/
score® crientalis odemensis nigricans ervoides
FiC
White 0.6 0.0 0.0 0.0
White, blue veins 2.6 0.0 0.0 0.0
Blus 1.3 0.0 0.0 0.0
Violet 21.0 100.0 60.0 93.5
Pink 0.6 0.0 40.0 0.0
Other 3.9 0.0 0.0 6.5
PDP
Absent 64.5 26.5 88.6 93.2
Slight, some pods 27.1 14.7 11.4 5.7
Slight, most pods 7.7 14.7 0.0 1.1
Deep purple 0.6 44.1 0.c 0.0
Erect 3.4 5.3 3.0 0.0
Semi-erect 45.6 47.3 30.3 72.0
Semi -gpreading 38.8 36.8 48.5 26.3
Spreading 12.3 10.5 18.2 1.8
coc
Yellow 29.7 0.0 14.3 46 .7
Orange/red 55.5 8.8 65.7 47.8
Olive-green 14 .2 20.6 17.1 4.3
Mixed 0.6 70.6 2.9 1.1
TEN
Rudimentary 55.5 55.9 77.1 g2.4
Frominent 44 .5 44 .1 22.9 7.6
ARS
Present 5.8 11.8 8.6 80.2
Abgent 94 .2 88.2 91.4 1%.8
Number of accessicns 155 34 35 92

a : For descriptor abbreviations, see text.

The Lens specles had more than 20% of accessions with viclet
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FIC, except for L. nigricans, which had 40% pink and only 60%
viclet FILC {Table 42), L. nigricans and L. exvoides had mostly
accessions with no POP, while L. odemengis had 44.1% of accessions
with deep purple PDP. All species had mostly accessions with
semi-erect or semi-spreading GRH but L. grvoides had a higher
proportion of semi-erect accessions. The wild species had mostly
orangs/red or vellow OOC, except for L. odemensis, with mostly
mixed {70.6%) and clive-green (20.6%) accessions. L. corientalig
and L. odemensis had similar proportions of rudimentary/prominent
TEN {55% vg 45%) accessions and L. pigricans and L. ervoides had
similar, but different proportions, with a higher proportion of
rudimentary TEN. L. ervoides had mostly present ARS, while the
other species had mostly absent ARS.

Mean values for the quantitatively scored descriptors for each
species are given in Table 43. In general, the wild species of

Table 43. Means for DFLR, DAP, DDFLR, DDAP, PTHT, PWX, PWY, FPP,
INL, LPL, LFTL, LFTW, LFL, LPP, and LAP for 316 accessions of wild
Lens species evaluated at Tel Hadya, Syria in 1991/92

Lens species
Desicriptor/
score® check orien.? odem. nigr. ervo.
DFIR (days) 103.1 106.3 106.2 120.0 112.3
DAP (days) 110.7 120.8 12C.8 131.3 121.5
LDFIR ({(days) 43.2 47,2 47.1 43.1 41,1
2P {days) 2.9 5.8 7.1 6.5 5.9
PTHT  (mm) 241.7 136.8 02,7 899.3 86.3
PWX {rm) 224 .4 215.3 143.6 178.4 108.6
DAY {rm) 187.9 209.3 132.2 165.1 101.5
FEP 17.1 11.8 i2.1 12.0 10.2
INL (roem) 21.9 15.5 10.9 12.6 13.1
LPL 9.4 7.7 7.0 7.0 4.9
LFTL () 11.6 8.0 6.0 7.5 8.8
LETW  (mm} 3.5 2.7 2.0 2.6 1.8
L {rmm) 25.0 14.0 10.9 11.7 4.9
LPP 188.3 99.9 46.5 73.4 41.3
LAP (o) 338.0 104.7 23.7 58.1 18.4
a : For descriptor abbreviations, see text.

b : Orien.=crientalis, odem.=pdemensis, nigr.=nigricans, and
ervo.=ervoides.
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Lens were later (Figure 19) with L. grientalis and L. odemensis
closest to the cultigen. The wild species had much smaller plants
(Figure 20), again with L. orientalig clogest to the cultigen.
Smaller and fewer leaves were produced by the wild species than
the cultigen (Figure 21). FEven though L. orientalis was closest
to the cultigen, its means were still only cne-third of the cult-
igen (Table 43). L. orientalis is the closest of the wild species
to the cultigen in general morphological appearance and size, as
would e expected because it 1s the direct progenitor of L.
culinaris. L. ervoides had the smallest plant size of the wild
gpecies and was the most divergent from the cultigen.

Results for relationships among wild Lens species, genetic
diversity, and geographical distribution are presented in Section
1.4.7.

L.D. Robertson, M. Ferguscm, and A, Ismail
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1.4. Ganetic resorces sppart research

1.4.1. Variation for storage proteins in Triticum dicoccum
Emer wheat has been grown in some countries con a limited scale
for use as an animal or poultry feed. Recently, qualitative tests
led to the discovery that its consumption reduces risk of colon
cancer and heart diseases. It is now being actively promoted as
a bealth food in Italy and elsewhere and its area under
cultivation has increased due to its high market price. The
efficacy of emmer wheat in reducing risks of these two major human
diseases may be due to the high fiber content in its flour
compared with cther modern wheats.

Single seed protein electrophioresis is an efficient tool for
screening genetic variability for seed storage proteins {(gliadins)
in wheats since the banding patterns are independent of the
envircnment in which the material has been grown.

Samples from 21 accessions of T. dicoccum collected from
diverse ecclogical and gecographic areas within its center of
origin in the ’'Fertile Crescent’ were subjected to polyacrylamide
gel electrophoresis (PRGE) using the method described by Tkachuk
and Mellish. The Canadian hexaploid wheat "Marquis" was used as
a reference in all gels. Extensive variation in barding patterns
was found in two accessions. Relative mobilities and intensities
of the bands were calculated based on electrophoregrams of four
seeds per sample, according to the procedure proposed by Bushuk
and Zillman.

The following four chservations, based on electrophoretic

analysis, were made:

1) There were ten samples having the same banding profile for all
four seeds selected at random (Figure 22). 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 dominant profile and ancther
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Figure 22. PAGE banding patterns of storage proteins (gliadins)
in three samples of T. dicoccum. Top row of rumbers indicate the
plot no., whereas the bottom row indicates the sample no. M
Canadian bread wheat cv. "Marcuis" used as a reference

profile which was different. This indicates that the samples
may have been under cultivation as varieties rather than as
landraces.

3) The remaining 6 sarmples exhibited considerable variability.
The chemotypes indicate that the accessions were probably
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highly variable populations.

4) Some of the 21 samples possessed the band with relative
mopility (Rm) 45, which is indicative of good cooking quality
of pasta. Hence, when lines from such samples are crossed with
durum wheat it is presumed that the good cooking quality of the
durum parent in the progenies will not be disturbed.

The variability found in these accessions of emmer wheat can ke
exploited in breeding programs aimed at improving drought
tolerance and disease resistance for the dry areas. Cther
economical ly useful traits, such as earliness and frost tolerance,
were alsc found in some accessions. This can be expleited in
breeding for escaping terminal heat stress and cold tolerance,
regpectively.

S. Hakim and M.Y. Moualla (Tishreen University, Lattakia), and

A.B. Damania and H. Altunji

1.4.2, Fingerprinting ICARDA Wheat Varieties using PAGE
Descriptive names given to varieties by plant breeders illustrate
the practical necessity for farmers, for whom they are intended,
to identify scurces of seed of proved performance. Breeders need
to describe cultivated varieties because they represent the end
product of the investment of their time, effort and financial
regources. Descriptions based upon traits that reflect genetic
variation can be used to measure genetic diversity and carn,
therefore, be utilized to monitor and promote efficient
conservation and utilization.

Storage proteins, such as gliadins, can ke used to provide
accurate varietal banding profiles through polyacrylamide gel
electrophoresis (PAGE). There is abundant evidence that protein
profiles can be cbtained for all cereals of major importance ard
that these profiles are independent of environmental or storage
conditions.

Ten varietiegz of wheat provided by ICRARDA breeders were
subjected to polyacrylamide gel electrophoresis (FAGE) using the
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Figure 23. Fingerprints or typical gliadin banding patterns for
bread wheat varietieg (from left to right) "Marquis", "FL-A",
"Cham 4", Cham 6", "Rocmy", and "Memof"

method described by Tkachuk and Mellish. This method is rapid and
gives excellent results in a relatively short period of time. The
Canadian hexaploid wheat "Marquis" was used as a reference in all
the gels. Relative mobilities and intengities of the bands were

calculated accordirgy to the procedure proposed by Bushuk and
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Zillman. The gliadin profiles of some bread wheat varieties
{Figure 23) were obtained from a small sample of flour taken after
crucshing more than ten seeds so that a highly representative
profile was obtained.

A.B. Damania and H, altunji

1.4.3. Alien gene transfer and assegsment of alien genetic

polymorphiam through use of molecular markers
Research on cytogenetics of wild relatives of wheat 1s being
carried out at the Department of Agrobiology and Agrochemistry of
the University of Tuscia, Viterbc, Italy.

Alien gene transfer
The ongoing alien gene transfer projects are particularly aimed at

durum wheat improvement. The cytogenetic methodology which allows
controlled introgressions of selected alien traits into wheat is
commcnly referred to as “"chromosome engineering”. Such an
approach is based on manipulations of the meiotic recombinacion
process (Ph mutants), through which it is possible to overcome the
impediment to pairing ard recombination that corresponding but not
perfectly homelogous {=homoeologous) chromosones of more or less
distantly related Triticeae species normally have with those of
wheat. Chromosomal segments containing desired alien traits can
thus be transferred into correspondirg members of the recipient
wheat gencome.

With wild Triticeae species as coriginal donors, the following
target genes were identified: a) a gene for resistance to wheat
powdery mildew (Pml3), derived from the wild diploid Aegilops
longissima; k) a gene for leaf rust resistance (Lrlg), derived
from Agropyron elongatum; and ¢ a gene (Y), tightly lirnked to the

latter one, which is desirable for incorporation into durum
cultivars, for possible improvement of the yellowness of their

milling products. These are discussed as follows:
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The Pml3 gene is a dominant gene for resistance to wheat
powdery mildew criginally coming from Asgilops longissims

{2n=14), which has Dbeen highly effective in several
countries. Using the phib wheat mutant to induce pairing
and recambination between the critical alien chromosome arm
{38s) and its homeeologous chrowcsomes of common wheat,
stable registant recombinant lines were obtained, each
carrying a chromosomal segment containing Pml3. One of the
recombinants, which were assigned to wheat chroemosome 3B
and showed a relatively small genetic length for the alien
segment containing Pml3, has been recently used in a
further develomment of such transfer work aimed at
introducing the highly effective Pml3 gene into durum
wheat .

Effective resistance genes are, in general, very
limited in cultivated materials. In Italy, for instance,
one of them, the Pmda gene deriving from T. digoccum cv.
Khapli and carried by several currently grown durum
varieties, still displays a relatively good behavior under
field conditiong, though mildew biotypes which are virulent
on geedlings of Pmda varieties are increasingly being
isolated from pathogen populations. Thus, the Pml3 gene ig
being transferred from the dwomesomally engineered common
wheat into both fully susceptible and also P bearing
durum cultivars.

Backcrogsses of the pentaploid F,s to the selected
recurrent parents are currently under way, during which,
together with the chromosome number assessment, a parallel
selection is being performed for Pml3 aslone or in
compination with Pmd, using, in the latter case,
appropriate mildew biotypes which allow discrimination
between the two resistance genes.

Sears’s conmon wheat -Agropyron elongatum transfer no. 12 is

particularly attractive for dunm breeding, not only
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because, being the transfer con chromocsome 72, no further
induction of homoeologous recombination is needed, but alsc
becauge of the unique gene content of this set of Agropyron
transfers. All of them, in fact, appear to carry, tightly
lirked to the highly effective leaf rust resistance gene
Lrl9, a gene, named ¥ for "yellow pigment”, presumably
controlling carotenoid pigment production.

This association, which prevented the use of the 1xl9
resistance in comon wheat, as a yellow flour definitely
represents a negative attribute for its milling products,
can instead be of interest for durum imorovement. In fact,
for best custower acceptance, pasta products require
semolina or flour of maximum yellowness. However, little
attention has been generally given so far to this trait.

Ieaf rust is perhaps the most important disease
affecting durum wheat cultivation under the Ctemperate
climates typical of the Mediterranean countries and Lrl9
has turred out to be among the most effective genes in
several leaf rust epidemics in Italy and in several cother
countries. Therefore, with transfer no 12 as a donor line,
we have aimed for a double breeding cbjective using a
murber of selected durum 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
cut te the durum recurrent varieties using the Lrl9 gene as
a co-transfer marker, at least in the first generations of
gelection.

One of the available micro-tests f[or measuring the
gemolina "yellow index", which has been shown to be highly
correlated with its carcotencid content, has been employed
to corpare Chinese Spring with its Agropyron transfer no.
12, the latter revealing a 30% increase of this value. The

same measurement will be carried out on the material under
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selection, as soon as chromesomally stable progenies are be

cbtained.
Bsgesament of alien dgenetic polymorphism through use of molecular
rarkers

Genetic variability of T. dicoccoides populations and of several
other Triticum species has been assessed by use of molecular
markers. Specifically, PCR (Polymerase Chain Reacticn) analysis
of high and low molecular weight glutenin sequences has been used
to assess the genetic variation within and between T. dicoccoides
populations. In both cases, the BCR products showed a good degree
of polymcrphism. In addition, 30 RFLP (Restriction Fragment
Iength Polymorphism) clones, isolated from a T. urartu genomic
library, have been used tc evaluate the genetic relationship
between Triticum species.

Fourteen gpecies were used for this research: T. mgnococcum, T.
boecoticum, T. urartu, T. dicoccoides, T. digoccum, T. carthlicum,

T. durum, T. turanicum, T. aetiopicum, T. polopicum, T.

timopheevi, T. aestivum, T. wvavilovii, and T. spelta. Each
hybridizing band cbtained in Southern blotting experiments was

treated as a unit character and its presence or absence in each
gehotype was recorded as 1 (presence) or 0 (absence). Data have
been analyzed using the NISYS-pc computer program amploying
correspondence analysig, All the hybridizing bands revealed by
the available 30 clones were used to develop a dissimilarity
matrix, from which a dendrogram was constructed.

This experiment confirmed that dipleoid species are
differentiated from tetraploid and hexaploid ones. Within the
diploids, all the examined accessions of T. monococcun and T.
boeoticum appeared to be closely related but separated from those
of T. urartu. This last species, as expected, turmed out to be
closer than T. moncgoccoum and T. boecticum to the polyploid wheat
gpecies.

C. Ceolcni, E. Porceddu, L. Ercoli, E. Iacemo, and Lan Qiang
(Univ. of Tuscia) and A. B. Damania
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1.4.4. Genetic structure of wild wheat populations in Syria
As a result of the collection mission to the scuthern provinces of
Syria {(see Section 1.2.1. of this Annual Report), six populations
of Triticum dicocccides and four populations of Triticum urartu

were sampled from eight sites where single heads were collected at
a distance of 15 - 20 m in transects 350 - 800 m long (Table 44).
Single heads, as well as 12 bulk peopulation samples of wild
Triticum spp., were studied for seed storage protein polymorphism
utilizing PAGE analysis of gliadins to estimate genetic diversity
in the natural populations. In addition, study of single heads
provided information on the spatial distribution pattemmn of the

Table 44, Number of single head samples of wild wheats collected
in southern Syria

Site No.
Species 2 3 4 5 7 8 14 16 Total
T. dicoccoides 75 - - 25 40 31 3¢ 25 226
T. urartu - 25 30 25 - - 30 - 110

diversity of the populations.

Initial results of the single head analyses showed remarkable
differences between populations of T. dicoccoides from different
habitats. large populaticns from the high plateau in the Jebel
Al-Arab area in the province of Sweida displayed very high overall
diversity of gliading, as well as variation over a short distance
on the transects through populations. Both single-band rutations
and recamoinations of entire gliadin blocks seemed to be involved
in generating new genetic diversity. The large extent of the
gliadin variation may indicate that these are old populations
(Figure 24).
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Figure 24. Gliadin variation in plants of the transect in the
high diverse T. dicoccoides populaticn No. 16 fram the province of
Sweida (single arrow represents single-band mutaticn in allelic
block Gli-32, l-double arrow represents reconbination of the
entire allelic block Gli-A2 with different Gli-B2 blocks, and 2-
double arrow represents recambination of entire allelic block Gli-
Bl with different Gli-Al blocks)

Howsver, the smaller T. dicoccoides populations, which were
found at the base of isclated wvalleys of the Anti-Iebanon
mountains in the vicinity of Zabadani, Damascus province, showed
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lower overall diversity. The lack of diversity and occcurrence of
only a few single-band mutaticons in some segmerits of the transects
indicated that these populaticns are prcbably of recent origin and
may have arisen from single “"founder" genctypes (Figure 25).

W*h_— ‘g—
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T.dicoccoides 33 |

Figure 25. Gliadin variation in plants of the transect in the low
diverse T. dicocgoides population No. 33 fram the Anti-Lebancn
mountains {gingle arrow represents single-band matation an allelic
block Gli-A2)
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The implications of these findings are impertant in deciding the
appropriate germplasm conservation strategy. It is practically
impossible to conserve for the extensive diversity of these large
populaticns from the Swelda region. An ex gitu collection should
ke complemented with an in situ (on site) conservation of the
populations in their original habitat to conserve the maximum
genetic diversity.

In ex situ preservation, the dynamic evolution of a population
gample is interrupted, but if appropriate in gitu conservation
strategies are adopted, in collaboration with the national
programs, the original populations can not only be safely
conserved, but the process of natural evolution iz permitted to
continue, perhaps resulting in further release of useful
variability.

J. Valkoun, A.B. Damania, and H. Altumji

1.4.5. Fhotothermal response in barley fram China, Algeria,
Egypt and Syria

As with other long-day annual cereals, the phenclogy of barley
depends on its zresponse to temperatwre and day length.
Photothermal characterization of landraces in  the barley
collection can, therefore, provide very useful infermation, since
the adaptation of germplasm teo different agro-ecological
conditions is closely related to crop phenology.

The cbiectives of the research were as follows:

a. Determine the parameters of the photothermal response,

L. Estimate the importance of these parameters for heading
time in Syria, and

c. Classify the germplasm according to the parameters of the
photothermal response.

Material for the study was selected from the recent
introductions from China and barley landraces cellected jointly by
ICARDA and NARS in Algeria, Egypt, and Syria. The choice of the
germplasm was based on the results of an preliminary evaluation in
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the field (GRU Armual 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 from
Egyotian landraces and 11 single head progenies developed from
landraces collected in Syria were included in the study.

The main experiment was planted at the ICARDA experimental faym
Tel Hadya, Syria in two plastic houses with different temperature
and day length regimes using both vemalized and non-vernalized
germinated seed. Treatments A and B were planted on November 5,
1991, in a plastic house with a temperature of 25°C, and treatments
C and D on Noverber 11, 1991, in ancther plastic house with a
divxmal temperature 25°C/15°C. Evaluation of heading time was
terminated by March 1, 199%2.

The experimental treatments were as follows:

Treatment A - vernalization 60 days; long-day diurnal
regime {16 hours of additicnal artificial
light, 8 hour dark],

Treatment B - as treatment A, but no vernalization,

Treatment C - vernalizaticn 60 days; natural, short-day
regime without extra light {(day length < 12
hours during the whole period), and

Treatment D - as treatment C, but no vernalization.

Cne row per accession (half-row vernalized and half-row non-
vernalized treatment) 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 length,
and number of tillers,

An additiconal experiment was planted in the field on November
19, 1991, with the same accessions in a non-replicated design,
with one row per accession.

The fellowing traits were evaluated: growth habit, frost damage,
days to heading, days to maturity, row type, kernel cover, and
yield/plot.

Data on days to heading of the Chinese landraces in 1990 were
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taken from the preliminary evaluaticn experiment of 1989/50,
For the analysis of the photothermal response the following
variables were used:
1. DRHELDV - earliness per se = days to heading in

treatment A,

2. DBHEID - days to heading in treatment B,

3. DRAHESDV - days to heading in treatment C,

4. DAHESD - days to heading in treatment D,

5. BA - vernalization response in days, computed as
BA=DAHEI D-DAHET [TV,

6. A - photoperiod response in days, computed as
(A= {DAHESDV-12 .4) -DAHELDV,

7. IC - ghort-day vernalization response in days,
computed as DC=DAHESD-DAHESDV,

8. [B ~ photoperiod response of non-vernalized plants

in days, computed as DR=(DAHESD-12.4) -DAHELD,
g. DRAHE1990 - days te heading in 1989/90 experiment, and
10. DAHE1992 - days to heading in 1991/92 experiment
The constant of 12.4 days was calculated and subtracted from the
values obtained in treatments C and D to compensate for the
difference in degree-days between the long-day wvs. short-day
treatments.

Although the relationship of some of the variables 1 to 8 to
parameters of the photothermal response and crop phenology is
ocbvicus, it 1s not so straightforward in the others. Therefore,
basic statistics, correlation and factor analysis were employed to
elucidate the relationship between the variables and the factors
involved. Only 127 accessions were included in the analysis,
gsince cases with wmissing data had to be excluded. These were
mostly accessions with very high vernalization and/or photoperiod
responses from the northeastern provinces of China (Hebei, Shanx,
Heilongjlang, Henan, and Shandong; .

As expected, mean values for variables 1 tc 4 (Table 45) showed
that vermalized plants grown under the long-day conditions headed
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earlier than in the other treatments, while plants in the short-
day, rnon-vernaiized treatment D headed latest. The delay in
heading time of non-vermalized 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 vermalization’.

Table 45. Basic statistics and factor analysis data for 127
barley accessions studied for photothermal respense

Variable® Mean Std.dev.Coammumality Factorl Factor2  Factor3

DAHELDV 54.3 6.6 0.935 ~0.149 ~0.144 0.945
DARELD 77.0 22.2 0.971 0.985 -0.075 0.185
DAHESDV 89.7 8.4 0.996 ~0.126 0.750 0.646
DAHESD 37.5 7.0 Cc.712 0.443 0.242 0.676
BA 22.7 22.6 0.992 0.951 -0.0321 -0.093
CA 23.1 7.4 C.976 ~0.009 ©.981 -0.115
DC 7.7 7.6 0.678 0.548 -0.608 -0.090
DB 8.1 20.1 0.861 ~0.913 0.167 0.030

a : For varisble abbreviations, seec text.

Simple correlations revealed close associations between the
variables DBHEID and BA and DB (r=0.96"" and -0.95", respectively) .
The former figure indicates that vernalization sensitivity is the
cnly factor involved in DAHEID, 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 time because of thelr photcperiod 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%, regpectively.

Data cbtained from the rotated factor matrix are presented in
Table 45, Bold mumbers indicate close associations of the

individual variables with the factors. Factor 1 is linked to
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vernalization response, as indicated by the strong associations
with DAHEID and BA. The very high value of CA for factor 2
implies that photoperiod response is a major component of that
factor. Factor 3 is closely associated with DBHEIDV, 1.e.,
treatment A, in which the effect of vernalization and photoperiod
were excluded and the heading time resulted from the response to
a sun of the effective dally temperartures (degree-days). This
response 1s called earliness per se or earliness in the narrow
sense and, as the data show, the wvariable DARHEIDV is the best
indicator of that response. The wvariasble IC, which can be
interpreted as vernalization response under ghort-days, was
relatad somewhat wore to factor 2 than factor 1 (Table 45, Figure
26). This implies that vernalization response in the short-day
treatment is substantially affected by photoperiod.

Figure 26. Factor-loadings plot of the variables of photothermal
reaction®

6 Symbol Variable” Coordinates
1 DAHFLDV -.14% -.144
3 2 DAHETD .965 -.075
3 DAHESDV -.126 L7511
4 DAHESD .443 241
5 BA .991 -.031
& CA -.009 .981
4 7 DC .548 -.608
8 8 LB -.913 .166
25
1

a : Factor 1 1s horizontal and factor 2 ig wvertical axis,
respectively.
b : For variable skpbreviaticns, please see text.
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The relationships between the variables of photothermal response
is shown in Figure 26, where the variables are plotted using
factor 1 and 2 after an orthogonal (varimax] rotation of the two
factors.

A set of 93 Chinese accessions, in which 1990 and 1991 data on
days to heading in Tel Hadya in the field were available, was
subjected to stepwise regression analysis to determine the
relationships between parameters of the photothermal response and
heading time in the field. When variables assoclated with a
single factor (DAHEILV, BA, and CA) were included in the analyses,
the following regression equations and coefficients of
determination were cbtained:

DAHE1990= 78.5 + 0.571 DAHEIDV + 0.433CA R*=0,377
DAHE1992=122_.9 + (.335 DAHEIIWV + 0.291CA R=0.402

These equations indicate that in both vears earliness per se
and photopericd sensitivity determined heading dates in the field.
The planting date in 1990 was 26 days later than that in 1591.
When this pericd of time is subtracted from the 1591 constant, the
new valus, 96.9 days, becores similar te the 1990 constant and the
difference can ke explained by the later onset of hicher
temperatures in the spring. Although the variable BA was included
in the analyses, it did not appear in the eguations and this
suggests that vermalization response had little effect on heading
time. The period of low winter temperatures was, therefore,
sufficient for vernalizaticn of the sensitive genotypes.

When all variables, including those with the compound effect
(DAHFID, DAHESDV, DAHESD, DB, and DO}, were included in the
computations, DAHFSDV remained in the equations as a single
variable showing almost the same coefficients of determinations as
in the previous analysis:

DAHE1990C = 76.2 + 0.482 DAHESDV R

CAHE1291 = 120.2 + 0.307 DRHESDV R?
Consequently, DAHESDV, a variable asscciated relatively closely

0.366
0.392

with both factor 2 (photcperiod response; and factor 3 (earliness
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per se, see Table 45), 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 photothermal response, The
variables DAHELDV, BA and CA, which were the most closely
associated with the factors related to plant phenclogy, i.e.,
earliness per 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 photothermal response. The
mean values for accessions in the clusters and their three-digit
formuilae are given in the Table 46. The formulae were derived
from the mean values transformed to a rumerical scale, in which 1
was low, 2 medium, and 3 high response. The first digit in the
formula cerresponds to the value for earliness per se, the second
and the third indicate vermalization and photopericd response,
respectively.

Table 46. Cluster characteristics - mean wvalues (days) and
cluster formulas

Cluster No.acces.  DRHELDV® BA® cas Formula®
1 10 54 29 26 122
2 7 56 -1 37 213
3 42 51 5 26 112
4 5 Ll 57 37 133
5 4 50 38 38 123
6 20 52 48 26 132
7 G 75 0 12 311
8 17 62 3 20 212
9 18 51 57 18 132

10 6 49 5 g 111

11 1 61 45 -4 231

1z 2] 64 39 20 322

a : For variable abtbreviations, see text.
b : For explanation, see text.

Data in Table 46 show large diversity for phetothermal charact-
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eristics and their combinations. Earliness per se ranged from 49
days in cluster 10 to 75 in cluster 7. Response to vernalization
extended from complete insensitivity or negligible sensitivity in
clusters 2, 3, 7, 8, and 10 {'spring’ barley}, to medium (clusters
1, 5, and 12} and high sensitivity in clusters 4, 6, 9, and 11.
The latter can be considered true ‘winter’ types. Congiderable
variaticn was also found in the photoperiod response, ranging from
insengitivity or low gensitivity {clusters 7, 10, and 11) to high
sensitivity in clusters 2, 4, and 5. Clusters with medium photo-
period sensitivity had the highest frequencies.

Relationships between the clusters is shown in Figure 27, which
wag drawn using the squared Euclidean distances. Cluster 11 stood
apart and included only one accession of photopericd-insensitive
winter barley. The cther clusters were distributed intc two large
groups: vernalization-insensitive (spring barley) and medium to
high vernalization-sensitive barley. Clusters pairs 6-9 and 3-8
digplay high similarity.

The distribution of accessicns of different gecgraphical
origins in the clusters is presented in Table 47.

Chinese germplasm displayed high diversity in photothermal
response and is represented in all the clusters (Table 47),
however, only one accession occurred in cluster 12, which is
otherwise mostly formed by Algerian germplasm. Medium response to
photoperiod was characteristic for all accessions from WANA (West
Asia and North Africa}l countries, with the exception of one Syrian
accession originating from a high-rainfall coastal region.
Chinese germplasm was, however, very diverse in the photoperiod
regponse, 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 for phenclogy manipulations in breeding programs
for different target environments.

Fgyptian barley showed low diversity for the photothermal
characteristics, since clusters 3 and 8 are similar, differing

only somewhat in earliness per se. Algerian and Syrian bariey
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Rescaled digtance cluster combine

— O

4 8 12 26 20 24 28
Cluster® | I I 'r I I } I

10

lHUHJILEJ

11
a : Cluster numbers explained in text.

Figure 27. Dendrogram for 12 clusters of the photothermal
respcnse in barley

landraces were more variable, with differences hetween and within
landraces.

Data on photothermal response of single-head progenies from
Algeria and Syria are presented in Table 48. Although the other
photothermal  characteristics showed sore  within-population
variation, the highest diversity was found in the vernalization
regpense, e.d., in Algerian landrace 48 and Syrian landraces 4 and
6. In spite of the low effect of the vernalization response on
the heading time in the semi-arid regions of Syria, this factor
may be important for limiting frost damage in cold winters that
occur frequently in central Syria where the two populations were
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Table 48. Earliness per se (DAHELIV), wvernalizaticom (BA), and
photoperiod (CA) respomse in single-head progemies derived from
Algerian and Syrian landraces

Original
SH Progeny Population Country DBHELDY® BA* CA* Clusgter

DZ-1-13 1 Algeria 60 9 20 8
DZ-1-1% 1 Algeria 60 3 22 8
DZ-21-56 21 Algeria 62 7 22 8
DZ-38-2 38 Algeria 64 5 17 8
DZ-38-8 38 Algeria 58 11 24 3
DZ-40-54 40 Algeria 66 42 19 12
DZ-40-66 40 Algeria 63 36 22 12
DZ-40-129 40 Algeria 66 45 15 1z
D7-48-183 48 Migeria 5% 49 23 5
DZ-48-219 48 Algeria 60 37 25 12
DZ-48-225 48 Algeria 50 50 26 6
DZ-48-232 48 Algeria 59 11 23 3
BM-1-20 1 Syria 53 30 23 1
BM-1-51 1 Syria 54 28 22 1
BM-4-4 4 Syria 54 57 23 9
EM-4-70 4 Syria 55 31 25 1
BM-4-81 4 Syria 57 30 23 1
BM-6-36 6 Syria 62 44 20 12
BM-6-56 6 Syria 55 14 27 3
BM-6-115 6 Syria 58 48 23 6
EM-9-1 9 Syria 72 o 15 7

a : For variable abbreviations and explanation, see text.

collected.

The small number of landraces and their single-head progenies
analyzed does not allow definite conclusions con the structure of
the populations. Nevertheless, these preliminary results indicate
that considerable genetic diversity in the photothermal response
is maintained within the landrace populations, providing them with
a buffering capacity against adverse effects of a highly variable
and stressful environment in the WANA region.

J. Valkoun and M. Tahir (CP)
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1.4.8, Taxcnanic study of Aegilops

In the frame work of the taxonomic revision of pegilops and the
wild species of Triticum, the herbaria of the following
institutions were visited, partly in conjunction with collection
miggions (rumber of inspected herbarium sheets in parenthesis) :
Istituto ed Orto Betanico, University of Bologna (54), Bologna,
Italy; Museo Botanico, University of Firenze (483), Florence,
Italy; Istituto Botanico Hanbury ed Orto Botanice {69), University
of Genova, CGenova, Italy; Dipartemento di Scienze Botaniche (187),
University of Pisa, Pisa, Italy; Dipartemento di Biclogia Vegetale
{(270), University of Torine Torine, Italy; Département de Biologie
Végétale (1063}, University Claude Bernard at Lyon, France;
Tnstitut de Botanique (1023), Montpellier, France; Conservatoire
et Jardin Botanigques de la ville de Gendve (1349},
Chambésy/Gendve, Switzerland; Department of Plant Taxonomy and
Geocgraphy (336), Institute of Botany of the Academy of Sciences of
Armenia, Yerevan, Armenia; Botany Department (54), Armenian
Institute of Agriculture, Yerevan, Armenia; and Biology Department
(104), American University of Beirut, Beirut, Lebanon.

The herbaria in France, Italy, and Switzerland were studied
during a mission in June, 1992, aiwed at solving many remaining
typification problems in the framework of the taxcnomic revision
of ilops. Invaluable help was received from Dr E. Gandilian-
Nazarova in Yerevan, Armenia, who translated all the Cyrillic-
written labels of the Armenian institutes intc English.

During herbarium and literature studies in the Netherlands and
the U.K., additional material was examined from the herbaria of
Barcelona (166), Berlin (10}, Coimbra {(48), Edinburgh (500), Kew
(323), Lund (757), Prague (148), and Tobingen (82). Material
studied in the Netherlands was received on lcan by the Taboratory
for Plant Taxonomy of the Agricultural University at Wageningen.

The database on herbarium specimens of wild wheats now includes
around 19000 entries from 61 herbaria. The database will be
converted into a D-base file, enabling rapid sorting by attribute,

which will include: genus, species and variely names, country,
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province (in most cases), locatlon, collectors, and coded
herbarium abbreviations following the Index Herbariorum, edition
8 (Holmgren et al., 1990}. -Herbarium samples made in conjunction
with ICARDA missions are linked to the germplasm database and will
thus, provide much more data cn kiotic and abiotic factors.

As & result of this work, the go-called "special® or "taxonomic!
part of the revision was completed during 1992. The special part
camprises the nomenclature, description, distribution, ecology,
altitudinal distribution, flowering and fruiting time, genome
type, vernacular names (if any)}, notes (if any}, and a selection
of examined specimens of the 22 species and five varieties
recognized in the revision. A preliminary exarple of the
presentation of a species in the special part is shown in the GRU
Anmial Report for 1591, pp. 107-111. The so-called "general" part
will be added, consisting of chapters on, amcnigst others, history,
morphology, phylogeny, ecology, distribution, and relationships
with other genera in the Triticeae tribe.

Many new data on the distribution of the accepted taxa have now
been compiled, both relating to herbarium gpecimens and germplasm
accessions. The international symposium on "Evaluation and
utilization of biodiversity in wild relatives and primitive forms
for wheat inprovament", held at ICARDA 12-15 Octcber, 1992,
offered the opportunity to present some noteg cn the distribution
patterns of important secticns of the gemig Aegilops L., viz. the
section Sitopsie Jaub. & Spach, conprising the S-gencme species,
and the sections Monoleptatera Eig and Pachystachys Eig,
comprising the D-genome species. These secticons are chosen for
their close relation with cultivated wheat: cne {maybe several) of
the species of the Sitopsis contributed the B-genome, and Ae.
tauschii Coss. {common synonym: Ae. squarrcsa L.) contributed the
D-gencie to bread wheat .

The B-gencme species show syrpatric growth in parts of Palestine
and Jordan, mainly due to the presence of Regilops longissima,
seargii, and sharonengis in this region. For the distribution of

2e. gpeltoides, this regicn is at the southwesternmost extreme,
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Sympatric distrubution of D-gencme species of

1i

Figure 28.
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being mainly represented along the Fertile Cresent and in most
partg of Turkey. However, for the domestication of emmer wheat,
the western arc of the Fertile Crescent seems the most likely
place.

The sympatric growth of the D-genome species {(Ae. rauechii,
cyiindrica, crassa, Jjuvenalig, vavilovii, and ventricoga) is more
complicated, as is shown in Figure 28. The central part of the

Fertile Cresent is again the region with the greatest diversity
for these species, with additional sympatric growth in the Kopet

Dag mountains of Turkmenia, and in wountainous regions in
Uzhekistan and Tadzhikistan. Only one species, ventricosa, occurs
mainly west of the Fertile Cresent, while the cthers have spread
to the north and east of this major area of diversity of the
germs. 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-XKavir and the Dasht-e-Luz} and by western
Afghanistan. This does not mean, however, that the most likely
gspecies, crassa and tauschii, do not cccur there, but rather that

nobody crossed this region to search for them. In general, D-
genome specieg are found at higher latitudes and altitudes, and
may show better adaptation to cold than most species of Aegilops.

Table 49. Summary of disgtribution of Aegilops and Amblyopyrum
species

Species Takhtajan (1985} term Notes
Aegilops
bicornis Mediterranean slement ({both varieties)

Confined to coastal
areas of Libva, Egypt.
Palestine; rarely more
inland. Uncommon.
biungialis Mediterranean / Western Mainly Aegean, also
Asiatic element Turkey, Cyprus,

western arc of FC' and
Transcaucasia. Locally
abundant.
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Table 49. (continued)

Species Takhtajan (1986) term Notes

caudata Mediterranean element Greece, Turkey;
scattered but in most
parts of FC. Locally
abundant.

Comosa Mediterranean element {(both varieties) Mainly
Greece . Turkish
locations probabkly all
histeorical. Var. comosa
new for Cyprus.
Uncommor .

columnaris Mediterranean / Western Westward to Crete;rare

Agiatic element in Iran; mainly in
Turkey and western arc
of FC, but scattered in
eastern part as well.
Uncommorn .
grassa Western Asiatic element Throughout, but mainly

cylindrica

juvenalis

kotschyi

longissima

neqlecta

Mediterranean / Western
Asiatic / Circumboreal
element

Western Asiatic element

Mediteranean / Western
Aslatic element

Mediterranean element

Mediterranean / Western
Asiatic / Circumboreal
elemant

northern part of FC;
well presented in
Central Asia up to Tian
Shan mountain ranges.
Occasicnally in steppe
(S3yria, W Iraq).
Locally common.
Widespread, with
tendency to weed
behaviour. Adventive in
Eurcpe and USA. Mainly
at higher latitudes.
Common throughout, but
rare in W part of FC.
Mainly Armeno-Iranian,
Turanian and
Turkestanianprovinces.
Scattered in N part of
FC. Rare.

Coastal Libya, Egypt.
Throughout FC but
mainly western  arc.
Scattered in Central
Asgia, eastern arc of
FC, Kuwait and E Saudi
Arabia. Locally common.

Coastal Egypt,
Palestine; rare in
Jordan. Limited
distribution and

uncemmon to rare.
Widespread in S Europe,
westward to Portugal;
rare 1in western North
Africa; scattered
throughout FC; eastward
to W Turkmenia. Lecally
abundant.
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Table 49. (continued)

Species

Takhtajan (1986) term

Notes

ovata

peragrina

seargii

sharonensis

speltoides

tauschii

triuncialis

umbellulata

yniaristata

vavilovii

ventriccosa

Mediterranean / Western
Agiatic / Circumboreal
element

Mediterranean element

Mediterranean element

Mediterranean element

Western Asiatic element

Western Agiatic element

Mediterranean / Western
Asiatic / Circumboreal
element

Mediterranean / Western
Asiatic element

Mediterransan element

Western Asiatic element

Mediterranean /
Circumboreal element

Throughout scuthern
Europe and North Africa
(more rarely in the
eastern parts}); only
western arc of FC.
Adventive in central
and northwestern
Eurcpe, Common.

(both varieties) Mainly
western part of FC and
locally common. Rare in
Greece, Egypt, Turkey.
Both vars. adventive in
Moroceo.

Limited to Palestine,
Syria, Jordan, Lebanomn.
Uncommen.

Endemic in Sharon
plain, Palestine, and S

Lebanon. Locally
commor .
{both varieties)

Widespread in but

mainly limited to
entire FC. Locally
common .

Almost exclusively east
of 40° 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.
Turkey, 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).
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A sumwmary of the distribution areas of all 2Zegilops and
Amblyopyrum species is presented in Table 49, together with a
general characterization in the teminolcegy of Takhtajan's (1986)
Floristic Regions of the World.

M. van Slageren

1.4.7. Relationships among wild Lens species and genetic
diversity within Lens species

Stepwise discriminant analysis was run with the quantitative
descriptors for the four wild Lens species evaluated in Section
1.1.12 and DFLR, DAP, DDFLR, DDAP, PTHT, PWX, PWY, LFTL LFIW, LFL,
IPP, 1AP, and LFL were selected for further analysis. Discrim-
inant analysis was run usirng canonical functions of the 13
descriptors selected above and the three canonical functions were
found significant by Wilks lamda.

Cverall, 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
gignificant) from the above discriminant analysis indicated that
L. orientalis and L. odemensis were the most closely related
species, with this set related to L. nigricans (Figure 29). L.
ervoides was very distinct from the other wild Lens species. Most

cther researchers have found similar results using isozyme, RFLP

Rescaled Distance Cluster Combine
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ervoideg

Figure 289. Dendrogram cof Lens species based on cancmical
discriminant function centroids developed fram gquantitative
descriptors
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and DA analysis, with the exception of ths interchange of
nigricans and L. ervpides. However, in a recent paper Rosa and
Jouve (1992) have found the same relationghips among wild Lens
species, including the positons of L. nigricans and L. ervoides
with 11 polymorphic isozyme loci uging 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 Combine

Lens species | ] t | i ]

orientalis

.
nigricans |
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Figure 30. Dendrogram of Leng species based on frequencies for
qualitative descriptors

exception that L. nigricans and L. odemensig were interchanged and
L. odemensis was closer to L. ervoides. The phylogeny tree
developed by cluster analysis from eight isozyme loci {Figure 31)
was very similar to the results from quantitative descriptors

Regcaled Distance Cluster Combine

Lens species A 1 1 i ! ;i

orientalis

-
odemensis .

nigricans

ervoides

Figure 31. Dendrogram of Lens species baged on frequencies for
eight isozyme loci
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{Figure 29}, with the only change being that L. nigricans moved
closer to L. ervoides.

The results from Figures 2%-31 suggest that the species L.
corientalis and L. odemensis are the closest related wild Leng
gpecies and that L. nigricang is fairly closely related to this
cluster, with L. ervoides set aside from the other three wild
gpecies. The results of others with isozymes and DNA techniques
are similar, except for the interchange of L. nigricang and L.
ervoides.

For L. orientalis, the 12¢ accessiong with geographical origin
information were clustered according to five  regions
(EturNEsyr=eastern Turkey and ncortheasterm Syria, 15 accessions;
SturNWsyr=southern Turkey and northwestern Syria, 74 accesgions;
Ssyr=gouthern Syria, 18 accessions; Ntur=northern Turkey, 8
accegaions; Wtur=western Turkey, 11 accessions) .

Using canonical discriminant function centroids developed from
the quantitative descriptors (three significant) heirarchical
cluster analysis revealed that the most closely related regions
were the northern part of Syria and scutheastern Turkey (Figure
32). Southern Syria was fairly closely related to this cluster,

Rescaled Distance Cluster Corbine
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Figure 32, Dendrogram of five sub-regioms (*see text for
descripticn) for Lens orientalis developed based on cancmical
function centroide developed fram discriminant analysis of
quantitative descriptors
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however, northern and western Turkey formed a closely 1inked
cluster that was not related to the other three regions. The
resulte from using the eight isczyme loci were gsimilar for the
cluster for the northern Syria and southeastern Turkey cluster
(Figure 33). However, northern Turkey stood by itself and western
Turkey and southern Syria formed a tightly linked cluster that was
linked with the cluster for northern Syria and scutheastern
Turkey.

Rescaled Distance Cluster Combine

a 5 10 15 20 25
Region’ | | | | |
Weur :|
Ssyr
EcurNEsyr ——
SturlWsyr ——
Ntur

Figure 33. Dendrogram of five sub-regions (*see text for
description) for Lens orientalis developed baged on eight isozyme
descriptors

Overall, thers seems to be a relationship of isozyme and
quantitative descriptor information to geographical region of
origin. The area of southeasstern Turkey and northern Syria forms
a tightly linked group, with scuthermn Syria fairly closely linked
with this cluster, based on both quantitative and Iisozyme
degcriptors and northern Turkey is quite distinct from this group.

Data from eight isczyme loci were used to calculate genetic
diversity for the four wild species of Lens based on the Shanncn
Weaver Information index and Nei’s heterczygosity index (Table
50}. These diversity measures indicate that the most genetic
diversity was with L. orientalis, follcwed by L. nigricens and L.

cdemensis, with the least diversity for L. exrvoides. L. orient-
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Table 50. Genetic diversity of the four Lens species as measured
by eight isozyme loci using the Nei’s heterozygosity index (H,) and
the Shammon-Weaver Informatiom index (H)

Species (H.;)*
orientalis odemensie nigricans ervoides

Locus n=142 n=30 n=90 n=33
PGI-1 0.042 0.145 0.800 0.000
PGI-2 0.128 0.000 0.000 ¢.000
PED-1 0.807 0.145 0.061 0.363
BGD-2 0.042 0.451 0.000 0.000
ACP 0.185 0.245 0.241 0.590
ME-1 0.147 0.145 0.106 0.590
ME-2 1.338 0.271 0.226 0.698
ART-4 0.629 0.000 0.241 0.000
H 0.415 0.225 0.109 0.280
H, 0.214 0,112 Q0,046 0.139
a : H.; is H on a per locus basis.

alig showed at least 50% higher diversity than the other species,

The accessions for L. crientalis were subdivided into the five
sub-regicns 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 lowest diversity was for socuthern
Syria.

The loci with the highest genetic diversity and polymorphism
were the PGD-1, ACP, ME-1, and ME-2 loci. These showed genetic
diversity for all four species (Table 50). However, PGI-2 showed
diversity for only one species and the other loci showed diversity
for only two species. For Lens orientalis , PGD-1 and ME-2 showed
the highest diversity.

M. Ferguscn and L.D. Robertson
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Table 51. Genetic diversity for five geographical regions for L.
crientalis as measured by eight isczyme loci using the Nei‘s
heterozygosity index (H,) and the Shanncn-Weaver Information index
(1)

Regian (H,.,)
Etur/ Stur/
Ntur Wtur NEsyr Ssyr NWsyr
Locus n=7 n=11 n=13 n=18 n=65
PGI-1 0.410 0.000 0.000 C.000 0.000
PGI-2 0.683 0.000 0.000 C.0C0o 0.000
PED-1 0.95¢ 0.586 0.688 0.591 0.673
PGED-2 0.000 0.000 C.000 0.216 0.000
ACP 0.000 0.001 ¢.0c0 0.000 0.157
ME-1 0.000 0.000 c.271 0.000C 0.216
ME-2 0.599 0.760 1.672 0.636 1.367
AAT-4 ¢.0c0o 0.305 0.271 0.000 0.76%
H 0.331 0.282 0.363 ¢.180 0.398
H, 0.214 0.163 0.182 C.119 0.217
a : H,, is Hon a per locus basis.
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1.5. Doarmentation of genetic resamrces

Documentation of a sanple in a genebank starts at the receipt of
material and continues throughout its life span. The initial data
ol samples entering the germplasm collections (usually passport
data oaly! is gradually expanded following characterization and
evaluation work done by curators and cooperators. 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
Documnentation Secticn of GRU routinely handles the data for newly
acquired material, the data from cwrrent experiments, and seed
stock control information.

The GRU's docurentation system was significantly altered in
1991 after acqguisition of Personal Computers (see GRU Annual
Report of 1991}). 1In 1992 the software was further ‘tuned’ to
increase flexibility and performance of data handling. In
particular, functions related to seed stock control, label
generation, export of data to different packages, etc. were
implemented. The main emphasis, however, was placed on perusal of
existing data for inaccuracies, inconsistences and gaps.

The collection data concerning germplasm acquired during ICARDA
missions in 15 years were verified. The summaries of missions
{gpecies collected, Sites  visited, and collectors and
organizations involved with missions) are being compiled for
publication in 1993; detailed data will be available through a
gpecialized database. In order tc take advantage of map
preparaticn software, the latitude- longitude cocrdinates of sites
were estimated, when needed, by referring to locality detaills and
consiltation of maps.

The passport data of material donated te ICARDA ccllections
were alsc examined and compared with records from denors. Due to
GRU inwvolvement in the establishment of a barley core collection,
pricrity was assigned to improvement of documentation for barley.
ICARDA’ s data base was compared with data obtained from the Small
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Grains Collection of USDA (donor of more than 12000 accessicn), as
well as the database established by the European Cocperative
Program for Plant Genetic Resources (ECP/GR). The exercise proved
to be very useful. For instance, the origin of approximately 3500
accessions was clarified, missing collection nunbers and site
details were cbhtained, etc. BExperience gained during linking the
databases will certainly be useful for production of a regional
database for barley.

Speedy transfer of data cbtained during evaluation of samples
in the field or in the laboratory to cowputer files, which can be
subsequently processed, 1s of paramount importance in research.
Traditionaly, the experimental data are written in field books or
forms and than typed in into the data files. This is a tedious,
error prone, and time consuming process. In 1992 GRU introduced
"PSION Organizer II" datalogers to facilitate and significantly
reduce the time of data entry. Necesgary software wag developed.
The devices were used in the labg and field testing will take
place in 19593,

Germplasm collections maintained by GRU are being duplicated in
base collections in other organizations. Full documentation of
samples 1s always sent along with seeds. In addition, an
"Agreement on Safety Duplication of ICARDA's Genetic Rescurces
Data at IBPGR" has been developed and databases of all crops were
duplicated in 1992. According to the above agreement, the data

sets will be replaced anmmually.
J. Konopka and A. Antypas
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1.6. Germpslasm menagerent

1.6.1 Viability testing of cereal germplasm

Monitoring germplasm viability is an on-going activity at the
Genetic Resource Unit since 1930. p te date, 50% (10123
accessions) of barley germplasm accessions have been 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 laboratory on seeds stored in the medium-term
store (active collection).

Results of viability testing indicate that 91% of the tested
accessions had a high viability percentage (»90%) and a total of
9665 accessions, which represents 95.5% of the tested barley,
showed good germination (>80%). The remaining 4.5% of the
accesgions will be rejuvenated due to insufficient viability.

For durum wheat germplasm, results of wviabllity testing
indicated that 83% of the tested accessions (7486) had a high
viability percentage (»30%) and a total of 6686 accessions, which
represents 89.3% of the tested durum accessions, showed good
germinaticn (»80%). These results include 2839 viability tests
corducted in the seascn 1991/92. The remaining 10.7% of the
tested accessiong will be rejuvenated due to insufficient
viability.

B. Humeid and GRU staff

1.6.2. Moni toring viability for rejuvenated germplasm

All germplasm materials which showed low viability during
germination tests in 19%0/91, and which were planted for
rejuvenation in the 1991/92 season, were retested for viability
after harvest. In total, fresh seed of 1237 accessions (539
barley and &38 durum wheat) had been retested for viability and
gtored in the medium-term store (active collection) .

B. Huneid and GRU staff
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1.6.3 Cleaning gene bank accessiong froam seed-borne viruses

Cleaning gene bank accessions from seed-borne wviruses was
conducted in two different directions. Seeds stored in the gene
bank were tested and accessions being multiplied were tested and
infected plants were eliminated to permit harvest only of clean
seeds.

Seeds of 900 barley accessions and 400 lentil accessions from
the gene bank were tested and around 10% of the accessions were
found to contain seed-borne infections. Healthy accessions will
be stored in the gene bank and infected ones are destined for
cleaning during the next grown season.

K. Makkouk and W. Radwan
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2. SEED HEALTH ACTIVITIES

The major activity of the ICARDA Seed Health laboratory (SHL) in
the 1991/92 seascn wasg to ensure freedom of Iincoming/outgoing
genetical materials from seed-borme pathogens/pests. The SHL was
also active in training of naticnal scientists in seed health

testing.
2.1 Activities an incoming seeds

During the 1991/92 season the SHL received 110 seed consignments
from cooperators of 33 countries, after being released from the
Syrian Quarantine Buthority. In order to prevent introduction of
exotic insects to Tel Hadya station, all incoming seeds were
immediately fumigated with phostoxin {(aluminum phosphide) or
treated at -18 “°C for 7 days before the consignment was cpened.

2.1.1 Laboratory testing and treatment
aAfter registraticn, seeds were inspected visually for disease
symptoms  (discoloration, bunt balls, and nematode 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 about 43% more than the

previcus season.

Special attention was given to pathogens which de not ocour in
Syria (Tilletia indica, and T. contraversa) and to pathogens which
are known to occur 1in Syria, but where there 1s risk of

introducing new races [Urocystls agropyri on wheat, Aocochyta

rabieil and Fusarium oxysporum f.gp. ciceri on chickpea, Ustilago

spp. on wheat and barley, T. caries and T. foetida on wheat, and

Zanthomonas transluceng on cereals) . The detectezd pathogens

during this season were similar to that of the previcus sesason.
Many bread wheat lines (2774) were found contaminated with the

arantine pathogengs T. Indica, T. contraversa, and U. agro i
qu P Yo agropyrl,
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and were subsequently destroved (Table 52) . Legume seeds received
were only sporadicly contaminated by one on more of the pathogens
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 inspecticn

In order to detect any exotic pathogen that was not evident at the
time of seed inspection at the SHL, so as to protect ICARDA
germplasm from infection, and as per center policy, all imported
seeds proved free of quarantine pathogens were planted at the
Pogl-entry Quarantine Area for one generation. 1In the 1%91/92
cycle, about 18 ha were planted to imported seeds. The field
inspecticns were carried out two times for all plcots and revealed
one quarantine pathogen (U. agropyri). Infected plarts were
rogued arnd burned.

2.2. Activities on Seed Dispatched Intermationally

In the 1991/92 seascn, 440 total consignments of internaticnal
nurseries (210} and specific tralt germplasm  (230)  were
distributed from ICARDA, accompanied by phytosanitary certificates
and certificates of origin to cooperators in 81 countries. This
represented about on 18% decrease in seed dispatch compared to the

previous seasorn.

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-borme diseases were found during field
ingpection and whenever special declaration was requested by the
recipient to indicate the absence of a specific pathogen. Sanples
infected with U. agropyri were discarded from shipment.
Information on number of tested and infected lines and detected
pathogens are sunmarized in Table 54. The total number of tested
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lines decreased by sbout 3% compared to the previous season. All
outgoing seeds are treated with fungicides / insecticides, unless

specific request iz made by the consignee.

2.2.2 Field inspection

Field inspection was carried out two times during the season at
appropriate growth stages. It covered sbout 145 ha of seed
increases / multiplication plots of different crops destined for
internaticnal dispatch. The occwrrence of flag smut in these
plots was low during the season, but the rnumber of contaminated
fields was higher (4 fields compared to 1 field in the previcus
season) . Barley stripe mosaic virus was frequent in some barley
plots. Several potential seed-borme pathogens were inspected
durirgy the season. They were: Fusarium oxysporum, Pyrenophora

araminea, Ehynchosporium secalig, T. carieg and/or T. foetida,

Ustilagon uda, U. tritici, broad bean stain virus, and Orcbanche
spp. Infected or even suspected plants were rogued and burned.
A. El-Ahmed and 5. Asaad
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3. VIROLOGY LABORATORY

The virclogy laboratory continued this year to be imvolved in &
wide range of research and service activities. The interaction
with national programs of the region was intensified further,
through joint surveys and receivirg colleagues from different WANA
countries, who spent varied periods of time from a few weeks to a
few months, receiving training in new techniques for sensitive

virus detection in seeds or leaves of infected plants.

3.1. Legure viruses

3.1.1. Survey of virus diseases

3.1.1.1. Faba bean necrotic yellows virus

Faba bean necrotic yellows virus (FBNYV) is a newly characterized
virus with small isometric particles arcund 18 nm in diameter,
with a single stranded DNA and iz persistently transmitted by
aphids. This virus, confused for some time with bean leaf roll
virus, proved to be very damaging to faba bean and other lequmes.
Because of its potential importance in the WANA 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, Lekanon, Syria, and Turkey
(Table 55). There was a good indication that this virus was
epidemic in Egypt and an intensive swrvey for this virus in Egypt
is planned for 1993.

K.M. Makkouk and 5.G. FKumnari

3.1.1.2. Luteoviruses

In the past, the belief was that bean leaf roll virus ig the most
common luteovirus in cool season legumes. Testing samples over
the last few years has shown some serological variability among
the samples identified as bean leaf roll virus on the basis of
symetams.  Using three polyclanal antisera for three distinct luteovirueses;
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Table 55. Serolcgical (ELISA) detection of faba bean necrotic
yvellows virus (FENYV) in legume samples with symptoms suggestive
of virus infection collected from different coumtries of West Asia
and North Africa during 1990-1992

Number of plants infected with FENYV
/Total mmber of plants tested

Forage
Country Faba bean Lentil Chickpea legumes
Algeria 0/2 8/43 1/1 -
Egypt 16/56 9/25 4/22 13/34*
Ethicpia 2/5 - - -
Jordan 8/18 - - -
Lebancn 4/17 14/35 4/47 -
Libya 0/47 0/6 - -
Sudan 0/5 - - -
Syria 99/229 152/308 79/185 19/27°
Turisia 0/23 - - -
Turkey 17/34 20/75 98/143 -
Total 145 /436 203 /493 186/398 32/61
a : Clover samples.
b : Forage legumes were Medicago, Melilotus, Trifelium, and

Vicia.

bean leaf roll virus (BIRV), best western yellows virus (BWYV) and
a newly identified luteovirus at ICRISAT, chickpea luteovirus
(CPLV) , showed that in Iebanon, Syria, and Turkey there is more
than one luteovirus affecting chickpea, faba bean, and lentil
{Table 56). Such information has consequences on screening for
virvg resistance in these crops.

K.M. Makkouk and S.G. Kumari

3.1.1.3. Lentil seed-borme viruses in Syria
Lentil fields in northern, southermn, central, and ncrtheastern
regions of Syria were surveyed during 1990-1%92 to determine the

presence of the two lentil seed-borme viruses, pea seed-borne
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Table 56. Viruses in chickpea, faba bean, and lemtil samples with
virus-like symptoms collected from Lebancn, Syria, and Turkey
during May of 1992. Identification was based on serclegical
reacticn (ELISA)

No. of
Country plants No. of plants found positive to
Crop tested BWYV CPLV BLRV
Lebancn
Cnickpea 47 1 5 1
Faca bDean 17 0 0 3
Lertil 35 2 8 o
Syria
Chickpea 152 53 35 43
Faba bean 20 2 8 9
Tentil %] 8 5 0
Turkey
Chickpea 143 20 20 17
Faba bean 34 2 5 o
lentil 75 5 3 2
Total
Chickpes 34z T4 61 61
Faba bean 71 4 13 12
Tentil 180 16 16 2

mosaic (PShMV) and broad bean stain (BBSV) viruses. A total of
104 fields were surveyed and 200 lentil seedlings, soon after
emergence, were collected from each field. Serclogical (ELISA)
tests revealed the presence of PSHMV in 1% of the samples
collected from the scuthern region only, whereas BBSV was detected
in 0.21, 0.19, 0.26, and 3.35% of the samples collected from the
above mentioned four regions, respectively.

K.M. Makkouk and S.G. FKumari

3.1.2. Yield loss and seed-transmission rates in lentils.
The yield of 20 lentil genctypes was evaluated after artificial

inoculation with PSHMV. Losses due to infection varied between 3%
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in 'Red Chief’ and 61% in *ILL €245'. Variability in PSHMV seed-
trangmission rates was alsc evaluated for the same lentil
genotypes and seed transmission rates varied between 0.0 and 1.7%.
It is worth noting that the two gernctypes 'Palouse’ and 'Red
Chief’, which had the least yield less due to PSEMV infection,

alsc had extremely low seed-transmission rates (Table 57).

Table 57. Reaction of twenty lentil genotypes after artificial
inoculation with pea seed-borne mosaic virus (PSEMV) during the
growing seascn 1921-1952

Estimated
Percent seed
Yield tran=mission

No. Genctype Crigin Pedigree loss rate (%)
1. TLL 4400 Syria Syrian Local 33 1.3
2. ILL 4401 Syria Syrian Local 37 0.0
3, ILL 5582 Jordan 785 26002 24 0.0
4. ILL 5G88 Jordan 785 26013 a9 1.5
5. ILL 56%% ICARDA PFLIP84-27L 38 0.0
6. ILL 5700 ICARDA FLIP84-29L 35 0.4
7. ILL 5815 TCARDA FLIPB4-14710 21 g.0
8. ILL 5873 ICARDR FLIP85-35L 32 0.2
9. ILL 5994 TCARDA FLIP8&-8L, 31 0.6

10. ILL &01% ICARDA FLIPB&-29L 50 0.2

11, ILL €183 ICARDA FLIP87-3L 27 Q.0

12. 1Ll 6198 TCARDA FLIPR7-8L 15 0.0

13. TLL 6220 1CARDA FLIPB7-30L 38 1.1

14, I1L 6226 ICARDA FLIPB7-36L 44 0.0

15. IIL 6229 ICARDA FLIPE7-339L 29 0.0

1l6. TLL 6245 ICARDA FLIPRB7-55L el 0.8

17. Chilean 78 U.S.4 - 40 1.7

18. Crimson 7.8.A. - 14 0.2

19, Palcuse U.S.A. - 6 0.0

20. Red Chief U.5.A - 3 0.2

Ancther field experiment was conducted to evaluate yield loss
of the lentil cultivar ‘Syrian Iocal’ in response to infection
with the two viruses PSEMV and ERSV. 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,
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27, and 23% for PSHVMV, respectively. In the same experiment, seed
transmissicn rates of the two viruses were determined. Results
indicated that BBSV seed-transmission rates were 20.6, 1%.1, and
1.5%; PSHMV 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. Makkouk and S.G. Kumari

3.2. Cereal viruses
3.2.1. Effect of resistance to BYDV in barley on BYDV
movement

Migration of BYDWV was evaluated under greenhouse conditions in
four resistant and two susceptible barley genctypes. FELISA tests
revealed that virus particles reached the root system of the
susceptible genotypes 6-15 days earlier than in resistant ones
{Figure 34). The study showed that slow virus movement could be
cne factor which contributed to the mechanism of BYDV resistance
in barley. Tne possible use of this characteristic to
differentiate between BYDV-resistant ard susceptible barley
genotypes will be investigated curing the coming season.

K.M. Makkouk and W. Ghoulam

3.3. Testing for seed-bome viruses

3.3.1. Testing seed samples for internmational nurseries
Eight hundred lentil seed lots destined for intematicnal
nurseries were tested for the presence of possible seed-borne
infections. 3eed lots which did not meet the health standards set
by ICZRDA and by the importing countries were discarded.

K.M. Makkouk and W. Radwan

3.3.2. Cleaning barley seed stocks
In collaboration with the Agriculture Research Center in Syria, seed
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Figure 34. Period of time after incculation {(days) required for
barley yellow dwarf virus to reach the roots of resistant (Corris,
BQCB-10, BKL 85-237, and Atlas 68} and susceptible (Atlas 57 and
Harmal) barely genotypes

stocks of five barley cultivars were cleaned from seed-borme
barley stripe mosaic virus. Plants of all cultivars were tested
individually and those found infected were eliminated. It was
possible to produce virus-free stocks for the cultivars Zanbaka,
Tadmor, Rihane 03, and WI 2291. It was not possible to completely
clean the cultivar Arzbi Aswad, and efforts will continue next
seascn to produce a healthy stock of this cultivar.

K.M Makkouk and W. Radwan
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3.3.3. Roguing faba bean increases

In collaboration with the Seed Health Isboratory, around 2.5
hectares of faba bean were inspected and rogued three times during
the spring of 1%92. Plants suspected to be virus-infected were
eliminated.

K.M. Makkouk and W. Radwan

3.4. Production of ELISA kits

Over the last 3 years a number of legume and cereal viruses were
purified at the ICARDA virology lab. ard polyclonal antisera in
rabbits were produced. From these antisera, after testing them
for quality, ELISA kits were prepared and made available for
laboratories of the naticnal programs in WANA. In each kit there
is enough immunoglobulins and enzyme conjugate to test 2000
sarples. The following FLISA kits are now avallable:
Legume viruges

- Broad bean mottle virus

- Broad bean stain virus

- Broad bean wilt virus

- Chickpea luteovirus

- Cucumber mosaic virus

- Alfalfa mosaic virus
Cereal viruses

- Barley vellow dwarf virus

- Barley strip mosaic virus
K.M. Makkouk and S.G. Kumari
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4, TRAINING

4.1. Training in gmetic resamrces activities

On regquest of the NARS in WAMNA, a mumber of trainees received
individual training in the Genetic Resources Unit at ICARDA
Headquarters, Tel Hadva, Syria, in activities relating to plant
taxonony and species identification, germplasm evaluaticn, and
documentation. Dr. N. Maxted, a consultant from the University of
Southampten, U.K., assisted in training for a lequme identifi-
cation course. A summary of the training is presented in Table
58.

Table 58. Trainees in genetic rescurces activities in 1991/92

Type of No. of Course
Topic course trainees Country duraticn
Forage legume short 8 Syria, 2 weeks
identification Algeria,

Tunisia

Forage legume individual 1 Tunisia 2 weeks
identification
Chickpea individual 1 Iran 3 weeks
evaluation
Geruplasm individual 1 Syria 2 weeks
docurentation
Classification individual 1 Syria 1. week

of wild Triticum

4.2, Training in seed health activities

Three scientists from the Syrian Quarantine Directicn were trained
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for six months on seed health testing and field inspecticn. Cne
scientist from China was trained for two months on seed health
testing. The SHL: persomel have covered in lectures and
practicals seed health aspects in the residential courses of the

improvement programs and in country training courses as well.

4.3 Training in virology

During 1992 the virclegy lakoratory received five visiting
scientists from Syria, Egypt, Lebancn, and the Netherlands, for a
period of two to eight weeks each. The laboratory also received
eight trainees from Oman, Lebancn, and Syria.

A three week intensive virology course was conducted in Egypt
in collaboration with FAC, ICAMAS, and CRSTCM.
GRU Staff
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The following tables are presented in the appendix:
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Table

Takle

Table
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AT.
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All.

Monthly precipitation (in mm) for the 1991/82 season.
Monthly air temperature (°C) for the 1991/92 seascn
in Tel Hadya.
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Status of ICARDA collecticns by origin {December
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Status of cereal ccllections by origin (December
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Status of foocd legume collections by origin
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Status of forage legume collections by origin
{(December 1932) .

Distribution of germplasm in 1992.
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Table A4. Status of ICARDA collections by origin (Decenber 19592}

Food Forage
Origin Cereals Legures Legumes Total
WANA 32545 12894 14644 60083
Afghanistan 272 1112 157 1541
Algeria 1739 105 1689 3533
Armenia 35 - - 35
Cyprus 164 181 405 750
Egypt 492 216 158 866
Ethicpia 9578 829 330 10737
Iran 500 2664 478 364z
Irag 135 116 229 480
Jordan 1255 556 2068 3879
Lebancn 173 148 265 586
Libya 128 1 174 303
Morocco 1251 372 822 2445
QOman 113 4 21 138
Pakistan Q982 444 62 1488
Palestine 1024 57 44 1125
Saudi Arabia 8 - 1 9
Syria 1734 1714 5177 8625
Tunisia 2251 312 117 2680
Turkey 4841 1597 2446 8884
United Arab Em. 7 - - 7
Yemen 147 72 1 220
ICARDA lines 5716 2394 - 8110
EUROPE 8332 2085 3676 14103
Albania 4 2 19 25
Austria a0 1 1 92
Belgium 8 2 21 31
Bulgaria 256 78 76 410
Czechoslovakia 147 41 15 233
Denmark 110 1 16 127
Finland 44 - i6 60
France 159 48 143 350
Cermany 1105 101 295 1501

Greece 729 142 420 1291
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Table Ad. (cont.) Status of ICARDA collections by origin
(December 1592)
Food Forage

Origin Cereals Legumes Legumes Total
Hungary 136 40 252 428
Treland 3 - - 3
Italy 537 147 614 1298
Malta 4 - 28 32
Netherlands 32 11 98 141
Norway 5 1 1 7
Poland 135 58 70 263
Fortugal 770 86 1983 1049
Romania 75 37 S 121
Soviet Union® 2119 361 288 2768
Spain 381 785 261 1427
Sweden 77 5 450 532
Switzerland 778 2 3 783
United Kingdom 158 82 327 567
Yugoslavia® 470 64 30 564
ASTA 4451 2666 310 7427
Bangladesh - 36 - 36
Bhutan 30 - - 30
China 2881 107 20 3008
India 551 2239 229 3019
Indonesia - 1 - 1
Japar 294 & 56 356
Korea 185 - = 195
Mongelia 4 - 1 5
Nepal 4%6 275 3 774
Sri Lanka - 2 - 2
Thailand - - 1 1
AFRTCA 213 146 41 400
Central Africa 2 - - 2
Gabaon - - 2 2
Kenya 22 - 4 26

Malawil - 3 3
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Table 4A. {cont.) Status of ICARDA collectionms by origin
{(Decearber 1%92)
Food Forage

Origin Cereals Legumes Legumes Total
Mauritius - 1 - 1
Nigeria - 1 4 5
Rwarnda 2 - - 2
Senegal - - 3 3
Somalia - 2 - 2
South Africa 168 - 3 171
Sudan & 139 20 165
Tanzarnia 1 - - 1
Uganda - - 4 4
Zaire - - 1 1
Zimbakwe 12 - - 1z
AMERTCA 3795 1371 64% 5815
Argentina 76 12 3 91
Belivia 17 - 2 19
Brazil 33 4 4 41
Canada 331 175 41 547
Chile 57 688 18 763
Colombia 577 52 - 629
Costa Rica - 1 - 1
Ecuador 8 98 2 108
Greenland 1 - - 1
Guatemala 5 1 1 7
Mexico 109 149 3 261
Paraguay 2 - 4 &
Peru 130 41 4 175
United States 2434 148 555 3137
Uruguay 8 2 10 20
Venezuela 7 - 2 g
COCEANTA 123 12 176 311
Australia 123 11 160 294
New Zealand - 1 16 17
Unknown 1655 719 2800 5214
TOTAL 51154 19903 22286 53353

a : Germplasm received by GRU pricr to 1991,
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Table A5. Status of cereals collecticng by origin (December 1992)

Wild Durum Bread WwWild

Origin Barley Barley Wheat Wheat Wheat Aeg.®* Total
WANA 9233 1351 12222 6665 1248 1786 32545
Afghanistan 176 8 79 4 - 5 272
Algeria 125 12 1074 457 - 71 1735
Armenia - - - 5 7 23 35
Cyprus 7 4 101 1 - 51 164
Egypt 191 8 203 70 - 20 492
Ethicpia 2679 - 4847 2052 - - g578
Tran 156 te 33 5 - 19C 500
Irag 50 2 75 5 1 2 135
Jordan 132 128 271 17 509 198 1255
Iebanon - 2 25 - 3 143 173
Libya 83 7 5 1 - 32 128
Morccco 740 4 237 208 - 62 1251
Cran 44 - - (30] G - 113
Pakistan 179 3 16 735 3 46 282
Palestins 7 527 32 - 40 18 1024
Saudi Arabila 3 - 5 - - - 8
Syria 447 215 377 85 267 343 1734
Tunisia 599 - 1270 373 - 9 2251
Turkey 1183 15 1679 982 409 573 4841
United Arab Em. 7 - - - - - 7
Yemen 8S - 58 - - - 147
ICARDE lines 2336 - 1775 1605 - - 5716
EUROFE 4022 89 3390 338 42 471 8332
Albania 2 - 1 - 1 - 4
Austria 48 - 42 - - - 90
Belgium 6 - 2 - - - 8
Bulgaria 31 - 78 1 12 134 256
Czechoslovakia 94 - 25 27 - 1 147
Denmark 110 - - - - - 110
Finland 44 - - - - - 44

France 70 - 80 9 - - 159




159

Table A5, {(cont.) Status of cereals collections by origin
{December 1992)

Wild Durum Bread Wild

Origin Barley Barley Wheat Wheat wheat Aeg.® Total
Germarty 1032 - 71 2 - - 1105
Greece 18 - £99 3 - 9 729
Rurgary 70 - 64 2 - - 136
Ireland 1 - 2 - - - K]
Italy i6 - 516 5 - - 537
Malta - - 4 - - - 4
Netherlands 29 1 - 2 - - 32
Norway 5 - - - - - 5
Poland 111 - 24 - - - 135
Portugal 16 - 634 16 - 104 770
Romania 29 - 40 5 - - 75
Soviet Union® 771 52 793 251 29 223 2119
Spain 224 2 153 2 - - 381
Sweden 55 14 3 5 - - 77
Switzerland 687 - g0 1 - - 778
Thited Kingdom 139 - 15 4 - - 158
Yugoslavia® 414 - 54 2 - - 470
ASTA 4176 39 166 69 - 1 4451
Bhutan 30 - - - - - 30
China 2810 39 25 7 - - 2881
India 398 - 130 22 - 1 551
Japarn 244 - 10 40 - - 294
Korea 195 - - - - - 1985
Mongolia 4 - - - - - 4
Nepal 495 - 1 - - - 496
AFRICA 156 - 54 3 - - 213
Central africa 1 - 1 - - - 2
Kernya - - 22 - - - 22
Rwanda - - z - - - 2
South Africa 146 - 19 - - 168
Sudan & - - - - - 6
Tanzania - - 1 - - - 1
Zimbabwe 3 - 9 - - - 12
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Table AS. (cont.) Status of cereals collections by origin
(December 1992)

Wild Durum Bread Wild

Origin Barley Barley Wheat Wheat Wheat 2Aeg.® Total
AMERTCA 3116 21 635 23 - - 3795
Argentina 17 13 45 1 -~ - 76
Bolivia 14 1 2 - - - 17
Brazil 1 - 32 - - - 33
Canada 188 - 140 3 - - 331
Chile 1C - 47 - - - 57
Colombia 569 - 8 - - - 577
Ecuadeor 4 - 4 - - - 8
Greenland 1 - - - - - 1
Guatemala 2 - 3 - - - 5
Mexico 12 1 8o 1 - - 109
Paraguay 2 - - - - - 2
Peru 110 - 19 1 . - - 130
United States 2170 6 241 17 - - 2434
Uruguay 3 - 5 - - - g
Venezuela 7 - - - - - T
OCEANTA 75 - 43 5 - - 123
Australia 75 - 43 5 - - 123
Unknowr 190 20 1241 48 140 56 1695
TOTAL 20968 1540 17751 7151 1430 2314 51154

a : Aeg.=Aegliops.
b : Gemplasm received by GRU prior to 1991,
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Table A6. Status of food lequmes collecticms by origin (December
1992)

Faba wild wWild
Origin Bean Lentil Lens Chickpea Cicer Total
WANA 1628 3988 315 6700 263 12854
Afghanistan 94 118 - 878 22 1112
Algeria 33 26 - 46 - 108
Cyprus 104 28 3 46 - 181
Egypt 69 93 - t4 - 216
Ethiopia 378 376 - 65 S 829
Iran 15 901 7 1741 - 2664
Irag 64 22 - 30 - 1le
Jordan 23 370 12 143 8 556
Lebanon 36 70 - 28 14 148
Libya - 1 - - - 1
Morocco 96 56 - 220 - 372
Omarn 4 - - - - 4
Pakistan 24 165 - 254 1 444
Palestine 4 1 2 a3 17 57
Syria 329 542 163 645 35 1714
Tunisia 31 17 - 264 - 312
Turkey 137 375 128 800 157 1597
Yemen 13 59 - - - 72
ICARDA lines 174 768 - 1452 - 2394
EURCPE 764 619 64 641 7 2055
Albania - 2 - - - 2
Austria 1 - - - - 1
Belgium - 2 - - - 2
Bulgaria 3 41 - 34 - 78
Czechoslovakia 12 21 - 8 - 41
Denmark - - - - 1 1
France 15 a8 5 20 - 48
Germany 68 32 - 1 - 101
Greece Z29 gb - 18 - 142

Hungary 15 23 - 2 - 40
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Table A6. {cont.) Status of food legumes collections by origin
{December 1992)

Faba wWild wWild
COrigin Bean Lentil Tens Chickpea Cicer Total
Italy 57 11 & 73 - 147
Netherlands 10 1 - - - 11
Norway - 1 - - - 1
Poland 40 18 - - - 58
Portugal 14 14 - 58 - 86
Romania 33 3 - 1 - 37
Soviet Union® 51 147 27 132 4 361
Spain 322 176 5 280 2 785
Sweden 5 ~ - - - 5
Switzerland 2 - - - - 2
United Kingdom 73 1 - 8 - 82
Yugoslavia® 14 23 21 21 6 64
ASTA 104 2147 - 414 1 2666
Bangladesh - 36 - - - 36
China 79 2 - 26 - 107
India 11 1843 - 384 1 2235
Indenesia 1 - - - - 1
Japan 6 - - - - 6
Nepal 5 266 - 4 - 275
Sri Lanka 2 - - - 2
AFRICA 115 5 - 26 - 146
Malawi — - ~- 3 _ 3
Meuritius - 1 - - - 1
Nigeria - - - 1 - 1
Somalia - 2 - - - 2
Sudan 115 2 - 22 - 133
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Table A6. f{cont.) Status of food legumes collections by corigin
{December 1992)

Faba wild wild
Origin Bean Lentil Lens Chickpea Cicer Total
AMERTCA 362 431 - 578 - 1371
Argentina 1 11 - - - iz
Brazil ~ 4 - - - 4
Canada 171 4 - - - 175
Chile - 342 - 346 - 688
Colombia 43 8 - 1 - 52
Costa Rica - 1 - - - 1
Ecuador 97 - - 1 - 98
Guatemala - 1 - - - 1
Mexico 7 25 - 117 - 149
Peru 35 2 - 4 - 41
United States 7 32 - 105 - 148
Uruguay 1 1 - - - 2
OCEANTA 9 3 - - - 12
Mustralia g 2 - - - 11
New Zealand - 1 - - - 1
Unknawn 541 35 7 136 - 719
TOTAL 3523 7228 386 8495 271 19803

a : Gernplasm received by GRU prior to 1991.
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Table A7. Status of forage legumes collectioms by origin
{December 1992)

Other
Origin Medics Vicia Pisum Lath.®* Trif.* forages Total
VANA 5791 2247 467 1180 2741 2218 14644
Afghanistan 18 25 53 21 40 - 157
Algeria 730 225 9 35 272, 418 1689
Cyprus 263 95 8 36 - 2 405
Egypt 51 15 1 3 20 68 158
Ethiopia 46 - 174 110 - - 330
Iran 293 58 4 27 90 - 478
Irag 136 11 2 7 72 1 229
Jordan 666 109 26 41 537 689 2068
Lebanon 218 43 1 - 2 1 265
Libya 173 1 - - - - 174
Morocco 521 14 9 - 264 822
Cran - - - - - 21 21
Pakistan 5 13 1z 26 & - £2
Palestine 37 - - 2 5 - 44
Saudi Arabia - 1 - - - - 1
Syria 1744 922 84 480 1219 728 5177
Tunigia ic8 2 - 4 3 - 117
Turkey 766 711 83 384 476 26 2446
Yemen - - 1 - - - 1
EUROFE 948 1045 1320 203 37 123 3676
Albania - 14 5 - - - 19
Austria - - 1 - - - 1
Belgium 1 18 - 2 - - 21
Bulgaria 1 60 1 14 - - 76
Czechoglavakia 11 17 3 12 2 - 45
Dermark 3 2 10 1 - - 16
Finland - 2 14 - - - 16
France 41 48 39 3 1z - 143
Germarry 5 81 S8 18 1 82 285

Greece 167 98 48 106 1 - 420
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Table B7. {(cont.) Status of forage legumes collecticns by origin
(Decenber 1952)

Other
Crigin Medicago Vicia Pisum Lath.® Trif.® forages Total

Hungary 10 131 74 8 - 29 252
Ttaly 322 273 15 - - 614
Malta 8 20 - - - - 28
Netherlands - 2 95 1 - - g8
Norway - - 1 - - - 1
Poland 1 16 49 4 - - 70
Portugal 35 71 16 11 - - 193
Romania 4 3 2 - - - S
Soviet Unicn® 36 142 87 17 5 - 288
Spain 229 24 3 - 5 - 261
Sweden 2 12 434 2 - - 450
Switzerland Z - - 1 - - 3
Uhited Kingdom 1 2 322 2 - - 327
Yugoslavia® 9 g 3 1 6 30
ASTA 2 49 248 2 9 - 310
China 1 - 19 - - - 20
India 1 - 217 2 9 ~ 229
Japan - 48 8 - 56
Mongolia - - 1 - - - 1
Nepal - 1 2 - - - 3
Thailand - - 1 - - - 1
AFRICA 2 3 28 - 8 - 41
Gabon - 2 - - - - 2
Kenya 1 - 1 - 2 - 4
Nigeria - - 4 - - - 4
Senegal - - 3 - - - 3
South Africa 1 - - 1 - 3
Sudan - - 15 - 5 - 20
Uganda - - 4 - - - 4
Zaire - - i - - - 1
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Table A7. (cont.) Status of forage legumes ccllectiocns by origin
{December 1992)

Other
Crigin Medicago Vicia Pismum Lath.® Trif.* forages Total

AMERICA 52 17 189 12 6 393 649
Argentina - - 3 - - - 3
Bolivia 2 - - - - - 2
Brazil 3 - 1 - - - 4
Canada 2 28 - - 41
Chile 18 - - - - - 18
Ecuador 1 - 1 - - - 2
Cuatemala - - 1 - - - 1
Mexico - - 2 - - 1 3
Paraguay - 3 - 1 - - 4
Peryy 4 - - - - - 4
United States 13 9 131 4 6 392 555
Uruguay - - 1 - - 10
Venezuela - - 2 - - - 2
OCEANTIA 103 33 26 11 3 - 176
Australia 103 33 11 11 2 - 160
New Zealand - - 15 - 1 - 18
Unknown 353 1210 11860 g 68 - 2B00
TOTAL 7251 4604 3418 1417 2872 2734 22296

a : Lath.=Lathyrs, Trif.=Trifolium.
b : Germplasm received by GRU prior to 1991.
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Table A8, Distribution of GRU gerplaam to users in 1992

Food Forage
Country Cereals Lequmes Legqumes Total
Algeria 201 - - 201
Australia 46 1232 - 1278
Bangladesh - 36 97 133
Bulgaria €5 - - 65
Belgium - 4 - 4
Canada e0 g7 203 360
China - 11 - 11
Czechoslovakia 5 5 - 10
Daghestan 2 - - 22
Denmark - 27 - 27
Egypt 193 336 299 828
France 56 - 10 66
Germany 28 220 - 248
Greece - - 10 1G
India 31 151 214 396
Italy 3884 152 139 4175
Iran - £90 - 690
Irag 58 - - 58
Japan 115 10 5% 185
Jordan 331 504 - 835
Mexico 678 31 - 709
Morocco 3500 - 25 3525
Pakistan - 16 33 49
Pcland - 133 - 133
Russia 30 & - 36
South Africa 15 399 - 114
Syria 189 100 - 289
Tunisia 24 208 - 232
Turkey 29 1 - 30
United Kingdom 24 - - 24
United States 9 147 10 166
TCARDR 7147 1543 517 9207

Total 16741 5759 1616 24116




168

Table AY%. Distribution of cereals in 1992
wWild Duram Bread Wild Total

Country Barley barley wheat wheat wheat
Algeria 201 - - - - 201
Australia 46 - - - - 46
Bulgaria 35 - - - 30 65
Canada - 21 - - 39 60
Czechoslovakia - - - - 5 S
Egypt 159 - 25 193
France - - - - 56 56
Cermarry 24 1 - - 28
India 21 10 - - - 31
Italy - - 3854 - 30 1884
Irag 58 - - - - 58
Japan - - - - 116 11e
Jordan 69 12 250 - - 331
Mexico - - - - 678 678
Morocco - - 2603 897 - 3500
South Africa - - - - 15 15
USSR/Russia - - - - 52 52
Syria 50 10 76 29 24 189
Turkey 24 - - - 5 29
Tunisia 24 - - - - 24
United Kingdom 24 - - - - 24
usa - - - - 9 9
TCARDA €78 - 1779 707 3683 7147
Total 1413 60 8563 1638 5067 16741
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Table A10. Distribution of food lequmes in 1992.

wild wild Faba Total
Coumntry Chickpea Cicer Lemtil lentil Bean
Australia - 93 1093 46 - 1232
Bangladesh - - 36 - - 36
Belgium - - - 4 - 4
Canada - - 97 - - a7
China - - - - 11 11
Czechoslovakia - - 1 - 4 5
Denmark - - - - 27 27
Egypt - - - 20 316 336
Germary - - - - 220 220
India 40 4 92 15 - 151
Iran - 228 139 323 - 690
Italy - 85 46 - 21 152
Japan - - - - 10 10
Jordan - - 502 - 2 504
Mexico - - 19 - 12 31
Pakistan 16 - - - 16
Poland - - - 36 97 133
Russia 6 - - - - 6
South Africa 50 - 45 - - 99
Syria 50 - 50 - - 1co
Tunisia - - - - 208 208
Turkey - - 1 - - 1
JSA 4 3 - - 140 147
ICARDA 1046 182 52 263 - 1543

Total 11%¢ 611 2177 707 1068 5759
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Table All. Distribution of forages in 19%2.

Country Medics Trif.? Lath.* Vicia Pisum gemera Total

Bangladesh - - 97 - - - 97
Canada - - 203 - - - 203
Egypt - - 99 200 - - 299
France 10 - - - - - 10
Greece - - 10 - - - 10
India - - 165 26 5 18 214
Italy 100 39 - - - - 139
Japan - - - 59 - - 59
Morocco - - - 25 - - 25
Pakistan - - 33 - - - 33
UsA 10 - - - - - 10
TICARDA 40 - 53 402 4 18 517
Total 160 39 660 712 9 36 1616

a : Trif.=Trifclium, lath.=Lathyrus.
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