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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. Owing to the tight production
deadlines, editing of the report was kept to a minimum.
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SUstainable increases in the productivity of rainfed
fanning systems in the West Asia and North Africa (WANA)
region require judicious incorporation of cool-season

legrnres in the cereal d:minated cropping camon in the
region. 'Ibis necessitates developre:nt of legume cultivars
that are not only high yielding :but are also able to
withstand stresses inposed by environrrent (drought, cold
and heat) and biological factors (diseases, insect-pests,
parasitic weeds, etc). The diverse cropping systems in
which they have to be incorporated in different
agroecological zones in WANA, and other parts of the
developing world, irrpose specific demands on the phenology
and the adaptation to environrrents in the cultivars to be

developed.

The objective of the legrnre inproveme:nt work of the

Gentplasm Program at ICARDA is to develop a range of
cultivar of different cool-season armual legume species,
adapted to specific niches in the cropping systems,
through cocperative research with national programs.

Research and training activities during the 1994/95 season

were continued with this objective and covered such legume
species as vetches and chickling (grasspea) arrongst annual
forage legrnres, and kabuli chickpea, lentil, faba bean and

dJ:y pea arrong the fcxxi legumes.

Research on kabuli chickpea was partly supported by
and jointly done with International Crops Research
Institute for the semi-Arid Tropics (ICRISAT). Research
on faba bean was done mainly through the national programs
participating in the faba bean research networks operating
in China; the Nile Valley and North Africa. Orobanche
research was done in collaboration with the University of
Hohenheim, Germany. W::>rk on nematodes was done with the
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Institute of Agricultural Nematology, Bari, Italy.

Molecular-marker work was done in collaboration with the
University of Frankfurt, Gennany and Washington State
University, Pullman, USA. Linkages were also forged with
the Coc:perative Research centre for I.egurres in
r-alite:rranean Agriculture (CLIMA), Westen:l Australia.

Q..1r research work was mainly centered at Tel Hadya
site of I~, but good use was also made of other
subsites in Syria (Breda and Ji.ndiress) and I.ebanan
(Kfardan and Terl::xJI). Generation advancem:mt of lentil

and kal:uli chickpea was done in the surmer season at
Te:rl::lOl. Research stations of several national p:rogzams
were used, jointly withnatianal scientists, for research
an developing breeding material with specific resistance
to sc:::ne key biotic and abiotic stresses because of the

presence of ideal screening conditions there. The process
of decentralization of crcp inprovenen.t work was continued
with the help of appn::priate national pregrcuus and the

Intenlational I.egurre Testing Program was further targetted
to specific conditions to better neet the changing needs

,of NARSs.

The weather conditions during the season at Breda,
Tel Hadya, Jindiress, Te:rl::lOI and Kfardan are depicted in

Section 11. The long-tenn average precipitation at these

sites is 280, 328, 470,600 and 380 mm. During 1993/94
the total seasonal precipitation at the first four
locations was 290.4, 373.3, 5337 and 475 mm, respectively.
'Ihus the rainfall at the sites in Syria wasal::xJve long
tenn average while at Te:rl::lOI, it was below long-tenn
average. The winter, in general, was mild, which
prevented ~ screening for cold tolerance. The
terrperatu:res at all the sites wereal::rJomally high in mid
April, with large difference in day and night
terrperatures. This adversely affected the reproductive
phase of lentil and amroal forage legurres. Because of
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extended wet period with terrperatw:es conducive for
disease develc:prent, chickpea crop in several parts of
Syria was severely affected by Ascochyta blight. These

weather conditions pennitted good screening of chickpea

material for resistance to Ascochyta blight.

During the season sate staff changes occurred. The
Chickpea Pathologist, the Visiting Scientist in Crop

Physiology frcm IClUSAT and the Visiting Scientist in
Chickpea Breeding left the Program at the end of their
tenure by August/sept 1994. The time input of I..egume

Entcm::>logist was reduced to half for personal reasons.

The Cereals Training Scientist started doirYg- the
training coordination work on legurres as well. The
Virologist noved frcm GRU to the Genrplasm Program along
with his support staff. Dr. Wafa Clloumane of Tishreen
University joined the biotechnology group as a Visiting
Scientist. NO major changes occurred in the support staff
of the group.

Results of the work done during the 1993/94 season

are presented in this vol'l..lIre. Also, the training and

networking activities and the publications of the Program

have been listed. Much of the work reported here has been
done in collaboration with the national programs in WANA,
to whan we are indebted. - M.C. Saxena.
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The kabuli chickpea irrproverrent is a joint program with

IffiISAT, India. The main objective of the program is to

increase and stabilize kabuli chickpea production in the
developing world. Of the five main regions where chickpea

is grawn, the M=diterranean region and latin AIrerica

produce rcostly kabuli-type chickpea. Five to ten percent

of the area in the other three main production regions

(Indian sul:x::antinent, EaSt Africa and Australia) is also

devoted to the production of the kabuli type. Kabuli

chickpea is also grawn in high elevation areas (>1000 m
elevation) in West Asia, especially in'I\.lrkey, Iraq, Iran,
and Afghanistan; and in the Atlas nountains of the North

Africa.

Ascochyta blight and wilt are the two najor diseases

of chickpea. leaf miner in the M=diterranean region and

pod borer in other regions are rrajor insect pests.

Drought is the rrajor abiotic stress throughout the
chickpea g:row:i..:ng areas and cold assumes inportance in
Mediterranean environrrents and the terrperate region

especially when introducing winter planting. Kabuli

chickpea is rrainly grow.n as a rainfed crop in the wheat

based fanning system in areas receiving between 350 trm and

600 trm annual rainfall in the west Asia and North Africa

(WANA) region. In Egypt and Sudan and parts of South

Asia, west Asia and Central AIrerica, the crop is grawn
with SUWlerrental irrigation.

In west Asia and North Africa, where the crop is

currently spring-sown, Yield can be increased
substantially by advancing sowing date fran spring to

early winter. With the introduction of winter sowing the
chickpea cultivation can be extended to lower rainfall

regions, to as low as 300 trm. Increasing plant density

and reducing rr:M width can also increase Yield
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significantly, especially during winter sowing. Winter
sowing allows the crop to be harvested by machine. Major
efforts are underway to stabilize chickpea productivity by

breeding cultivars resistant to various stresses, such as
diseases (ascochyta blight and fusarium wilt) I insect
pests (leaf miner), paxasites (cyst nematode), and

physical stresses (mainly cold and drought). Exploitation
of wild deer species for transfer of genes for
resistancey to different stresses is another area
receiving high research priority at the center. J:!.JA

fingel:printing in Asa::x:hyt:a rabiei is being pursued with
great pranise.

During 1994, several collaborative projects continued
to operate. In the project "D9velcprent of chickpea

ge:rnplasm with canbined resistance to ascochyta blight and

fusarium wilt using wild and cultivated species", four
Italian institutions collaborated with ICARDA. The
screening for cyst nematode was carried out in association
with the Istituto di Nematologia Agraria, C.N.R., Bari,
Italy. Fusarium wilt resistance screening was done in
association with the Institut de la Recherche Agronanique
de 'funisie (IRAT), 'funisia and the Departamento de

Patologia Vegetal, Cordoba, Spain. SCreening for
tolerance to cold was done in cooperation with
agricultural research institutes in Turkey. The
University of Saskatchewan, Canada is collaborating in
studies of genetic diversity in kabuli chickpea. Studies
on mechanism of drought and cold tolerance and aspects of
biological nitrogen fixation are being conducted in
collaboration with INRA, M:m.tpellier, France. Studies on
application of restriction fragrrent length polyrro:rphism
(RFLP) in characterizing chickpea genotypes and Asa::x:hyt:a

rabiei isolates are carried out in collaboration with the

University of Frankfurt, Gennany.
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2.1. Chickpea Breedi.ng

Major objectives of the breeding are (1) to produce
cultivars and genetic stocks with high and stable yield
and to develop segregating populations and materials to
support National Agricultural Research Systems (NARSs) and
(2) to conduct strategic research on methodologies to
inprqve genrplasm. Specific objectives in the developren.t
of inproved genrplasm for different regions are:

1. tJediterranean region: (a) winter sowing (30% of
resources) : resistance to ascochyta blight, tolerance
to cold, suitability for machine h<uvesting, medium to
large seed size; (b) spring sowing (30% of resources) :
cold tolerance at seedling stage, resistance to
ascochyta blight and fusarium wilt, tolerance of
drought and early maturity, medium to large seed size;

2. Indian subcontinent and Fast Africa (20% of
resources): resistance to ascochyta blight and/or
fusarium wilt, drought tolerance, early maturity,
small to medium seed size, response to SUWlem:mtal
irrigation;

3. Latin Arrerica (5% of resources): resistance to
fusarium wilt, root rot and vims diseases, large seed
size;

4. High elevation areas (15% of resources): spring
sowing, cold tolerance at seedling stage, resistance
to ascochyta blight, terminal drought tolerance, early
maturity, and medium to large seed size. K.B. Singh.
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2 .1.1. Use of liIproved Garnplasm by limRSs

2.1.1.1. rnternatiamJ. :nurseries/tria1s and other
breeding lines

During 1994, 13,874 chickpea entries were shipped to NARS
in 338 sets through intenlational nurseries and special
requests for breeding lines to 42 COImtries. Eighty-eight
percent of the intenlational trials and nurseries were
furnished to developing COImtries and the remaining 12% to
industrialized countries (Table 2 .1.1) . The nurseries
were in demand fran all the six continents fran Chile to
China and fran canada to Australia-New Zealand. Despite
our encouragement to national progrartll3 to accept trore
segregating and crossing block materials, the detrand for
the finished material is increasing, suggesting that
breeders have found ICARDA- ICRISAT chickpea lines useful
for their direct exploitation. The kabuli-chickpea
network is well established am:mg chickpea scientists.
K.B. SiDgh, R.S. Ma1hotra and M.C. saxena.

2.1.1.2. On-fann tria1s in Syria

Two chickpea lines (FLIP 86-5C and FLIP 86-6C) were
selected by the Directorate of Agriculture and Scientific
Research (DASR), Ministry of Agriculture and Agrarian
Reform, fran the ICARDA/ICRISAT intenlational trials and
were evaluated in researcher-managed on-farm trials
throughout Syria fran 1991/1992 to 1993/94 (Table 2.1.2) .
The two new entries were resistant/ tolerant to cold and

ascochyta blight except in north-eastern Syria. Both
produced marginally ICMer yields than the two checks, Ghab

1 and Ghab 3. However, the two new entries excelled the
checks in'two key characters. Both FLIP 86-5C and FLIP
86-6C have 50% larger seed size, an attribute in great
demand in the WANA region. Both the new
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Table 2.1.1. NllrrOOr of entries fuznished in the fonn of
interrational yield trials and specific
nurseries in 1994.

Cbuntry Trial or nursery Breeding 'Ibtal
No. of sets of No. of lines entries
trial/nursery entries (no. ) (no.)

Afghanistan 1 64 64
Algeria 10 299 9 308
Australia 10 423 21 444
Bangladesh 2 62 62
Bhutan 1 49 49
Bulgaria 2 65 65
canada 4 192 473 665
Chile 3 97 97
China 3 106 106
Cblanbia 3 103 103
Cyprus 1 24 24
Egypt 10 303 239 542
Ethicpia 16 551 551
France 4 163 6 169
India 27 979 246 1225
Iran 13 406 406
Iraq 9 250 6 256
Italy 17 539 2 541
Jordan 4 120 47 167
Kuwait 5 5
lebanon 7 275 1 276
Libya 2 55 55
Mexi<"'O 3 104 104
M:::lroc-:n 17 633 633
Myanrrar 17 579 579
New Zealand 8 291 291
0Tan 1 31 31
Pakistan 13 574 45 619
Peru 2 73 73
Poland 20 20
Portugal 7 276 276
saudi Arabia 3 86 86
Slovakia 1 64 64
Spain 2 73 73
Sudan 5 134 134
Syria 44 1922 1922
Thailand 3 97 97
'I\misia 18 874 874
Turkey 35 1362 16 1378
U.K. 1 51 51
U.S.A. 1 51 9 60
'Ibtal 338 12,719 1145 13,874



Table 2.1.2. seed yield (kgjha) of chickpea entries in the on-farm trials conducted jointly with the Directorate
of 1lgriculture scientific Research, Syria and lCARD1'I. during the years 1991/92, 1992/93, 1993/94.

Entry seed y:i.~d ~ 100-see<ti Plantd rays tod rays tod Proteine Ascxlchytad ())1cfi
1991/92a 1992/93 1993/94c weight height flcwer naturity content blight score

(g) (an) (%) score

FLIP 86-5C 2084 2013 1287 1793 41 55 115 158 18.3 6 3
FLIP 86-6C 1977 2012 1323 1767 38 54 112 156 17.9 6 3
FLIP 84-15C - 2146 1129 1636 42 49 111 157 17.8 7 3 \0

Ghab 1 1925 2201 1318 1809 28 42 106 151 17.5 7 4
Ghab 3 1931 2054 1525 1832 27 48 111 153 17.8 5 3
IDeation nean 19~0 2085 1316 35 49 111 155 17.86
S.E. of nean 45.6 40.9 78.7 0.5 0.3 0.2 0.2 0.1
LSD at 0.05 131.0 160.6 309.1 2.0 1.4 1.0 0.8 0.4
C.V. (%) 8.3 2.7 8.4 2.0 1.0 0.3 0.2 0.9

aT~ c£ 13 locations
b/~ of 14 locations
c/~ of 14 locations
d/ Data were collected during 1993/94 on 1-9 scale, where 1= no damage, 9= carplete kill.
e/ rata collected in Tel Hadya during 1992/93on 1-9 scale, where 1= no damage, 9= carplete kill.
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cultivars have tall growth habit and tlnJs are suitable for
carbine haJ:vest, irrp::>rtant for large scale introduction of
winter chickpea. Based on large seed size and tall
stature, DASR has identified FLIP 86-5C for release as a
camercial cultivar in Syria.

The ICARDA-ICRISAT Kabuli Clrickpea Project was
involved in the conduct of on-fann trials in many other
countries including Algeria, Iraq, Jordan, I..ebanon,
M::>rocco, Tunisia, and Turkey. The degree of our
involverrent varied frcm carplete association (e.g.
Lebanon) to only providing advice (e.g. 'IUrkey). Results

have been encouraging as dem:mstrated by a large number of
releases of cultivars and their adoption by fa:rrrers.
ltmRSs scientists and K.B. Singh.

2.1.1.3. Pre-release DUltiplicatial of cultivars by
naticmal pxClQLdIDS

Forty lines have been chosen by 14 NARSs during 1994 fran
the ICARDA/ICRISAT international trials for the pre
release rmltiplication and on-fann testing (Table 2.1.3) .
However, we do not have yet the full infonnation. The new
lines have resistance to ascochyta blight and tolerance of
cold. They have large seed size, tlnJs they rreet
consurrers' demands. If grown in winter, they attain a
minimum height of 40 an and can be haJ:vested by machine.
Seeds of sane of the premising lines are being rmltiplied
at ICARDA to rreet potential initial demand of NARSs. K.B.
Singh, R.S. Malhotra and M.e. saxena.
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Tllble 2.1.3. Chickpea lines identified for pre-release IlLl1tiplication and
en-farm testi.n3 by NARSs in recent years.

Afghanistan
Algeria
Cyprus
Egypt
France
Iraq
Jordan
lebanon
Libya
Mexico
M:>roco:>
Syria
'I\.misia
Turkey

2.1.1.4.

FLIP 82-4C, FLIP 82-9C, FLIP 82-16C, FLIP 82-2OC
FLIP 83-49C, FLIP 83-71C, FLIP 84-109C, FLIP 84-14SC, FUP lE-l~

FLIP 8S-1OC
FLIP 80-3OC
FLIP 84-188C
FLIP 86-6C, FLIP 88-85.
FLIP 84-15C, FLIP 8S-SC
FLIP 82-15OC, FLIP 88-85C
FLIP 84-79C, FLIP 84-93C, FLIP 84-144C
FLIP 81-293C
FLIP 83-48C, FLIP 84-79C, FLIP 84-145C, FLIP 84-182C
FLIP 86-5C
FLIP 83-47C
FLIP 81-70C, FLIP 82-74C, FLIP 82-161C, FLIP 82-269C, FLIP 83
31C, FLIP 83-41C, FLIP 83-47C, FLIP 83-77C, FLIP 84-79C, FLIP 8S
13C, FLIP 85-15C, 87AK 71112.

Re1ease of cultivars by~s

During, 1994, four cultivars were released by two
countries. Turkey released 'Darnla' (FLIP 8S-7C) and
, Azizyie' (FLIP 84-1SC) and USA released ']);..,>elley'
(SUl:utato x FLIP 8S-S8C) and ' sanford' (SUnltato x FLIP
8S-S8C) (Table 2.1.4) .

NARSs in 20 countries have released over the duration
of this project S6 lines as cultivars fran material
furnished fran ICARDA. (Table 2.1.4). Forty-three of them

have been released for winter sowing in the Mediterranean
region, nine for spring sowing including four in China,

two for winter sowing in rrore southerly latitudes for
sowing with irrigation, and one each in Qnan and Pakistan.
With these releases chickpea cultivars bred at the Center
have been released in all the four major regions of
chickpea production. ~ SCientist, K.B. Singh, R.S.
Malhotra and M.C. saxena.
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Table 2.1.4. Kabuli chickpea cultivars released by national
programs.

Country Cultivars
released

Year of Specific features
released

Algeria

China

Cyprus

Egypt
France

Iraq

Italy

Jordan

Lebanon

Libya
MJrocco

Q'ran

Pakistan
Portugal

Spain

SUdan

Syria

ILC 482
ILC 3279
FLIP 84-79C
FLIP 84-92C
ILC 202
ILC 411
FLIP 81-71C
FLIP 81-40C
Yialousa
Kyrenia
ILC 195
TS1009
TS1502
Roye Rene
ILC 482
ILC 3279
califfo
SUltano
Jubeiha 2
Jubeiha 3
Janta 2
FLIP 85-5C
ILC 484
ILC 195
ILC 482
D:>uyet
Rizki
ILC 237
Noor 91
Elrro
Elvar
Fardan
2egri
Alrrena
Alcazaba
Atalaya
Shendi
Jeb el Mara
Ghab 1
Ghab 2
Ghab 3

1988
1988
1991
1991
1988
1988
1993
1993
1984
1987
1993
1988
1988
1992
1991
1991
1987
1987
1990
1990
1989
1993
1993
1987
1987
1992
1992
1988
1992
1989
1989
1985
1985
1985
1985
1985
1987
1993
1986
1986
1991

High yield, blight res.
Tall, blight res.
Cold, blight res.
Blight res.
Tall, for Ginghai pr.
High yield, for Ginghai pr.
High yield
High yield
Tall, blight res.
Large seeds
Blight, wilt res.
Blight res.
Blight res.
Cold, blight res.
Blight res., high yield
Tall, blight res.
Tall, blight res.
Tall, blight res;
High yield, blight res.
High yield, blight res.
High yield, wide adaptation
Green seed consurrption
High yield, blight res.
Tall, blight res.
High yield, blight res.
Large seed, blight res.
Large seed, blight res.
High yield, irrigated condo
High yield, blight res.
Blight res.
Blight res.
Tall, blight res.
Mid-tall, blight res.
Tall, blight res.
Tall, blight res.
Mid-tall, blight res.
High yield, irrigated condo
Resistant to heat and wilt
High yield, blight res.
Tall, blight res.
High yield, cold & blight res.



'I\misia

Turkey

USA

Chetoui
Kassab
Arrdoun 1
FLIP 84-79C
FLIP 84-92C
ILC 195
Gurley sarisi 482
Darnla 89
Aziziye
Akcin
Aydin 92
Menerren 92
Izmir 92
sanford
Dwelley
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1986
1986
1986
1991
1991
1986
1986
1994
1994
1991
1992
1992
1992
1994
1994

Tall, blight res.
Large seeds, blight res.
Large seeds, wilt res.
Blight, cold res.
Large seed, blight res.
Tall, blight res.
High yield, blight res.
Blight res.
Blight res.
Tall, blight res.
Large seed, blight res.
Large seed, blight res.
Large seed, blight res.
Large seed, blight res.
Large seed, blight res.

2 .1.2. SCreening for stress Tolerance

2 .1.2 .1. Wilt resistance in chickpea

Diseases are the rrajor constraints to chickpea (Cicer
arietinum L.) production. Anong- the 50 diseases reported,
fusarium wilt induced by Fusarium axysp:>rom SChlecht.
enend. Snyd. & Hans. f.sp. ciceri (Padwick) Snyd. & Hans.

is the second lIDst irrportant disease worldwide. In WANA,
it is prevalent in parts of North Africa and in the Nile
Valley. F. axysp:>rom f. sp. ciceri is roth soil-rome

and seed transmitted. It can survive in the soil for long
pericrls. Inoculum in infected seed can be eradicated by

seed dressing with fungicide. 'The lIDSt practical and

econanical rrethod for the oontrol of fusarium wilt is the
use of resistant cultivars. Accordingly, resistance
breeding has been one of the train objectives in chickpea

inprovement. In this effort, the rrajor ccnplication

arises fran the presence of different races of the
pathogen. seven races of the pathogen have been reported.
'Therefore, lIDre efforts are needed to increase the
effectiveness and stability breeding rraterial for disease

----~----
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resistance.

SCreening in the field nust be conducted in a wilt
sick plot. Developnent of wilt-sick plot involves~
a highly susceptible cultivar after inoculating the seed
with the pathogen for 3-4 seasons and :ino:>rporating parts

of wilted plants into the soil. Following this rrethod, a
wilt-sick plot has been develcped at ICARDA. Likewise,
wilt sick plots have been develcped, either artificially
or selecting a wilt-infefilted field and inproving it
further, in many WANA camtries ('I\misia, Egypt, Sudan,
Ethiopia) and elsewhere including Spain.

In absence of a wilt-sick plot at ICARDA until 1994,
screening and breeding work was conducted in collaboratioo.
with the Universidad de O5rdoba, Spain, Plant Pathology
Research Institute, Rare, Italy and INRAT, 'I\misia. In

Spain, 3019 gentplasm accessions were screened in two
wilt-sick plots at M:mtilla and Santaella (OSrdoba) since
1987 (Figure 2.1.1). SCrre of kabuli lines with high level
of resistance were ILC 267, IDe 1278, IDe 1300, FLIP 86
93C, FLIP 87-33C, and FLIP 87-38C. Three desi lines, FLIP
8S-20C, FLIP 8S-29C, and FLIP 8S-30C also gave highly

resistant reaction. Above FLIP lines are also tolerant to
cold.

In an attenpt to find new sources of resistance to
wilt, 102 accessions of six wild annual Cieer species were
evaluated in Italy in the greenhouse using a liquid
conidial suspensioo. of the fungus. The seeds of each
accession, after treatrrent with sodiun hypochlorite, were
germinated on rroistened Perlite in plastic trays. After

two weeks, the seedlings were transferred to 200-ml
plastic containers having lS0 ml of inoculun. '!he
accessions were evaluated after 40 days of inoculation.
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Figure 2.1.1. SCreening of chickpeas for fusarium wilt,
1987-1993, at 05rdoba, Spain by Universidad

de 05rdoba. and lCARDA.

Highly resistant reaction to wilt was shown by all
accessions of C. bijugurn and sc:ma of C. echi.nosper:rru, C.

judaicum, C. pinnatifidum and C. reticulaturn (Table
2.1.5). This evaluation has helped in identifying new and

diverse sources of resistance to wilt for potential use in
chickpea breeding. These were IIWC- 64, -71, -73, -76, 

80, -83 of C" bijugurn, IIWC-126, -130 of C. reticu1.atum
and IlWC -186 of C. judaicum.
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Table 2.1.5. Reaction of accessions of wild Cicer species
to fusarium wilt (seed artificially
inoculated in water culture) at the
Institute of Plant Pathology, Rare, Italy.

Cicer Spp. No. of accessions Accessions with score
tested (1-9 scale)*

o 0-1 >1-4
% % %

C. judaicum 25 4 32 64
C. bijugum 23 26 70 4
C. reticula tum 23 8 22 70
C. pinnatifidum 25 0 20 80
C. echinospermum 4 0 25 75
C. yamashi tae 2 0 0 100

* 1= no disease i 9=trost severe disease reaction.

'!he chickpea irrproverrent program in the I.egurres

Lal:xJrato:ry of INRAT, Tunisia, has as train objective

breeding for resistance to ascochyta blight [Ascochyta

rabiei (Pass.) Lab.] and wilt. Over 4000 gerrrplasm

accessions have been evaluated. Many resistant sources

were identified and evaluated for yield and other

agronanic traits. A high yielding and wilt-resistant

line, .Arrdoun 1, has been released for C'alIrercial

cultivation in Tunisia. Furthenrore, the program has

developed a breeding scheme for screening in altenate

generations for blight and wilt. High-yielding lines with

resistance to blight and wilt are selected. Following

this scherre, lines with canbined resistance have been

developed such as B91-Ll/268, B91~L13/268, B91-Ll/274 and
B91-Ll/247. '!hese lines had a 4.5 rating for ascochyta
blight on a 1 to 9-point scale (where 1 = free fran damage

and 9 = all plants killed) and 0% of wilt incidence. They

weigh 35-37 g per 100-seed.

Sources of resistance to fusarium wilt which have

been developed through these collarorative efforts have
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been disseminated through the Chickpea Inte:rnational
Fusaritnn Wilt Nursery over the past five years to national
programs. Many countries, including Egypt, Ethiopia and

SUdan have confinred resistance under their conditions.
So:re of the resistant lines also have high yield and they
may be released as cultivars.

Whereas no research on fusaritnn wilt was conducted 15
years ago in WANA, several institutions are rJf::M engaged in
research on this important disease. Consequently, many
resistant sources have been identified. Lines with
caribined resistance to fusaritnn wilt and ascochyt.a blight
in Tunisia, and fusaritnn wilt and cold at ICARDA have been
developed and a resistant cultivar released in Tunisia.
Speedy progress in solving fusaritnn wilt problem in WANA
is expected. With the establishrrent of a wilt-sick plot
in Tel Hadya, major field work will be initiated in the
1994/95 season. R. Ji.menez-Diaz (Spain), H. Halila
('l\misia) , A. Porta-Puglia (Italy) and K.B. Singh
(ICARDA) •

2.1.2.2. Identification of sources of resistance to

different stresses in wild species

The rrost important cause for variation in chickpea yield
is that fanrers pay little attention to crop management
and hardly use production inputs - improved cultivars,
fertilizer, and pesticide including weed control. If
chickpea yields are to increase and stabilize, major
attention should be given to resistance breeding. The

number of lines evaluated bet-ween 1978 and 1994 for
different resistance/tolerance to major stresses are shown
in Figure 2.1.2. Resistant sources have been identified
for all stresses except to seed beetle (Callosobrucbus

chinensis L.) and cyst nerratode.
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Figure 2.1.2. Reaction of chickpea genrplasm accessions
to biotic and abiotic stresses at Tel Hadya
between 1978 and 1992.

Evaluation of eight anrD.Ial wild Cieer species has

been conducted to identify sources of resistance to
nultiple stresses. The results are sumnarized in Figure
2.1.3. SOUrces of resistance were found· for all seven
stress factors. wild species were the only source of
resistance so far found to seed beetle and cyst nematode
and had higher level of resistance than the cultivated
species for fusarium wilt, leaf miner, and cold. The rrost
inportant source for resistance to different stress
factors was C. bijugurn, while C. yarrashitae was the least
inportant.
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Biotic and abiotic stresses

Cold Drought

Figure 2.1.3. Reaction of wild Cieer accessions to seven
stresses at Tel Hadya, 1987-1994.

Sources of resistance to biotic and abiotic stresses
in chickpea and Cieer species developed at lCARDA. and

released to researchers are shown in Table 2.1.6. Sources

of resistan.ceare available individually to all seven
stresses for which research is being conducted. Sources
with m.1ltiple· stress-resistance have been identified in
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deer species. These sources have been shared with NARS

through the distribution in the I..egurres International
Testing Program. They have been used in crossing programs
at lCARDA and many national programs. High yielding lines

with canbined resistance to ascochyta blight and cold have

been bred at lCARDA and shared with the national programs.

Research at lCARDA has acted as a catalyst and many

national programs are engaged in resistance breeding.
K.B. Singh, S. weigand, M.C. saxena, R.S. Malhotra, M.
QDar (:ICARDA), M.V • Reddy, C. Johansen (ICR:ISAT, :r:ndia),

A. Porta-Puglia, N. Greco and M. Di Vito (Italy), H.
Halila ('l\misia), R. Jimenez-Diaz (Spain).

Table 2.1.6. Sources of resistance to biotic and abiotic
stresses developed at lCARDA, and released
for use in breeding programs.

Stresses Sources of resistance

Single
Ascochyta blight

(AB)

FUsarium wilt (FW)

Leaf miner (1M)
seed beetle (SB)
Cyst nematode (CN)
Cold (m)
Drought (DR)

Multiple stresses
AB,1M,m
FW, 1M, SB,m
AB,FW,SB,CN,m
FW,1M,SB
FW, m
FW,SB,m

AB,1M,CN

ILC 200, 6482, IOC 4475, 6328, 12004,
.FLIP 90-98C, 91-2C, 91-18C, 91-22C,
91-24C, 91-46C, 91-50C, 91-54C
ILC 267, 1278, 1300, FLIP 86-93C,
87-33C, 87-38C
ILC 3800, 5901, 7738
ILWC 39, 104, 179, 181
Iil'lC 119
ILC 8262, 8617
FLIP 87-59C, 88-42C

Iil'lC 37 (C. cuneatum)
Iil'lC 39 (C. echinosperrrvm)
Iil'lC 62, Iil'lC 70, Iil'lC 73 (C. bijugum)
Iil'lC 98, ILWC 102 (C. judaicum)
Iil'lC 141 (C. reticulatum)
Iil'lC 112 (C. reticulatum), Iil'lC
179, Iil'lC 181 (C. echinosperrrvm)
Iil'lC 250 (C. pinnatifidum)
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2.1.2.3. SCreening for resistance to blight, wilt, and
drought during 1993/94

The 1993/94 evaluations included 514 new lines for
ascochyta blight resistance, 119 new lines for fusarium
wilt, and 1184 lines for drought (Table 2.1.7). In
addition 293 premising lines were tested in the leaf miner
nursery and 225 lines in the drought nursery for

confirmation. SCreening against these stresses resulted in
identification of three resistant lines each of to leaf

miner and drought and one to wilt. K.B. Singh, S.
weigand, M.C. Saxena, M. <:mar, M.T. M:Ibiga (:ICARIlA), R.

Jimenez-Diaz (Spain) and C. Johansen (:ICR:ISAT, India).

Table 2.1.7. Reaction of chickpea gerrrplasm to ascochyta
blight, fusarium wilt and drought at Tel
Hadya, during 1994.

Rating Ascochyta Fusarium Drought
scale* blight wilt**

1 0 0 0
2 0 0 0
3 0 1 0
4 2 0 16
5 35 1 112
6 48 4 269
7 105 8 318
8 97 13 347
9 227 92 122

Total 514 119 1184

* Rating scale = 1 = no effect of stress i 9 = high damage
fran stress.

** SCreening done at Cordoba, Spain during 1993.
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2.1.3. Gemplasm EnbancElllll!lD.t

2.1.3.1. Seed yield :lDpJ:ovemen.t through increased diCDIBSS
yield

seed yield is directly and p::>sitively correlated with
bianass production in chickpea. IDw bianass yield is a
major limiting factor in farming systems in West .Asia and
NOrth Africa. Results fran yield trials fran Tel Ha.dya (a
dJ:y site, 330 mn armual rainfall) and 'I'erbol (a wet site,

575 mn armual rainfall) over the PaSt eleven years have
shown that the rraxi.mum bianass was only 7 and 9 t ha-1 ,

respectively, at these two locations. It was also
~ that the tall genotypes gave higher bianass than
the shorter ones. Besides low bianass, harvest index is
also low in chickpea. Therefore, to substantially increase
seed yield there is a need to increase both bianass and

harvest index. 'Ib achieve this we initiated a project
during 1989 to increase production of chickpea through
increased bianass Production. The approach used was to
cross tall x tall genotypes of diverse origin. Materials

were advanced through bulk breeding method. During
1991/92, single plant selections were made. The F4 and F5
progenies were grown during 1992/93 and progenies with
tall and high bianass yield were selected visually.

D..1ring 1993/94 a yield trial was conducted with 11
progenies and II.C 3279 as tall and high bianass check

ent:ry. The results on yield and otheragrananic
characters are presented in Table 2.1.8.

In seven out of 11 test entries the bianass yields
were significantly higher than the check cultivar. The
best line was S 92260 which produced 38% higher bianass
and 44% higher seed yield than II.C 3279. It was also 24%
taller than the check cultivar and had 120% rrore
seconda:ry branches. These results canfinn increased height



Table 2.1.8. Bianass and seed yield (kg/ha) and other agronanic traits of lines devel~
to increase bianass in chickpea, Tel Hadya, 1993/94.

Entry PlHt PrBr secBr Pcx:i/Pl Sd/Pl BYID SYLD HI 100SW

S 92217 79 3.8 6.5 24 23 5428 1951 36.0 38.7
S 92218 83 4.4 5.6 22 21 6244 2122 34.1 39.0
S 92249 84 3.3 6.3 24 28 6297 2620 41.6 35.9
S 92260 86 4.3 11.0 61 56 7317 2848 39.1 37.5
S 92307 76 3.6 4.4 27 27 5889 2346 39.7 32.2
S 92310 80 4.0 5.8 32 36 5511 2101 38.3 29.5
S 92312 79 3.1 6.1 27 30 5000 1896 38.0 34.1
S 92440 86 3.9 6.1 33 28 6311 2081 33.4 34.6 tv

F6 sel 93TH 34856 85 4.4 11.6 52 54 6361 2102 33.1 30.8
w

F6 sel 93TH 34858 86 3.6 6.8 56 48 6417 2333 36.5 29.0
F6 sel 93TH 34840 88 4.1 9.5 54 51 6522 2584 39.6 35.0
IIC 3279 (Check) 70 3.0 5.0 34 31 5328 1969 37.0 25.0
location rrean 81.8 3.9 7.2 37.1 36.1 6052 2246 37.2 33.4
BE of rrean 1.57 0.37 1.15 3.7 4.1 293.0 88.0 1.2 0.50
LSD at 0.05 4.51 1.071 3.32 10.8 12.0 843.3 253.3 3.6 1.45
C.V. % 3.8 19.6 32.0 20.2 23.2 9.6 7.8 6.7 3.0

PlHt = plant height (an); PrBr = number of prirrmy branches per plant; 8ecBr = number of
secondary branches per plant; Pcx:i/Pl = number of pods per plant; Sd/Pl = number of seeds
per plant; BYlD =biological yield per hectare; SYlD = seed yield per hectare; HI =harvest
:index in percentage; 100Sw = 100-seed ~ight (g).
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and seconda:ry branches can contribute to increased bicmass
and seed yield. M. Q:nar and K.B. Singh.

2 .1.3 .2 • Ascochyt:a blight

Asccx:::hyta blight is the major disease of chickpea and it
has assumed a greater significance with the introduction
of winter chickpea in the Mediterranean basin. Without
resistance to this disease chickpea cannot be grown during

winter. Therefore, the major emphasis in breeding at
ICARDA is to develop asccx:::hyta blight-resistant cultivars.
When resistant lines were tested across locations and

years none of the cultivars were found resistant at all
locations indicating the presence of physiologic races.
Research at lCARDA identified six races in Syria and 13
races in the Mediterranean basin. Therefore, efforts
began to canbine genes for resistance to asccx:::hyta blight.
several approaches are being followed.

The principal mechanism is to cross resistance
sources of diverse origin (gene pyramiding) assuming that
they have different genes for resistance and canbine them
into a· durable resistant lines. 'I'his program was

initiated in 1989/90 and materials developed by the end of
1993/94 season are shown in Table 2.1.9. During the

1993/94 season five crosses were made, and 436 thirty-six

F2' F4' F5' F6' and F7 plants were selected. All plants
had a rating of 3 on 1-9 scale, where 1 = free fran damage
and 9 = all plants killed. It is likely that scme of them
may be escapes, and they will be retested. Ma.terials
selected in the project have been passed on to the

biotechnology unit for evaluation using m:::>lecular-marker
technique. K.B. Singh and M.T. M:rbaga..
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Table 2.1.9. Nurrber of progenies/plants selected for ascochyta
blight resistance in the gene-pyramiding project
at Tel Hadya, 1993/94.

N:>. of progenies/hliks N:>. of
Generation in each ratim class plants

1-2a 3 4 5 6 7-9 'Ibtal ee1eta]

F7 progenies 0 8 23 14 9 6 60 22
F6 progenies 0 82 81 7 0 0 170 96
F5 progenies (R x R) 0 110 126 51 11 0 298 116
F4 bulks (R x R) 0 0 2 2 1 0 5 100
F2 bulks (R x R) 0 1 1 3 0 0 5 102

d/ Rating scale: 1 = no visible danage, 9 = all plants killed.

2.1.3.3. Cold tolerance

'!he materials sown in the cold tolerance nursery at

Tel Hadya during 1993/94 included 5 F2 bulks, 136 F3
progenies, 4 F4 bulks, 2 F5 bulks, 6 F6 progenies, 2

F7 progenies, and 25 Fa progenies. Unfortunately, the

season tUIned out to be warm, hence no screening for

cold tolerance was p:Jssible.

In sane interspecific crosses, we observed plants

flowering early. We selected 12 plants which flowered

around 2nd of March and harvested them individually.

These plants flowered about 3 weeks earlier than

no:mal flowering during spring and if they maintain

their early flowering trait, they will be useful in
breeding program for lengthening the reproductive

phase in chickpea. Another interesting observation

was partial sterility in sane plants from

interspecific crosses. seventeen plants with 2-3

seeds had been selected. We will study these plants

next season for their sterlity behaviour. K.B. Singh

and R. S. Malhotra.
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2.1.4. DevelClpDll!r1t of JiIpJ:cved. GEmlplasm far 'Nheat

based Fanniqr Systems

2.1.4.1. Segregating genera.ti.c:ms

During the 1993/94 season, 212 crosses were nade and
F1 advanced in the off-season during 1994. F2 and F4
bulks were grown in the main season and F3 bulks again
in the off-season (Table 2.1.10). A total of 13,976

progeny rows were grown for winter and spring seasons.
A total of 329 pranising and unifo:rm F5 and F6
pJ:03e11.ies were bulked. These l:ulk.ed lines were

purified and rrultiplied in the off-season for rrulti

location evaluation. Due to infestation by wilt-root

rot carplex, late rraturity, and p::x:lr growth habit, 80

lines had to be rejected, leaving only 249 for

evaluation in the yield trials next season. Ascochyta

blight develcped in epiphytotic form and effective

selection was nade. K.B. Si.r.lgh.

Table 2.1.10. Chickpea breeding rraterial grown at Tel
Hadya during winter and spring and at
Terl::lOl during off-season, 1993/94.

Generation No. of/bUlk
pJ:03e11.ies

No. of
plants
selected

No. of
l:ulk.ed
PJ:03e11.ies

FO 212 crosses
F1 212 crosses 4022
F2 Bulk 160 crosses 225

79*
F3 Bulk 85 crosses 84*
F4 Bulk 188 crosses 9674
F5 Progeny (large) 178 progenies 15
F5 Progeny (early) 2565 pJ:03e11.ies 110
F5 Progeny (others) 7401 pJ:03e11.ies 55 204
Total:
F2/F3/F4 Bulks 433 13,976
F5 Progenies 10,144 329
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2.1.4.2. Yield perfcmnance of newly bred lines

Three :t:nmdred and fifty newly-bred lines were evaluated in
6 preliminary yield trials (PYTs) at three locations (Tel

Hadya, Jindiress and Terl:ol) and in two seasons (winter
and spring). several lines were superior in yield over

the checks Ghab 1 in winter and ILC 1929 in spring,
although only a few were significantly better yielding

(Table 2.1.11). The 1993/94 was a nonnal season, but the
rainfall distribution was poor. However, the yield in
winter plantings was higher than previous years, and was
lower in spring plantings as cacpared to previous years.
Over the three locations, winter chickpea produced 2093 kg
ha-1, giving an increase of 124% over spring planting.

K.B. SUlgb..

Table 2.1.11. Performance' of newly develcprl lines during
winter and spring plantings at Tel Hadya (6
trials each season), Jindiress (6 trials each
season) and Terbol (5 trials each season),
1993/94.

I.Dca.tion NO. of entries* Yield (kg/ha)** Range for
and T > Sig. > 1M MHY c.v. ISD
season check check (%) (P.$0.05)

(kg/ha)

Tel Hadya
-Winter 350 137 3 2228 2858 11-19 486-818
-Spring 350 22 12 864 1358 14-33 242-438

Jindiress
-Winter 350 326 12 1719 2722 19-25 630-846
-Spring 350 143 23 989 1450 20-27 364-464

Terlx>l
-Winter 320 39 14 2333 3207 9-13 438-634
-Spring 320 46 4 947 1267 12-18 236-340

Overall
-Winter 2093 2929
-Spring 933 1358

* T "" Total; >check EKceeding check; Sig> check
Significantlyexcuding check.

** 1M = lDcation rrean; MHY "" Mean of highest yield.
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2 .1.4.3 . Winter sowi:ng

2.1.4.3.1. Perfozmance of newly bred lines at ICARDA
sites

A carparison of spring versus winter sowing has been made
over 11 years (1983/84 to 1993/94) at three sites (Tel
Hadya, Jindiress and Terl:Jol), using breeding lines
(ranging in no. bet'WeeIl 72 and 486). The winters of

1984/85, 1988/89, 1989/90, 1991/92 were colder than nonnal
and the springs of 1983/84, 1988/89/ 1989/90, 1990/91, and
1992/93 (especially at Tel Hadya) were drier than nonnal.

The seed yield data in Figure 2 .1.4 shoIrved. that
winter-sown trials on average produced 1712 kg/ha against
1023 kg of spring-sown trials/ giving 67% or 689 kg/ha

rrore yield. The yield differences bet'WeeIl winter and
spring were larger during dry seasons than in nonnal or

wet seasons. During an abnonnally cold year (1984/85),
yields of winter-sown trials were lower than spring-sown

trials. 'This was, however, no rrore tnle starting with the
1988/89 season which was also ve:ry cold. 'This is because

of the deliberate selection for cold tolerance since

1984/85.

Breeders usually select the top 10% lines for
further evaluation; this 10% top yielders in winter

sowing produced 126% or 1295 kg/ha rrore grain than the
mean yield produced in spring over eleven years. Many

lines produced rrore than 4 t/ha seed yield during
winter, especially in the favorable envil:onment of
Terbol. Obviously, there is a big advantage of winter
sowing over spring. K.B. SiDgh.
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2 .1.5. Strategic Research

2 .1.5.1. DevelopnaEit of early nutants with resistance
to ascochyta. blight or leaf miner

The joint ICARDA/ICRISAT Kabuli Chickpea Project in
Syria has bred lines with resistance to six races of
ascoc::.."'Iyta blight [caused by Ascochyta rabiei (Pass.)

Lab.], but none of them is early. T1nls rrost of them

are unadapted to spring sowing in West Asia and NOrth
Africa (WANA.). The project has also identified a

line, ILC 5901, resistant to leaf miner (Lirie::tr!}'Za
ciceri:na. Rond.) fran an evaluation of over 5500

genrplasm accessions. This line is very late rraturing
and poses problems in utilization. Mutation technique
has been used to develop new genetic variability for

these traits. Mutagenic studies were initiated during
the 1991-92 season to develop early lines with
resistance to ascochyta blight and leaf miner.

~ Generation: Two ascochyta blight-resistant lines
(FLIP 84-92C and FLIP 90-73C) and one leaf miner
resistant line (ILC 5901) were chosen for this study.

One thousand seeds of each of these lines were exposed

to three dosages, 40, 50 and 60 kr of ganma rays. The

M1 generation was sown at Tel Hadya, Syria, during the
1991/92 winter. Gennination (after 30 days), SLU:Vival
and sterile plants at rraturity were recorded (Table
2.1.12). Gennination was reduced with the increasing

dosage in all lines, eSPecially in ILC 5901. A

drastic reduction in the SLU:Vival at rraturityoccurred
in all genotypes, eSPecially at 60 kr for FLIP 90-73C
and ILC 5901. The percentage of sterile plants was
greater wi~ 40 kr ganma rays, as caIpared to 50 and
60 kr ganma rays. A total of 3292 plants survived and
were harvested individually.
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Table 2 .1.12 . Percentage gennination, Sl.lIVival at
maturity and sterile plants in M1
populations of three chickpea
genotypes irradiated with garnna rays.

Genotype Garm1a Ger.
rays (%)
(Kr)

8u:r:vival at
maturity (%)

% of sterile
plants

FLIP 84-92C 0
40
50
60

FLIP 90-73C 0
40
50
60

IL<::: 5901 0
40
50
60

91.0
85.1
62.7
53.6

99.0
93.6
63.0
34.7

79.0
63.4
27.8

9.2

90.0
49.7
49.7
43.3

96.0
49.5
45.2
16.9

77.0
46.2
21.8
6.8

0.0
35.4
13.0
10.3

0.0
44.1
17.8
17.8

0.0
17.2
6.0
2.4

M:2 GeneratiCXl: Plant rows of the 3292 survJ.vlllg
plants of the M1 generation were sown on 20 March
1993. The material was evaluated for earliness to

flower in 5 categories: vezy early « 36 days), early
(36-40 days), medium (41-45 days), late (46-50 days)
and vezy late (>50 days) (Table 2.1.13). This scale

is applicable to late spring-sown chickpea. OUt of
3292 progenies and 75 parental lines, one progeny was
rated vezy early and two progenies as early. Another

295 progenies were medium and the remaining 2994
progenies were late to vezy late. Only six early
flowering plants were selected fran the three vezy
early and early progenies and harvested individually.
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Table 2.1.13. Evaluation of ~ progenies of three
chickpea genotypes for earliness to
flower at Tel Hadya during spring 1993.

Genotype/
dose

Very Early Medium
earl~

Late to Total
very late

FLIP 84-92C
control
40 kr
50 kr
60 kr

FLIP 90-73C
control
40 kr
50 kr
60 kr

ILC 5901
control
40 kr
50 kr
60 kr

Total

a
a
a
a

a
a
a
o
1 (1)

a
a
a
a

a
1 (3)
a
a

a
1 (2)
a
o
2 (5)

a
55
53
104

a
35
15
1

a
14
15
3
295

25
440
445
329

25
460
437
168

25
447
203
65
3069

25
497
498
433

25
495
452
169

25
462
218
68
3367

a Very early = <36 days to flower; early = 36-40 days,
medium = 41-45 days; late = 46-50 days; very late =
550 days.

/ Number of individual plants selected is given in
paranthesis.

~ Progenies: The M3 generation was sown on 27 March
1994. The evaluation of six progenis is presented in

Table 2.1.14. The early maturity of five out of the

six was confinued (Table 2.1.14). None of these

segregated for maturity or for other observable

characters. The agroncrnic characteristics of these
five progenies (nutants) are given in Table 2.1.15.

The nutant fran FLIP 84-92C was 12 days earlier in

flowering and 15 days earlier in maturity than its

Parent. The two nutants fran FLIP 90-73C \\/ere 25 days
earlier in flowering and 30 days earlier in maturity.
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Likewise, the performance of the two mutants fran ILC

5901 was equally irrpressive, as they flowered and

matured 25 days earlier than their parent ILC 5901.

Despite their earliness, these mutants produced a

higher seed yield than their parents.

Table 2.1.14. Evaluation of M3 progenies of three
chickpea genotypes for flowering at Tel
Hadya during spring 1994.

Genotype/dose Very early Farly fv1edium

FLIP 84-92C
40 kr 0 1 0
50 kr 0 0 0
60 kr 0 0 0

FLIP 90-73C
40 kr 0 2 1
50 kr 0 0 0
60 kr 0 0 0

ILC 5901
40 kr 0 2 0
50 kr 0 0 0
60 kr 0 0 0

Total 0 5 1

Table 2.1.15. Agroncmic traits of the early chickpea
mutants during the spring of 1994.

Entry DFL
It

I:MAT seed yield 100 Sil
(g/plant) (g)

FLIP 84-92C (control) 65 105 6.3 35.0
FLIP 84-92C-1 (mutant) 53 90 9.3 34.1
FLIP 90-73C (control) 70 105 1.2 33.8
FLIP 90-73C-1 (mutant) 45 75 4.5 32.2
FLIP 90-73C-2 (mutant) 44 75 5.1 29.7
ILC 5901 (control) 68 100 2.1 21.4
ILC 5901-1 (mutant) 42 75 5.0 22.3
ILC 5901-2 (mutant) 40 75 4.6 22.0

It
DFL = days to flower; I:MAT = days to mature; 100 SW

= 100-seed weight.
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Calclusians: Mutation work proved effective in
generating early TIUltants in genotypes resistant to

ascochyta blight or to leaf miner. Three TIUltants with
resistance to ascochyta blight and early maturity,
developed fran FLIP 84-92C and FLIP 90-73C, will be
useful genetic stocks. So will be the case for the

other two TIUltants with resistance to leaf miner and

early maturity, developed fran ILC 5901. SUch

genotypes are not available in the gernplasm
accessions. A srrall quantity of Seed is available
fran the Gentplasm Program.

2 .1.5.2. H.1taticm. study for lcmg pod

In 1991/92 TIUltation work was initiated to induce

genetic variability in chickpea. One thousand seeds
of cv ILC 5901 (TIUlltipinnate leaf) were irradiated

with 40, 50 and 60 kr ganma rays. The ~ generation
was planted at Tel Hadya in 1992/93. Ou.t of 22,500
plants only one plant with a long perl was observed

fran the 40 kr treated progeny. The character was
t::rue breeding in M3 generation as shown in Table
2.1.16. M. Qnar and K.B. Singh.

Table 2 .1.16 . Characteristics of a long perl TIUltant
carpared with its parent.

Characteristics

Plant height (an)
Pods per plant (no.)
Pod length (an)
100 seed weight (g)
Days to flowering
Days to maturity

Parent
ILC 5901

35
11.7
1.7

21.4
68

100

Mutant
ILC 5901-long perl

37
16.3
2.8

22.7
62
95
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2.1.5.3. Effect of nitrogen an cold tolerance in
chickpea

SCreening for cold tolerance is essential to develop
chickpea cultivars adapted for winter sowing.
Therefore, a field screening technique was developed
for use at Tel Hadya. A high level of soil nitrcgen
is known to decrease cold tolerance in PeaS and winter
cereals. '!he present study was designed to examine
whether through increased nitrogen application the
discrimination in the chickpea genotypes for their
cold susceptibility could be enhanced and thus
selection pressure for cold tolerance could be
increased.

Twenty genotypes with differential reaction to cold
and three levels of nitrogen treatrrents, 0, 100 and

200 kg N ha-1 , 'Were chosen for this experirrent which
was conducted in pots. '!he material was sown on
OCtober 1, 1990. Three plants \\'ere grown in each pot
and six pots carprised one treatrrent. '!he pots 'Were

arranged in a randcmized block design with six
replications. '!hese pots \\'ere placed in the field in
the cold tolerance rrurse:ry at Tel Hadya. Because of
the placement of pots in the furrow, the soil level in
the pot was sarre as in the field. The nitrogen was

applied in tw:::> split doses, half on 15 November, 1990
and the other half on 15 December 1990. '!he 1990/91
season had 35 days of below zero terrperatures with
absolute minirm.mt terrperature dropping down to only 
6.4°C. Thus, the season was not conducive for field
screening for cold tolerance. '!he rating for cold
tolerance was done at the beginning of March 1991 on
a 1 to 9 f?cale, where 1 = free (no damage) and 9 = all
plants killed.

'!he analysis of variance for reaction to cold



36

revealed that differences between cold reaction due to
nitrogen, and genotypes were highly significant. Mean

cold reaction of genotypes at different levels of
nitrogen is given in Table 2.1.17. A laIge variation
for reaction to cold tolerance in genotypes was
observed. It varied frc:rn 1.67 to 4.67 with 0 N, 3.33
to 9.00 with 100 N, and 3.67 to 9.00 with 200 N
trea.trrents. Although the mean cold susceptibility
reaction increased as level of nitrogen application
increased, the difference between 100 and 200 N was
not significant (P~0.05). The genotype x nitrogen
interaction was significant as well. The difference
in the cold susceptibility of tested genotypes was not
as laIge without nitrogen application as with high
level of nitrogen. 'Ihe N application was thus
effective in enhancing discrimination am:mgst
genotypes for their reaction to cold. S<::m: genotypes,
for exanple II..WC 151, II..WC 165 and FLIP 86-87C, were

least effected by N and remained tolerant to cold at
all levels of N application, while others such as ILC
794, ILC 3468 and II..WC 57, showed tolerant reaction to
cold with no application of N and highly susceptible
reaction with application of N. Perhaps the increased
nitrogen supply encourages rate of growth, which
accentuates susceptibility to sudden cold.

It is concluded frc:rn this study that nitrogen
application was effective in enhancing the
discrimination am::mgst genotypes for their reaction to
cold and nitrogen application could be used in
preliminary field screening of cold susceptibility
even in the seasons when the cold is not severe. R.S.

Malhotra, K.B. Singh and M.e. Saxena.
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Table 2 .1.17 . Cold tolerance reaction (1-9 scale) of
chickpea genotypes at different levels
of nitrogen application at Tel Hadya,
Syria during 1990/91.

Kg N ha 1:

Entry Name 0 100 200

ILC 668 4.00 5.50 7.50
ILC 794 3.83 7.50 8.50
ILC 1929 4.17 8.33 8.97
ILC 3465 3.00 4.33 4.50
ILC 3468 3.50 8.17 8.67
ILC 3470 3.17 5.67 6.00
ILC 3476 3.33 5.50 8.33
ILC 6001 3.50 7.67 8.83
ILC 8617 2.67 4.00 4.33
IIWC 57 3.67 9.00 9.00
IIWC 76 2.00 3.83 4.00
IIWC 104 2.00 4.00 4.33
IIWC 151 2.67 4.00 4.00
IIWC 165 1.67 3.33 3.67
IIWC 183 2.17 4.00 5.17
FLIP 81-16C 4.00 8.67 8.83
FLIP 81-21C 4.67 8.83 9.00
FLIP 82-114C 4.00 4.50 8.00
FLIP 86-86C 3.67 3.83 4.50
FLIP 86-87C 3.50 4.00 4.00

Mean 3.26 5.73 6.51
SUsceptible check 4.67 8.83 9.00

lSD at P.sO. 05 for t\VO N means 0.154
lSD at P.sO. 05 for t\VO E means 0.375
lSD at P.sO. 05 for carparisons
arrong N x E interaction means 0.673

2.1.5.4. Develcpnent of early flowering and podding
lines under law teapera.ture

When the four cool-season food legLUTles are sown in
late November, faba. bean starts flO'Jllering in late
February while terrperatures are still lClltlT and
occasionally freezing. Field pea and lentil begin
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flowering in early March while terrperatures are low
but no frost occurs. However, chickpeas begin

flowering in early April, alrrost 4-6 -weeks later than
the other food legtmes. Under favourable conditions,
roth faba. bean and pea produce substantially higher
seed yield than chickpea perhaps because of the long
reprcxluctive phase in faba. bean and pea. In an
atterrpt to increase the reprcxluctive period in
chickpea, three studies were initiated during 1993/94.

(a) lIIfiltation: Five thousand M3 plants in each of

three treattrEIlts (40, 50 and 60 kr of ganma. rays) and

three lines (ILC 5901, FLIP 84-92C and FLIP 90-73C)

totalling 45,000 plants were sown in early December

1993. Observations were recorded on flowering.
Forty-six plants flowered in the first week of March
94, a:bou.t 15-20 days earlier than no:r:mal flowering
titre of winter-sown chickpeas (Table 2.1.18). These

plants were selected and plant rows were grown in the
off:""season at TerlJol where 76 early flowering plants

were selected for further testing.

(b) Farly rraturity genrplasm: Eight hundred twenty
six early rraturity genrplasm lines were selected and
sown in early December 1993. Thirty-two lines
flowered two to three -weeks earlier than no:r:mal winter
chickpea (Table 2.1.18). These were harvested
individually in June 1994 and sown in off-season at
TerlJol. At Terl:ol, 38 plants flowered very early.

These were harvested individually and will be tested
again next season.

(c) Intrasoecific crosses for early flowering:

Sixteen crosses were rrade between early rraturity and

cold tolerant lines during 1992/93. The F2 bulks of
these 16 crosses were sown in December 1993. During
early March 125 plants were selected that flowered
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early and were harvested individually for further
testing (Table 2. 1.18) .

(d) Selection of early flowerina plants fran
interspecific crosses: Twelve plants that flowered on
2nd March were selected and harvested individually
(Table 2.1.18) .

Table 2.1.18. Materials sawn for the developrent of
early flowering lines under low
tenperature at Tel Hadya, 1993/94.

Material No. of plants
Sown Hcrrvested

M~ mutants of 3 chickpea 45,000 46
IJ.Iles, 3 trteatrrents

Early flowering ge:rmplasm 826 lines 119
(fran 32 lines)

Intraspecific crosses (16) 16,000 125

Interspecific crosses (5) 5000 12

2.1.6. Interspecific Hybridization

2.1.6.1. Yield :inprovement

Interspecific hybridization is generally made to
understand the phylogenetic relationship arrong
species, to transfer useful genes fran the wild to
cultivated form and to increase the genetic
variability in cultivated species. In recent years,
wild species have contributed to the yield irrproverrent
in cultigen of various crops. In chickpea yield could
be irrproved by incOIporation of genes fran wild
species.
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A 9 x 9 dialleI cross was carried out during the

1987/88 season in the field at Tel Hadya. The F2s of

four successful crosses involving the cultigen as one

of the parents, Le. C. arietinum (ILC 482) x C.

echinospermum (ILWC 35), C. arietinum (ILC 482) x C.

reticulatum (IWC 36) and their reciprocals, v..>ere

grown in the field at Tel Hadya during 1989/90. From

each cross-ccmbination about 10% of F2 plants

phenotypically similar to cultigen \\/ere selected. The

chosen plants unde:rwent Pedigree selection in the

subsequent generations. The off-season advancement

was carried out at Terbol, lebanon. Finally, 135

F5/F6 uniform and pranising progenies v..>ere selected

during 1992/93 and evaluated for seed Yield and other

traits during 1993/94. These entries \\/ere SCI'iIIIl1. on 5

December 1993 along with parents in preliminary Yield

trial. The plot size was 2 rows 4 m long. Spacings

bet\lleen and within rows \\/ere 45 em and 10 em,

reSPectively. The experimental design was incarplete

blocks with tv.o replications. Obse:rvations \\/ere made

on 12 characters, n.arrely days to flowering, days to

maturity, synchrony in maturity, perl dehiscence,
biological Yield (kg ha-1), seed yield kg ha-1) ,

harvest index, 100-seed \\/eight (g), plant height (em),

seed color (beige, orange and brolil1Il) and seed shape

(owl shaped, round and angular). Genstat 5 release 3

program was used for the analysis of the data.

Superior lines to the check in seed yield, plant

height and 100-seed \\/eight, are shown in Table 2.1.19.

Th.e F6 material flowered bet\lleen 102 to 123 days,

while the parent cultigen (ILC 482) flO'.llered in 105

days. The differences arrong the earliest lines and

the cultigen \\/ere not significant. Lines matured

bet\lleen 155 and 171 days. Few progeny lines matured

earper than the cultigen parent, which matured in 156

days. The plant height ranged frem 20 to 59 em.

I
I
I
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Thirty-eight progenies were taller than IIC 482 and

nine of them significantly. These were all derived
frc:m C. arietinum (rIC 482) x c. echinospermum (ILWC

35) cross. 'These taller progenies showed erect and

semi-erect growth habit, were unifonn in maturity and

free of pod dehiscence. seeds were round rrostly of
beige color.

'The biological Yield of the F6/F7 progenies ranged
frc:m 1262 to 6705 kg 00-1 . Twenty-one progenies

produced rrore biological yield than the cultigen
parent but only one differed significantly frc:m the
cultigen. The F6/F7 lines produced 151 to 2802 kg 00-1

seed Yield. 'The highest Yielding line was derived
frc:m C. reticulatum (ILWC 36) x C. arietinum (IIC

482), while the second and thiId highest \\/ere frc:m C.
arietinum (IIC 482) x C. echinospermum (ILWC 35).

'They were all unifonn in maturity, with no pod
dehiscence and showed kabuli type seeds. 'The harvest

index of F6/F7 progenies studied varied frc:m 10 to
52% . Although 16 progenies showed harvest index
higher than that of the cultivated Parent (harvest
index 42%), none of them were statistically better.

The 100-seed weight of progenies varied frc:m 13 to
37 grams. Although 35 progenies produced heavier
seeds as canpared to the cultivated parent (100-seed
weight was of 27 grams), only 10 \\/ere significantly
different. They showed a growth habit ranging frc:m
erect to semi-spreading, \\/ere rrostly unifonn in

maturity and free frc:m pod dehiscence. FuIthe:rnore,
their seeds were light colored and round or awl
shaped. The two lines with the heaviest seeds \\/ere

derived fran the cross involving C. reticulatum (ILWC

36) as female parent, while the remaining \\/ere derived
frc:m the cross involving C. echinospermum (ILWC 35) as

male parent. These three progenies were all free frc:m



Table 2.1.19. Lines fron interspecific crosses superior to the creck in seed yield, am. significantly
superior to check in plant height am. 100-seed ~ight.

Line Cross/ Characters evaluated
Pro:J.

DFL I:M1l. FE BID SYD HI SW Gl: tM m SC SS
00. 00. an kg ha-1 kg ha-1

9

L:bles superiOr to CbecIt in seed yield
53 RA/F7 104 155 43.4 6705 2802 0.42 31.5 erect 1 1 beige owl
95 ].EIF6 105 159 44.1 5645 2720 0.48 19.4 erect 1 1 beige room
5 ].EIF7 102 159 44.6 4961 2494 0.48 26.9 Bani-spreadinJ 1 1 ~ roorxi
81 ].EIF7 115 159 55,4 5531 2392 0.42 33.2 Bani-erect 1 1 beige roorxi
55 ].EIF7 117 160 43.4 5039 2339 0.48 30.9 Bani-spreadinJ 1 2 beige owl
49 ].EIF7 113 158 41.5 5361 2306 0.44 24.7 erect 1 1 beige owl
73 ].EIF7 108 158 41.8 4892 2300 0.46 30.5 erect 1 3 brown ~ar
82 RA/F7 121 158 37.6 4460 2284 0.50 36.5 Bani-erect 1 1 beige owl
96 ].EIF6 117 161 43.3 5395 2265 0.43 n.a. erect 1 2 beige roorxi
80 ].EIF7 119 165 55.9 5528 2224 0.40 31.3 Bani-erect 1 1 beige room •86 RA/F6 105 156 42.3 4752 2131 0.43 30.2 Bani-erect 1 1 beige owl W

18 ].EIF7 111 158 39.2 4539 2102 0.48 31.7 Bani-spreadinJ 1 1 brown roorxi
89 ].EIF6 112 160 41.3 4705 2061 0.43 30:4 Bani-erect 1 1 brown ~
116 ].EIF6 113 163 49.7 4924 2041 0.43 28.9 Bani-erect 1 2 ~ roorxi
2 ].EIF7 108 158 42.8 5388 2033 0.36 31.8 Bani-erect 1 1 orange room
126 ].EIF6 102 161 48.0 4275 1949 0.46 31.8 Bani-spreadinJ 1 1 OraIJ.3e roorxi
41 ].EIF7 119 171 46.9 5431, 1931 0.41 35.8 Bani-spreadinJ 2 1 beige owl
7 ].EIF7 114 161 38.1 3922 1908 0.48 22.4 Bani-erect 1 1 brown ~
50 ].EIF7 109 164 44.5 4415 1906 0.44 29.5 Bani-erect 2 1 beige roorxi
63 ].EIF7 110 162 46.2 5093 1894 0.36 26.9 erect 1 1 beige roorxi

Lines significantly superior to check in plant height
111 ].EIF6 118 163 59.1 3659 1595 0.40 32.0 Bani-erect 2 1 orange roorxi
17 ].EIF7 118 161 58.7 4644 1637 0.36 24.9 erect 1 1 beige room
79 ].EIF7 109 163 56.2 4199 1516 0.35 31.2 erect 1 1 beige roorxi
80 ].EIF7 119 165 55.9 5528 2224 0.40 31.3 Bani-erect 1 1 beige roorxi
81 ].EIF7 115 159 55.4 5531 2392 0.42 33.2 Bani-erect 1 1 beige room

ct.I1t'd.



O::nt'd.
------

Line Cross! ------ OJaracters~ua~ed

Prcg.
DFL rnA HI BYD SYD HI EM GI tM PO SC SS
00. 00. an kg ha-1 kg ha-1 g

Lines significantly superior to check in plant Leight
67 AE/F7 119 165 53.6 4616 1611 0.36 31.7 erect 2 1 orange ro.md
38 AE/F7 117 168 53.0 3620 1273 0.37 30.2 semi-erect 2 1 bratin ro.md
130 AE/F6 112 161 52.9 4408 1743 0.41 24.5 erect 1 2 beige ro.md
118 AE/F6 119 167 52.1 3165 1382 0.46 31.1 erect 2 1 beige ro.md

Lines significantly superior to cbeck in 100-seed weight
90 RA/F6 110 162 28.0 2691 1329 0.48 36.9 semi-erect 2 1 beige CMl
82 RA/F6 121 158 37.6 4460 2284 0.50 36.5 semi-erect 1 1 beige CMl
41 AE/F7 119 171 46.9 5431 1931 0.41 35.8 semi-spreadi.r.g 2 1 beige CMl
51 AE/F7 114 161 51.6 3407 1188 0.38 33.85 erect 1 2 beige ro.md
81 AE/F7 115 159 55.4 5531 2392 0.42 33.2 semi-erect 1 1 beige ro.md ...
III AE/F6 118 163 59.1 3659 1595 0.40 32.0 semi-erect 2 1 orange ro.md W
126 AE/F6 102 161 48.0 4275 1949 0.46 31.8 semi-spreadi.r.g 1 1 orange ro.md
2 AE/F7 108 158 42.8 5388 2033 0.36 31.8 semi-erect 1 1 orange ro.md
18 AE/F7 111 158 39.2 4539 2102 0.48 31.7 semi-spreac:'lir.g 1 1 bratin ro.md
67 AE/F7 119 165 53.6 4616 1614 0.36 31.7 erect 2 1 orange ro.md

Parents
A 105 156 41.8 4559 1882 0.44 27.2 erect 1 1 beige CMl
R 119 158 23.4 1307 202 0.16 11.6 spreading 2 2 bratin angular
E 121 158 11.1 758 126 0.1:': 11.7 spreadi.r.g 2 2 bratin CMl

S.E. 1.89 1.98 5.13 563.1 262.7 0.004 2.152
C.V. 1.48 1.14 11.99 13.60 17.70 11.104 7.52

A = ~. arietI.IiUlillnc
u

482), R '" ~. reticulatum\trn:: 36Y-;-E = ~. echin::lsperrru (roc 35), AE: "'~. arietinum
(TIC 482) x~. echimspenrum (:r:rn: 35) and AR '" £;. arietinum (TIC 482) x~. reticulatum (:r:rn: 36)

DFL = days to flowerin.:J, rnA = days to rraturity, HI '" plant height, BYD '" biological yield, SYD = seed
yield, HI = harvest index, SW = 100-seed weight, GI = gn:wth habit, tM = unifm1llity in rraturity (1 =
uniform and 2 = ocn-uniform), PO = pod dehiscence (1 = ocn-dehiscent and 2 = dehiscent), SC = seed color
and SS = seed shat:e n.a. = datum IlOt available, s.e.d. = standard error of differences, C.v. =
coefficient of variation.
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pcd dehiscence and had kabuli type seeds.

In conclusion, the results of the 9 x 9 dialleI

cross have shown that a.nnng the eight annual wild

Cicer species only C. reticulatum and C. echinosperm.1rn
are readily crossable with the cultigen. Although

sterility and semi-sterility \'Jere observed in cross

canbinations involving C. echinosperm.1rn, this wild

species showed great potential in increasing the

variability of the cultigen, producing transg-ressive

recanbinants for traits of agronanic irrportance such

as seed Yield, 100-seed \'Jeight, plant height and

biological Yield. Selection carried out in F2
generation for plants phenotypically similar to the
cultigen, has been effective in generating lines with

better agronanic attributes carpared with those of the \

cultigen. It is concluded fran this study that seed

Yield in chickpea can be increased by introgression of

genes fran wild Cicer species.

2 .1. 6 .2. Cyst nematode

No sources of resistance to cyst nematode \'Jere found

in 10,000 accessions of cultivated species. But when
wild Cicer species accessions \'Jere evaluated 22

accessions of C. bijugum, five of C. pinnatifidum and

one of C. reticulatum \'Jere found resistant. Since

cyst nematode is a serious problem in chickpea grcMing

areas in WANA and no sources of resistance \'Jere found

in the cultigen, crosses \'Jere made during 1990/91 to

transfer resistance genes fran the wild Cicer species.

The materials evaluated during 1993/94 included 1166

F2 plants, 223 F4 plants and 3052 F5 plants fran

different crosses (Table 2.1.20) involving cyst

nematode resistant C. reticula tum accession ILWC 119

as one of the parents. Eight plants \'Jere identified
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with no nematode infection (0 rating) and 62 plants
with low infection (1 rating on 0-5 scale). After the
examination of roots these selected plants were

transplanted to let them grow to maturity to prcxiuce
seeds. Several selected plants prcxiuced no seeds when
transplanted. Of the remaining, many had undesirable
seed characters and were rejected. Rusts were
advanced in the off season nursery . Five new crosses
were also made. K.B. Si.ngh., M. Di Vito, N. Greco and
M.e. saxena.

2 .1.7. Protein Quality

It is our endeavor to develop cultivars with the same
or higher protein content as the check cultivar. To
meet this objective we evaluate newly developed lines
for protein content. During 1993/94, 350 newly
developed lines were grown at Tel Hadya, Jindiress and

Terbol in winter and spring seasons. Since earlier
studies had indicated no significant effect of seasons
on protein content, only newly developed lines grown
at Tel Hadya during winter were tested. 'Ihe protein
contents of the newly developed lines were at Par with
the check cultivar. K.B. Si.ngh..



Table 2.1.20. Reaction of plants fran interspecific crosses in FJ' F4, and F5 generations to
cyst nematode in the greenhouse at Tel Hadya, 1993 94.

Generation Cross no. Parents Scale1

0 1 2 3 4 5 'Ibtal

F2 X 93nn61 IUNC 119 X FLIP 84-15C 0 6 27 59 95 31 218
X 93nn62 ILWC 119 X FLIP 85-5C 0 7 30 82 364 135 718
X 93nn63 ILWC 119 X FLIP 88-8SC 3 9 15 49 116 38 230
'Ibtal 3 22 72 190 575 2041166 ~

0'\

F4 X 91'IH214 ILC 846 X IUNC 119 2 5 14 47 0 0 68
X 91'IH215 ILC 863 X ILWC 119 0 5 14 65 8 0 92
X 91'IH318 FLIP 84-92C X ILWC 119 0 6 7 49 1 0 63
'Ibtal 2 16 35 161 9 0223

F5 X 90'IHS71 ILC 482 X ILWC 119 2 19 79 1624 501 110 2335
X 90'IHS72 FLIP 87-69C X ILWC 119 1 5 23 457 190 41 717

'Ibtal 3 24 102 2081 691 1513052

1/ Scale 0 = no cyst formation on roots, 5 = 2 50 cysts on roots.
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2.2. Molecular Techniques and Tissue Culture in Chickpea

2.2.1. Study en Biodiversity in Chickpea using ~
Markers

2.2.1.1. ~ fiDgezprinting and RAID analysis of 83
Cicer arietinum accessialS

Q:mventionally diversity is estimated based on
rrorphological and physiological traits. These traits are

highly influenced by enviro:nrrent making precise diversity
estimation difficult and unreliable. lsozyrre analysis has
been suggested as an alternative method for estimation of
biodiversity and gemplasm evaluation. Since isozyrres are
limited in number and are not polyrrorphic in chickpea,
their usefulness is limited. Recently, a:JA markers have

been used for biodiversity studies and genrplasm
evaluation in m:my c:rop species. since DNA markers
detects variation directly at DNA level, they are not
influenced by the enviro:nrrent and they are unlimited in
number, making them highly useful for their application in

chickpea irrp:rovement.

To study the genetic diversity within kabuli
chickpeas, 83 accessions collected frcm 26 different
countries and can:ying a wide range of variability for

agroncmic traits, were selected frcm the gemplasm bank.

Equal quantity of leaf sample frcm 10 individual plants of

each accession was pooled and DNA was extracted by

following CrAB procedure. The pooling of the leaf samples
was done to detect the predan:i..nant alleles within an

accession. The extracted DNA was used for studying
genetic variation using RFLP (DNA fingerprinting) and PCR
(RAIDs). RFLP analysis using the restriction enzyrre EccRI

and the probe (GATA) 4 revealed high degree of polyrrorphism
(Figure 2.2.1) whereas RAPDs did not reveal any

polyrrorphism (Figure 2.2.2). Therefore only the results
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of RFLP analysis was further analyzed using the canputer
program NTSYS-pc to calculate genetic distance (Neis'
genetic distance) and to perform cluster analysis (Figure
2.2.3) .

The genetic distance (dissimilarity index) ranged
from 0.00865 (between ILC 5587 and ILC 5588) to 0.09521
(ILC 3401 and ILC 200) indicating existence of a high
degree of genetic diversity arrong the accessions analyzed.
The cluster analysis classified 83 accessions into 83
distinct genotypes, indicating that no duplicates existed
in the analyzed ge:mplasm collection. M:::>st of the
accessions, even from the same country of origin,
clustered separately except two accessions each from
France (ILC 5587 and ILC 5588), Egypt (ILC 546 and ILC
560), Pakistan (ILC 5649 and ILC 5652), Palaestine (ILC
2299 and ILC 2300), Mexico (ILC 3715 and ILC 3743), USA
(ILC 2514 and ILC 2517) and the fo:nrer USSR (ILC 200 and
ILC 2665) which clustered together. The results of the
present study could be useful in deciding the c:ross
canbinations in chickpea breeding programs and also for
targeting future ge:mplasm collection missions. F.
Weigand, S.M. Udupa. and L.D. Rabertsal.

2.2.1.2. Mierosate1lite-primed polymerase chain
reaction (MP-PCR) analysis of Cieer species

Oligonucleotide notifs carplementary to microsatellite
sequ:ences (e.g . (GACA) 4) can be used as single PCR prirrers
to analyze the length variability of inter'-repeat regions
in the chickpea gen.are. In order to analyze intra-as well
as interspecific variability, single plant IJ.NAs of ILC
482, ILC 1272, ILC 3279 and ILC 1929 representing the
cultivated chickpea, IIWC 123, ILWC 137 representing C.
reticulatum and IIWC 179 representing C. echi.n.osperm.I

were selected and analyzed using (Gmr) 4 and (GACA) 4 as
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Origin:

Acc•••lons
(ILC No.):

a

Origin:

Acc••sions
(ILC No.):

b

.
n r--------o

Figure 2.2.la and b. RFLP analysis of 83 accessions of kab.lli chickpea using the enzytre E<xRI

and probe (GATI\.) 4 •
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primers. A single primer typically generated 4-14

detectable bands. The inter- and intraspecific

polyrrorphism was rrodest and low, respectively (Figure

2.2.4). In conclusion, sane microsatellite rrotifs can

:be used for the evaluation of genetic diversity

:between Cicer species. F. Weigand (ICARDA), B. Hiittel

and G. Kahl (Franfurt University, Gen11any).

21 Different Accessions of Chickpea

F · 2 2 2 RAP·n analy,sis of 21 accessions ofJ.gure . .. LI

kabuli chickpea using the primer OPI-

10.
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600 ..
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300 ..

(GACA)4

Figure 2.2.4. Microsatellite-primedpolyrrerase chain
reaction (MP-PCR) analysis of Cicer

species using (GCUI') 4 (upper panel)

and (GACA) 4 (lower panel). The

arrplified IJNAs of single plants of ILC
482 (lane 1), ILC 1272 (lanes 2 and
3), ILC 3279 (lanes 4 and 5), ILC 1929

(lane 6), ILWC 123 (lane 7) ILWC 137

(lane 8, roth representing C.

reticula tum) and ILWC 179 (lane 9, C.

echi.nospermum) Yllere separated by

agarose gel electrophoresis and
visualized by ethidium branide

staining. MJlecular Ylleights in bp are

indicated by arrows.
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Generation of Sequence-tagged Microsate11ite
Site Markers

(iii)
(iv)

Application of microsatellites in a RFLP (DNA
finge:rprinting) approach revealed considerable intra
as well as interspecific }?Olyrro:rphism in Cicer
species. These }?Olyrro:rphisms has been ~loited in
genetic diversity and linkage studies. Application of
DNA finge:rprinting might be limited, especially in
linkage studies, because it is a dcminant marker
system, detecting too many undistinguishable loci at
the same time, and a limited number of informative
oligonucleotides are available. In order to increase
the number and the level of informativeness of
microsatelitte loci the ICARDA./Universityof Frankfurt
collaborative research was focused on the generation
of sequence-tagged microsatellite site markers (S'IMS).

The S'IMS markers are codorninant and allow the
discrimination between horrozygous and heterozygous
individuals in breeding IJOPUlations. This marker
system includes the advantage of Prn., e. g . it is an
autanatized procedure and requires only low arrounts of
DNA. It is, therefore, useful for application in
plant breeding.

For the generation of SIMS marker the following
steps are involved:
(i) cloning of chickpea DNA in E. coli;

(ii) screening of DNA libraries with repetitive
oligonucleotides;
isolation of repeat-containing fragrrents and

sequencing of repeat-containing fragrrents.

SUitable SIMS primers are const:r:ucted according
to the sequencing information of the rePeat flanking
unique Parts of the fragrrents.
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Within the collaborative research, size-selected
(250-600bp) genomic DNA libraries were constructed.

The libraries consist of approxirrately 30,000

recombinant clones which cover nearly 1.5% of the

chickpea genome. These clones were hybridized to a

variety of repetitive probes [e.g. (GA) 8' (Gr) 8'
(T.M.) 5] and 270 microsatellite-containing clones have

been isolated. Some of the clones were sequenced and

primer pairs flanking repetitive sequences were

synthesized. The results of arrplification of chickpea

DNA using tv.D primer pairs are given in Figure 2.2.5.

S'IMS-mediated polyrrorphisms can only be scored if

Figure 2.2.5. Evaluation of polyrrorphism in chickpea

using sequence tagged microsatellite
site rrarkers . Individual chickpea DNA

(1: ILC 482, 2: ILC 1272, 3 and 4: ILC

3279, 5: ILC 190, 6: ILC 191, 7: ILC

200, 8: ILC 202, 9: ILC 4978, 10: ILC

5513, 11: ILC 6298, 12: ILWC 123, 13:
ILWC 179) was analyzed by PCR using

primer pairs flanking repeat containing

fragrrents. The arrplification products

were separated on 4% NuSieve agarose

gels, stained with ethidium branide and

photographed under UV light.
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small electrophoretic nobility differences are
detectable. Such a difference, for exarrple is
detectable between the arrplified fragments of ILC 5513
and. ILC 6298 ('upper part of Figure 2.2.5). B. HUtte1,
P. Winter, G. Kabl. (Frankfurt University, Geme.ny),

S.M. Udupa. and F. weigand (:ICARDA).

2 .2 .3 • Genetic Characterization of Ascochyt:a rabiei

Polymerase Chain Reaction based teclmiques (RAIDs and.

MPs) and RFLP were used for genetic characterization
of A. rabiei isolates of Syria and. Tunisia, to help in

describing an efficient control of ascochyta blight
disease of chickpea.

2.2.3.1. Genetic diversity, genetic structure and

distribution of A. rabiei isolates of Syria

as revealed by Randan Auplified Polymmphic
:r:.tm. (RAPO) analysis.

RAID analysis was perfonred to: (a) study genetic
diversity, genetic structure and. distribution; (b)
rronitor migration, mutations and. evolution in the
pathogen population; and. (c) characterize geneticaly
different pathotypes prevailing in chickpea growing
areas of Syria. Fifty three isolates collected during
1982, 1991, 1992 and 1993 (see LP Annual Report, 1993,
pp: 50-54 for details re9arding place and. years of
collection of the isolates) were subjected to RAID

analysis using 10 base primers of arbitrary sequence.
The result of the 10 primers which arrplified
polyrro:rphic fragments were analyzed for genetic
distance and. phylogeny using a cc:mputer prcgram NISYS
pc.
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1991 1992

Location
Ghab Jlnd.resa

Syria/Lebanon I~+rfloi.di'

Isolate No. M 12345678 91011121314151617181920M

S5 ssssssss

Primer: OPJ#Ol

RAPD
Pattern ....
Pathotype ....

a
0

Year 1992 1993,
I I

b

Location

Isolate No.

RAPD
Pattern ~

Pathotype ....

Year

AGU
g

_
1

' ....H
M2122~~~U27U~~31~M~35~~3839~M

Primer: OPJ-01

1993

Location Malkieh I Kamishly IROUII_,

c

Isolate No.

AAPD
Pattern -+
Pathotype -.

M 41 424344454647484950515253

Primer: OPJ·01

Figure 2.2.6a,b,c.Randan Arrplified Polyno:rphic DNA
analysis of Ascochyta rabiei isolates fran
Syria using the primer OPJ-Ol. Lane M
contains rrolecular weight marker (lambda
EccRI digested DNA) .
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Genotype Pathotype Isolate #

-j

4-e=-

I

~ t
--

y

~

A W

B W 2

C W 3 & 12

U W 51

E W 5

J W 14 & 15

M W 22

Q SS 43

S 9

G SS 8

S S 46 & 47

0 W 38

K W 20

L W 21

F SS 7 ill]~3-.-
16-19,

H SS 23-33,35-37,

N SS 34
39-41 ,45,48,
50,52 & 53

P SS 42

R SS 44

T W 49

D S 4&6

0.072 0.060 0.048 0.036 0.024 0.012 0.000

Genetic Distance

Figure 2.2.7. Dendrogram of 53 isolates of Ascochyta

rabiei of Syria based on the UfGVIA

method using the Neis I genetic

distances. The Neis I genetic distances

were calculated based on RAID patte:rn.
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The isolates could be grouped into 21 genotypes,
A to U (Figures 2.2.6 and 2.2.7). The genetic

distance ranged fran 0.00425 (bet\\leeI1 genotypes H and

N) to 0.07371 (bet\\leeI1 genotypes D and R, D and T) .
The genetic group H was predcminant in all the
chickpea growing regions. This group consists of
isolates belonging to pathotype III (super strong) and

were frequently saJtI)led in blight epidemic areas of
north - east of Syria.

The results indicated that there is a

considerable de9ree of genetic variation in A. rabiei
within and bet\\leeI1 chickpea growing regions and over
the years (Table 2.2.1). Genetic diversity as

indicated by diversity index is decreasing in the year

~992 and 1993 as carpared to 1982 and 1991. Within
the different pathotypes, genetic diversity was the
highest in pathotype I (weak, diversity index 0.90)
follCllo'.'ed by pathotype II (strong, diversity index

0.64) and pathotype III (super strong, diversity index

0.39) was the lowest. Based on these results we
conclude that adaptive DUtatians* in the pathogen and

its selection over the generations could help the
pathogen to break resistance in the released
cultivars. On the other hand, the existence of
pathotype III for many years at a lOW' frequency and

therefore not being detected during previous surveys,
can not be excluded. Occurrence of a single genotype
H over a large area indicates a founder effect. It
reflects the preference of the pathogen for asexual
m::xie of reproduction under natural conditions.

Bare of the primers. which did not reveal

polyrro:rphism within A. rabiei were used as an
additional test, to confinn the identity of A. rabiei
(to avoid confusion about pathogens causing similar
disease symptans, such as Phara) and to test purity of
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the culture used for pathogenicity tests. Figure
2 . 2 . 8 shows one such exanple with prirrer OP1-10. The

A. rabiei isolates showed distinct rronarorphic
pattern which was different frcm A. fabae f. sp .lentis
indicating the identity and purity of the cultures
used for pathotyping and genotyping.

* Adaptive nutation is a process that appears to
produces useful nutations only in the presence of
selection for those nutations and in the absence of
cell growth (SCience I vol. 264 1 pp: 224-225 and 258
260 1 1994). F. weigand and S.M. Udupa.

Table 2.2.1. Genetic characterization of Ascochyta
rabiei isolates of Syria.

Year
collected

1982

Genotypic groups

Pathotype Pathotype Pathotype
1 II III

A(l) IB (1) D (2)
C(l)/E(l)

Diver.
index

0.77

1990

1992

C(l) I

J(2) ,K(l)
L(l) ,M(l)
0(1)

I (1) F(l) IG(l)
H(2)

H(19) ,N(l)

0.77

0.41

1993 T(l) IU(l) 8(2) H(8)/P(l)
Q(l) ,R(l)

0.67

Total #
Gene.
1so1.

Diver.
index

11
13

0.90

3
5

0.64

7
35

0.39

a The number in parenthesis indicates number of
isolates belonging to the genotype.
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A.rabiei isolates (#41-53)
MI

Figure 2.2. 8 . Randan Arrplified Polyrro:rphic DNA

analysis of Ascochyta rabiei isolates

(41-53) and Ascochyta fabae

f . s .lentis. Lane M contains rrolecular
weight marker (lambda EcoRI-HirrlIII

digested DNA) .

2 .2 .3 .2 • Distribution of A. rabiei genotypes in
Tunisia

Al::::out 400 A. rabiei isolates, hierarchically sarrpled

allover Tt.misia, have been radioactively finger

printed and 34 different finge:rprint genotypes

detected arrongst them. An A. rabiei distribution map

has been completed for the Beja region, the main

chickpea growing area of Tt.misia. Around 150 isolates
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'Were tested fran this particular region and 17
distinct genotypes 'Were detected and canpared to four
distinct genotypes fran Syria using band sharing data
in UKMA cluster analysis (Figure 2.2.9). The

analysis was based on the presence or absence of bands

derived fran Hinfr-digested DNA and the probes (CA) 8 I

(CAA)S' (CAG)S and (GATA) 4' F. weigand (ICARDA), H.
M:>rjane, M. Harrabi (~, Tlmis, Tlmisia), J.

Geistlinger, G. Kahl (Frankfurt University, GeJ:many).

TAr1

TAr2

1"r3

1Ar4

TArS

L----c==c
TAre

r--------- TAO

1\

--.----- ['J

rAr8

,------------ 1A19

1A,,0

TAr11

---- TArn

1Ar13

TAr14

TAr15

L-----lC ~::::
1\'

0.' 0.3 0.2

Genetic distance

0.1 0.0

Figure 2.2.9. Dendrogram based on UPCMA cluster
analysis of fingerprints of 21

Ascochyta rabiei genotypes and one
genotype of Ascochyta faba.e. seventeen
genotypes were collected in Tunisia
(TAr1 to TAr17) and 4 were collected in
Syria (A, B, C and D) .
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2.2.3.3. Microsatellite-primed PeR analysis of A.

rabiei

Micrasatellite-primed PCR (MP-PCR) has teen applied to

A. rabiei. The primer with the highest degree of

info:r:nativeness found so far is (GAA) 5' This primer

can distinguish tetween eight predominant genotypes

from Beja (Tunisia) and one genotype (isolate no. 6)

from Syria (Figure 2.2.10). An amplification fragment

produced from (G3:nTT) 3 as primer was isolated and
cloned into a sequencing vector. The isolated locus

contained a sequence, which represents a clllster of

many different micrasatellite rrotifs. By using this
sequence as a prate in Southe:rn hybridization a RFLP

with a high degree of polyrrorphism was displayed

(Figure 2.2.11). F. Weigand (ICARDA), J. Geistlinger,
G. Kahl (Frankfurt university, GeJ:many);

2322 bp
2027 bp

564bp

Mabcde gh

a = Syrian isolate 6

b-j = Tunisian isolates of Beja

M = Hind III-digested lambda-DNA

Figure 2.2.10. Microsatellite primed PCR analysis of

Ascochyta i:abiei using (GAA) 5 as

primer.
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564 bp-

a b 1 .

a, b "" Syrian isolates

1 - 34 = Tunisian isolates

2 and 6

. 34

Figure 2.2.11. Use of a cloned (cn:nTr)3 -flanked
sequence as an RFLP probe in Ascochyta

rabiei.

2.2.3.4. Iso1atian of aggressiveness-re1ated genes

Differential display of rnRNA has been applied to A.

rabiei. The teclmique is based on PeR. arrplification
of c:rnAs derived fran rnRNA populations of different
pathotypes. Differences between the pathotype
populations can be displayed by a silver stained
polyacrylamide gel electrophoresis. Plant-sap media
were prepared fran chickpea or wheat leaves and spores
of A. rabiei a pathotype III (Syrian isolate no. 13)
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grown in the different rredia for 12h. Subsequently
mRNA was isolated. After PeR arrplification of the
corresponding cIW\s the results were displayed on the
gel. Around 20 chickpea induced bands, which were not
present in the wheat rredium, have been isolated fran
the gel and rearrplified to be tested in Northern
analysis to confinn their induction. Positive bands

will be cloned and characterized to understand
aggressiveness in A. rabiei. F. Weigand, J.

Geistlinger, G. Kahl. (Frankfurt University, Ge:m1aIlY),

s. Hamze (~, Tunis, Tunisia).

2 .2 .4. Wide Crosses in Chickpea

'Ihe wild annual Cicer species can:y genes conferring
biotic and abiotic stress resistance. sane of these
species carry: (a) resistance genes which cannot be
found in the cultivated Cicer, (b) multiple stress
resistance, and (c) resistance of higher level
ccrrpared to the cultivated species. Plant breeders
w:JU1d like to make use of these sources of resistance.
Unfortuantely, sexual hybrids have so far been

reported only between C. arietinurn and C. reticulatum
or C. echinospermum. In order to test
crosscarpatibility and existance of pre- or
postfertilization barriers crosses between cultivated
and wild annual chickpeas were initiated. Cicer
arietinum lines used included: llC 482, FLIP 84-15C,
IIC 200 (Russia kabuli), IIC 519 (Egypt kabuli), IIC
5359 (Mexico kabuli), IIC 6328 (India desi), IIC 4475
(Iran desi), and .Am:bm-l ('I\misia kabuli). Thewild
species included: C. bijugum ILWC -32, -62; C.
judaicum II..WC -46, -95; and C. pinnatifidtml II..WC -236,
-171.

Control experitrerlts were first carried out with
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selfed flOWllers to detennine the best in vi t:ro protocol
and best rredi.a canposition. Subsequently, crosses
between the above trerltioned 8 cultivar lines and two
lines each of the three wild species were initiated.
Belfed as well as crosspollinated flowers were handled
as follows:

1. The crosses were nade with flOWllers in a stage when
the sepals were tunring fran green to white/yellow.
The anthers were taken out, preferably all at once,
with extremely care. Pollen fran a flower of the
wild species (sepaIs were coloured but the flOWllers
were not yet carpletelyopen) were transferred on
the pistil. A tag or identification was fixed on
one of the lOWlIer branches. A drop of horrrone
solution, containing 8rrg/1 gibberilic acid (GA3),
1rrg/1 kinetin (KIN) and 1rrg/1 napthalene acitic
acid (NAA) was applied to the base of the pistil.
This was rePeated the following two days to enhance
pollen tube growth.

2. Up to 10 days there after the flOWllers could be

collected and sterilized (30 minutes in 10% Zephir,
a Syrian ccmrercial desinfectant, containing
quartenlalY armonium salts). They were then rinsed
with sterilized water. If necessary petals and

sePals were rerroved with sterilized forceps to
leave snall pods for further handling.

3. FIOWllers or snall pods were transferred onto POd
growth rredi.um (D4B). FIOWllers or snall pods

developed further within 1 to 2 weeks. Big pods

(>10 mn) were dissected with sterilized forceps on
sterlized filter paPer. The ovules were
transferred onto induction rredi.um mE.

4. Calli, fo:rtred on D3E rredi.um, were transferred to
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regeneration medium (+ lng/IM.) .

5. Developed plantlets were transferred to tubes

containing MS medium + lng/lIM. + lng/lEAP.

Above stages of developrent occurred in' selfed

plants. Induced calli frcm selfed plants showed

rro:rphogenesis after a pericxi of about t'WO rronth.

Interspecific crosspollinated flowers also showed the

sane developrent to small pcxis. They grew bigger on

induction medium. Applying drops of honrones

prolonged the tine that Pcxis would stay on the plants

and pennitted transfer of ovules straight onto D3E.

A high percentage of ovaries and later ovules were
infected with bacteria. Too stringent sterilization

killed the ovary, a less stringent sterilization

created contamination problems. Successfully

developed ovules had to be transferred to fresh nedium

every few weeks to keep them alive. '!he obtained

ovules of various cross canbinations excluded very

strong post-fertilization barriers ('rable 2.2.2).

Post-pollination barriers can be circumvented by in
vi. t:ro rescue. Sinple media such as MS did not 'WOrk

with small pcxis or small embryos. Loss of chlorophyll
was followed by death. '!he newer media (D30, D3E,
D4B, D4E and D40) showed good chlo:rophylldevelcpnent

and growth. of the smallest pcxis. Excised proembryos
or embryos reached a size of at least 2-4 nm diarreter

within 2-4 weeks. '!he rate of recovery proembryos per
cultured pcxi was ve:ry high (50-80%).

'!he application of honrones to enhance pollen-tube

growth resulted in bigger Pcxis and ovules. Small Pcxis
grew rapidly (7-14 days) to no:rmal Pcxisize. Bigger

Pcxis contained ovules that could be transferred to
D3E. After 2 weeks calli growth was visible. In the

case of calli frcm selfings transfer of the calli to
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regeneration rredium showed m::)]:phogenesis and

develClpl'eIlt of plantlets. In the case of
interspecific crosses calli were fonred. '!be results
obtained for planlet regeneration fran selfings and

the possibility of ovule rescue and calli develClpl'eIlt
fran interspecific crosses indicate that it should be
possible to regenerate plants fran calli of
interspecific crosses. B. van Dorrestein, A. Caneau
and M. Baum..

Table 2.2.2. In vi tro perfonnance of various cross
canbinations between cultivated and
wild Cicer species.

Cross Ccrnbination No. of Ovules calli
crosses white green fi:::matia:l

ILC4475 x II.WC236 11 4 2 no
ILC482 x ILW236 9 5 6 yes
Ad-1 x ILW236 9 3 2 yes
L6328 x Il.W236 10 3 4 yes
L5359 x ILW236 2 4 no
FLIP84-150 x ILW236 2 no
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2.3. Chickpea. Pathology

Diseases form a major biotic constraint to the
productivity of chickpea and to a large extent, cause
instability in chickpea yields. Ascochyta blight
caused by Ascochyta rabiei is the rrost serious foliar
disease of chickpea in the west Asia and north Africa
(WANA) region, particularly where lcm terrPeratures
(lS-2SoC) prevail during the crop season. Its
occurrence is not regular and is weather dependent.
However, a good season for the chickpea crop is often
favourable to ascochyta blight. Winter sowing of
chickpea provides an opportunity to increase chickpea

yield by alrrost 100% i unfortunately it also increases
the risk to ascochyta blight devastation. Therefore,
control of ascochyta blight is essential for
increasing chickpea production and yield stability.
Host resistance is the rrost practical and econanic way
of rncmaging the ascochyta blight problem yet levels of
host resistance have to irrprove. Fungicides that are
effective as foliar sprays have been identified but
their use has limited success in that when
environrrental conditions are favourable for ascochyta
blight, even ten applications may not be effective.

Fusarium wilt caused by FUsarium OXJ'SFOzum f.sp.
ciceri is the rrost inportant soil-bozne disease.
Other soil-bozne diseases such as black root rot
(FUsarium solani), and wet root rot (Rhizoctania
solani) that are favoured by high rroisture conditions
are inportant in sate areas in Ethiopia and irrigated
fields in Egypt and Sudan. Dry root rot (Rhizoctania
bataticola) occurs throughout and region while collar
rot (Sclerotium rolfsii) and stem blight (caused by

Sclerotinia sclerotiozum) have also been reported fu
the region but overall, they are econanically less
inportant than fusarium wilt.
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The objective of chickpea pathology is to (1)
assist chickpea breeders in the develop:rent of high
yielding, disease-resistant cultivars and evaluate
breeding material for resistance to the major diseases
of chickpea; (2) collect info:rmation on disease
epidemiology and pathogenic variability and develop
disease management strategies for ascochyta blight;
(3) collect info:rmation and rronitor disease incidence
and severity in the WAN1\. region in collaboration with
the national scientists; and (4) develop research
collaboration with national programs on diseases
management of ascochyta blight and wilt.

2 .3.1. Field SUrvey of Chickpea. Diseases

Disease incidence and severity on chickpea was
surveyed in Dara' a, Hans, Hama, Alepp:> and Hassakeh
provinces in Syria. In total 16 locations, including
off-station and on-fann trials, 'Were visited and the
disease incidence and severity at the different
locations was assessed. The objective of this survey
was to evaluate the disease situation in chickpea in
Syria and to assess disease reaction of three released
varieties (Ghab 1, Ghab 2 and Ghab 3) and three
promising lines (FLIP 84-15, FLIP 86-5 and FLIP 86-6)
that 'Were ind.erronstration plots in fanrers fields,
on-fann trials and on-station trials.

Results are surnnarized in Table 2.3 .1. unlike
last season, all provinces showed high incidence of
ascochyta blight followed by Fusarium wilt and dry

root rot as the daninant diseases. Laboratory tests
confirrred the presence of four major pathogens:
Ascochyta rabiei, Fusarium Q}l}'SPOIUllI, Phc.na

rraiigaginis var pinodella, and Rhizoctania ba.taticola
(Table 2.3.2). In the El-Hassakeh province the



~e 2.3.1. Q1i.dcpea disease :inc:ideIIce at different locatials in Syria, May 1994.

lDcatia1 G!D:ll:ype Pi." incideg;r am seymi.ty
Q1-fapn trials D!!m:I!stratiaJs PJmm' fields

Asff FW/rt' Scl' Asff FW/rt' Scl' 1tIIC- FW/rt' Scl'

~:
Dara!a/'la:Iti!B'b CJlab 1 5-" 2-3"b," - t' 3" 3b

Nawaa/z:De1!f' ChIb 2 NP NP NP - t' 2" - NP
Izra·~ <Jab 3 5-" 2"/3"" - - 3b 2" - NP
Jellin" PLIP 84-15 r" 3"/3"" - - NP NP - NP

PLIP 86-5 5-" 3"/t' - - NP NP - NP
PLIP 86-6 5"""" 2"/3"" - - NP NP - NP
IoaI1 .,. l'

B;mi: ChIb 1 r-- - JLb 8-'" - - NP
f!arIt'/'ZJ::JMJ 2"''''. CJlab 2 NP - NP b"""" - - NP
TartaJlf/'ZJ::JMJ 1" ChIb 3 5..... - ]Lb.. - - NP -
EI.-CbIb" PLIP 84-15 r" - )"'... 8"""" - - NP

PLIP 86-5 5"""" - 2"" NP - - NP
PLIP 86-6 5-'" - 2-0, NP - - NP
IoaI1~

-..J

If!!!m: 0

Billa statial ChIb 1 - 2 - 4
ChIb 2 - 2 - 3
ChIb 3 - 4 - 4
PLIP 84-15 - 4 - NP
PLIP 86-5 - 2 - NP
PLIP 86-6 - 2 - NP
IoaI1

l\J&li!IlQ: ChIb 1 ,..b 2"'-' NP
Kafr Halep' ChIb 2 NP .lIP NP
AtaxeI:/' ChIb 3 sa." 2"'" NP

PLIP 84-15 ,.." 2"'" NP
PLIP 86-5 sa.. 2" NP
PLIP 86-6 6"'" 2" NP
IoaI1

Idlfllf/ ChIb 1 ,.." - )"'" NP liP liP
,...

~ ChIb 2 NP NP NP NP NP NP NP NP NP
ChIb 3 sa.b - 2"'b NP NP NP liP NP Nt>
PLIP 84-15 '1"b JLb NP liP NP NP NP NP
PLIP 86-5 5"· - 1'" NP liP NP NP NP liP
PLIP 86-6 6"'. - )"'" NP NP NP liP NP NP

cmt'd 2/ .•



O:nt'd 2/ ..

I.ocatien Geootype
Cb-farm trials

Asrf FW/rt:! - SCl3

Disease incideIlce and ~tv
DetmstratiCX1S FaIJrers' fields

Asrf FW/rt:! SCl' Asrf FW/rt' SCl'

1. Asax:hyt:a blight en a 1-9 scale for locaticns indicated as a,b,
2. Wilt/root rot (w/rtl en a 0-5 scale.
3. Sclerotinia blight (Sell en a 0-5 scale.
4. NP = not planted.

Hiiffiekeh:

~:
Tel Hascui

HeiIro

Malkieh

Qlab 1 7
Qlab 2 5
Qlab 3 6
FLIP 84-15 8
FLIP 86-5 7/6
FLIP 86-6

Qlab 1 7
Qlab 2 NP
Qlab 3 5
FLIP 84-15 8
FLIP 86-5 6
FLIP 86-6 5

Qlab 1 7
Qlab 2 NP
Qlab 3 5
FLIP 84-15 8
FLIP 86-5 6
FLIP 86-6 5/6

8 - - NP NP NP
6 - - NP NP
5 - - NP NP ~l

NP NP NP I-'

NP NP NP
NP NP NP

NP NP
NP NP
NP 5
NP NP
NP NP
NP NP

--
or c.



Table 2.3.2. Disease incidence m prc:mis:in] chiclcpea lines grown in m-faxm and m-statim trials in 1993/94 in Syria.

Province I.ocatim Syrian Trial Disease Pat1xlgen isolate1 ~
procb:ti.m of isolatim
%ale t

t'ara.' a Izra'a B en-statim Asa:lchyta blight· A. rabiei 44
Wilt F\Jsar.iUll CDC,YSPClrilJll 44
C1aro:>al Rot Rbizoctalia baeatioola 37
Root Rot R. baeatioola 37

R. CDC,YSPClriUll 30
Q:lllar rot R. baeatioola 7

F. CDC,YSPClriUll 30
Neocoem:lSp:lI:a 14- B en-farm C1aro:>al rot R. baeatioola 37

Collar rot F. CDC,YSPClriUll 47
l'b:mi medicaginis 7
R. baeatioola 27

Root rot R. baeatioola 4
F.~UIl 4

Root rot R. baeatioola 57
F.~UIl 20 -..J

Jellin A en-statim Collar rot R. baeatioola 43 tv
F.~UIl 20
l'b:mi medicaginis 20

Tartcus Tartcus A en-statim C1aro:>al rot R. baeatioola 82
Root rot R. baeatioola 40

F. axyspariUll 40
F. salmi 27

Collar rot F.~llllI 88
R. baeatioola 53

Wilt F.~llllI 47
Asa:lchyta blight A. rabiei 4

Lattakia Jableh A en-statim Wilt F. axyspariUll 93
Root rot F. axyspariUll 40

R. baeatioola 40
F. solani 27

Collar rot F. axyspariUll 73
R. baeatioola 13

Asoxhyta. blight A. rabiei 7

lkms Stem rot S. sclertoriun 67
Wilt F.~un 33

o:nt'2/ ..



Province Locatim Syrian Trial Disease Patb:l.3en isolated Frelp!!lcy
producticn of isolaticn
zale t

HaIre. HaIre. B en-statim Cbaro:lal rot R. l:aeaticola 29
Root rot R. l:aeaticola 33

F. solani 33
F. axyspar.:illll 24
Pratylencbus tb=Je:i 50
A. rabiei 4
F. axyspar.:illll 4

Al Ghab A en-staticn Ascochyta blight A. rabiei 52
Cbaro:lal rot R. l:aeaticola 28
Collar rot R. l:aeaticola 42

F. axyspar.:illll 38
F. solani 12
.!'b:mI medicaginis 13
F. oxysporillll 33
R. l:aeaticola 28
.!'b:mI medicaginis 4
F. oxysporillll 14
SClerotinia sclerotaIUn 13 -..J

W
Idleb Tel samu A en-statim Ascochyta blight A. rabiei 69

;
.!'b:mI medicaginins 13

Wilt F. axyspar.:illll 32
Collar rot A. rabiei 86

Altemanriawitb. 2
cI11amy<:bspares 9
.!'b:mI medicag:i.nis 5

Afess B en-farm A. blight A. rabiei 93
Stem rot P. mediganinsis 13
Root rot SClerotinia sclerotiarun 53

F. oxysporium 67
F. solani 27
.!'b:mI medicag:i.nis 7
S. sc1erotarilJll 60
F. solani 13

Aleppo Kafr Halab B en-farm Ascochyta blight A. rabiei 67
Root rot F. axyspar.:illll 80
Root-lesim Dem. P. t:OOmei
Collar rot F. axyspar.:illll 67

S. sc1erotarun 20
A. rabiei 13

Cl::Ilt'd 2/ ..



P.rovinoe Locatial gyrum Trial Disease Pat:mgl!n isolated FrepD:y
procb:t:i.cn of isolatial
ZCIle t

Wilt F. QX}'!PJrillll 20
stem rot S. sclerotar.illll 13

Atareb B en-fatm A. blight A. nbiei 47
StEm :rot S. sclerotar.illll 27
Wilt F. QX}'!PJrillll 20
Root rot R. l:atatiooIa 54

F. QX}'!PJrillll 24
~:rot R. l:atatiooIa 27

F. QX}'!PJrillll 20
S. sclerotar.illll 9

Breda B en-statial A. blight 1baJB medicagnins 60
Collar rot A. zabiei 47

A. batatiooIa 44
1baJB medic:agiJ:ris 40

Wilt F. QX}'!PJrillll 14
Alge.maria sp. 4
F. QX}'!PJrillll 20 -.J

Olaro::>al %tit R. batatiooIa 10 ~

Breda B en-statial Wilt F. QX}'!PJrillll 56
Olaro::>al %tit R. batatiooIa 53
A. blight A. zabiei 46

Rt. medicag:i.nis 38

Afrin A Root :rot F. QX}'!PJrillll 82
R. soIani 12

Root-lesial nan. P. t:bomei
A. blight A. zabiei 77

P. medicag:i.nis 3
~ 4
F. QX}'!PJrillll 48
R. soIani 69
F. QX}'!PJrillll 55
1tlcmI medicag:i.nis 4
P. t:bomei
NeI1Btode

Bassakeh HeiJro A en-statial Ascx:x::hyta blight A. zabiei 56
1tlcmI medicag:i.nis 2
N!locxlslDSpCI:l'l sp. 23

Root :rot R. batatiooIa 27
O:nt'd 2/ ..
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Prov:lnce weaticn Syrian Trial Disease -Patlx:gen isolated Fn!q,tJelcy
prcducticn of isolaticn
ZOle t

F. solani 30
F. CllgISpOIitlll 17
lb:mi meclicaginis 13

COllar rot F. CllgISpOIil.lll 27
R. bataticcla 35
lb:mi meclicaginis 13
F. solani 3

0Jarc0al rot R. batatico.Ia 9
Wilt F. axysparitlll 9
A. blight R. rabiei 53

P. medicaginis 4
F. CllgISpOIitlll 22 -...J

Collar rot lb:mi meclicaginis 20 11l
Altemaria sp. 43
R. batati'.Xlla ;·2

Wilt F. axysporil'lll "j

Pleaspora stem Pleaspo.ra E9. 3
Kamishly en-farm Ascochyta blight A. rabiei 55

Root rot F. CllC}'S!Xri!.lll 6:'
Hx.na medicagiuis 10
R. batatia:l1a 6
F. solani 5

Root-lesicn nan. P.ratculenc:hus t:bomei
Collar rot F. axwsari!.lll 43

lb:mi meclicaginis 20
F. solam 5
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following are highlights of the situation of
ascochyta blight:

1. On-farm trials, planted in the El-Malkieh area

showed that, as of May 8, 1994, FLIP 84-15, FLIP
86-5, FLIP 86-6, Ghab 1 and Ghab 3 had a disease
rating of 7-8, 6, 5-6, 7-8 and 5 on 1-9 scale,

where 1 = no disease, 9 = whole plant killed by

disease.

2. Kamishly (Tel Hasoud) (zone 1) had nore disease

than last season: FLIP 84-15 rated 7-8, FLIP 86-5

rated 6-7, FLIP 86-6 rated 6,Ghab 1 rated 7 and

Ghab 3 rated 6. Bare 100 lines planted on Jan
26 as screening nurse:ry had very little disease
even on the susceptible check and is thought to
be due to late planting and escape fran the
favourable weather. Rains stopped in March, thus
the genotypes were exp::lsed to only 4-6 weeks of
favourable rainfall.

3. Heino station also had nore disease than last
season: FLIP 84-15 rated 8, FLIP 86-5 rated 5-6,

FLIP 86-6 rated 6, Ghab 1 ratted 7, Ghab 3 rated
4-5 in the on-farm trials. Larger plots of

d.erronstration trials for Ghab 3 rated 5, Ghab 2

rated 6, and Ghab 1 rated 8.

4. Disease readings on CIYT winter for the
Mediterranean region at Heino station showed that
7 out of 24 lines (FLIP 88-82, 88-85, 89-79, 90

76, 90-77, 90-149* and 82-150) had moderate
infection fran Ascochyta blight with a rating of
4 - 5 QI1 the 1-9 scale. The CIABN trial at this
location had 14 out of 41 lines s1x:Ming rroderate
resistance to Ascochyta blight (FLIP 88-83*, FLIP
88-89, FLIP 89-78, FLIP 90-76, FLIP 90-85, FLIP
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90-112*, FLIP 91-14, FLIP 91-150, FLIP 91-196*,
FLIP 92-16, FLIP 92-113, FLIP 92-52, FLIP 92-159*
and FLIP 92-189*). These lines show good

potential as sources of resistance to the highly
aggressive pathotypes found in north-east Syria.
The lines marked with * were rated 3-4 while the
others were rated 5 in the 1-9 scale.

5. It should be noted that nost of the rainfall in
Syria occurred in Dec-early March and there was
no rain fran mid March to May when the survey
was done and thus the blight infection severity
reflects early infection during the winter nonths
and spring planting escaped infection. This is
contrary to the 1992/93 season when disease
favourable weather started in mid April and
persisted for the rest of the season and affected
both winter and spring planted crop particularly
in the Malkieh area. The disease reaction of the
pranising lines and the three cultivars was nore
or less the sarre in the 1992/93 and 1993/94
seasons (Table 2.3.1), the disease severity in
May 1993 was slightly lower than that recorded in
May 1994 when the survey was done. This
indicates that the epidemic in north-east Syria
(Malkieh area) in 1992/93 was caused by the
ccmbination of favourable weather and unifonnly
susceptible cultivars grcMIl over lcrrge area thus
increasing the vulnerability of the crop to an
epidemic outbreak. Persistent rainfall (not
necessarily excessive as in 1992/93) can favour
an epiphytotic level of ascochyta blight if
temperatures is cool (10-250 C).

6. scme 100 genotypes planted at Malkieh and Heino
on Jan 26 did not develop much disease.
Similarly, 2 raws of Ghab 1 that were planted at
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Tel Hasoud in mid January to replace sc::xre missing
lines also escaPed infect.ion. nus confirms last
years observation at Malkieh of a lower disease
severity in plots planted 2 weeks later. nus
indicates the potential of manipulating the
planting dates within the winter m::m.ths to reduce
the risk of ascochyta blight and yet take
advantage of winter rains to increase Yields.

Eventhough P. madigagiIris closely resembles A.

rabiei in spore rrorphology, and is associated with
sc::xre stem and leaf lesions, its pathogenicity and

taxoncmic status has been confinred under greenhouse
conditions and was found to be distinct fran
ascochyta blight. Since the different pathogens are
frequently isolated fran the sarre field and often
the sarre plants, investigation on the interaction
bet\lleen different pathogens \IIOUld be beneficial to
show' the indirect role of the pathogens in crop
damage. M. T. MIbaga, M. Bellar, and:tmRS scientists
fran Syria.

2 .3 .2. Ascochyta Blight

Host resistance is the backbone of ascochyta blight
disease management at lCARDA, thus screening for
blight resistance is a large carponent of chickpea

pathology. Evaluation of the resistant lines against
individual and multiple races is essential in
identifYing race-specific and race-nonspecific
resistance.
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2.3 .2 .1. Evaluaticn of breeding li.""leS ior resistance
to ir.Idividual and mixed rae&;

This trial consisted of 225 lines that include 185

lines tested in the 1992/93 deasons and 40 other
breeding lines selected for superior resistance in
the 1992/93 advanced yield trial \rl.',iT) at Tel Hc.jya.

The 225 lines therefore are the rrost resistant
breeding lines developed between 1980-1990. These
lines were tested against individual ann a mixture
of six races in the greenhouse to reconfinn the
1992/93 results and assese the reaction of sane
newer lines that were not tested in the 1992/93

seasons. These lines were also tested against two
field isolates fran Hassakeh (Heirro and r<1alkieh
areas) I to identify resistance to the Hassakeh
pathotypes which had devastated the chickpea crop in
1992/93. The expedment was replicated three tirres
and each replicate (pot) had five test plants and a
susceptible check in each pot.

The reaction of the lines to different races
is presented in Figure 2.3.3. The relatedness of
the disease reactions fran the mixed races and the
individual races was determined by using a multiple
regression analysis. The results showed a luw
coefficie.'1.t of dete:rrllil1otion (R2) value and low
regression coeffi~iencs for all the races. This
indicates tr..at reaction to the mixture of races did
not. relate 'rich that of any individual race. There

was slight cha.'1ge in the ranking of the genotypes to
the six races but there was no shift fran res::'8tance
to susceptibility. SUch slight shift C'f reaction is
not su:r:prising considering that preC1Sl0n il~

environrrental conditions is not availoble and the
disease is greatly affected by the environrtEIlt.
Results fran this season in general confirrred results
of last Y?~ tests.
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Figure 2.3.3. Reaction of chickpea breeding lines to different races/isolates of' Ascochyta
blight fungus in the greenhouse.
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Lines that were resistant to the six races
individually or in different canbinations were
however susceptible to the field isolates fran
Hassakeh and only 6 lines had a rating of 6 or less
(Fig. 2.3.3). The t\\lO field isolates fran Hassakeh

were similar and were distinctly different fran the
six races individually or in a mixture (Fig. 2.3.3).
8ingle-spore isolates have been developed and their
characterization on a set of differential cultivars
will be discussed separately under section 2.3.2 on
pathogenic variability.

Reaction of the lines in the field was vexy
different fran last years results. Only 10 lines
(FLIP 88-83, 88-87, 89-62, 91-150, 90-112, 91-28, 8
91168, 891150, ILC 4475 and ICC 12004) had a
reaction of 4-5 in the t\\lO replicates with ICC 12004
being the best with a 4 rating in both replicates.
Eleven other lines were rated 5 and 6 in the t\\lO
replicates (FLIP 90-27, 90-76, 91-149, 91-184, 91
192, 91-196, 891139, ILC 7795, ILC 7374, ILC 5926,
and ILC 3866). All these lines were rated 6 or rrore
to one or rrore races and Hassakeh field isolates.
All the other lines were susceptible with a rating
of 6 and above.

In addition, to the 225 lines screened in the
greenhouse and in the field, about 210 other lines
selected in 1992/93 because of their rating of 3-4
were included in the field evaluation to canfinn
their resistance to ascochyta blight. About 16% of
the 435 lines tested had a disease rating of 4-5 and
about 72% of the lines were rated 7-9 (Tables
2 . 3 . 3 ., and 2.3.5). The recanfinnation trial was
devastated as a result of unusually high disease
pressure on the trial generated by inoculating the
plants with infested debris in Januaxy, one rronth
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Table 2.3.3. The best ascoc..hyta blight resistant chickpea
lines in the field.

Genotype 1.992/93 1.993/94 Genotype 1.992/93 1.993/9t1

FLIP 82-1.51.c rna 4,5b FLIP 88-83* 3,3 4,5
FLIP 90-1.0c NT 4,4 FLIP 90-27* 4,4 4,5

FLIP 90-9'P NT 4,4 FLIP 92-1.79 NT 4,4
FLIP 92-1.94c NT 4,4 FLIP 91.-28 NT 4,5

FLIP 91.-1.31.c NT 4,5 FLIP 81.-1.61. NT 4,5
FLIP 90-1.1.2c * 3,4 4,5 FLIP 92-1.75 " 4,5

FLIP 91.-1.49c NT 4,5 FLIP 92-1.78 n 4,5
FLIP 82-32c NT 4,5 let:: 41.88 NT 3,5

let:: 76 NT 4,3 let:: 21.65 " 3,5
let:: 1.3629 NT 3,5 let:: 2270 NT 3,4

let:: 2342 NT 3,4
ICC 2364 NT 4,3 let:: 391.2 NT 3,3

let:: 391.8 NT 3,3 let:: 391.9 NT 4,5
ret:: 3940 NI' 3,3 let:: 3991. NT 3,3

let:: 4000 NT 3,4 let:: 4020 NT 3,3
let:: 4030 NT 3,3 let:: 4045 NT 4,3

let:: 4241. NT 4,5 let:: 461.6 NT 3,3
I~ 1.1.932 NI' 3,3 let:: 1.1.933 NI' 3,3

let:: 1.2004 NT 3,2 let:: 1.3292 NT 4,3
let:: 1.371.8 NT 3,2 let:: 1.3729 NT 3,3

let:: 1.3754 NT 3,3 let:: 1.3903 NT 3,3
let:: 4475 NT 3,5 ICC 6373 NI' 3,5

ret:: 91.89 NT 3,S ICC 41.87 NT 3,5

dl NT = not tested, b / disease rating in 2 replicates (1.-9
scale) .



Table 2.3.4. Reaction of F2- F7 generation lines of chickpea to ascochyta
blight at Tel Hadya 1992/93.

Generation Ascochyta blight ~..action on 1-9 scale
1 2 3 4 5 6 7 8 9 'Ibtal

F2 (:RXR) bulk 0 0 1 1 3 0 C 0 0 5
F2 bulk 0 0 0 10 31 43 28 14 1 127
F4 bulk 0 0 0 16 61 54 22 2 0 155
F4 bulk 0 0 0 2 2 1 0 0 0 5 OJ

F4 (:RXR) bulk 0 0 0 2 2 1 0 0 0 5
w

F5 & F6 (:RXR) 0 o 19 207 58 11 0 0 0 468
F5 prog. (large) winter 0 0 0 1 26 111 39 1 0 178
F5 prog. (early) winter 0 0 0 90 468 589 150 12 0 1309
F5 prog. winter a a a 250 1596 3755 1076 315 107 7099

'Ibtal a 0193 577 2245 4564 1315 344 113 9346

Disease rating 1··3 = resistant (R) I 4 == m:x:ierate resistance (MR) I 5
intentEdiate (I) I 6 and a1:ove =
susceptible.
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earlier than the usual (February) titre. This
decision was based on the prevailing weather
conditions: tenperatures (10-lSoC) favourable for

infection establislnent and persistent rainfall. The
develcprent of high disease pressure during the
seedling stage severely damaged the entries by the

disease.

Terrperatures favourable for disease spread
(lS-2SoC), usually start in the trorlth of March but

the rainfall declines or stops around March-April.
Therefore, disease develcprent necessitate the
dependence on mist irrigation for 3 h a day.

However, Decerriber and January winter trorlths usually
have few scattered days when the tenperatures are
relatively wann (i.e. above 6°C) and could allow the

infection establislnent of A. rabiei and when

terrperature increases the spread of infection can be
quite rapid if rroisture is available. Despite the

high disease pressure in the reconfirrration trial,

different levels of disease could still be
distinguished (Table 2.3. S) and there was no high

level of resistance found in the surviving naterial.
In addition, the genotypes that stcx:xi the disease
pressure at seedling stage remained fairly stable
when inoculum in the form of spore suspension was
provided at the flowering/early pod stage (a highly
susceptible stage) when cool and "Wet weather

occurred. The section of the nursery that was
inoculated in early Febru.axy (the norrral titre)

developed less disease and sate of the resistance

identified in April, was not rraintained at
flowering/early pod stage.

This year's results have pointed out that (a)

the disease pressure carm::mly used at the nursery

nay be high enough to eliminate highly susceptible



Table 2.3.5. Retestllg of lines selected for resistance to Ascochyta blight.

L:i..nes Ascochyta blight reaction on 1-9 scale
1 2 3 4 5 6 7 8 9 Total

Detra1Straticn 0 0 1 1 3 0 0 0 0 5

Desi* R lines 0 0 0 10 31 43 28 14 1 127

PIT and AYr 0 0 2 115 215 190 30 4 4 560 <Xl
1Jl

New generaticn 0 0 0 20 35 48 105 97 227 514

CIABN 0 0 0 7 19 17 7 0 0 50

Reoonfirrraticn* 0 0 0 16 57 46 107 118 91 435

Total 0 0 10 148 286 264 148 101 232 1189

* Inoculated with infested debris in JamJal:Yi all other trials inoculated in February.



86

naterial, but nay not be that high to separate the
best resistance sources fran the m:xIerately resistant
and the m:xIerately susceptible lines; (b) it is also

p:JSsible that sate of the resistance is tenperature
sensitive and it breaks down at cool terrperatures.
'Ihis is not unique and requires attention especially

as epidemics with ascochyta blight have often been
associated with fairly cool terrperatures. If stable

resistance is required, the stability of the

resistance at different tenperatures rrust be
dete:rmined, particularly for winter planting where

the disease can occur during the winter or spring

m:::nths "

2.3.2.2.

The reaction of the F2 - F7 segregating populations to
ascochyta blight is presented in Table 2.3.4. About
8.2% of the 9,346 lines were R-MR with a disease
rating of 3-4 and about 24% had inte::rmediate (I)

reaction of a rating of 5. The F5 R X R crosses
were mostly (85%) R (resistant)-MR (m:xIerately

resistant) . The F2 bulk had 7.8% MR. and 24% I

reaction, quite similar to last season F2 " The F4
bulk which was generated fran last years F:2 bulk had
10% MR and 39% I. The F5 progeny-winter had 3% MR
and 22.4% I (carpared to last years <1% R, 18% MR
and 42% I). Likewise the F5 progeny (early) winter
had 6.8% MR, and 35.7% I (carpared to last years 24%
MR and 46% I). The 10ltller ra.--overy of resistance

during this season is because of a more favourable
weather especially during the winter troIlths when

terrpera.ture was wann and PreCipitation was not heavy
but persistent and cool and wet weather during pod
filling stage (Fig. 2.3.4). 'Ihis indicates that the
screening procedures should be refined to avoid
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disease escape and make use of winter rains in
screening. M.T. Mrbaga. and K.B. SiDgh..

2 .3.2.3. Ccmfinnaticn of resistance

Clrickpea lines that had been selected for ascochyta

blight resistance in the 1992/93 season, were planted

in the ascochyta blight nursery in 1993/94 for

confirmation of the resistance. Results are shown

in Table 2.3.5. About 50% of the pre-selected

resistant desi lines were confinred to be R to IvlR,

25% rated I and only 25% succumbed to the blight

with a S rating. About 20% of the PYT, A'll, and lIT

were confirrred R-IvlR, while 38% were I with a rating

of 5. 'TIle CIABN had 14% MR and 38% I with fewer
lines showing resistance carpared to last year (55%
MR and 28% Interrrediate). M.T. Mrbaga. and K.B.

Singh.

General obse:r.vations on the nursery revealed

that disease syrrptans on seedlings were widespread by

1 March before an inoculum with spore suspension was
ma.de. Infection develq::ment fran spore suspension

depended on mist irrigation as April and rrost of 1VJa.y
were dry. Spore suspension was subsequently applied

7 tines and this included also one application, in

case of F5 & 6' during pod filling stage at a tine
the weather was cool and wet. Infection increased

at this stage and many lines which were otheJ::wise

healthy succumbed to the disease. Infection at pod

filling stage was rrore uniformly distributed this

year carpared to last year rrost likely because of

rrore uniform inoculation in the field. This

confirms last years obse:r.vation on the need to

inoculate at the flowering/pod filling stage.
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Steps needed to irrp:rove the efficiency of
resistance screening include: 1) ensuring disease
developrent at flowering and pod filling; 2)
increasing the unifo:rnri.ty of disease spread during
flowering by providing unifonn inoculum in the fonn
of spore suspension, increasing the frequency of
susceptible checks between the test entries, and

maintaining the susceptible check at a disease rating
of about 7 or 8 by using rrore than one check line
giving broader range of disease reaction so as to
provide source of secondary inoculum and reference
points for disease reading; (3) timing of inoculum
should take advantage of favourable 'Weather
forecast/or observations instead of following a
routine pre-detennined timing. Inoculation with
debris before February would be desirable to allow
early infection establishrrent and provide 2-3 rronths
of cool and wet weather which would reduce the
dependence on mist irrigation for disease
developrent; and (4) making a baseline disease
reading at seedling stage if favourable 'Weather has
allOlNe<i early disease developrent. M.T. Mrbaga.

2.3.2.4. Pathogenic variability of A. rabiei

Pathogenic variability of A. rabiei is the main

cause for inconsistency in resistance ratings that
has been frustrating the efforts to control ascochyta
blight with host resistance. While quantifying the
variability is iqx:>rtant, results so far available
can not be easily carpared. Race identification
llUlSt be based on use of standard differentials,
environrrental conditions and disease rating scales.

The objectives of this study were to test the
vi:rulence patte:rn of single spore isolates collected
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frcm north-east Syria (Hassakeh area) and carpare it
with the six races previously described at lCARDA.
To standardize rrethodology used in race

identification a set of differential cultivars t.hat
different researchers have used in the literature was

used. Plants were maintained at 20-22oC, spray
inoculated with 500, 000 spores per ml on 10 day-old
plants, incubated for 72h at 100% relative In.Imidity
and disease reading (using a 1-9 scale) done 14 days

after inoculation. Since studies on pathogenic
variability require harogeneity of the differential

varieties, the seed source was derived frcm single

plant selections. 'Ihese results are expected to
carplerrent the work on rrolecular-marker assisted
study on variability in the ascochyta blight :fungus

(section 2.2.4) .

'Ihe virulence patte:rns of 19 single spore
isolates collected frcm north-east Syria in 1992-1993
were carpared with the six races on a set of 26
differential lines. Reverse ranking order of
genotype reaction was evident (Table 2.3.6) and the
analysis of variance sl1cMed significant genotype x
isolates interaction (Table 2.3.7). A physiologic

race is defined as "a sub-specific group of
parasites characterized by specialization to
ciifferent cultivars of one host" (Johnson and Booth,

1983) . According to this definition, A. rabiei
populations can be characterized into races if the

procedures used in the characterization are

standardized. 'Ihe overall aggressiveness of the
isolates can be eatpUted frcm the trean disease score
on all the genotypes which clearly show differences
in aggressiveness (Table 2.3.6 Fig. 2.3.5) .

Differences in aggressiveness of the "races" also
exist. 'Ihe Hassakeh isolates were very aggressive
carpared to the other races. Race 6 is aggressive



Table 2.3.6. Virulence characteristics of 13 isolates of Ascoc1wta rabiei en a set of 16 differential genotypes selected
en the basis of broad resistance in nultiple locaticns.

Isolates:! and nean disease scoreDifferential
genotypes1 R1 R2 R3 R4 R5 R6 C D E G M N U Mean

ILC 72 2 2 2 8 - 2 7 2 5 2 " :>. 2 3.7
ILC 200 2 2 1 1 2 2 7 3 6 2 2 2 3 2.7
ILC 215 6 6 7 9 3 7 8 8 7 6 7 3 7 6.4
ILC 482 - 2 2 8 2 8 7 8 7 7 7 3 6 6.0
ILC 1929 8 8 8 8 8 8 8 8 6 7 7 8 8 7.4
ILC 2956 2 2 2 3 6 2 6 8 7 7 6 4 3 4.6
ILC 3856 7 2 2 2 - 2 7 8 7 6 6 3 2 4.1
ILC 5894 3 - 1 1 - 3 7 3 5 6 6 3 5 3.9
ILC 6260 5 7 6 5 6 8 7 8 6 7 5 3 3 5.6
ILC 7374 2 2 1 - 2 2 2 7 3 3 4 2 2 3.0 I.D

I-'
ICC 3996 2 2 2 2 4 2 2 2 2 2 2 2 2 2.3
ICC 4475 2 5 2 2 1 7 2 3 2 2 2 2 2 2.4
ICC 9189 2 - 1 3 2 3 2 4 1 2 2 2 2 2.0
ICC12004 2 2 1 3 2 7 2 4 2 2 2 2 2 2.4
Fa 2 6 3 8 3 7 7 7 7 7 5 2 5 4.4
POl 15 5 6 2 2 2 7 2 7 7 8 2 2 4 3.2

Mean 3.0 3.4 2.7 4.0 2.7 4.6 5.3 6.0 5.6 4.7 4.7 2.7 3.7 4.08

--
1 Isolates C to U are representatives of 20 isolates for north-east Syria collected in 1992-93 fran an epidenic

situatien, the selectien of the isolate C to U was based en the relatedness of the isolates shown a dernrogram in
Fig. 2.3.6a.

2 selectien of 16 differential lines is fran 26 lines, based an their selectiveness for their reactien to 26 isolates
of A. rabiei as shown in Fig 2.3.Gb.
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but different frcm the Hassakeh isolates. Mild
pathotypes also occurs at Hassakeh (Fig. 2.3.5).

Table 2.3.7. Analysis of variance of disease score
of 26 genotypes of chickpea, each
infected with one of 26 isolates of
Ascocl:!Yta rabiei.

Source of variation Mean Varianc
df square ratio P

Main effects:
Genotypes of chickpea 25 140.1 179.46 <0.001

Isolates of ascochyta 26 108.8 139.40 <0.001

Interaction:
Genotype x Isolate 635 6.732 8.62 <0.001

Residual 1274 0.781

These results provide evidence that A. rabiei
isolates differ in both aggressiveness and in their
specific vin.1lence patterns on a set of differential
lines. The occurrence of a cxxrplex pathogenic
variability in A. rabiei is not strrprising since the
pat.hagen has a sexual stage, is heterothallic (Kaiser
1992) and can generate new genetic recanbinants and

broad virulence spectrum. The choice of differential
lines, hoI.-Jever, detennines the degree of variability
that can be detected in such studies. Standard
international differential lines have to be effective
to separate the pathogenic groups with a clear-cut
separation of resistance and susceptibility aver
broad geographical areas. While it is irrportant to



Isolate:115 151 R1· R3· 147· IXX· R4 130· 137 150· 146 123 150A
Genotype\ 113 R5 127 129 R2 144· 128 125· R6· 139 141 145 142

IC12004 .
IC3996 .
IC4475 , .
ILC200 , _..
PCH15 ..···············..······..·······..······•······•··· , -..
IL7795 .
ILC202 .
IL5928 ..····•···•···•················•······•··· .. ······ "..
IL3279 .
IC1903 ..·····•·····•·····•·······•·······•·······..····· .
IL2506 ..····•·······•····..·······..······..···· ··•···· .
IL2956 ..·····•········•········•······•······•·····•··· .

F8··················.·········..········•·····•···· ..···...•...•....•...•.....•.....•...•....•.....•...•..•..•...•..•...•..•..•.....
IL6287-·············· ..····•········•·········•·····•··.•.....•..•.....•.....•....•.....•....•...•...•......•....•.•..•-.•..•..•..•.•.....
ILC194······················.·····.····· ..·······..···•· - .
IL6260 .

ILC215 ..····•····•····•····•····•···•···•·•·•··•···•·•· ..
IL1929··.···.···.·.·.·.··.·.··.··.·••·•·•···•··•·•·••· .

\!)

w

Reaction = 1 2' 3. 4. 5. 6. 7. 8. 9.
Figure 2.3.5. Reaction of 18 differential chickpea lines to different isolates of Ascochyta

rabiei.
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understand the extent and dynamics of the
variability, it is equally irrp::>rtant to focus our
research efforts on studies, that guide resistance
breeding and identify new virulence in the pathogen
that match the available resistance, :before its
population :becares econcrnically irrp::>rtant.

The relatedness of the pathotypes is presented
in a dendrogram in Figure 2.3. 6a. The Hassakeh
isolates seem· to have a large carponent of highly
aggressive pathotypes that differ distinctly fran the
six races. :Ha.oJever mild pathotypes are also found
in the area. These results indicates that the
pathotypes in A. rabiei can :be defined by roth their
virulence patte:rn on a set of differential lines
Le. races, and also in their aggressiveness which
is derronstrated in Figure 2.3 .5. SUch results
facilitate the decision making on representative
pathotypes of the different· groups that may :be used
to identify specific resistance groups to :be canbined
through breeding. Similar·analysis was done on the
differential lines (Fig. 2.3. 6b) . Due to the
multiplicity of crnplex and subtle host-pathotypesand
pathotype-pathotype interactions, and use of other
m:::>re detailed statistical analysis of the data such
as principle canponent analysis need to :be explored
(Shane 1987). The role of the weak pathotypes in
generating aggressive pathotypes through acCLnTIUlation
of virulence and genetic recanbination is not yet
understood and needs to :be explored. M.T. M:xbaga
and K.B. Singh.
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2.3.2.5. The role of te1iaooxpbic stage of A. rabiei
in Syria

'llie dispersal of Ascochyta rabiei fran plant to
plant is rrostly short distance through water
splashing, but srrall spore-bearing water droplets can
be ca:r:ried a long distance through air currents.
Discharge of ascospores fran pseudothecia in chickpea
debris can be a source of long distance m::werrent and
source of primary inoculum in areas where chickpeas
are grawn for the first titre. During the 1992/93
season seedlings grawn fran filllgicide treated seeds
and placed at 1 to 30 kIn fran chickpea grOW'ing areas
developed typical ascochyta blight infection after
two weeks exposure to open air. The objective of
this study was to assess the potential of the
teliaro:rphic stage as a source of primary inoculum
and long distance trOVerrent of A. rabiei in the air.

To assess the long distance rroverrent of A.

rabiei and air-bollle source of primary inoculum
biological indicators and sticky slides for trapping
spores were placed at various distances fran chickpea
growing areas. Susceptible plants were exposed to
open air for 2-10 weeks starting fran 26 Janumy.
Disease reading was done using a 1-9 scale after 14
days. Plants fran sore locations often had
infection before they were provided with high
humidity (100% RH) and the disease severity was
therefore noted (Figs. 2.3 .7 a & b) to carpare it
with that obtained after incubation for 48 hr in
100% RH (Figs 2.3.8 a & b). Slides were exposed to
open air for 24 h every two weeks. Observation of
different forms of inoculum trapped in the sticky
slides was done and representative samples were grawn
in culture to confi:r:m the identity of the isolate.
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Figure 2.3.6. Cli.lster analysis to show (a) the
similarity in virulence of single
spore isolates of Asc:ochyta rabiei on
a set of differential cultivarsi (b)
the similarity of differential
cultivars in their reaction to single
spore isolates. R1 to % represent
races 1 to 6 and I refers to single
spore isolates fran Hassakeh.
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All plants exposed to open air at 0.5-35 kIn
fre:m the nearest chickpea fields (Tel Hadya)

developed stem lesions of Ascochyta blight. Plants

placed at sore locations developed rrore disease than
others regardless of the distance fre:m chickpea

fields (Fig. 2 .3 .7 & 2 .3 .8) . '!he arrount of

infection increased with the period of plant exposure
to open air (Fig. 2.3. 7b and 2 .3. 8b) . Plants

exposed to inoculum for two weeks had low infection
and confi:r:tred last years observation and hypothesis

that rrore than two weeks were needed to provide rrore
inoculum level for a high level of disease
developrent. Different fo:rrns of air-bo:rn.e inoculum
trapPed on slides were minute pieces of debris that
carried A. rabiei, and la:r:ge clusters of
conidiospores. All these were isolated and purified
in culture and gave rise to rro:rpholClg'ically typical
A. rabiei cultures. Pathogenicity tests confi:r:tred
their role as sources of air borne inoculum. '!hese
results partly explain why sudden disease outbreaks
occur after 10 or rrore disease free years where the
teliaro:rph does not occur to provide source of

inoculum fre:m ascospore. '!he results further
indicate that a regional approach on the ascochyta

blight disease management would be desirable. M.T.

Mnbaga.

2 .3 .2 .6. 'Ibe spread of ascochyta blight fran the
infection focus

Infested debris and seed are the two rrost irrportant
sources of primaxy inoculum for ascochyta blight,
producing several infection foci fre:m where the
disease spreads. '!he frequency of seed transmission
can be low. seed transmission ensures a randcm
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Figure 2.3.7. Effect of period of exposure of
disease-free chickpea plants to open
air at various distances fran the
chickpea production site at Tel Hadya,

on disease develc:prent in 1993 before
incubating the plants for 48 hrs in
100% RH: (a) Percentage of exposed

plants showing stem lesions at· each
location; (b) Cumulative total of
percentage of exposed plants showing
stem lesions.
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Figure 2.3.8. Effect of period of exp::>sure of
disease-free chickpea plants to open
air at various distances fran the
chickpea production area at Tel Hadya

on the disease developrent in 1993/94,
after incuba.ting the plants for 48
hrs at 100% RH: (a) Percentage of
exposed plants showing stem lesions at
each location; (b) Cumulative total of
percentage of exp::>sed. plants showing
stem lesions.



100

distribution of the pathogen in a field, that
provides many pritnalY infection-foci fran which the
pathogen can spread. '!'he objectives of this study
was to determine the distance of spread of secondary
inoculum fran the infection focus and to estimate
the frequency of infection foci necessary for
epiphytotic disease developrent under the Tel Hadya

conditions .

Two infection foci, 2m2 each 26 m 3.part, were
develOPed in a field planted with a blight
susceptible cultivar IIC 1929, as last year. Plants
in the marked infection-foci areas were inoculated
with blight-infested debris of A. rabiei on 2
January. '!'he spread of infection fran the
infection-foci was assessed, ones a week, by

following the infection developrent on non-inoculated
plants, and by measuring the direction and distance
of spread. Infection developrent on non-inoculated
plants was first assessed by a prelirnina.:ry survey of
the distance and direction of spread. 'TIle results
are presented in Figure 2.3.9. The infection

severity at different radial distances fran the
infection focus was evaluated on a 1-9 scale.
Disease spread started after app:rox.imatelyone rronth
fran the inoculation date and spread rapidly (Fig.
2.3.9) .

Terrpera.ture and n:oisture conditions were
favourable for disease developrent (10-2SoC) in
January to the last week of March while April was
dry (Figure 2 .3 .4) . Infection spread over time
included the formation of nurrerous secondary

infection foci that increased in number and size and
covered the entire field over a period of one rronth
and disease spread stopped when. dry conditions becarre
limiting (Figure 2 .3 .4) • 'TIle number of plants

killed by blight increased radially fran the
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infection foci over titre and the spread was farthest

following the predcminant wind direction. Another

period of favourable weather occurred briefly in mid

May and resulted in very high POd infection over the

entire field. 'Ihese results confinn last year's

results that an integrated approach that reduces the

rate of disease spread is necessary to contxol

ascochyta blight. '!he results also indicate that

management of ascochyta blight requires education of

farrrers on the irrportance of using clean seed. M.T.

MIbaga..

2.3.3. '!be Fusari'lDD. Wilt-sick Plot

To screen chickpea genrplasm and breeding material

for root xot and wilt a sick plot is needed. Efforts

have :been unde:rway for last 2 seasons to develop

such a plot.

'Ihe sick plot was mapped out according to the

status of developrent at the end of the 1992/93

season and the 0.6 ha sick plot will be ready for
use in spring 1995. Plans were carried out with

off-season planting using artificially infected seed.

section A was assessed for unifonnity of inoculum in

the soil in spring 1994 and mapped out for areas
that still needed inoculum reinforcement. This was
done in sept 1994 and the section can be used for

prelimi.na:ry screening work in spring 1995 as

initially plarmed. In addition, section B (0.7 h)

has high wilt incidence and portion of it could also

be used for prelimi.na:ry screening. Wilt incidence
in section C (0.7 h) is still patchy and will

require inoculum reinforcement before it is assessed

for unifonnity distribution. 'Ihe entire 2 h can be

ready for use in spring 1996 while at least 1 ha
(section A & 50% of section B) can be used in spring

1995 (Fig. 2.3.10). M.T. MIbaga. and K.B. S~.
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1993/94.
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2 .4. CHICKPEA ENItH:>LOGY

2 .4.1. Population Dynamics of Chickpea. Lea.:fminer and
its Parasitoids

Chickpea leafminer populations were sanpled by D-Vac
in winter- and spring-sawn chickpea plots at Tel
Hadya, In winter-sawn chickpea leafminer started
occurring in late March and reached one peak in late
April (Figure 2.4 .1) . In spring-sawn chickpea

leafminer appeared slightly later, in mid April and

quickly reached a first peak in late April and a
second in mid May. The rrumber of leafminer Per sanple
was high reaching 130 and 180 adults per sanple in
winter- and spring-sawn chickpea, respectively.
Population of the parasitoids followed the sane trend
as the leafminer population, but did not build up to
higher rn.nnbers corresponding to the leafminer
population (Figure 2.4.1). S. weigand and A. Joubi.

2 .4.2 • Mcni.toring of Podborer (Helicovezpa azmigera)

TI1e nonitoring of podborer populations by phercm::>ne
traps was continued. Traps were placed in chickpea
fields in Tel Hadya. and in fanrers fields at 4
locations around Tel Hadya., as well as in Afrin,
Alkarniye and Al Ghab area. After chickpea was
haJ::vested in late June, the traps were rroved to the

closest cotton field. The traps were checked every 2
weeks. In general podborer populations were lOW' as
ecrrpared to 1992 and especially 1993. Inside Tel

Hadya. the highest mnnber was 51 rroths Per trap (Figure
2.4.2.A) . In the chickpea fields cu:ound Tel Hadya
phercm::>ne catches also were not high and only
increased in cotton at Banus and Kosinya (Figure
2.4.2.A). In chickpea higher podborer numbers were
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Figure 2.4.1. Developre:nt of population of adults of
leafminer and parasitoids, as sarrpled
by D-Vac at different sarrpling dates in
winter- and spring-sown chickpea at Tel
Hadya, 1993/94.
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Figure 2.4.2. Phercm:m.e t:rap catches of :p::xjborer,
Helicoverpa annigeza, in chickpea
fields in Tel Hadya station, farmers
chickpea and cotton fields around Tel
Hadya (A) and chickpea on-farm trials
and subsequent cotton fields (B) ,
1993/94.
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caught in Sqielbiye and Sheikh Yousef (Figure
2.4.2.B) . In northern Syria (Alkamiye and Afrin)
podOOrer numbers were low. These data show the high
variation in H. annigexa populations over regions and
years indicating the irrportance of rronitoring. 'The
relative irrportance of podOOrer in the regions
rronitored has been alrrost the sarre over the past 3
years / but fluctuations between years have been high.
S. weigand and A. Joubi.

2.4.3. Chemical Ccntrol of Lea.fminer and Podborer

In addition to neem (Azadixachta indica) seed extract
applications a corrtrercial synthetic neem product
produced in India (Godrej neem antifeedant "Achook")
was tested as a safe chemical for leafminer and

podOOrer control in winter- and spring-sown chickpea
at Tel Hadya. In winter chickpea two sprays
consisting of 600 g neem seeds per 10 1 water at 500
l/ha and two sprays of 100 g Achook Neem povrler per 20
1 water at 500 l/ha applied in mid April and early
May were carpared with one spray of 'Thiodan 35 EC (2
ccll at 500 l/ha) applied in mid April. 'This season
two check treatrrents were included/ i. e. one untreated
check and one check was sprayed with water (500 l/ha)

on the same dates as the neem. In spring chickpea the
treatrrents were the same except for an additional
third spray of neem extract / neem product and water in
mid May. In winter chickpea the leafminer damage was

high reaching, a Visual DarPage Score (VDS) rating of
5.6 and 6.6 on a 1 to 9 scale in the untreated and
water-sprayed check (Table 2.4.1). Compared to the
rating qf the water-sprayed check J::::oth neem extract
and neem product reduced leafminer damage
significantly, but less effectively than 'Thiodan.
PodJ::::orer damage was low (2% in the check) and is
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therefore not presented. seed yield was increased
significantly by the neem extract spray and Thiodan,

but not by the neem product (Table 2.4.1) .

Table 2.4.1. Effect of 3 applications of neem-seed
extract, neem product, water and one
spray of Thiodan 35EC on leafminer
infestation (VDS) and seed yield (kg/ha)
at Tel Hadya in winter- and spring-sown
chickpea, 1993/94.

Treatment
VDS

(4 May)

Winter
seed
yield

Spring
VDS Seed

(15 May) yield

Neem extract
Neem product
Thiodan
Water
Check

lSD 5%

4.7
5.0
2.4
6.6
5.6

1.07

1947
1747
2093
1601
1673

230.9

4.3
4.3
3.8
4.4
4.9

0.92

995
969
987
926
984

106.6

In spring-sown chickpea leafminer damage was less
severe than in winter, which is unusual, with little
differences between treatments (Table 2.4 .1) . Only
the difference between Thiodan and the untreated check

was significant. seed yields were low and not
significantly different. 'There were no significant
differences between the untreated and water-sprayed
check, showing that the water sprays did not affect
the leafminer populations. The experiment will be
repeated for one !TOre season to test the neem product
on fa.nrers field in Al Ghab area under higher
leafminer and pcx:fuorer infestations. S. Weigand A.

Joubi.
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2.4.4. Host-Plant Resistance to Lea.fminer

The rrost premising line IIC 5901 was grown in winter
and spring tog-ether with the susceptible check IIC

1929 without and with the application of Thiodan 35 EC

(2cc/l) . Ieafminer damage was again higher in the

winter- than in the spring-planting. The resistance

of IIC 5901 was confi:r:med with a VDS rating of 3.4 and

2.7 as carpared to 8.4 and 5.5 in IIC 1929 in winter
and spring-sowing, respectively (Table 2.4.2). In

winter-sowing the spray reduced the leafminer damage

significantly, but seed yields did not differ
significantly. 'Ihus, in spite of the high leafminer
damage in IIC 1929 seed yield was not affected.

Table 2.4.2. leafminer visual damage score (VDS)
seed yield of resistant (IIC 5901)
susceptible (IIC 1929) winter
spring-sawn chickpea lines with
without one spray of Thiodan,
Hadya, 1993/94.

and
and
and
and
Tel

Treatment Winter Spring
VDS seed VDS 8ee::l

(16 May) yield (16 May) yield

IIC 5901 no spray 3.4 1499 2.7 622
IIC 5901 one spray 2.1 1688 2.2 659
IIC 1929 no spray 8.4 1462 5.5 1010
IIC 1929 one spray 2.6 1405 3.0 1121

LSD at 5% 1.14 474.6 0.59 771

In spring-sowing the spray significantly reduced
leafminer damage and increased yield in IIC 1929
(Table 2.4.2). In winter-sowiqg yields of IlC 5901

were acceptable, but yields of the spring-sowing were
very lOW', since this line is late maturing. S.
weigand, K.B. Singh and A. Joubi.
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Average lentil yields are low because of poor c:rop

rranagerrent and the low yield potential of landraces. In

South Asia and East Africa diseases are also a major
constraint to production. Accordingly an integrated
approach to lentil irrproverrent is being pursued at I<::ARm.

covering the develq:ment of both irrproved production
technology and genetic stocks. A high priority has been
placed on transferring to national programs the results of
research on lentil harvest mechanization systems to reduce

the high cost of harvesting by hand in the West Asia and
North Africa region.

3 .1. Ll!NI'IL BREEDnG

3.1.1. Base ProgZauL

3 .1.1.1. Lentil adaptation and breed:iDg scheme

The lentil is an under-exploited and under-researched

annual legurre. Frcm the onset at I<::ARm., we have studied

the variation in the world genrplasm collection to
understand factors affecting lentil adaptation to direct
the breeding program. SUch diverse factors as winter

hardiness, efficiency of iron uptake, phenology as related

to the length of the growing season, the sensitivity of
flowering to tenperature and photoperiod, response to
irrigation and disease resistance have all contributed to
the pattern of variation fOlll1d in the world gerrrplasm
collection.

Additional information on the specificity of
adaptation within the c:rop has care fran collaborative
yield trials of camon entries selected in different
locations. For exarrple, the North African Regional yield
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trial on lentil was established in 1990 to canprise the
best lines selected in Algeria, Libya, Morocco and
'I\misia. This regional yield trial has revealed that
lentils selected in the various countries of N. Africa
differ substantially in phenology, indicating the need for
specific adaptation to a range of environrrents in the
region. The requirements of Libya, 'I\misia, and lowland
Algeria are net by the lCARDA West Asian breeding program.
But, late-maturing material is required for high altitude
areas of Algeria and early-maturing lines are required in
Morocco with resistance to J::USt.

AJ:n:ed with this understanding of the specific
adaptation of the lentil crop and the various consurrer
requirements of different geographic areas, \oJe have

designed the base breeding program as a series of
separate, but finely targeted, streams linked closely to
national breeding programs.

The three major target agro-ecological regions of
production of lentil are 1. S. Asia and E. Africa 2.
Mediterranean low to rredium elevation and 3 . High
elevation area. These correspond to the· maturity groups
of early, rredium and late maturity. Within each of these
major regiqts there are specific target areas. Thus, for
exanple, within the Mediterranean low to rredium elevation
region, specific target areas are 1. the major production
area of 300-400 rrm anrroal rainfall, 2. arid areas with <

300 rrm anrroal rainfall, 3. Morocco, where there is the
additional problem of J::USt and 4. Egypt, where lentil is
irrigated. Each of these target areas has slightly
different blends of key traits for recanbination. The
target areas/regions and key traits for
selection/reccmbination are tabulated in Table 3 .1.1.
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Table 3.1.1. Target agro-ecolog-ical regions of production
of lentil and key breeding aims.

Region Key traits for reccmbination

Mediterranean low to rreditml elevation
1. 300-400 mn ann. Bianass (seed + straw), attributes

rainfall for mechanical harvest & wilt
resistance

2. <300 mn ann. rainfall Bianass, drought escape thru'
earliness

3. IVbrocco Bianass, attributes for rrechanical
harvest &. nlSt resistance

4. Egypt Seed yield, response to
irrigation,
earliness & wilt resistance

High elevation
1. Anatolian highlands
2. N. African highlands

South Asia and E. Africa
1. India, Pakistan,

Nepal & Ethiopia

2. Bangladesh

Bianass & winter hardiness
seed yield & low level of winter
hardiness

seed yield, early maturity,
resistance to nlSt, ascochyta and
wilt
seed yield, extra earliness & nlSt
resistance

Based on the premise that local selection for
adaptation to a specific target area is the rrost efficient
selection rrethod, selection at ICARDA in West Asia is
limited to adaptation to the hc::rre region - Mediterranean
low to rreditml elevation and for traits where we have a
carpara.tive advantage such as vascular wilt resistance.
As a result, the breeding program has decentralized to
work closely with national programs.
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For the hare region the breeding program uses a bulk
pedigree system with off-season generation advancetrent (at

Terbol, Lebanon 950 m elevation), single plant selection

in the F4 generation and selection of progeny rows for

vascular wilt resistance in the F5 generation. For the

other regions, crosses are agreed with cooperators and

made at Tel iIadya; the generations advanced in the off
se.ason and the segregating populations shipped to national

cooperators for local selection. We started making

specific crosses in 1985 and since then have made specific

crosses for Algeria, Bangladesh, India, Jordan, 1Jb:rocco,

NePal, Syria and Turkey. A total of approximately 200

crosses are made annually. One avenue for the

distribution of segregating material is through these

country-specific crosses. The international trial network

provides another system whereby these crosses can l::e

tested sub-regionally (see section 3.1.1.3). selections

made by :NARS are fed back into the international trial

system for further distribution. The results frcm this

decentralized system are described in section 3.1.2.

3 .1.1.2 . Yield trials

selections frcm the breeding program for the Mediterranean

low to rredi.um elevation region are tested at three

locations varying in their armual average rainfall, namely
Breda (long-te:rm average armual rainfall total ca 260 TIm)

and Tel Hadya (ca 330 TIm) in Syria and Terbol (ca 550 TIm)

in Lebanon in preliminary Yield trials in the F7
generation and in advanced Yield trials the following
season. The lines are also re-tested synchronously for

vascular wilt resistance in the wilt-sick plot at Tel

Hadya. (~ee section 3.1.1.4) to ensure that only high

Yielding, wilt resistant lines are advanced in the
breeding program. The winter of 1993/94 season was
relatively mild but terrperatures \'Jere abno:rmally high in
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the early pod-filling stage at all sites in mid-April.

Rainfall in the 1993/94 growing season was belOW' average
478 mn at Ter.bol, above average at Tel Hadya (373 mn) and

Breda (299 mn) .

The results of the Yield trials are SI..IIlITB.rized in
Table 3.1.2. The percentage of entries Yielding
significantly rrore than the best check reached a maximim
of 5.3 % at Te:rbol. But considerably rrore entries ranked

for Yield above the best check. at all sites. The

coefficient of variation was acceptable at 7 to 13 % in
Te:rbol and 8-14 % in Breda, but it was too high at Tel
Hadya (10-37 %), where Orobanche infestation occured in
sore Yield trial plots. W. Erskine.

3 .1.1.3 • Internaticmal. mtrSeries

The lentil international breeding nurseries have evolved
in response to the needs of NARSs f:ran the provision of
untargeted Yield trials to a diversified array of crossing
blocks/resistant sources, segregating populations and

Yield trials for each of the three major target agro
ecological regions of production (Table 3.1.3). Since
1987, for exarrple, we have diversified and targeted the
supply of segregating material f:ran two into four
different nurseries - Cold Tolerant, Large-seeded, Sm3.l1
seeded and Farly. In the same period, new nurseries of
stress resistant material have been launched against rust,
Ascochyta blight, Fusaritnn wilt and cold. 'This season we
launched a new stress nursery - Lentil International
Screening nursery for drought avoidance - targeted to dry

areas in the Mediterranean Basin (see section 3 .1.1.7.
Breeding for adaptation to dry Mediterranean enviro:rnrents
through drought avoidance) .



Table 3.1.2. Results of the lentil yield trials (preliminal:y and advanced) for seed
(8) and biarass (B) yields (kg/ha) at three contrasting rainfed
locations; Terbol (Lebanon), Tel Hadya and Breda (Syria) during the
1993/94 season.

IDeation TerlJol Tel Hadya Breda
8 B 8 B 8 B

Number of trials 6 6 11 11 7 7
Number of test entries* 132 132 243 243 155 155
%of entries sig. (P<O. 05) 5.3 3.8 0.4 2.8 0.0 00

I-'
I-'

exceeding best check** lJ1

% of entries ranking al::xJve 40.9 37.9 21.0 16.0 20.6 271
best check (excluding al::xJve)

Yield of top ent:ty (kg/ha) 2883 9717 2348 6957 1552 3730
Best check yield (kg/ha) 2278 7855 1841 5506 1183 3098
IDeation rrean (kg/ha) 2137 7492 1591 4693 1080 2798
Range in C.V. (%) 7-13 6-10 10-37 7-21 8-14 8-15

* Entries canron over locations.
** large-seeded checks: ILL 4400 long-term, 78826002 irrproved;

small-seeded checks: ILL 4401 long-term, ILL 5883 irrproved.
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Lentil international breeding nurseries
showing target regions and type of nursery
in the 1994/95 season.

Type of nursery Region
Mediterranean 1Dwer High

latitudes elevation

Resis. source!
crossing block

8eg:regating
population

Yield trial

Large-seeded Earl " Cb1d t:ol.ercmt"
Snall-seeded Rust¥
Fusarium wilt* Ascochyta
Drought es~* blight*
Large-seeded Early Cb1d tolerant:*
Snall-seeded*

Early

" Launched since 1987.

There is a slOW' increase in the number of entries in
international trials provided by national programs. It is
our aim to increase the input of national programs into
the international testing program. The line-up of the

1995 international trials included three lines fran
Pakistan, t'WO fran Turkey and one each fran Bulgaria,
Slovakian Republic, Russia and USA. other entries have
been supplied by NARSs and are in multiplication for
inclusion in next season's trials. W. Ersk:U1eand R.S.

Malhotra.

3.1.1.4. ScreeniDg for vascular wilt resistance

Vascular wilt caused by Fusarium oxysp?nIl1l f. sp. lentis
is the rrajor fungal disease of lentil in the Mediterranean
region.

Cgrparison of screening rrethods

8evera.l screening rrethods for resistance to lentil



117

vascular wilt have been developed at lCARDA. A carparison
was made of 63 genotypes, spanning the carplete range in
wilt reaction, using the following rrethods/seasons: 1.
Field sick plot (described in I.egurre Program Anrrual Rep:::lrt

1993) in 1993 2. Field sick plot in 1994 . 3 . Pots
(dian:eter c. 25 an) with sterilized soil in plastic house.

4. cane-shaped pots (dian:eter c. 4 an, length 14 an) with
sterilized soil in plastic house. 5. Test tubes with semi
solid, Hoaglands rredium in the laboratory.

Artificial inoculation with isolate #31 of F.

OXJ'S!X'IUl1I f. sp. lentis was carried out following the

procedure described earlier (FLIP Annual Rep:::lrt 1988) in
Methods 3-5. SCoring (1-9 scale) was done repeatedly in
all rrethods in the laboratory and the plastic house and as
% of wilted plants in the field to rronitor changes in
susceptibility with plant age.

In all the screening rrethods, the full range in
reaction frc:m highly resistant to highly susceptible was

found. A strong correlation (r = 0.991) between the final
scores in the field of the two seasons clearly indicated
the high repeatability of the field screening over seasons
(Table 3.1.4). The correlations between early scoring in
the field and the final field scores were r = 0.806 in
1993 and r = 0.629 in 1994 and lower than the correlation
in final score between seasons, because the timing of
appearance of wilt syrrptans varies over genotypes. There
was good correspondence of final field results with those
frc:m screE".ning in the plastic house (roth rrethods) and the

laboratory with r > 0.7. Clearly, all tested rrethods can
be used to screen for resistance to lentil vascular wilt.
The choice of rrethod depends, however, on seed
requirement/availability, the availability of
envi:rornrental contxol and the test duration.



Table 3.1.4. Table of phenotypic correlation coefficients between 63 genotype rreans for
reaction to lentil vascular wilt in five rrethods/seasons for the first and
last disease score (8c).
\

~thod/season 1 2 3 4 5 6 7 8 9

Field 1993 8c1 (1) 1.000
Field 1993 8c7 (2) 0.806 1.000
Field 1994 8c1 (3) 0.844 0.612 1.000 I-'

I-'
Field 1994 8c7 (4) 0.799 0.991 0.629 1.000 00

Pots 8c1 (5) 0.732 0.915 0.604 0.922 1.000
Pots 8c5 (6) 0.618 0.722 0.497 0.733 0.859 1.000
Cones 8c1 (7) 0.742 0.919 0.589 0.922 0.875 0.685 1.000
Cones 8c4 (8) 0.605 0.809 0.483 0.815 0.753 0.584 0.869 1.000
Test tubes 8c1 (9) 0.691 0.856 0.605 0.873 0.858 0.704 0.799 0.652 1.000
Test tubes 8c5 0.610 0.819 0.477 0.826 0.762 0.613 0.785 0.730 0.526

r at P = O. 01 with 60 degrees of freedan = 0.325
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Refinement of field screening teclmiaue

On farmers' fields the distribution of lentil vascular
wilt is patchy. SCreening for resistance to lentil wilt in
the wilt-sick plot at Tel Hadya is conducted in replicated
plots interspersed with a susceptible check, repeated
eveIY thi:r:d plot. The susceptible check can be used. to
nonitor the unifo:rmity/heterogeneity of the experiIrental
area.

In an effort to refine the field screening technique in
order to cope with spatial variation in disease incidence,
'We tested the efficiency of the susceptible check as a
local control in adjusting the test plot results in a core
collection of 577 accessions of ge:r:rrplasm. Covariance
analysis using check values was carpared with an analysis
of variance of unadjusted values. Different check values
'Were ccnpared in three separate covariance analYses: 1.
Nearest check plot value; 2. Check value based on the rrean
of the two nearest check plots; and 3. Check value based
on two-thi:r:ds of the nearest check plot value and one
thi:r:d of the next-nearest check plot value. The

efficiency of covariance analysis was gauged by a
eatparison of 1. the standard errors of genotype rreans, 2.
variance ratio of genotype v. residual in the variance and
covariance analYses and 3. the residual rrean square of the
variance and covariance analYses. wilt screening was
initiated in the second week of April and closed after
nine ratings.

There 'Were highly significant differences arrong
genotypes in resistance to lentil vascular wilt, assessed
as the percentage of wilted/dead plants, at every scoring
date. Over all scores, there was a significant
irrp:rovement in efficiency through the use of check values
as treasUred by residual rrean square, standard error of
genotype rreans and variance ratio (genotype/residual).
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Figure 3.1. E:n:or rrean squares fran analysis of variance

of percentage wilt scores of unadjusted

treatnent values carpared to adjusted values

fran covariance analyses based on 1. nearest

cbeck value, 2. rrean of two nearest check

values and 3. two thirds of the nearsest

check value and one third of the next nearest
check value over nine scores in the wilt-sick

plot at Tel Hadya in the 1992/93 season.
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Although the gain in efficiency was slight at 3% over all

scores, it varied t.hn:>ugh tine, as is apparent in Figure

3.1. The susceptible check (ILL 4605) is an ' early

wilter' with an overall rrean of rrore than 80 % of plants

wilted by score 5 (Figure 3.2) i consequently it was rrore

efficient at 'lighting up' spatial variation in wilt

inoculum density early in the season, when it showed a

high variance, than later in the season. Differences in
efficiency arrong the three check values 'iI'.'ere non

significant.

The results errpha.size the relative unifonnity of disease

pressure throughout the Tel Hadya wilt sick area. The use

of local control t.hn:>ugh covariance analysis of

systematically a:rranged check values will be of greater

use in land which is less unifonnly infected.
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Figure 3.2. Mean and variance of the percentage wilted

plants of the susceptible check (ILL 4605)

over tine in the wilt-sick plot at Tel Hadya

in the 1992/93 season.
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Different resoonses to wilt in a core collection of lentil
gennplasm

In earlier reports (FLIP Arm. Reports 1989, 1990 & 1991) ,

the seedling wilt reaction of a genotype was found to

differ fran the adult reaction in sane genotypes in the

plastic house. In the field in :North Syria, similar

temporal differences in reaction occur. Wilt synptans

only appear after the onset of flowering, but sane

genotypes wilt early in their period of reproductive

developrent, whereas others exhibit synptans just prior to

senescence. We examined the variation in response to wilt

in a core collection of gerrrplasm in order to quantify the

different genetic patterns of response.

The core collection of 577 accessions was split into

five response groups, by cluster analysis on the basis of

Mahalanobis distance, using the wilt ratings in nine
scores. The treanS of the five groups are shown

graphically in Figure 3.3. The proportion of variance

aCCOlUlted for in joint regression analyses of linear and
e:xponential nodels over genotypes varied over groups i the

responses to wilt of all groups except Group 3 (the tIDst

resistant group) were better described by an e:xponential

than a linear trodel (Table 3 .1.5) . Joint regression

analysis of the data of Group 3 was only possible with the
linear trodel, because sane highly resistant lines with

zero wilt synptans 'Were irrpossible to fit into an

e:xponential strait-jacket.

Screening of breeding material for wilt resistance

The screening of breeding material in the wilt sick plot

at Tel Hadya continued in the 1993/94 season with a total

of 1229 lines tested, an increased volume of material in

carparison to the 897 lines screened the previous season.
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Figure 3.3. Average percentage of wilted plants of five
groups of accessions (labelled 1-5 with 1 as

the nost resistant group) differing in

res:r;xmse to vascular wilt scored over titre in
the wilt-sick plot at Tel Hadya in the

1992/93 season.

The tested lines may be divided into t\t-lO categories: Cycle
I - new untested lines and Cycle II - lipes tested
previously (primarily those which showed a resistant
reaction) . On the basis of rrean over replicates, the
percentage of entries with a highly resistant (0-5% wilted
plants, rrean over replicates) or resistant (>5-20% wilted
plants, rrean over replicates) res:r;xmse to lentil vascular
wilt were 62.1 % for Cycle I and 89.7 % for Cycle II
(Table 3 .1.6). However for breeding p1ITpOSes, we have
selected for advancerrent a specific subset of these lines
- those which have a maxirm.un plot score of < 20 % wilted
plants in the last score. This screening is a key and

integral part of the breeding program; this is elucidated

in section 3.1.1.1.



Table 3.1.5. The treaIl of % wilted plants I percentage of variance
accounted for by joint regression analysis and residual
degrees of freedan (d. f . ) using linear and exponential
m:Jdels of individual genotype responses in five groups (with
number of accessions (acc.) in each group) of lentil
accessions I grouped on the basis of differing response to
lentil vascular wilt in the 1992/93 season.

Group Mean Number Linear Residual Exp:xnential Residual I-'
% wilted of acc. % d.f. % d.f. '"plants

.eo.

1 14.6 176 85.9 1232
2 35.4 145 89.2 1015 91.3 870
3 58.9 91 91.1 637 94.6 546
4 76.2 78 83.4 546 95.8 468
5 91.3 87 72.2 609 96.5 522



Table 3.1.6. Results of field screening for resistance to lentil vasular
wilt in the wilt-sick plot at Tel Ha.dya in the 1993/94
season. Cycle I indicates screening for the first tire and
Cycle II indicates confinnation of a resistant reaction.

Qycle I Cycle II
Disease Number Percentage NumI:er Percentage
categmy of entries of entries of entries of entries

Highly resistant 442 39.7 44 37.9
(0-5% wilted plants) ....

Resistant 249 22.4 50 43.1 N
lJ1

(>5-20% wilted plants)
Tolerant 110 9.9 15 12.9

(>20-35% wilted plants)
SUsceptible 139 12.5 4 3.4

(>35-65% wilted plants)
Highly susceptible 173 15.5 3 2.6

(>65-100% wilted plants)
Total # screened 1113 116
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wilt incidence and inoculum density

The causal o:rganism of lentil vascular wilt, Fusarium
oxysp?.rum f. sp. lentis, is a soilbo:rn.e fungus which can
infect plant roots throughout the growing season. The
pathogen persists in the soil as chlamydospores which
remain viable for an extended Period. Being a single

cycle disease, the inoculum level in the soil of the

pathcgen plays a critical role in disease developrent. A

study was made of the relationships bet'WeeI1 inoculum

density, disease incidence and crop losses.

The study was divided into two parts: the first part

investigated the association of inoculum/micro-propagule
density and wilt incidence both in vitro and in the field;

the second part examined the relationship bet'WeeI1 wilt

incidence and Yield loss in the field.

In the laboratory, two lentil lines, contrasting in

their resistance to wilt in the field, were challenged

with inoculum concentrations fran 0 - 106 microconidia/rol.

Disease reaction was positively correlated to inoculum

density. However, at intenrediate concentrations the

lines differed in their disease reaction. In the field in

two seasons, inoculum density was found to be unrelated to
disease incidence on susceptible lentils (FLIP Armual

Report 1992). Thus, although in vitro studies clearly

showed that vascular wilt incidence on lentil increased

with the inoculum density of the fungus, in the field

there was no evidence of such a relationship with soil

sarrples collected either before sowing or during lentil
reproductive growth. This apparent lack of relationship

in the field may be for several reasons: the effect of
antagonists in the soil, representational error (soil
sarrple to plot) and differences in terrperature bet'WeeI1 the

stable laboratory envi:ronment and the fluctuating field
one.
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wilt incidence and yield loss estimation

six field trials canducted in northern Syria fran 1986 to
1992 were affected by vascular wilt, assessed for yield
and used to relate yield loss to disease incidence. At

Tel Hadya there were two trials carprising genotypes
selected, at randan, fran the advanced generations of a
lentil breeding program with 30 genotypes in Trial I and

25 genotypes in Trial II. Trials at the other locations
carprised a reduced number of genotypes grc::m.n as part of
the on-fann verification of cultivars prior to their
registration.

At Tel Hadya the mean wilt incidence arrong genotypes
ranged fran 0.3 - 95.0 % in Trial I and fran 0.7 - 85.7 %
in Trial II. The maxitm..IITI grain yields attained \\'ere over
2 t/ha, whereas the lowest grain yields \\'ere below 100
kg/ha in heavily diseased plots. In Trial I the
regressions of seed yield on to wilt incidence for each
individual genotype over replications were significant at
P = 0.05 for 14 out of 30 genotypes. The goodness of fit
of these regressions (R2 ) was correlated to wilt incidence
at r = 0.589, indicating that wilt-susceptible genotypes
had abetter fit of their regressions than wilt-resistant
genotypes, for which the regressions were non-significant.
Wilt-resistant genotypes were dropped fran further
analysis. For the susceptible genotypes, the overall
correlation of wilt incidence with grain yield was r = 

o.700 with 136 degrees of freedcm (df) In Trial II, the
corresponding correlation arrong susceptible genotypes was
r = -0.678 with 63 df.

The percentage reduction in grain yield (kg/ha) per
percent change in wilt incidence arrong susceptible
genotypes was b = -0.859 ± 0.077 in Trial I and b = -0.970
± 0.135 in Trial II.
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For straw yield, the percentage reduction per unit

change in wilt incidence (%) was considerably lower at b

= -0 .416 ± O. 056 in Trial I and b= -0.381 ± o. 096 in Trial

II.

On fanners' fields the wilt incidence ranged fran a
to 100 % wilted plants at Buran CHana Govenlorate) and the

lowest range in wilt inciden....""e was at Taftanaz (Idlib
Governorate), where the highest wilt incidence was 40 %.

'!he coefficient of detennination (R2 ) of the effect of

wilt on seed yield varied fran R2 = 0.223 at Efes (Idlib

Governorate) in 1992 to R2 = 0.97 at Efes in 1986, showing
the variation in grain yield attributable to wilt

incidence. '!he trials at Efes were sown at different

sites in the sane field, which was not evenly infected

with the causal o:rgan.ism.

Over all six trials the percentage :reduction in grain

yield per unit change in wilt incidence (%) was b = 0.851

± 0.117 with a range over trials fran b = 0.41 to b = 1.22

%.

In Syria, lentil vascular wilt is the key disease

limiting lentil production and syrcptans~ in the

field after the onset of flowering in the rranth of April.

By the tine syrcptans~ during reproductive growth,

rrost biarass accunulation has already occurred, leaving

little scope for carpensato:ry growth by healthy,

neighb:::>ring plants. Consequently, the incidence of the

lentil vascular wilt nay be clearly related to the loss in

seed yield. This study showed that the percentage change
in grain yield per percentage change in wilt incidence (%)

was b = 0.851 ± a.117 over six field trials. This general

relationship nay be used to predict crop losses fran wilt

incidence in N. Syria. The rrodel nay be useful in other

areas of West Asia and North Africa, but care, however,
rm.lSt be taken to confine the use of the rrodel to the
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reproductive stage of growth, for exarrple, in India, where
synptans may appear either in early vegetative growth or
during reproductive growth.

'!be distribution of synptans of lentil vascular wilt
in the field is patchy and rarely unifonn over a crop.
Fbr exarrple, in the two large trials in Tel Hadya the wilt
incidence in plots of susceptible varieties varied fran 0
%in one replication to up to 100 % in an adjacent
replication. Hence, the· rcost practical rrethod of
assessing disease loss is to estimate both wilt incidence
and its area and then to relate this to the Yield of an
unaffected, healthy contiguous Part of the crop.

Seed transmission of F. axysroIUlll f. so. lentis?

A seed survey was undertaken to establish whether F.
oxysp:>IUlll f. sp. lentis is seed-borne. Plant sanples fran
genotypes with different reactions to lentil wilt were

taken fran wilt infected fields. Surface-sterilized stem
segrrents revealed the presence of the causal o:rganism only
in the sanples of the susceptible genotypes. Seed sanples
(200 surface sterilized seeds and 200 unsterilized
seeds/genotype) fran these susceptible genotypes, and also
fran resistant ones, were incubated for a week on potato
dextrose agar. Only three colonies of FUsarium sp. were
recovered and none were pathogenic to lentil. '!his
confinns our earlier finding that F. oxysp:>IUlll f. sp.
lentis is not seed-borne.

Seed microflora

'Ihe carpositian of the microflora fran the aOOve

unsterilized seed sanples was investigated. seeds fran
the wilt-sick plot in Tel Hadya were predcmi.nantly
infected with Rhizcpus sp. Seeds fran other infected
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areas of the Tel Hadya fann had rrore diverse microflora
with the following frequencies: Penicillium spp. (33.9%);
Cladosp::Jrium h.erl;erum (19.5%); Aspergillus spp. (14.1%);
Rhizopus sp. (10%); .sp:,.rd:olaI!}'C'eS sp. (9.4%); Alteznaria
alternata (4%); Sterphylium sp. (1.1%); Fusarium sp.

(1.1%). Other less carrro:n (<1%) fungi were Phcrra sp.,

CepbaJ.osp::Jrium sp., Ost::racbodeIIra sp., rnocladium sp., and

Gliarastix sp. Bacterial colonies represented 10.5% of
the total colony number. In the surface-sterilized
sarrples only 1.9% of the seed gave rise to fungal
colonies, rrost of which were Penicillium spp. ,
Cladosp::Jrium spp. and Aspergillus spp. Surface
sterilizaton of seed increased the germination frcm 85 to
95 %. B. Bayaa and A. Abbas (Aleppo adversity) and W.

Erskine.

3.1.1.5. SCreening for resistance to :rust

Rust caused by lJ.rt:r2?Yces fabae is the major fungal disease
affecting lentil in the Indian sub-continent, Ethiopia and

IVbrocco. Systematic screening for resistance was
initiated four seasons ago in collaboration with the
IVbroccan national p:rcg:ralll in a disease 'hot-spot' at Jemna.

Sheim. Unfortunately, the winter in IVbrocco was d:ry and

screening was not possible this year.

3.1.1.6. Screening for resistance to dcJImy mildew

The 1993/94 season at Tel Hadya provided a unique
opfX)rtunity to screen the breeding material for resistance
to downy mildew (.Pen:mo8p:).ra lentis), a disease causing"
increasing con.ce:rn in newly-reclaimed and irrigated parts
of Egypt. The disease, spread by sporangiospores, is

carrro:n and serious only under ccx::>l and In.mrl.d conditions.
Syrrptans are seen on the aerial plant parts with leaves
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near branch tips curled, dwarfed and twisted with fine,

dirty pinkish tufts of fungal growth of sporangiospores
developing an the under-surface of leaves. The extent of
damage depends an the duration of ceol and wet conditions.
In Syria the disease is relatively unirrp:>rtant because of

the rapid rise in terrperature in the spring.

At Tel Hadya in 1994, downy mildew infection was
observed on lentil in late March/early April. The
preceding period in late Febn.1aJ:y and March, during which
disease had developed, was wetter than average, rot
terrperatures were around average with a YIOnthly mean of
7.6 °c in Febn.1aJ:y and 10.9 °c in March (Figure 3.4).

Infection was halted in mid-April by the onset of hot
weather with rraxim..m daily terrperatures crossing 30°C.
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Figure 3.4. Data of the 1993/94 season and the long-tenn
(L-T) average of curm.ulative seasonal
rainfall (mn) and mean maxi.m..ml terrperature
(OC) at Tel Hadya, Syria.



132

'!he bree<:li.n:;J field was scored in early April and

found unifonnly infected. '!he disease ratings in
different trials of o:mn::lll checks \\'ere vezy. similar.

There \\'ere significant differences arrong genotypes in
their reaction to the disease with the percentage of
foliage affected vazying over genOtypes fran 5-94%. A
quarter of the tested lines slx1Ned 50% or nore of the
foliage affected by the disease in two trials covering 104
lines. In o::m.trast, 11% of lines slx1Ned less than 15% of
foliage affected.

Associations of infection rating with other plant
traits \\'ere examined. '!he dcMny mildew· ratings were
negatively correlated with plant height in both trials
indicating the sttmting effect· of the disease on the

vegetative cancpy. Cbrrelatians between disease rating
and grain and bianass Yields were nan-significant, rot
disease rating was negatively and significantly correlated

with straw Yield. The period of cool, wet weather this
season in March was intenupted by a rot, dJ:y spell in
April, which limited disease spread at flowering and Prior
to pod fonnation. In these circt.mlstances dama.ge was
o::m.fined to the vegetative cancpy.

.Previous o::m.t:rol strategies for this disease are
based on chemical o::m.t:rol and crcp managenent to reduce
cancpy humidity levels. '!his is the first report ~f

genetic variation in reaction to the disease. Although
the results have to be o::m.fi.:r:tred, the results suggest that
the o::m.t:rol of dcMny mildew through host-plant resistance
is also a possibility for areas with a significant downy
mildew problem. W. Brsk:I.ne, B. Bayaa. (Aleg;lO University)
and N. Abou-zaid (ARC, Giza).
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3.1.1.7. Breeding for adaptaticn to dry Mediterranean
envircnDents tm:ough drought avoidance

In the Medi.tenanean region lentil is usually sown in the

zone with between 300 and 400 mn annual rainfall. For

adaptation to even drier areas, drought escape· through

early flowering and maturity has been clearly identified

as the key nechanism. Farly material is already being

prOOuced in the Southen1latitudes stream of the breeding
program and this same material is nail being exploited in

another direction i.e. for arid Medi.tenanean

envirar:urents.

In the 1993/94 season we lal.IDChed a new inteznatianal

screening nursery tazgeted toward arid M=ditenanean

conditions of the best early flowering/drought-avoiding

lines already in the breeding program (see section

3.1.1.3). Testing of new early lines was undertaken in

yield trials at Tel Hadya and Breda in the 1993/94 season.
sene selected exarcples of performance in these trials are
given in Table 3.1.7. The early flowering check - ILL

4605 matured one week before the local check.

Table 3.1.7. Time to maturity (d) and grain yield
(kg/ha) in Breda and Tel Hadya of selected
entries f:ra:n the drought avoidance trials
in the 1993/94 season.

Narre Tine to
maturity

Grain yield
Breda Tel Hadya

92872970
ILL 6025
ILL 4605 (early check)
ILL 4401 (local check)

ISO P=0.05

120.5
121
118
125

4.0

1248
1170
1140
1003

184

1656
1984
1075
1543

471
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In the 'Wetter site Tel H'adya, the local check ILL 4401
yielded rrore than the early check, but at the dry site 
Breda the earlier check yielded rrore. Bare early lines

exceeded the yields of the best checks in both sites. .The

screening of early lines in dry areas will be canti.mled.

W. Erskine.

3.1.1.8. ScreeEliDg for winter haJ:dlness

lentil is anrently sown in spring in Turkey at elevations
al::x::lVe c. 850 m elevation on c. 250 000 ha. Research in
Turkey has indicated that yields may be increased by up to
50 % by early sowing in late autumn with winter hardy
cultivars. H:::lwever, the use of such cultivarsis not yet
widespread in TLU::key, because at high elevation the level
of winter hardiness is inadequate in cold winters and

winter hardiness has not yet been transferred frcm
gemplasm sources into acceptable cultivars.

A major pl:og:t:am to recc:nbine yield with the necessary

winter hardiness is underway at The Central Research

Institute for Field Creps in Turkey through field
screening at Hyrtana.. Crosses and early generation
material are being produced by the lCARDA base p:rogram in
Al~, Syria and segregating populations are sent to
Hyrtana. for selection under severe winter conditions (see
scetion 3 .1.1.1) .

Last season the winter cold did not kill the winter
susceptible checks in the trials at Hyrtana. and no progress
was made in screening for winter-hardiness. H:::lwever, sene
selection for seed yield was possible in the winter crop.
'!he spring crop of 1994 failed carpletely at Hyrtana.

because of inadequate spring rain, indicating once again

the potential of winter-sowing. The material has been
resown this year for screening at Hyrtana. and also at
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another site in Sivas area with a colder climate. :t.
Kusmanoglu (Central Research Institute for Fie1d Creps,

Ankara, Turkey) and W. Erskine.

3.1.1.9. Use of phenology mx1e1 for high' and lentils

'Ib support the research to identify superior winter-hardy
lentils for the highlands (see arove), we have exami.ned.
the consequences of the change fran a spring-sown,
highland lentil crclH?ing system to a winter-sown system
using a m:x:1el of flowering, as part of an ODA-sponsored.
, downstreaming project involving Reading University,

Turkey and lCARDA.

we previously develq;:>ed and verified a sirrple
descriptive rrodel of flowering, which is goveD1ed by

tenperature and photoperiod, in lentil as follows:

lit = g + bT + cP,

where t is the tine (d) fran sowing to first flowering, l'
and g are the respective values of nean tercperature and
photoperiod in the same period, and g, t1 and £ are
genotypic constants.

In a survey of patterns of rro:tphological variation in
the world gerrrplasm collection of lentil, phenology was
found as the key to the adaptation of the crop on a nacro
geographic scale. Dissemination of the lentil crop
following darestication in West Asia to the lower
latitudes such as Ethiopia and India has depended on
selection for intrinsic earliness and reduced sensitivity
to photoperiod. MJverren.t fran west Asia to the higher
latitudes aceatpanied by spring-sowing has resulted in a
rrodest reduction in photoperiod sensitivity and an
increase in tenperature sensitivity.
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'!he flowering m:::rlel has also been used to study the
cansequences of the change fran a spring-sown, highland

lentil cn::pping system to a winter-sown system (Keatinge
et al., 1995). Definitions were made of the first date of
'safe' gennination in the autl.nTlll (receipt of 15 rnn of rain
within a five day period after September 1) and the latest
autl.nTlll sowing date (date on which probability of average
air tenperatu:re falls belClW' 4 °c first exceeds 10%) to
define the window of q:porttmity for autl.nTlll gennination
and energence. h3ditional definitions were made in spring
of the first 'safe' sowing date and the first and last
'safe' flowering dates, juxtaposed between the threats of
late f:rosts and the onset of drought.· The definition for
the first 'safe' sowing date in spring was the inverse
definition of that used to define the end of the season in
winter i.e. the date at which airtenperatu:re averaged >

4 °c in at least nine years out of ten. The first 'safe'
flowering date in spring was defined as the date of the
last recorded f:rost in the 40 year data set at the target
location. The last 'safe' flowering date was defined as
the date on which the weekly probability of rain declines
to belClW' 25% .

Meteorological data (40-year :runs) at three
representative Anatolian sites - Q::>n.m (798 m a.s.l.),
Sivas (1285 m a.s.l.) and ErzLu:um (1869 m a.s.l.) were

analyzed to establish the timing and duration of the
autUlIU'1 germination window and the spring flowering window

at each location. Simulating various sowing dates, the

m:::rlel was able to clarify appropriate pericds for each
site. This nullified the need for expensive field
experim:mts of date of sowing across highland Turkey,

providing a major cost saving to the national progzam.

'!hen the m:del was used to examine the cansequences
of sowing a range of cold-tolerant gemplasm differing in
response to tenpei:ature and photoperiod· (Figure 3.5) .
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flowering (1/f).
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FI~ing times were calculated for a range of
genotypes spanning the variation present in response to
tenpera.ture and ph::>tcperi.od arrcng winter-hardy material.
'!hese fl~ingdates were then superinp:)sed on the 'safe'
fl~ing windows defined above for each location.

In Figure 3.6 the area defined by the two vertical
and the single horizontal broken. lines (representing the
'safe' germination wi.nd::M and 'safe' first fl~ingdate,
respectively) indicates that all genotypes at Erzurum,

with the exception of very photothennally-sensitive
material such as ILL 326, will fl~ too early if
genninated within the ' safe' w:i..ndow of opportunity in
early winter. In contrast, as a result of the
carparatively milder envirannents at both Sivas and <;bnIm,
all genotypes, with the exception of very photothermally
insensitive material such as ILL 18, can fl~ safely if
germinated within the 'safe' w:i..ndow of opportunity.
Sowing photothennally-insensitive accessions such as ILL
18 and ILL 603 would be an extrercely risky strategy at all
locations and would frequently risk carplete crop failure
fran f:rost danage, because they were unable to synclu:oni.ze
fl~ing into the 'safe' spring w:i..ndow, despite their
considerable tolerance to winter cold. '!he rrost useful
ph::>tothennal response for a winter-sowing at high
elevations was a highly photoperiodic response, which
could synclu:oni.ze flowering within a particular 'safe'
w:i..ndow, alrrost regardless of sowing date. Kea.tinge,
J .D.B., A:im:ing, Qi, RUsmenoglu, I., Ellis, R.B.,
SUllmerfield, R.J., Erskine, W. and Beniwal., S.P.S.
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3.1.1.10. Exp10itaticn of wild lentils for yield
inprovement

Soon after the foundation of ICARDA a few exploratory
crosses were made between the cultivated lentil and its
putative wild progenitor L. culinaris ssp. orientalis. In
1984 we selected 10 lines for distribution worldwide in
the Lentil International Nursery Prcgrarn frem bulk
segregating populations of these wild x cultivated
crosses. Am:mg these selections containing genes
introgressed frem the wild, the small-seeded ILL 5700
ranked 3rd, 1st, 7th and 2nd for average yield arrong 24
entries of the Lentil International Yield Trial tested in
13-15 countries frem 1985 to 1988. This selection with
wild parentage has since been widely used in crossing to
introgress wild genes into the cultivated plant.
Recently, further crosses of wild x cultivated lentil have
been made to study TIDre systematically the a9rOI'l.Crnic
potential of this wide hybridization.

A line x tester mating scherre was used with three
diverse cultivated lines (ILL 2501 - ex India; ILL 5582 &

ILL 5674 - ICARDA) and seven male parents of L. culinaris
ssp. orientalis. To ensure diversity in the wild parental
population, we selected frem the TIDst diverse origins
possible within the distribution of the wild material vis.
Cyprus, Jordan, Syria, Turkey & former USSR. In the
1992/93 season, the parents and crosses in the F2
generation were grown at Tel Hadya, Syria and, in the

following season and generation, they were studied at the
University of Arrrnan, Jordan (within the context of a MSc
thesis) and in Egypt. To date, results are only available
frem Syria.

The experiment of parents and crosses in the F2
generation was grown in a randcmized block design with
three replications. Plots were seParated by a unifor:m
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border rem of ILL 2126 and nylon nesh was placed on the
soil to catch dehisced seed.

Bianass yield varied arrong the cultivated parents
fran 151 to 343 g m-2 and arrong the wild parents fran 4 to
98 g m-2 , indicative of the wide gulf between the yields
of wild and cultivated lentil (Table 3.1.8). Heterosis
fran the mid-parent was high at 51.3 % on average.
Heterosis above the better parent was only present in
crosses with the low yielding cultivated lentil line ILL
2501. Heterosis above the better parent was not found in
crosses with the currently:recarrrendecl. cultivar ILL 5582,
consequently it had a low general canbining ability (GCA) .
With substantial heterosis (deviations fran the trodel of
the mid-parent rrean) for bianass, specific canbining
ability (SCA) was of greater irrportance than general
canbining ability, indicating the irrportance of non
additive gene effects.

For grain yield, general canbining ability effects
were of greater irrportance than specific canbining ability
effects with the ratio of variances GCA/SCA = 0.74, and,

although heterosis fran the mid-parent nean was

significant, it was smaller in magnitude than for bianass.

Clearly, for grain yield additive gene effects were
of rrore irrportance than non-additive gene effects. The

ratios of the variances GCA/SCA were 0.35 for straw yield,
o.27 for tine to maturity and 0.82 for tine to flower,
showing that additive gene effects were of prine
irrportance for tine to flower and non-additive effects of
greater significance for straw yield and tine to maturity.
A. HaDdi and W. Erskine.
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Table 3.1.8. Bic::nass means (g/m2) of parents, with
their general canbining abilities (GCA),
and crosses in the F2 generation of a
line x tester mating system of three
cultivated lentil lines and seven L.
culinaris ssp. orientalis testers.
Accession rnmibers of cultivated (ILL)
and wild (ILWL) accesions are giVeIl.

Testers Lines Parent GCA
(IIWL) ILL 2501 ILL 5582 ILL 5674 rrean

1 165 71 118 13 -36
11 141 268 242 26 63
80 217 58 149 11 -14
89 212 145 82 70 -8

120 202 153 168 98 21
177 181 65 144 8 -24
325 204 77 173 4 -3

Parent rrean 151
GCA 35

SED treatment means
SE line GCA values
SE tester GCA values

343
-35

47.8 g/m2

13.2 g/m2

28.6 g/m2

293
o

3 .1.1.11. !rlJ.tatian breed;ng

Despite the antiquity and the large area (1.49 million
ha) of lentil cultivation in SOuth Asia, the genetic

variation of lentil is low because of a photothe:rrnal
rottle-neck, which has precluded the growth of all but

phenologically adapted material. The spread of the

crop into India was accarpanied by strong selection

pressure toward increased sensitivity of flowering to

temperature and a reduced sensitivity to photoperiod

(FLIP Armual Report 1988). As a result, the widening

of the genetic base of the crop in S. Asia is an

important breeding goal. This can be achieved by

crossing landraces with exotic material and/or through

tmltation breeding. ICARDA is undertaking substantial
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wide crossing for South Asia, but, for the mutation
breeding approach, \lYe have cooperated with the Nuclear
Institute of Agriculture and Biology (NIAB),
Faisalabad, Pakistan, which has particular expertise
in this dcmaine.

As a prelude to mutation breeding, an ~irrent
was undertaken at NIAB to establish not only optimum
procedures for lentil irradiation, but also to test
whether predictions could be made of genotypic
sensitivity to irradiation fran a wide range of
rro:rphological and cytological attributes. Eight
adapted, but diverse, lines \IYere treated with ganma.

irradiation at 0, 10, 20, 30 and 40 kr.

Response to irradiation was gauged by percentage

survival (lethal dose50 (ID50» in the M1 generation
and the frequencies of chlorophyll and rro:rphological
mutants in the ~ generation.

Survival percent ·was adequately described by

joint linear regression on to irradiation dose, which
accounted for 96.4 % of variance. The effects of dose
and the interaction variety x dose \lYere highly
significant, showing that the lines differed in their
response to irradiation. The treaD. ID50 over lines was
24.1 kr (Figure 3.7). The highest ID50 was 52 kr with
ILL 4605, which was nearly double that of the next
highest ID50 (30.4 kr in ILL 5782) i the lowest ID50
was 16 kr with ILL 6024.

Joint linear regression analyses on to
irradiation dose of the frequencies of chlorophyll and
rrorphological mutants only aCCOilllted for 20.8 % and
14.5 %, respectively, of variance and, clearly, the
linear rrodel did not fit the response to irradiation.
However, joint regression with a quadratic rrodel
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accounted for 79.6% of the variance of the frequency
of chlorophyll nutants and 70.4% of the variance of
the frequency of norphological nutants (Figure 3.8).
There was a significant effect of irradiation dose and
the lines differed sigrrlficantly in their response to
dose. With the quadratic trodel y = a + bx - c?, the
optitrurn irradiation dose (x) was calculated for each
genotype as -b/2c. There was good agreercent in the
average optitrurn irradiaticm dose for the production of
chlQrophyll nutants (21.8 ± 0.52 kr) and that for the
production of norphological nutants (21.4 ± 0.65 kr) .
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Figure 3 07. SUrvival % of the rrean of eight lentil
genotypes and the nost (IIL 6024) and
least responsive (IIL 4605) genotypes as
affected by dose (kr) of garrma ray
irradiation. The lethal d?se (ID50) at
50% survival is also shown.
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Figure 3.8. Frequency of chlorophyll mutants per 1000
M:2 plants as affected by dose Orr) of
garrrna. ray irradiation in two contarsting
genotypes - less responsive IlL 4605 and
rrore responsive IlL 2580. Quadratic
ClllVeS are shown for each genotype.

Correlations were made between radiation
sensitivity, gauged by ID50 and the optirm.:an radiation
dose for the production of chlorophyll and
rroxphological mutants, and a range of cytological,
rroxphological, phenological and developrental traits:
nuclear diameter and volUIYE at intexphase, and pollen
fertility in the laboratory, plant sterility (% of
surviving M1 plants), seedling emergence, titre to
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flower, plant height, average seed mass, the numbers
of seeds per pod and pods per plant, and grain yield

in the M1 generation in the field and M1 seedling root
and shoot growth in a growth chamber.

t-bst of the correlation coefficients between
characters treaSUring radiation sensitivity and other
traits were non-significant. But for ID50 there was
a strong correlation (r = -0.930; P = 0.007) with time
to flower, largely because Precoz (ILL 4605) was both

earlier to flower and also had a higher I.D50 than the
other lines. The optirm.nn dosage for chlorophyll

TIUtant production was significantly correlated (r =

0.860; P = 0.028) with the number of seeds per pod.
It rerrains to be seen if these associations have a
general predictive value for radiation sensitivity
beyond the lines tested. I.A. Malik (Nuclear 7nst. of
Agric. &. Biology, Faisalabad, Pakistan) and W.
Erskine.

3.1.1.12. Seed-size effects en lentil yield potential
and adaptatien to teapera.ture and rainfall
in west Asia

The major lentil-producing countries in the
Mediterranean basin are Syria and 'I\.rrkey, where
production is approximately 75% of srrall-seeded, red

cotyledon lentil and the remainder is of the larger
seeded, yellow cotyledon type. In this area, srrall

seeded lentils, typically· 3.5 g/100 seeds, are
primarily consurred in soup following post-harvest
dehulling and splitting; whereas large seeds, usually
> 6 g/100 seeds, are eaten whole with rice or cracked
wheat as nujadarah with post-harvest processing
confined to seed cleaning. OUtside West Asia,
national lentil production is exclusively of either
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one or the other seed-size type.

A study examined the adaptation to terrperature

and rainfall of the tVllO seed-size groups in West Asia,

firstly in gennplasrn fran Syria and Turkey evaluated

in Syria and assessed for cold susceptibility in

Turkey, and, secondly, in breeding lines over a decade

at three sites in West Asia.

Seed size is known to be associated

pleiotropically with flower and pod size. This study

revealed other, non-pleiotropic, associations with
seed size within the genetic base examined. In the

breeding material, the large-seeded group produced

taller plants and rrore straw. In both gennplasrn and

breeding material, the large-seeded group consistently

had a longer period of reproductive growth than the

small-seeded group, probably due to the greater seed

mass within each pod of the large-seeded group; the

average seed mass in a pod of small-seeded gennplasrn

accessions was 49 rrg carpared to the 72 rrg/pod found
in large-seeded gennplasrn. It takes long-er to fill the

seeds of large-seeded lentils than those of small

seeded lentils.

Cool and wet seasons allowed a protracted period

for growth. In tw:n, this allowed the requirenent of

large-seeded lentil for prolonged reproductive growth

to be fulfilled and led to the advantage in grain

yield of large-seeded lines over the small-seeded at
the tVllO wetter sites.

Temperature was a major factor in differentiating
the adaptation of the seed-size groups of gerrrplasrn

and breeding lines. In the gennplasrn evaluation, the

large-seeded accessions were, as a group, consistently

less susceptible to winter cold than the small-seeded
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group. Additionally, arrong the breeding material
there was a significant correlation between the

difference in grain yield between the seed-size groups
and the number of frost nights. Allied to the higher
tolerance of the large-seeded group to winter cold is
their resp:xtSe to cool conditions throughout the
growing season. Arrong the breeding material, the
significant regression of the difference between
large- and small-seeded groups for grain yield on to
rrean tenperature fran JarnJaJ:Y to April indicated an
advantage of the large-seeded group over the small
seeded group .in cool growing seasons, and the converse

at higher terrperatures with the cross-over at 1D °c
(Figure 3.9) .
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Figure 3.9. Average advantage in seed yield of large
seeded lentil breeding material over
small-seeded material is plotted, with

its regression, on to the rrean
terrperature fran JarnJaJ:Y to April (DC) at
three sites (Breda, TelHadya and Terl:;ol)
over ten seasons.
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Scme principles of irrportance to lentil breeding
arise fran the study. For example, drought escape

through early flowering and maturity was confinred as
an irrportant rrechanism to cope with dry envirornrents

(FLIP Armual Report 1990). In the search for large

seeded lines adapted to dry, wa:rm envirornrents it will
be trost practical to select for early flowering,

because an extended period. of reproductive growth may

be required by all large-seeded lentils.
Interestingly, selection within the gerrrplasm

collection has already revealed such an early
flowering, large-seeded line (ILL 4605 - Precoz),

which has recently been released to fanrers for wa:rm
and dry envirornrents of the North coast of sinai
(Egypt) and the Chaoui region of Morocco.

In Parts of North Africa, the environmental
conditions for lentil production are similar to those
in West Asia, but only large-seeded lentil is
currently grown. For such wa:rm and dry areas, it may
be relatively easy to select small-seeded lentil
cultivars. A similar approach of selection for small
seeded cultivars might be usefully explored in other
areas outside the Mediterranean basin, where
exclusively large-seeded material is currently grown,

such as canada, the USA and South America. However,

in these areas new markets for a small-seeded lentil
crop require exploration. W. Erskine.

3 .1.1.13 . Relatia:ashi.p of pod :rn.mbers per peduncle
with grain yield

The number of flowers on a lentil inflorescence varies
considerably fran one flower per peduncle to four
flowers per peduncle, with up to seven recorded fran
the glass-house. '!his results in different numbers of
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pods per pedlm.cle at rraturity. There is variation

within an individual plant in the fl~r numbers Per
inflorescence, between plants within a genotype,
between genotypes and a strong emrironrrental effect on

this trait. '!his MSc thesis at the Arrerican
University of Bei:rut airred to quantify the variation

due to these different factors and to understand the

significance of this variability to the final yield.

I.a.st season the nodal position, date of opening

and subsequent fate (fl~r or pod abortion) of eveJ:Y
fl~ was studied in the plastic house and the field
on two genotypes and sowing dates to provide an

overall picture of the floral biology of the lentil
(I..egurre Program Annual Report 1993). '!his data was

used to design a sanpling method of the average number

of pods Per pedlm.cle Per plot for different genotypes
and emrironrrents. The selected sanpling method
utilized the basal two prirra:ry branches on five plants

Per plot.

'!his season 81 genotypes, :representing a wide
range of diversity in the lentil, were sown at the
Arrerican University Fann, Beqaa, I..ebanon and at Tel

Hadya, Syria in a 9x9 lattice design with four
replications.

The data are still being analysed. However, a

restricted suite of six traits fran the trial at the
Arrerican University Fann will be discussed herein.

The overall seed yield was low at 867 kg/ha,

prirrarily because of a Period of hot weather in mid
April, coincident with the early podding growth stage.

Ehpty pods contributed 53 % of the overall number of
pods and the average number of seeds Per pods was also
low at 0.57. Both these traits reflect a high level
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of seed abortion and a :reduction in yield potential
resulting fran the stress conditions in the early
podding growth stage. The average mmiber of pods per
peduncle was 2. 07 . Under such stress conditions seed
yield was positively correlated with both the mmiber

of pods per peduncle and average seed mass. H.

TaIIbal, R. Baalbaki (American 'University of Beirut)

and W. Erskine.

3.1.2 . Use of Lentil Gel:nplasm by NARSs

3.1.2.1. Advances for the Mediterranean region

The ICARDA base program provides segregating
populations and breeding lines to national programs in

North Africa and west Asia for elevations below 1000

m around the Medite:rranean sea. To date, rrore use has

been made of lines than segregating populations and

few lentil crosses are made outside ICARDA in North
Africa and West Asia.

Table 3.1.10. lists lentil lines released as
cultivars and Table 3.1.11. gives those lines selected
for pre-release multiplication and/or on-fann trials
by NARSs.

In Syria the red-cotyledon line ILL 5883 will
scx:>n be sul:mitted to the variety release carmittee
following its testing in on-fann trials aver the last
five years, where it yielded significantly rrore grain
than the local check in all geoc]raphic regions and
rainfall zones. Additionally, it has irrproved
stanQing ability for harvest rrechanization over the
local check and resistance to vascular wilt disease,
the rrost irrportant disease of lentil in Syria. The

spread in Syria of the earlier registered line
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Table 3.1.10. Lentil cultivars released by national programs

Cbunt:ry CUltivar Year of Specific features
l1aIle release

Algeria Syrie 229 1987 Yield, seed quality
Balkan 755 1988 Yield, seed quality
ILL 4400 1988 Yield, seed quality

Argentina Arlx:>lito 1991 Yield, tall & early
(ILL 4605x-4349)

Australia Aldinga (FLIP84-80L) 1989 Yield
Digger (FLIP84-51L) 1993 Yield, red cotyledon
Cbbber (FLIP84-58L) 1993 Yield, red cotyledon
Matilda (FLIP84-154L) 1993 Yield, yellow cotyledon

Bangladesh Falguni - IWU Masur 2 1993 Rust res. & yield
(Bel. ILIA353xILL353)

canada Indianhead (ILL 481) 1989 Green manure
Chile Centinela (74TA470) 1989 Rust res. & yield
China FLIP87-53L 1988 Yield in Qinghai Province
Ecuador INIAP-406 1987 Rust res. & yield

(FLIP 84-94L)
FeYPt Precoz (ILL 4605) 1990 Intercropping in sugarcane
Ethiopia R 186 1980 Yield

ILL 358 1984 Rust res. & yield
NEL 2704 1994 Rust res. & yield
FLIP84-7L 1993 Rust res. & yield

Iraq ~ (78826002) 1994 Yield, standing ability
Jordan Jordan 3 (788 26002) 1990 Yield, standing ability
lebanon Talya 2 (788 26013) 1988 Yield, standing ability
Libya EI safsaf 3 (78826002) 1993 Yield, st. ability in E.

Libya
M::>rocco Precoz (ILL 4605) 1990 Rust res. & yield
Nepal 8ikhar (ILL 4402) 1989 Yield
N zealand Rajah (FLIP87-53L) 1992 Yield, red cotyledon
Pakistan Manserha 89 (ILL 4605) 1990 Ascochyta & rust res.
Sudan Ar.ibo 1 (ILL 818) 1993 Yield in Jebel Mara
Syria Idleb 1 (788 26002) 1987 Yield, reduoed lodging
Tunisia Necr (ILL 4400) 1986 Large seeds & yield

Nefza (ILL 4606) 1986 Large seeds & yield
Turkey Firat 87 (75Kf 36062) 1987 small seeds & yield

Erzw:um 89 (ILL 942) 1990 Spring sowing & yield
Malazgirt89 (ILL 1384) 1990 Spring sowing & yield
sazak 91 (NEL 854) 1991 Winter SCMing, red cotyled:n

U.8.A. Crimson (ILL 784) 1991 Yield in d:ry areas
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Table 3.1.11. Lentil lines in pre-release
multiplication or on-fann testing by
NARSs.

Mediterranean region
Algeria ILL 468
Egypt FLIP84-51L, FLIP84-112L
Iraq ILL 5883, FLIP87-56L
Lebanon ILL 2126, FLIP84-59L, FLIP86-2L,

FLIP87-56L

foIbrocco

Syria
Tunisia
Turkey

FLIP86-15L, FLIP86-16L, FLIP87-19L,
FLIP87-22L
ILL 5883
78826002, FLIP 84-58L,
ILL 1939

High elevation
Iran ILL 842, ILL 949
Pakistan FLIP84-4L, FLIP85-7L

8. latitudes
Bangladesh
Ethiopia
NePal
Sudan
Yemen

sel from L5xFLIP84-112L
FLIP84-78L, FLIP86-41L, FLIP87-74L
ILL 2580
ILL 813, FLIP88-43L
ILL 4605, FLIP84-14L

Idlib 1, which has gcx:rl standing ability al:::d yield, is

currently being rronitored through an impact study on

lentil harvest mechanization being conducted jointly

with the Syrian General Organization of Agricultural

Mechanization and the Arrerican University of Beirut.

In Lebanon preliminary results from an adoption
study indicate that Talya 2 is starting to spread in

the Beqaa valley and that yellow cotyledon is the

preferred seed type in the South of Lebanon.

Accordingly, derronstration of FLIP 86-2L (ILL 5988),

a yellow cotyledon line outyielding Talya 2 in on-fann
trials, is planned for the Sour area next year.
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In South-East Turkey, where winter red lentil is
widely grown, ILL 1939 is in the last year of
regional registration trials.

In Iraq the large-seeded, yellow cotyledon line
78826002 was registered in 1992 as Baraka. We are
supplYing seed of Baraka to assist in seed production
because there are plans to sow 10, 000 ha in the
1994/95 season. The red cotyledon lines ILL 5883 and
FLIP87-56L (ILL6246) will be tested in on-farm trials

in Iraq in the 1994/95 season as they perfo:r:rred \\lell
in the last t'WO seasons and there is a demand frem
Iraqi COI'lSlJIrers for roth red and yellow cotyledon
lentil.

In North Africa, the lines 78826002 and FLIP84
58L (ILL5728), identified by the Tunisian program as
premising in three previous seasons, continue to
perfonn \\lell despite the severe drought conditions of
the 1993/94 season in Tunisia. Late planting of early
maturing lines was tried in Tunisia since it is a
practice of sate soutb.en1 fanrers. FLIP88-41L
(ILL6465) produced 1231 kg/ha when sown on January 20,
1994 in a low rainfall area. Further testing of such
early material will be done tmder late sown
conditions .

In Libya the line El Safsaf 3 (78826002) ,
released in 1993 for cultivation for the East of the
country, continues to perfonn \\lell in the East but
also has given high yields tmder central-pivot,
irrigated conditions in Central Libya at Meknosa.

Lentil production and area continue to decline in
Algeria but the lines ILL 468, ILL 4400, ill Redjas,
Setif 618 and Balkan 755 are in seed production for
future use by fanrers.
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In M::>rocco there are several lentil lines in
catalcque trials FLIP86-15L (ILL6001), FLIP86-16L
(ILL6002) , FLIP86-19L (ILL6005), FLIP86-21L (ILL6007) ,

FLIP87-19L (ILL6209) and FLIP87-22L (ILL6212), all
with resistance to rust.

The North African Regional yield trial on lentil
was established in 1990 to carprise the best lines
selected in Algeria, Libya, M::>rocco and 'funisia. This
regional yield trial has revealed that lentils
selected in the various countries of N. Africa differ
substantially in phenology, indicating the need for
specific adaptation to a range of environrrents in the

region. The requi:rerrents of Libya, 'funisia, and
lowland Algeria are being net by the ICARDA West Asian
breeding program. However, late maturing material is
required for high altitude areas of Algeria and
specific crosses are being made at ICARDA for this
area. In M::>rocco early-maturing lines are required
with resistance to rust. A specific joint program of
crossing is being undertaken to target this
environment. In 'funisia late sowing with early
maturing lines needs further testing.

In Egypt the early lines FLIP84~51L (Il.J.E722)
with small seeds and FLIP84-1l2L (Il.J.E782) with large
seeds are both in pre-release rmltiplication. The
line Precoz (ILL 4605) is beccming popular in the
north Sinai region, where it is known ccmronly as
, Shami' (fran Damascus), because its early maturity

avoids drought stress 1IDder the low prevailing
rainfall conditions. These three early lines all have
potential for inclusion in the cotton rotation in the
Nile Delta region, in contrast to later maturing
landraces. Natianal Agricultural Research Systems.
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3.1.2.2. Advances for southmn latitude region

This region carprises the sub-continent of India and
Ethiopia where an early flowering habit is required
together with resistance to :rust, ascochyta blight and
wilt. The irrportance of foliar pathogens contrasts

with other major areas of lentil production.

There are three st:rong lentil breeding programs

in Pakistan with two in Faisalabad and the remaining

program in Islamabad. Over the last five years ICARDA

has worked closely with these programs in joint

selection as the focus of a th:rust to broaden the

genetic base of lentils in South Asia. In Faisalabad

a line 88503 is being released with ICARDA parentage

by Punjab authorities and the mutation breeding

program at NIAB is based on ICARDA supplied material

(see section 3.1.1.11). Three relatively salt

tolerant lines - IlL 6451, IlL 6788 and IlL 6793 were

identified at Bahauddin zakariya University, Multan.

The major production problem in Bangladesh

addressable through breeding is :rust. We have been

making targeted crosses for Bangladesh of :rust

resistance sources with the local susceptible cultivar
, L5' in the base program at Tel Hadya. Selections

have ncM been made in Bangladesh of adapted :rust

resistant plants fran segregating populations. As a

result, Falguni (BARr Masur 2) was released in 1993 as
the first :rust resistant lentil cultivar in

Bangladesh. Another :rust-resistant line (ILX 87247) ,

locally selected fran the cross of L5 x FLIP84-112L

(ILIE782), is in the pre-release stage, having been
subnitted' to the National Seed Board. It also has

resistance to stenphyliurn blight and an erect plant

stature suitable for intercropping in sugarcane.
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India has a strong lentil breeding program
coordinated tmder the All India Coordinated Pulse
Irrprovem=n.t Project of the Indian Council of
Agricultural Research (leAR). In India, the genetic

base of the crop has been widened by the use of Precoz
in crossing. N"c:lw' 15% of entries in AlI-India

Coordinated Lentil trials have Precoz as a Parent.
Rust resistance, selected in IVbrocco, was holding in
Kanpur. We have established cooperation with
Pantnagar Agricultural University on screening for
rust resistance in breeding lines, the wild ge:rnplasrn
and the possibility of collaboration in the search for

markers for rust resistance. Our vascular wilt
resistance lines are being widely used as source

Parents within India.

Nepal grew around 170,000 ha of lentil spread

frcm the Terai area adjacent to India to the lower

Mid-Hills last season. lCARDA has been requested for
specific targeted crosses by Nepali program. ILL 2580
is arrong entries being considered for release.

In Ethiopia NEL 2704 was released in the 1993/94
season for lowlands and rec:arrrended for drought-prone
areas. Three other lines will shortly be sul:::mitted to
for registration FLIP84-78L (ILL5748) , FLIP86-41L
(ILL6027) and FLIP87-74L (ILL6264). Ada and Akaki are

the areas where the released line NEL 358 is becalling
very popular and a study on its irrpact is underway.

In Sudan Aribo 1 (ILL 818) was released for
cultivation in the Northe:rn Province and Jebel Mara

Region in the 1993/94 season on the basis of yields
frcm 11-34 % rrore than the local check and good seed

quality for splitting and dehulling. ILL 813 is in
pre-release seed rm.l1tiplication and the program
identified FLIP88-43L (ILL6467) as premising in the
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1993/94 season in the Nort.heD1. Province. Naticma.l
Agricultural Research SyBteIDs.

3.1.2.3. Advances for high altitude region

The high altitude region primarily consists of those

regions of Afghanistan, Iran, Pakistan and 'furkey
where lentil is no:rmally grown as a spring crop
because of the severe winter cold. This season at
Ankara the national program of 'furkey has again

detronstrated that winter-sown lentil has a higher
yield potential than the spring-sown crop. (see

section 3 .1.1. 8). The spring cultivar ErzuJ::um ' 89 was
tested in fanner managed trials/detronstrations in the
sivas area on the easte:r:n margin of Anatolian plateau.

The treaIl yield of the local was 478 kg/ha carpared to

ErzuJ::um ' 89, which yielded 738 kg/ha in the 1994
spring season.

In Iran the lines ILL 842 and ILL 949 are

premising and due for testing on fanners' fields.

In Balochistan (Pakistan) the Provincial

Technical sub-carmittee gave its approval for the
release of two lines Masoor-931 (FLIP84-4L) and
Masoor-932 (FLIP85-7L) for highland Balochistan,
subject to the approval of the Provincial Seed

Council. The lines were selected at the Arid zone
Research Institute, Quetta, on the basis of their cold
tolerance and a larger seed size than the local
cultivar. The final release is pending. Naticma.l
Agricultural Research SyBtElllS.
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3 .1.2 .4. Advances in other areas

The New zealand Institute for Crop and Food Research
registered lentil FLIP87-53L (ILL 6243) as Rajah

during 1993. It is a red cotyledon line which has

out-perforrred the ccmrercial standaId by 15% and is
well received by the lentil trade for use either whole
or split. It can be harvested 2-3 weeks before the
ccmrercial standaId and is rrore tolerant to Ascochyta
blight.

In Australia there is rJCM considerable interest
in lentil. Prior to the testing of ge:rrrplasm fran
ICARDA, lentil assessment in Australia was limited to
a few lines representing phenolog-ical extremes - extra
early and extra late flOlfV'ering and maturity. ICARDA
Mediterranean-adapted material has fitted in well into
the vacuum. In Victoria seed of the red lentils
FLIP84-51L (II.iL5722) and FLIP84-58L (II.iL5728) and the
green lentil FLIP84-154L (II.iL5823) were handed aver to
a private eatpany for ccmrercialization by the
Victorian Institute for Dryland Agriculture on the
basis of their consistent yield advantage. It is
hoped that these lines will be the basis for a viable
lentil industry. In New South Wales the lines FLIP84
51L (II.iL5722) and FLIP86-16L (II.iL6002) are in multi
location testing following their selection at Tamworth
aver several seasons. The rrost premising new
selection in South Australia is FLIP84-61L (II.iL5731).
In West Australia an earlier maturity is required and

early-flOlfV'ering selections such as FLIP86-16L
(II.iL6002) are well adapted phenolog-ically. NatiOnal.

Agricultural Research Systems.
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3.2. Application of M:>lecular Techniques in Lentil
Iuprovement

3 .2 .1. Lentil MaQ;>ing' Projeat

'iliis is a collaborative research program between
ICARDA and Washington State University. 'Ihe objective

of this study is to evaluate the usefulness of DNA
rrarker analses for rrarker assisted selection in lentil
breeding programs.

Ascochyta blight and FUsarium wil t are the nost
irrp:Jrtant diseases in lentils in the region. In order
to develop m:::>lecular rrarkers for resistant gnes for
teh tWJ diseases, tWJ segregating Il'apping populations
of lines originating fran Lens culinaris and Lens

orientalis have been const:ructed. Two of the four
parents were derived fran the line ILL 5588 of
cultivated lentils. 'Ihey provide the sources of genes
for rsistance to FUsarium wil t, Ascochyta blight and
:rust (F. Muehlbauer), pers. carro). Pure lines of the

tWJ other parents were developed fran Lens orientalis.
One F1 individual hybrid plant each was selfed to

produce a F2 population. one F2 population of each
cross was used as the mapping population, narrely cross
1 (X92L-010) and cross (X92L-013). 'Ihe F2 populations

were developed under controlled environrrental
conditions in a greenhouse. Green plant Il'aterial

fran F2 plants was collected for RAPD-and isozyme
analysis during the growing season.

Single seed Descent (SSD) rretbod was used to

advance F2 individuals to F7 recanbinant inbred lines.
seeds were planted in 6.5 an plastic pots in peat noss
in a growth chamber. An average yield of 10 seeds per
F2 -derived line per generation was sufficient to allOl.l1
the population developre:nt under growth chmaber
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conditions. Non fertile plants during population

develq::ment were replanted fran the parental stocks in

each generation. A generation time of 10 to 12 weeks

allowed to develop the F7 recanbinant inbred lines

within 2 years. F6 seeds were planted in the plastic

house for sed multiplication to provide sufficient

material for disease screening and application of DNA

markers.

Total gencmic rnA. was isolated fran fresh leaves

of 100 F2 individuals fo:rm each cross. RAPD-analysis

was conducted on themocycler Perkin Elmer 9600

system. Parents were screened with 320 primers, each

primer was scored fro either arrplification or
polyrrorphism (Table 3.2.1). Nearly 23% of the primers

showed no arrplification, 47% showed no polyrro:rphism

and 30% showed polyrro:rphism. Polyrrorphic primers were

then applied on 8 to 10 F2 individuals and carpared
with the parents for segregation. Primers segregating

on the F2 sarrples were used for segregation analysis

of 40 F2 individuals (Figure 3.2 .1.a,b) .

'Ihree oligonucleotide probes were screened on

parental and F2 material to detect RFLPs. The
oligonucleotide probe (GAT.A) 4 revealed a high degree

of polyrro:rphism between the parents of cross 2 in

genanic digests with the restriction enzyrre Hind III

(Figure 3.2.2). Alltogether 9 different RFLPs could

be detected between the parents fran which 8 could be

mapped in the segregating F2 and integrated into the

rrap of lentils. Different fran the cereals, the

oligonucleotide rnA. sequence seems to have a high

degree of harology with IJNA sequences in the lentil
genare.
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Table 3.2.1. SCreening of parents with 16 <:peron
pritrEr kits 920 pritrErS per kit) .

Kit ID No
arrplification

Polyrrprphism
no yes

OPF
OPG
om
OPI
oro
OPK
OPN
oro
OPP
OFQ
OPR
OPS
OPr
oro
OPV
om
OPX
OPV

6
5
o
1
5
1
o
2

16
12

6
2
3
4
6
9
1
3

10
6

11
11
11
14
17
10

2
3

10
7

15
9
8
8

11
6

4
9
9
8
4
5
3
8
2
5
4

11
2
7
6
3
8

11

As cross 1 (L92 - 010) showed about 60% of the
rrarkers being skewed the cross was not further used
for linkage analysis. Cross 2 shcJr..Jed only a ve:ry low
percentage of skewnes of rrarkers (39%) and was
therefore used for further analysis. 'I'he preliminary
testing of the F2 individuals for RAPDsegregation

provided a potential for screening rrore pritrErS.
Fifty pritrErs (31.49% of the total pritrErs tested)

produced a polymorphic product between the parents of
this cross. 'I'he polymorphic pritrErs revealed 67
rrarkers which were scored in 40 F2 individuals ('rable

3 .2 .2) . All the rrarkers shcJr..Jed a M:mdalian

segregation except for rrarker 015c and OFMl8a (Table
3 .2 .3) . 'I'he number of RAPD-rrarkers assorted
independantly was 61 in cross 2 (X92L - 013). Thi:ry
four rrarkers (including RAIDs, rrorpbologica1 and
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F2 P2 P,
r---------------------------,

a

F2 P2 P,
r---------------------------,

b

Figure 3.2.1.a,b. Segregation analysis of RAPD
marker (a) OPUl and (b) OPS14 in

the segregating F2 population.
from right to left: Amplification

of the RAPD-marker with genomic

DNA of parent 1 (lane 1) and with

Parent 2 (lane 2) and with F2
individuals (lanes 3-22) .
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M P1 P2 F2
~~~~~'7-=-7-~--------------------

23.13Kb

9.14

6.55

2.32

2.02

Figure 3.2.2. Colorirretric signal developnent after

hybridization of oligonucleotide probe
(GATA)4 with total genomic DNA of

Parent 1 (lane 1), Parent 2 (lane 2)

and 10 F2 individuals (lanes 3-10).

Segregating markers are indicated by

arrows.
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Table 3.2.2. Table 3. Da.ta file of 67 I1'arkers (RAID,
rrorphological and oligonucleotide) for
MAFMAKER 1.9 software. Designation of
the I1'arkers are given on the left,
segregation of polyrrorphic bands with
40 individuals on the right. Symbols
\<Jere given A = hcm:::>zygous pattern for
parent 1, B = hcm:::>zygous for parent 2,
C = hcm:::>zygouis for parent 2 or
heterozygous, D = hcm:::>zygous for parent
1 or heterozygous, - = missing data.

*GS
*SCP
*W07
*Nl9
*013
*011
*P03
*W15
*T01
*SOla
*SOlb
*SOlc
*006
*008
*S04
*S03
*S08a
*S08b
*020a
*020b
*020c
*020d
*Q03
*Q14
*S16
*015a
*015b
*015c
*W16a
*W16b
*S14a
*Sl4b
*Y11
*R09
*Y16

CACX.'CCC co:::
DDBDBDDDBDDDDDDDBDDBDDDDDBBDDBBDDDDDDDDD
D-BDBDDDBDDDDDDDDBDDDDDBDBDDDBDDDDDDDDDD
BDDDDBBBDBDDDDDDBDDBDDDDDDDDDDDDDBBDDDDD
-DDBDBDBDBDDBDDDDBDDDDB-DDDDDBBDB-DBDDDD
CCCx:A<x:c~ax:::c::AIc::AC:A.CC-CC.'CCCA-ceAAAa:::ACC

HHHBBHBBA-BHHBHAABH-.AHHBHHAAHHHAHA
DDDDDBDBBDDDBDDDDDDDDDDBDDBDDDDBDDDD-DDB
C'CCCCACCCACCCCCC-AAccc.c.cccccc.AaCC
BDDDDBBBDBDDDDDD-DDBDDDDDDDDDDDDDBBDDDDD
BDBDDDDDBDDDDDDD-DDDDDBDDDDDDDBDDBDDDBDD
CAC-C-CACCCCCCAACACC-Aa::AC.CCaXrACC- - -
CCACCCCCCCC-CA-ACCAACCCCCACA-CCAACCACA.CC
BAHB-H-HHABHHAHHHBH-BHHHH-BA-A--HBHAHHA-

-Ai -crr.AAC.CO:X:ACA
CCCCCC

CC'CCCA.CA!
BDBBBDBDDDBDDDDDDBDDDDDDDBBDBDDD-D-DDDDB
DBDBDBBDDDBDDBBBDBBDBDDDDDDDDDDB-D-DDDDB
~CCAA.CA.CCa:J:J-C-CCCCA

DDDDDBBBBBOODDDDDDDBDDDDDDDDDDBB-D.,.DDDDB
BDDDDBDBBDDDBDDD-DDDDDBDBDDBBDBDDDDDDDDB
CC'C.'CCAACC-ACAAiCC'CCACCCX:~I.CCC:xx::2~::x::AiCCA

BDDDDBBBDBDDDDDDBDD-DDDDDDDDD-DDDBBDDDDD
CCCC'CCCCACC-a:rAACCCAA.c.ccc:AAarACCCC
BBBDBDDDBDD-DDDBDBDBDDBBDBDDDDBBDDDDDBDD
CACACCCACCC-

BDDDDDDDDDDBDBDDDDDDBBDBDBDDDDDBDDDDDDD
CACACC.CA.a:r.-CCA.C-~-CCAAC

AC<::CCCCC'AA!.:::ACrr:l~c:.'CA.ca~· CCX::CC-CCCC-CAA.
DDBDDDBDDDBDDDBDDBD-DDBDDDDDDDDDDDBBDBBD
CCA!CCA"ACOCCCI\CO::xn:AOX'C<"::AN~-::AAl~~
DDBDDDDBDD-DDBBDBDDDDDBBDBBDDDDDDDBDDBDD



*810
*V08a
*V08b
*V08C
*Y07a
*Y07b
*805
*X04
*807
*Y10
*U01
*002
*H07a
*H07b
*V12
*H19
*V01
*G06a
*G06b
*G06c
*R04a
*R04b
*V02a
*V02b
*HIGAT1
*HIGATI
*HIGAT4
*HIGATS
*HIGAT6
*HIGAT7
*HIGAT9
*HIGAT11
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-ccccc
-ACCCC-AAt:XrArrA,
-HBHHH-HHHHBHHHH

-DDDBDDDDB
DBDBDDDIJ.D[lI:lDIlDDDDDDBBDDBDDD(lB[l[lDDDDBDD

[)DBDDDDDDBBD

DDDDIDD DDDDB
BDDDDBBBDBDDDIDBDDDDDDDDDDDDD.
DDBDBDDDBDDDDIlI:lI:lDBDDDDDDDBBDDD DDDDDDDDD
BDDDDBBBDBDDDDDDBDD lJDDlJDDDDDDDDDB8DDDDD
rncA-C- - -C'CCA ACl~'::AAa:::1CO:::.'COC'CAax:::ACAA.
DDBD-D-- -DDDD-DBDDDBDDDDDBDDDDBDDDDIIDDDD
CAC.A.r:JrAA.--C'CCA--~-CACCCrJ::AA

BDDDDBBDBDDDBDDDDDBDBDDB-DBDDDBDDDBDDDBD
C-CC'CCA-crAC.C.A.CrAC--~--CACC--ACA.
--DDDBDDDDDDDDDBBDDBBDBDDDDDDDDDDBBDDDDD
--~-~

--~-~

~-~

BDDDBDDDDDDDDDD-IDDDDBBDBBDDBBD
BDDDBL[UDDDDDDDBIJBI)-DDDDDBBDBBDDBBD
~-~

DBDBDDDBBBDDDDDDBDD-DBDBDDDDDDBDDDDDDDDD
DDDBDDDDIEDDDDDDDDD-DDBDDDDDIIDBDDDDDDDDD
DDDBDDBDDDBDDDDDDBD-DDBBDDDDDDDDDDIDDDDD
DDDBDDBDDDDDDBBDD-BDDlJDBDBBDDBBIUVDDB

oligormcleotide markers) so far could be clearly
assigned to linkage groups. Ten linkage groups were
constructed, seven of them containing three markers or
rrore (Figure 3.2.2). Two RAID-markers OFQ14 and
OPV08c, were found linked to the Gs marker at 17.6 eM
distance. '!he GS marker is located in chn::.rrosare
number one in the existing lentil map. '!he linkage
distance ranges fran 0.0 eM to 27eM along the 10
groups. Several markers showed a 0.0 eM distance,
indicating that these markers may fall in the sane
locus.
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Table 3.2.3. 8egregation analysis of the linked
RAPD-markers on 40 F2 individuals. All
the markers fit a 3:1 ratio except
OF015c* and OEM1.8a*.

Marker ID F2 8egregation (+/-) x'2

OPN19 32:7 1.02
OF06 25:8 0.01
OF08 26:11 0.44
OFOll 26:11 4.44
OF013 31:9 0.13
OF015a 29:10 0.01
OF015b 28:11 0.19
OF015c* 12:27 39.6
OF015d 27:12 0.67
OF020a 27:11 0.31
OPQ14 28:11 0.19
OPSOlb 31:8 0.40
OPS04 7:18:7 0.49
OPS08a 33:7 1.20
OPS08b 33:7 1.20
OPS14a 28:9 0.00
OPSl6B 33:6 1.92
OPr01 32:7 1.10
OPV08b 29:9 0.04
O:J:Wl5 8:20:8 0.09
O:J:Wl6a 31:9 0.13
OPW07 31:9 0.13
OPYlO 31:9 0.13
OPU01 33:6 1.92
OPU02 31:8 0.43
OPH07a 22:13 3.00
OEM1.8a* 28:2 6.53

The F2 population of cross 2 was found to be
adequate for mapping because it provides abundant
frequencies of polyrro:rphic markers. The const:ructed
linkage groups propose a high potentiality for rrore
markers to be fitted. Therefore screening for rrore
RAPD and RFLP markers is needed. I. MalmIoud, w.
Erskine, B. Bayaa and M. Ba:um (ICARDA) and F.
M.1ehl.bauer (WSU).
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Tab1e 3.2.4. RFLP analyses in lentils.

Clone Restriction enzyme
EcoRI HindIII Linkage goup (s)

E5
E8
P119
C95
C25
C45
E1
C32
C33
C52
C65

+
o
+
+

+
+
+
+

+
o
o
+

+

+
+

3

4

4

5
1,5
3,6

= not };X>lyrro:rphic, + = };X>lyrro:rphic, 0
blot not readable

not tested or

" 2 " 4 5 S 7
..112_

R04.
GOS. N'O v,. W1S.

2." vo:z. v'o 02.

2." 7." 5." 00..
GO s,s 11.S

U02 2.4 so..
UO'

2.8 21.2 R<M-. 28.3
SOlb 000

11.5

23.4 0"
14.0

W07 ooa

J12b
0'50 .. '0

11.3 2.4
H07. SOl.VOS.

S TO'

H07b
HIG3

-t-IHIG4 13.0
20.' 25.8

18.2

507

H07b so. "..
Figure 3.2.3. Possible linkage groups in lentils

after F2 segregation analysis of cross
2 using MAHVJAKER 1. 9 with a IDD score
threshold of 3. 0 . Distances bet'li'JeeI1.
rrarkers are given in eM. In cases
where crnplete linkages (0.0 eM)

occured, rrarkers are connected by

horizontal bars (e.g. S08a and S08b in
linkage group 6) .
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3.2.2. RFLP Analysis in Lentil

We started analyse parental and F2 material with

RFLPs. The RFLP-markers used were already previously

mapped in lentils 0 SUt:prisingly, we found a high

degree of polyrro:rphism in genanic degests with only

two restriction enzyrres (Table 3 02 .4) . The use of

already mapped RFLP-markers will help to join the

RAPD-marker map developed at lCARDA with the maps

constructed with the help of isozyrres and RFLP-markers

elsewhere 0 It will also help to link rrore RAPD

markers into the already established linkage groups 0

I. Malmr:IUd, H. Bayed. and M. Baum.

3.3. Lentil Mechanizaticn

During the first decade of lCARDA, a major drive was
made to develop econcmic machine harvest systems for

lentil production (FLIP Armual Reports 1986-1990;

Legume Program Armual Reports 1991-93) 0 FollCMing the

introduction and use by fa.rm::rs in Syria and 'furkey of

such systems, a rroratorium has been put on further

research at lCARDA pending the carpletion of an irrpact
and adcption survey of producers in Syria.

This survey is being conducted with the Syrian

General Organization of Agricultural Mechanization,

the Arrerican University of Beirut and the Farm
Resource Managerrent and Gerrrplasm Programs within

lCARDA.

Eighty lentil producers spread arrong the major

lentil growing regions of NOrth-West and NOrth-East

Syria have been interviewed using a questionnaire

fomato The results are not yet available; but we
expect them to assist greatly in planning future
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research and technolOC3Y transfer of lentil harvest

rrechanization. J. Haidar (American university of
Beirut), General Organization of Agricultural
Mechanization (Syria), A. sa.lk.iDi, A. DakeJ::mmji &. W.

Erskine.

3 .4. Lentil Ent;.cm:)logy

3.4.1. Effect of Sitala crinitus on Lentil Yield

Experiments on Sitona damage and control were continued at

Tel Hadya and one on-fann location, Alkamiye using Praret

insecticide. This season a new formulation of Praret,

Praret CS 400 was used as seed dressing at 10 ml/kg seed.

At Tel Hadya the Si tona feeding and nodule damage was
lower than in previous years. On 23 April 58% nodule

damage was recorded in the check. as carpared to 11% with
Praret treatment. Praret treatment significantly:reduced

nodule damage, but for the first year in these trials seed

yield was slightly higher (1724 kg/ha) in the check. than
in Praret treatment (1633 kg/ha) (Fig. 1). Biological

yield, however, was significantly higher with Praret

treatment.

At Alkamiye nodule damage was higher and reached 68%

and 82% in the check. and 21% and 30% with Praret treatment

on 11 April and 10 May, respectively. Thus Praret :reduced

the nodule damage significantly but less effectively than

in previous years. seed and biological yields increased,
but not significantly (Fig. 1).

For the second season Praret treatment for si tona
control was included in the lentil on-fann verification

trials at 5 locations in northern, northeast, and middle

Syria. At all locations nodule damage was found, but
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severity differed between locations (Table 1). As in Tel

Hadyal nodule damage was not high with 50 and 56% in

Aleppo and Idleb area. In Halla and Kamishly area high
ncx::lule damage between 76% and 84% was recorded (Table 1) .

At all locations Prcmet treatrrent significant.ly reduced
nodule damage. Lentil seed and biological yield l however,

did not differ significantly between treatrrents.

This was the final year of the si tona control
experirrents. It has been shown, that Sitona does occur in
all lentil growing areas in Syria. Prcmet seed treatrrent
reduces ncx::lule damage and increase yield significantly and
can be reccmnended for use in certain situations, like
seed prc:duction fields. The lower effectiveness in this
years experirrent is IIDSt likely due to the lower dosage of
active ingredient used with the new fonnulation. The new

Table 3.4.L Effect of Prcmet (12 ml/kg seed) treatrrent
on lentil seed and total yield and ncx::lule
damage by Si tona at different locations in

Syria I 1993/94.

l.Dcation Treatrrent % ncx::lule Lentil yield (kg/ha)

damage seed Total

Hama (Souran) Check 80.8 680 1952
Prcmet 5.5 1047 2478

Idleb (Afes) Check 56.5 1321 2906
Prcmet 3.9 1382 2724

Aleppo (Kafr Naseh) Check 50.0 1685 4042
Prcmet 5.2 1929 4412

Hasakeh (Shoudara) Check 76.0 2191 3123
Prcmet 7.5 2116 3378

Kamishly (Hasoud) Check 84.2 1518 3382
Prcmet 4.2 1940 4547
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formulation only has 40% a.i. as ccnpared to 66% of the

previous P:r:aret formulation, of which 12 ml/kg seed were
used. Therefore the dosage of the new formulation has to
be increased frc:m 10ml to 15 or 20 ml/kg seed to ensure
effective control. S. Weigand and A. Joubi.

Tel Hadya Promet

Check

Alkamiye Promet

Check

100 80 60 40 20 0 1 2 3 4 5 6

% nodule damage Yield (ton/ha)

• % nodule damage Q Seed yield 0 Straw yield

Figure 3.4.1. Effect of application of P:r:aret 400 CS
(10 ml/kg seed) on lentil seed and straw
yield and nodule damage by Sitana
crinitus at 2 locations, Syria, 1993/94.
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Annual forage legurre species such as Vida spp and
Lathyrus spp. are one of the options to replace fallON in
the cereal/fallON rotations in dry areas. They are
defined as leguminous species sown and harvested in a
single year. They can be used for grazing during winter
and early spring and harvested either for hay in spring or

for grain and straw at full ma.turity.

These crops ma.y be also SCMIl in mixtures with cereals
(oats, barley or triticale) and harvested as hay. They
differ fran food legurre crops only in the end use. They
are used ma.inly to feed livestock, whereas food legumes
for hUffi3Il const.:lItption. Therefore, flexibility in forage
legurre crops to meet different types of utilization in
different types agro-ecological zones is always of great
irrportance in producing new adapted cultivars.

Although there is a large diversity of Vida spp. and
Lathyrus spp. in the Mediterranean region, only few have
been used as forage crops and have received little
attention of plant breeders and agroncmists in the past.
Gexnplasm prcgram pays particular attention to such annual
species of these two genera which could be adapted to
areas where seasonal rainfall ranges fran 250-400 TtIn.

4.1. Forage Legumes Breed.ing

The general objective of our breeding program is to
develop and produce irrpraved cultivars of Vida spp. and
Lathyrus spp. to feed livestock in areas receiving less
than 400 TtIn, rainfall. It is also desirable to have
widely adapted cultivars that can be recartrended for
different locations with similar agro-ecological
conditions. While atterrpting to irrprave Yield fX)tential
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and adaptation to environrrent emphasis is given to ensure
that the palatability, intake and other nutritive values
of herbage, hay, grain and straw are acceptable. This
work is l:::eing done in close collaboration with the Pasture
Forage and Livestock Program (PFLP).

In vetches 'We are dealing with Vida sativa L. (camon
vetch), V. villosa spp. dasycaz:pa Tan (wooly-pod vetch),
V. ervilia L. (bitter vetch), V. palaestina R. (Palaestine
vetch), V. na:rbanesis L. (narron vetch) and V. panonica.
GR. (Hungarian vetch). In chicklings 'We concentrate on
Lathyrus sativus L. (comon chickling or grasspea), L.
dcera L. (dwarf chickling) and L. oclrrus (L.) ro (ochrus

vetch). Work is also done on V. sativa ssp. arrphica.rpa
:earth (underground vetch), and L. Ciliotatus L.
(undergr01ll1d chickling) which produce roth underground and

alx:weground pods.

Two approaches are adopted to develop improved lines
of Vida and Lathyrus spp. In one, selection is affected
in the wild accessions to develop imp:roved cultivated
types. In the second, hybridization is used to overcare
specific short ccmings: shattering pods, prostrate growth,
susceptibility to diseases and nematodes, cold
susceptibility, high content of antinutritional factors
etc. The process begins and ends with on-faun studies to
determine famers' needs and to see hor".r 'Well our new
imp:roved cultivars rreet them. 'I'he work is carried out by
a multidisciplinary team involving breeder, physiologist,
pathologist, entarologist and animal nutritionist.

In 1.993/94, 1.400 accessions of V. sativa 'Were
evaluated in collaboration with the Genetic Resources
Unit. selected genotypes of L. sativus, L. cicera, L.
ochrus and V. na:rbanesis 'Were evaluated in nursery
observation rows at Tel Hadya. Premising genotypes
(selections) of V. sativa and V. panonica. were tested in
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preliminary microplot field trials at Tel Hadya (seasonal

rainfall 337). Premising lines of V. sativa were

evaluated in advanced yield trials at Tel Hadya, Terbol

and Kfardan (seasonal rainfall 337, 475 and 250,

respectively) . Premising lines of V. narbonesis were

evaluated in advanced yield trials at Tel Hadya, Breda
(seasonal rainfal 298 rrm) and Kfardan. Premising lines of

L. satiVl1S, L. cicera, L. ochrus, V. dasyca:q::a and V.

palaestina were tested in advanced yield trials at Tel

Hadya and Breda. Premising lines of V. e:rvi.lia were

evaluated in advanced yield trials at Tel Hadya. The F3

lines of L. sativus crosses for low neurotoxine B-N
Oxalylamino-alanin (EOAA) content and other desirable

agroncmic traits were evaluated at Tel Hadya and Breda.

The F1 crosses of V. sativa for nematode resistance and F3
families of V. sativa x V. sativa ssp. arrphicazpa were

tested at Tel Hadya.

A study to investigate the potential of underground

vetch under actual grazing conditions and its effect on

the subsequent barley crop and its self regeneration after

barley was continued. The reaction of promising lines

against major foliar and root diseases was rronitored in

the disease nurseries at Tel Hadya. Table 4.1.1. lists

the locations and number of forage legt.nre species studied

in 1993/94. All breeding work was done under rainfed
conditions without supplerrenta:ry irrigation.

As international center with major responsibility for

WANA we aim to serve the national forage imp:r:overrent

programs through (1) assembling, classifying, evaluating,

maintaining and distributing gemplasm; (2) developing and

supplying breeding populations with adequate diversity to

be used in different envirornrents; and (3) co-ordinate

international trials to facilitate rrn.l1tiplocation testing

and identification of widely adapted genotypes. Ali M.
Abd El Mone:im.
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Table 4.1.1. Trials, location and number of entries of
forage legt.nne species studied in 1993/94.

Trial/species

Nurseries
Lathyrus sativus
L. cicera
L. ochzus
Mic:rop1ot Yield Trials
Vida sativa
v. panonica
Advanced Yield Trials
v. sativa
v. nari:x:Jnensis
L. sativus
L. cicera
L. ochzus
v. d:tsycazp3.
v. palaestina
v. ervilia
F3-families L. sativa crosses
F4 -families of v. sativa x
v. arrphicarpa crosses
Response to cutting
Total

4.1.1. Gel:nplasm Evaluaticn

I.ocation Entries

Tel Hadya 40
Tel Hadya 41
Tel Hadya 81

Tel Hadya 25
Tel Hadya 25

T .H. -Kfardan-Terl::::ol 25
T .R. -Breda-Kfardan 36
T .R. -Breda 25
T.H.-Breda 25
T .R. -Breda 16
T.H.-Breda 25
T .R. -Breda 16
Tel Hadya 25
T.R.-Breda 85
Tel Hadya

36
T.H. -Kfardan 10

536

4.1.1.1. Agra1cInic evaluaticn of ccmncn. vetch accessicns

The appraisal was carried out of 1400 accessions of v.
sativa in nurse:r:y rows in a trial in collaboration with
the Genetic Resources Unit (GRU). A total of 144 entries
were selected on the basis of visual evaluation of
seedling vigour, winter and spring growth, cold effect,
leafiness, erect growth habit, and earliness to flowering
and maturity. Further evaluation of their he:rlJa.ge and

seed yields, reaction against major foliar and root
diseases will be done in 1994/95. Results of canron vetch
ge:mplasm evaluation are reported in 1994 annual report of
the GRU. Ali Abd El Mcn.e:im and L.D. Robertsa1.
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4.1.1.2 . EvaJ.uaticn of three lathyrus species and narlx:m.

vetch for adaptaticn

Two experirrents were conducted, in the first 100

accessions of three lathynls species fran different
origins, representing 40 LathyIus sativus, 41 LathyIus

cicera, and 19 LathyIus oc1:rrus were planted in a triple
lattice design with three replicates (5 rows each). In

the seoond, 81 accessions of V. narbonesis were planted in
the sane design. Both experirrents were fertilized with 40

kg P205/ha.

In these trials the accessions were visually soored at
1-5 scale (l-POQrj and 5 very good) for establishment,
seedling vigour, oold tolerance, winter and spring growth,
plot cover, growth habit, plant vigour, leafiness, titre to
flowering and maturity, and diseases susceptibility.

There was wide variability for the characters studied
(Table 4.1.2). Accessions having average soore of 3, 4

and 5 were identified as pranising genotypes for future
breeding program. Ali M. Abd. El H:::oeim.

Table 4.1.2. Variation in selection index (l=POQr j 5 very
good) of three LathyIus spp. and narl:on
vetch ge:rnplasm grown in nursery rows at Tel
Hadya, 1993/94.

Species selection index (1-5)
1 2 3 4 5 Total

LathyIus sativus 10 10 20 40
L. cice.ra 5 5 6 10 15 41
L. oc1:rrus 4 10 5 19
V. narbonensis 5 10 15 19 37 81
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4.1.1.3 . GeJ::nplasm evaluation of vetches and chick1iDgs

for cold tolerance

A total of 327 accessions of six vetch species and 438
accessions of 23 different species of chickling found cold

tolerant during 1992/93 and 2659 new accessions belonging
to 48 different species of vetches were screened for cold
tolerance in 1993/94. The minimum terrperature (-4. 9°e)

experienced on 14 Nov 1993 was not sufficient to kill the

susceptible checks (IF1.iVPa 2727 of vetch and IFI.J.S 199 of
chickling). Hence screening vJill be repeated in 1994/95.

R.S. Malhotra, Ali M. Abd E1 H::neim and L.D. Rcbertsal..

4.1.2. Preli.minaxy Microplot Yield Trials (MYT)

The study of variation in agronanic characters helps the

breeders to establish suitable breeding program to develop
irrpraved varieties. selectiun for desirable traits such
as leafiness, leaf-retention, long flCl\ollering period (for
grazing purpose), rapid winter and spring growth, high

he:rba.ge yield, high grain yi;~ld and harvest index (for
grain and straw), non shattering p:::Jds, resistance to

biotic and abiotic stresses and good nutritive val-Ie
begins in microplot trials in a Y3ar or two after nursery

raws evaluation. This leads to rrore critical tests in
advanced yield trials before IlUlltilocation testing for

selected premising lines.

In 1993/94 season microplots of two Vicia species
i.e., V. sativa. and V. panonica were tested at Tel Hadya
in 3.52 plots arranged in triple lattice design. Number of
entries for each trial are shown in Table 4.1.1. seed

rate was 100 kg/ha and fertilizers were applied at 40 kg

P205/ha. These microplots were in two sets, one was
harvested at 100% flCl\ollering to detennine the herbage yield
(llVI) and the other was harvested at ma.turity to measure
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seed and straw yields and other agroncmic traits.

4.1.2.1. CcmD::n vetch (Vicia sativa)

Twenty-five selections 'Were tested at Tel Hadya. HeIbage
yield (eM) at 100% flowering varied fran 800 to 3519
kg/ha, total biological yield at maturity fran 2033 to
4200 kg/ha, the grain yield fran 400 to 1400 kg/hai and

harvest index fran 14 to 39%.

'Ihe m::x:l.erate and high terrperatures in winter and

spring accarpanied with high rainfall at Tel Hadya

facilitated developrent of foliar diseases such as downy
mildew (Peronosp:JIa viciae) I powdery mildew (Erisiphi

pisi) I ascochyta blight (Ascochyta spp.) and chocolate
spot/blight (BotIytis fabae). severe natural infection on
leaves and stems caused severe damage ar...G. defoliation of
leaves which subsequently led to law heIbage and grain
yields. Great variability was found arrong the tested
selections. Table 4.1.3 shows the performance of the top
5 selections. 'Ihese genotypes showed a high level of
resistance to the above rrentioned diseases. 'Ihese are
identified as a source of resistance for future breeding
program.

4.1.2 .2 . Hungarian vetch (V. panaoica)

Twenty five selection 'Were assessed in microplot field
trials at Tel Hadya. HeIbage yield varied fran 2168 to
4399 kg/ha, and total biological yield fran 2742 to 5282
kg/ha whereas grain yield ranged fran 699 to 1390 kg/ha.

Hungarian vetch is characterized by cold tolerance and

slow winter growth, followed by rapid spring growth. 'Ihe
high heIbage yield is due to the mild winter terrperatures
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that caused rapid winter growth. At the same time
Hungarian vetch was not highly susceptible to the attack
of foliar diseases. It is the first season that Hungarian
vetch out-yielded camon vetch. Table 4.1.4 shows the
perforrn:mce of the top 10 selections for both high herbage

and grain yield. Ali M. Alxl E1 H:mei.m.

Table 4.1.3. HerlJa.ge (H) , biological (B) and grain (G)
yields, harvest index (HI) , and days to
flowering and maturity of the top 5 lines
of camon vetch in preliminary yield trials
at Tel Hadya.

IFLVS Yield (kgfha) Days to
H B G HI (%) Flower Mature

2609 2319 3599 1400 39 115 160
2612 2854 3347 998 29 123 156
2623 2439 4200 1200 28 115 145
2624 3424 3859 1314 33 109 142
2625 3519 3695 1270 34 120 159

Mean+ 2281 3417 591 15 115 148
SEM± 245 481 134 3.0 1.2 2.0
LSD (0.05) 700 980 301 8.4 3.4 5.5
CV (%) 22 24 28 30 1.8 2.3

+ Mean for all 25 selections.

4.1.3. Advanced Yield Trials (AYT)

Experiments were carried out to test pranising lines
of Vicia spp. and Iathyrus spp at Tel Hadya ('IH),

Breda (Br), Terl:::lol (T) and Kfardan (Kfr) (Table

4.1.1) . These lines were selected on the basis of
their perforrn:mce in microplot yield trials for t~
years. The trials were SCM11. and managed as microplots
but with larger plot size (2am2).
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Table 4.1.4. Herbage (H) , biological (B) and grain
(G) yields (kg/ha), harvest index: (HI)
and days to flower and ma.ture of the
top 10 selections of Hungarian vetch in
prelirnir1crry yield trials at Tel Hadya.

IFLVP Yield (kg/hal DaYS to
H B G HI (%) Flower M3.ture

2653 3277 4980 928 18 119 158
2654 3163 5282 1371 25 118 159
2656 3223 4923 1247 24 117 159
2657 4399 4990 1018 21 117 156
2662 3469 4306 1209 26 118 158
2664 2992 5116 1366 26 121 164
2669 3574 4214 1004 21 121 162
2671 3205 4259 1180 27 120 164
2673 3781 4838 1342 26 120 162
2674 3274 4678 1071 21 122 164

Mean+ 3202 4090 1057 25 119 161
SEM± 305 487 73 3.1 0.6 1.0
LSD (0.05) 875 1369 220 8.7 1.8 3.0
CV (%) 16 20 15 21 0.9 1.1

+ Mean for all 25 selections.

4.1.3 .1. Advanced yield trials of cc:mJ:IOl'l vetch (V.

sativa) at Tel Hadya, Terl:lol and Kfardan

Twenty five pranising lines were tested. There were

great differences between. lines in their winter and
spring growth, cold effect, and days to flowering and

maturity.

In Tel Hadya, the herbage yield varied frcm 1271

kg/ha for IFLVS 2483 to 3625 kg/ha for IFLVS 2505, the

total biological yield ranged frcm 2171 kg/ha for

IFLVS 2483 to 5800 kg/ha for IFLVS 2487, whereas,

grain yield ranged frcm 507 kg/ha for IFLVS 2483 to

1589 kgjha for IFLVS2499.
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In Terl:ol, the herbage yield varied fran 2793

kg/ha for IFI.NS 2497 to 5001 kg/ha for IFINS 2506,

biolc:gical yield fran 5154 kg/ha for IFLVS 2497 to

8777 kg/ha for IFLVS 2497, and seed yield ranged fran

1378 kg/ha for IFLVS 2497 to 2972 kg/ha for IFLVS

2495.

In Kfardan, herbage yield varied fran 5039 kg/ha

for IFLVS 2505 to 7494 kg/hal lFLVS 2496, biolc:gical

yield fran 6072 kg/ha for lFLVS 2503 to 8083 kg/ha for

lFLVS 2499, whereas, the grain yield varied fran 1337

kg/ha for lFLVS 2495 to 2180 kg/ha for lFLVS 2497.

'!he large variations in both herbage and
biolc:gical yields (Table 4.1. 5) \\/ere mainly due to the

variation arrong. lines in their winter and spring

growth, as indicated by the significant correlation

between winter growth and the total biolc:gical yield

of +0.640, +0.510 and +0.650 at Tel Hadya, Terbol and
Kfardan, respectively.

The results in general indicate that there \\/ere

large differences between the three sites in crop

performance. '!he herbage yields \\/ere significantly
higher in Kfardan than Terlx:>l and Tel Hadya. In

contrast seed yield at Terl:ol was higher than Kfardan
and Tel Hadya. Q:mron vetch responds \\/ell to high

rainfall during the pod-filling stage. 'Iherefore,

seed yield was higher at Terl:ol.

4.1.3.2. Advanced yield trials of narl:xn vetch (V.

narlxmensis)

Thirty six pramslIlg lines of narlJon vetch \\/ere

evaluated under rainfed conditions at three locations
i.e. Tel Hadya, Breda in Syria and Kfardan in I..ebanon.



Table 4.1.5. Herl:age, biolcgica1 and grain yields for the 25 lines of cnmon vetch (Vida
sativa) in AYT at Tel Hadya ('IH) I Terbol (T) and Kfardan (Kfr).

selection Herl:age yield (kg/53) Biolo:ri.ca1 yield (kg/hal Grain yield (kg/hal
lFLVS 'IH T Kfr 'IH T Kfr 1H T Krl

2483 1271 3861 4507 2171 6301 7276 507 2309 1897
2484 2666 2832 5202 3633 5619 6906 1134 1948 1869
2485 2539 3623 6409 3866 7341 7133 1147 2952 1734
2486 2932 3062 6854 4507 5607 6931 1163 2211 1739
2487 3323 3920 5939 5800 6953 7212 1542 2237 2051
2488 1933 3742 5620 3527 6380 6229 819 2120 1776
2489 2658 4095 6443 4205 8158 7672 1147 2621 1915
2490 3467 3787 5376 5108 6208 7232 1307 2214 2075
2491 3005 3523 7197 5295 6412 7361 1257 2381 1967 I-'
2492 2880 4875 5944 3904 6115 7316 1149 1861 1835 (Xl

2493 3174 4191 6733 4581 5601 6955 1375 1908 1864 w
2494 2910 3886 7096 4774 5548 7159 1305 2069 1760
2495 2702 3844 6718 4270 8777 6554 1178 2972 1739
2496 2032 4220 7494 2645 6904 7667 774 2286 2096
2497 2494 2793 6934 4156 5154 7984 1051 1378 2180
2498 3370 4236 5810 4738 6968 6259 1180 2093 1337
2499 3424 3899 5636 5614 7556 8038 1584 2835 1947
2500 3068 3889 5948 5777 6231 7513 1443 2071 1902
2501 1900 4172 6760 3155 5689 7630 905 1974 1907
2502 3049 3872 7407 4027 5933 6646 1053 2193 1436
2503 2428 4193 5933 3381 5511 6072 952 1661 1693
2504 2815 3639 5894 4156 6666 6765 924 2429 1508
2505 3625 4074 5039 5038 5743 7448 1468 2255 2123
2566 1565 5001 6377 3144 5459 7028 878 1690 1694
2560 2636 4749 6149 3946 6074 7430 1020 1952 2172

Gran:i maan 2715 3958 6253 4219 6358 7137 1131 2185 1853
SEM.± 189 450 615 490 738 545 152 329 160
LSD (P = 0.05) 1539 1293 1764 1393 2118 1565 433 945 459
0J (%) 12 19 17 20 20 13 23 26 15
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The objective is to detennine the relative value
to these locations for developrent of high and stable
yielding narbon vetch cultivars.

The experiTIEIlts 'Were sown in a triple lattice
design with three replicates. Plot size was 5x5. 8m2 .

The experiTIEIlts 'Were sown by Oyjord experiTIEIltal drill
soon after the first autumn rains. seeding rate was
100 kg/ha. Field germination was about 90%. All
plots received a basal dressing of 40 kg P205/ha.

The results indicate that there 'Were differences
bet-ween the three locations in biological, straw,
grain yields, harvest index and days to fl~ring and
maturity (Table 4.1. 6) . There 'Were also large

differences arrong lines in their cold effect, winter
and spring growth, earliness and reaction against
major diseases, especially brocmrape (Orobanche

crenata Forsk), downy mildew (.Peronasp:i viciae) and

rust (U.rt:l1!YCes faJ:::a.e). Variations in biological and

grain yields were mainly due to the variation in
susceptibility to downy mildew and rust, at the three
locations, where the natural conditons (rainfall and

tenperatures) favoured the natural infection and

disease develop:rent. The high yielding lines at each

location are shown in Table 4.1.7. selections 2377
and 2561 were high yielding at the three locations
because of their resistance to downy mildew and rust.
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Table 4.1.6. I..ocation rreans of biological (B) and.
grain (G) yields, harvest index (HI) and.
days to flowering and. maturity for 36
lines of nar1:x:m. vetch in AYT.

I..ocation Yield (kg/ha) Days to
B G HI (%) Flower Mature

Tel Hadya 5230 1234 23 107 155
<±615) (±213) (±2.0) (±1.2) <±2.0)

Breda 4900 1368 28 101 149
(±453) <±190) (±2.8) (±1. 7) <±2.1)

Kfardan 6114 1530 25 111 160
(±770) (±258) (±2.1) <±2.0) <±1.9)

Table 4.1.7. The rrost pranising and adapted lines of
narbon vetch at Tel Hadya, Breda and
Kfardan.

Location Pranising lines

Tel Hadya IFLVN, 2367, 2377, 2385, 2379, 2381, 2388,
2561

Breda IFLVN, 2384, 2377, 2561, 2391, 2463, 2368,
2382

Kfardan IFLVN, 2377, 2461, 2386, 2367, 2561, 2397,
2465

4.1.3 .3 . Advanced yield trials of CCIlID:ln clrlckling
(Lathyzus sativus)

Experiments were carried out to evaluate prcm:J..SJ..ng

lines of c:amon chickling (grasspea) at Tel Hadya and.

Breda. 'IWenty five genotypes were evaluated based on

their performance in microplot yield trials in

1992/93. HeIbage yield varied frcm 2580 to 3913 kg/ha

at Tel Hadya and frcm 1967 to 2833 kg/ha at Breda, and

seed yield varied frcm 1032 to 2196 kg/ha at Tel Hadya

and. frcm 795 to 1211 kgjha at Breda. The rrean of

straw yield was 3569 kgjha at Tel Hadya and 1834 kg at
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Breda. Table 4.1.8 shows the top 9 lines based on
their performance at both Tel Hadya and Breda. These
lines possessed m:dera.te resistance to downy mildew
and ascochyta blight.

4.1.3.4. Dwarf chick1ing (Lat:hy:z:us cicera) advanced
yield trials at Tel Hadya. and Breda

'I\t.lenty five lines were evaluated at Tel Hadya and
Breda. Mean herbage yield varied fran 2953 to 4559

kg/ha at Tel Hadya, and fran 1663 to 2640 kg/ha at
Breda. seed yield ranged fran 1694 to 2293 kg/ha at

Tel Hadya and fran 561 to 1106 kg/ha at Breda,

whereas, straw yield varied fran 3692 to 5630 kg/ha at
Tel Hadya and fran 955 to 1931 kg/ha at Breda (Table
4.1.9) . The rrean herbage, seed and straw yields

varied widely at each location. Table 4.1.10 shows
the trost premising lines at each location. No

individual line was premising at the two locations.

The relatively low he:rbage and seed yields at Breda

was apparently due to the severe infection of downy

mildew.

4.1. 3 .5. 0Chrus chick1ing (Lathyzus ochzus) advanced
yield trials at Tel Hadya. and Breda

Sixteen lines of oclrrus chickling were tested at Tel

Hadya and Breda. The straw yield varied fran 4823 to

7159 kg/ha at Tel Hadya and fran 3700 to 5400 kg/ha at
Breda. At maturity, the grain yield ranged fran 1472
to 2467 kg/ha at Tel Hadya and fran 1001 to 1850 kg/ha



Table 4.1.8. Herbage, seed and straw yields and days to fl<::1.'Jering and maturity for the top 9
lines of carrron chickling (Iathyrus sativus) in advanced yield trials at Tel
Hadya and Breda (B).

selection Herbage yield seed yield -Straw yield Days to fl<::1.'Jering Iays to rraturity
IFlS 'IH B 'IH B 'IH B 'IH B 'IH B

553 3505 2304 1559 1041 3411 2059 120 124 170 166
555 2703 2198 1472 1073 3498 2356 117 128 169 166
556 2909 2694 1767 1048 3811 2166 112 115 169 157
558 3231 2437 1034 1031 3132 2008 120 126 170 166 I-'

())

559 3604 2833 2196 1143 4558 1947 116 126 169 166 -..J

560 3443 2402 1754 1001 3855 2190 117 125 169 168
561 3477 2335 2040 111 4192 2041 118 118 170 166
562 3913 2665 1388 1051 3642 1943 115 117 167 159
566 3906 2519 1851 1211 3614 1865 111 117 162 159

Grand rrean+ 3185 2440 1629 1026 3569 1834 115 118 169 162
SEM± 434 144 216 114 411 212 0.8 0.3 1.5 0.5
lSD (P = 0.05) 1235 413 613 326 1170 607 2.3 0.8 4.5 1.3
0J (%) 24 11 23 20 20 20 2 1.4 1.7 2.5

+ Mean for all 25 selections.
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Table 4.1.9. Mean ±SEM and range of herbage, seed
and straw yields (kg/ha) of 25 lines of
dwarf chickling in advanced yield
trials at Tel Hadya and Breda.

l.Dcation Herbage yield seed yield Straw yield

Tel Hadya
Yield ±SEM 3776±249
Range 2953-4559

Breda
Yield ±SEM 2241±183
Range 1663-2640

1968±135
1694-2293

844±117
561-1106

4642±309
3692-5630

1454±170
955-1931

at Breda Table (4.1.11). 'The rrost premising lines at

Tel Hadya are IFLID 551, 549, and at Breda IFLID 185,

549 and 545. The results confinn that oclrrus

chickling is highly productive only in m::x:3erate winter

seasons, because of its susceptibility to cold. This

season it produced rrore straw and grain yields than

both canron chickling and dwarf chickling. 'The

results also confirrred its high resistance to
brocmrape (Oroh:mche crenata Forsk), whereas both

ccmron chickling and dwarf chickling were attacked by

brocmrape at the p:xi-filling stage, especially the
late maturing selections.

Table 4.1.10. 'The rrost pranising lines of dwarf
chickling (Lathyrus cicera) at Tel
Hadya and Breda.

l.Dcation Premising lines IFLI..C

Tel Hadya 494, 495, 497, 498, 473, 569

Breda 487, 492, 496, 499, 573, 574
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Table 4.1.11. Mean± SEM and range of straw and seed
yields of 16 lines of odITUS chickling
in advanced Yield trials at Tel Hadya
and Breda.

location Straw yield (kg/ha)
Mean ±SEl'JI Range

Seed yield (kg/ha)
Mean ±SEM Range

Tel Hadya 5811 401 4823-7159 2091 200 1472-2467
Breda 4358 360 3700-5400 1568 160 1001-1850

4.1.3.6. Advanced yield trials of wooly-pod vetch
(Vida villosa ssp. dasycazpa)

TWenty five lines were tested at Tel Hadya and Breda.

There were differences between lines at both locations
in herbage yield (IlVI), seed and straw yields and days

to start flowering, 100% flowering and maturity. The

dry matter yield varied from 3647 to 6025 kg/ha, at

Tel Hadya and from 3472 to 5001 kg/ha at Breda. Seed

yields ranged from 963 to 1410 kg/ha at Tel Hadya and

from 534 to 1002 kg/ha at Breda (Table 4.1.12). In

contrast to other Vicia spp, \IOJly-pod vetch produced

high herbage and straw Yields and low seed yield.

Seed yield was negatively correlated (r=-0.590,

p=o . 01) with days to start flowering. The high

herbage yielding lines are characterized by high leaf

retention, which is a good character for high quality

hay. The results also confi:rmed that \IOJly-pod vetch

is resistant to broom-rape (Orobanche crena.ta Forsk.) .

Lines IFLVD 2562, 2431, 2437, and 2439, were the most
promising lines at Tel Hadya and IFLVD 2652, 2433,

2438, 2439, 2457 at Breda, respectively. IVbre

enphasis has to be given to reduced pod-shattering,

and high leaf-retention and earliness in flowering and
maturity to improve productivity of \IOJly-pod vetch.



Table 4.1.12. M:;an ±SEM, range of dry matter (IM), seed and straw yields

and days to start flower, 100% flowering and maturity of 25

lines of wooly-pod vetch in advanced yield trials at Tel

Hadya and Breda.

location Yield Ckg7fiaj Days to

Dry matter seed Straw Flower 100% flower Mature
I-'
\0
0

Tel Hadya
Mean ±SE 5184±522 1198±152 5581±541 122±2.0 134±1.2 173±3.0

Range 3674-6025 963-1410 3936-6605 115-130 125-142 161-173

Breda
Mean ±SE 4242±490 799±140 3462±660 124±1.5 130±1.1 162±2.1

Range 3472-5001 534-1002 2235-5005 121-132 127-137 159-167



4.1.3.7.
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Advanced yield trials of Palaesti.J:1e vetch
(Vicia palaest.:ina)

sixteen premising lines of Palaestine vetch ~re

tested at Tel Hadya and Breda (Table 4.1.13). The

hel:ba.ge yield varied frcm 2742 to 4320 kg/ha at Tel

Hadya and frcm 2828 to 4324 kg/ha at Breda. At
maturity, the grain yield ranged frcm 1072 to 1965

kg/ha at Tel Hadya and frcm 856 to 1394 kg/ha at
Breda. It produced high straw yield at both

locations, due to high leaf-retention, and tall erect

plant type.

Table 4.1.13. HeJ::bage (IM) , straw and seed yields
(kg/ha) of 16 premising lines of
Palaestine vetch (Vida palaestina)
grown at Tel Hadya and Breda in
advanced yield trials.

IFLVP Tel Hadya Breda
I:M Straw Seed IM Straw Seed

2523 3335 4052 1407 2852 3052 1126
2524 2742 3244 1409 3290 3030 1112
2525 3481 4247 1367 3462 3422 1093
2526 3851 4048 1978 4136 3384 1582
2527 3952 3815 1642 4072 3222 1313
2528 3839 3602 1409 3002 3080 1127
2529 3647 3978 1532 3424 3674 1225
2530 3129 4010 1242 3582 3900 993
2531 4147 4050 1117 4324 3412 893
2532 3913 3790 1072 3142 3682 857
2533 4257 3853 1536 2848 3296 1228
2534 4320 4370 1176 3326 3136 940
2535 3219 4370 1500 3062 3040 1200
2536 3413 3536 1743 3166 2540 1394
2537 3223 4080 1511 3034 3784 1201
2536 3397 3775 1627 2828 3646 1301
Mean 3616 3926 1454 3346 3270 1161
SEM+ 232 255 137 285 210 106
rsD (0.05) 671 737 396 724 439 315
CV (%) 12 13 17 18 16 18
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Table 4.1.14. Variation in major attrib.1tes of three
Vicia spp. and three Iathyrus spp. at
Tel Hadya.

Days to flower Yield (kg/ha) HI
Start 100% Herbage seed Straw ~

V. na:d:x:Jnensis 107 118 1234 3767 24
V. v. ssp. dasy 122 134 5184 1198 5581 17
V. p:liaestina. 104 119 3616 1454 3929 31
L. sativus 115 120 3185 1628 3969 31
L. cicera 110 134 3779 1968 4642 29
L. och:t:us 107 120 2091 5811 26

The plants are vigorous and carpete well with weeds during
the vegetative period. NO syrrptans of downy mildew or
ascochyta blight appeared on the plants during this
season.

Table 4.1.14 is a S1..lll1l'aXY of the 1993/94 advanced
Yield trials at Tel Hadya for three Vicia and three
Iathyrus species. Bearing in mind that forage legumes can
be used for grazing, hay, straw and grain, we can begin to
see bow the various species will rreet the fanrers needs

into the prevailing fanning systems in the region. The

high seed and straw Yields and early flowering of narlx:m
vetch and Palaestine vetch will be of value to fanrers who
want straw and grain. In contrast to narlx:m vetch,
Palaestine vetch can also be used for hay in spring
because of its high leaf-retention. For those who require
hay or grazing, wooly-pod vetch and perhaps dwarf
chickling will be attractive. The results of cann:::>n

chick1ing are affected by its susceptibility to Orobanche,

but past experience suggests that in dry areas, it can be
used for grain and straw. Because of its resistance to
Orobanch, odITUS chick1ing can be used for grazing or for
grain and straw in areas heavily infested with Orobanche.
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4.1.3.8. Advanced yield trials of bitter vetch (V.

ervillia) at Tel Hadya

Twenty five selections were tested at Tel Hadya. Herbage
yield at 100% flOlf.Jering varied fran 3660 to 6062 kg/ha,
while the grain yield ranged fran 932 to 2532 kg/ha and

harvest index fran 18 to 37%. Table 4.1.15 shows the
performance of the 9 top selections. Bitter vetch showed
very rapid winter and spring growth as canpared to other
vetches. Its yield was, therefore, substantially better
than other vetches. No symptoms of downy mildew, por.rrlery
mildew or ascochyta blight appeared, but the late maturing
selections were affected by Oro1::anche. Ali M. Abd El
M:::neim.

4.1.4. Response of Pranising Lines of Vida and Lathyzus

spp. to SiIn..tlated Grazing at Different Growth.
Stages at Tel Hadya (Syria) and Kfardan (Lebanon)

'!he objective of this trial was to study the response of
Vida and Lathyrus spp. to sitrnJ1ated grazing (cutting),
the ability for IegrOWth after cutting under rainfed
conditions and to canpare sate forage quality at various
tines during the growing season.

One of the questions one can ask in assessing the

productivity is as to at what tine should hel:ba.ge
production and quality of different Vida and Lathyrus

spp. be measured. OUr practice has been to rreasure
hel:ba.ge yield at 100% flOlf.Jering stage, because this is the

tine no:rma.lly recarrrended for hay cuts, and to rreasure
seed yield at maturity. But if fanrers are trore
interested in grazing, this would seem to be
unsatisfactory. Furthertrore, harvesting at a particular
phenological stage can rrean big difference in age and
hence yield. we need to know whether growth continues



Table 4.1.15. Winter grcMth, herl::age seed and straw yields, harvest index (%), days to 1st
flC1lJering, 100% flC1lJering and maturity for the top 9 selections of bitter vetch (v.
exvilia) in advanced yield trials at Tel Hadya.

IFINE Winter+ Herbage seed straw Harvest Days to
grcMth yield yield yield i.lldex Start 100% Maturity
1-9 (kg!ha) (kg/ha) (kg/ha) (%) flC1lJering flC1lJering

2511 8 5512 2292 5265 30 106 11 149
2513 8 5225 2471 4355 36 103 116 148
2515 8 5951 2376 4431 35 102 115 146
2516 8 5400 2480 4639 33 103 117 144 I-'

2517 8 4610 2422 4609 34 103 116 149 \.D
II:>

2518 8 6252 2342 3997 37 101 115 147
2519 7 5127 2173 5202 29 106 120 151
2522 8 6062 2582 4323 34 100 114 144
2646 6 5245 2421 4391 35 111 123 150

Grand rrean++ 7.9 5348 2029 4456 31 109 121 153
SEM± 0.41 364 166 343 1.8 1.2 1.4 0.9
ISD (P = 0.05) 1.2 1035 474 976 5.1 3.4 3.8 2.5
0J (%) 9 12 15 14 10 1.9 1.9 1.02

+ On 1 to 9, visUal scale basis where 1 = IXJOr and 9 very good.
++ Mean for all 25 selections.
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after cutting at a particular stage and the changes in
forage quality. Also, the regrowt.'I-J. rate after cutting
at different growth stages rray vary arrong different
Vida and Lathyrus spp.

Two camon vetch lines and one each of bitter
vetch, Palaestine vetch, broad podded vetch, wooly-pod
vetch, narl:x:m vetch, ocln:us chickling, camon
chickling and dwarf chickling were used in this

experiment.

Identical experiments were sown at Tel Hadya on
November 26, 1993 and at Kfardan (lebanon.) on November
27, 1993 at a seeding rate of 100 kg/ha except for
narl:x:m vetch and ocln:us chickling the seed rate was
120 kg/ha, with 40 kg P205/ha. A randanized block
design was used, with three replicates and 5 x 5.8 m

plots. Each plot was sulrlivided to several 1.m2
subplots, leaving adequate guard areas around the

whole plot as well as between the sarrpling areas. At
each cut (harvest), t'WO 1.m2 subplots were harvested

to rrake up a total of 2.m2 . '!he first harvest at Tel
Hadya was on 20 Feb:rt.JaIy, and at Kfardan on 21

Feb:rt.JaIy. Harvest 2 -5 were taken on :March 7, :March
22, April 5, April 20 at Tel Hadya. and :March 9, :March
23, April 6, April 21 at Kfardan. '!he corresponding
plant ages were 59, 74, 104, 119 days fran 100%

germination at Tel Hadya., and 56, 70, 85, 101, 116

days fran 100% germination at Kfardan. At rraturity
subplots were harvested for estirrating grain yields.

At each harvest, fresh rraterials was weighed and

subsanples dried at 80-90oC for 24 h to detenn:i.ne dry

rratter content. The phenological stage of each entry
was recorded at each harvest.

Based on dry rratter production (dry herbage) of
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each ent:ry fran the first and second harvest, all
entries were able to survive during the winter at both
locations, h::Jwever winter at both locations was mild

with less than average rrumber of frost days.

There were clear differences in phenolcgy (Table

4.1.16). Palaestine vetch and narlxm vetch were early
reaching start of their flowering at Tel Hadya. and

Kfardan at a titre when the other entries were still at
vegetative stage. Flowering at Tel Hadya. was
generally earlier than Kfardan.

Thlring the vegetative stage of growth differences

in dry matter Yield at each cut were large (Table
4.1.17). Up to cut 3, bitter vetch, wooly-POd vetch
and narbon vetch gave the highest herbage Yield.

0Chnls chickling produced 0.5 t/ha at the first cut,
but at the fifth cut (100% flowering), its production

increased up to 7.12 t/ha at Tel Hadya. and 4.72 t/ha

at Kfardan. Generally, the herbage Yield of the first
and second cut of all entries were higher in Kfardan
than Tel Hadya. This is in contrast to the fifth cut
when rrost of the entries produced higher herbage at
Tel Hadya. than at Kfardan (Table 4.1.17) .

Regrowth after cutting was recorded two weeks

after each cut. V. palaestina, V. hybrida and V.

villosa. ssp. chsyca:q:::e. sl:lowed rapid regrowth after
cutting up to cut 2. All the entries did not make
regrowth after cut 3 at Tel Hadya, but V. sativa 713,
V. palaestina 2525 and V. hybrida 2548 regrew poorly
after cut 4 at Kfardan (Table 4.1.18). The regrown

materials were left until maturity for seed Yields
estimation at Tel Hadya.. After cut 1, all entries

produced seeds fran the regrown materials which varied
fran 174 kg/ha for wooly-POd vetch to 696 kg/ha for

bitter vetch. At harvest 2, seed Yield of wooly-POd



Table 4.1.16. Phenological stages at different cutting tires and plant ages for Vida sw. and Iathyrus sw. gram at Tel
Hadya and Kfardan, 1994.

I.ocation/Clt N:>. Plant age Vs713 Vs2560 Ve2517 Vp2525 Vh2548 Vd683 Vn2380 1.0542 Ls587 Lc501
(days)

Tel Hadya 1 59 V* V V V V V V V V V
2 74 V V V V V V V V V V
3 89 V V V Start F V V Start F V V V I-'
4 104 Start F V Start F 50% F Start F Start F 50% F 50% F V Start F \D

...:J
5 119 50% Start F 50% F 100% F 100% F 25% F 100% F 100% F Start F 50%

Kfardan 1 56 V V V V V V V V V V
2 70 V V V V V V V V V V
3 86 V V V V V V V V V V

4 101 V V V Start F Start F V Start F Start F V V

5 116 Start F Start F Start F 50% F 50% F Start F 50% F 50% F V Start F

* V =Vegetative, F =Fl~



Table 4.1.17. Herbage yield (IM) kg/ha of the different vetches ani chicklirgs fran cut 1 to 5, at Tel Hadya

ani Kfardan.

IDcatioo/01t &1. Vs713 Vs2560 Ve2517 Vp2525 Vh2548 Vd683 Vn2380 lD542 lB587 Ic501 ISO

(P=0.05)

Tel Hadya 1 461 529 628 566 256 652 656 561 343 290 191
2 1042 1286 1356 934 930 1873 1682 1534 1004 969 353
3 2506 2346 3082 1945 1984 3346 2950 3319 1886 2111 655 I-'

\D
4 3635 2922 5095 3366 3391 4861 3941 4222 2832 2829 738 (Xl

5 5240 4876 7056 4539 5027 4890 5927 7128 4700 5501 1107

Kfardan 1 590 723 957 849 453 743 953 783 464 375 298
2 1293 1691 1624 1011 910 1838 1779 1392 842 900 361
3 2684 2157 2912 1357 1533 2583 2489 3352 1191 1203 665
4 5194 4006 4596 2289 3014 5545 4922 3950 1893 2630 1173
5 5577 5258 5142 3521 4136 4437 5278 4727 3521 4069 840



Table 4.1.18. Regrowth after cutting, on 1-9 scale (where 1 is poor, 9 excellent) fran cuts 1 to 5, for
different Vida spp. and Iathynls spp. grcMIl. at Tel Hadya and Kfardan.

location/CUt No. Vs713 Vs2560 Ve2517 Vp2525 Vh2548 Vd683 Vn2380 1.0542 Ls587 Lc501 ISO

(P = 0.05)

Tel Hadya 1 7.3 6.6 6.6 8.6 8.3 8.6 4.3 5.0 7.0 7.0 1.3
2 5.3 5.6 4.6 7.6 9.0 6.3 5.3 3.6 4.0 5.3 1.4
3 3.6 2.6 1.0 5.6 3.6 1.0 4.3 1.0 2.3 3.6 0.99 I-'

1.0
4 - - - - - - - - - - - 1.0

5

Kfardan 1 3.6 5.0 3.0 6.6 5.6 5.6 4.3 3.0 1.6 3.0 2.3
2 7.0 7.0 3.6 7.6 5.0 5.0 5.0 4.3 3.0 3.6 1.7
3 4.3 5.6 1.0 5.6 5.0 3.0 3.0 3.0 3.0 2.0 1.3
4 3.0 - 1.0 4.3 2.0 - - - - - 1.2
5
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Table 4.1.19. Seed yield (kg/ha) fran the regrowth
after cuttings 1, 2 and. 3 and. at full
maturity of different Vicia spp. and.
Lathyrus spp. grown at Tel Hadya 1994.

Species/IFIID Cut 1 Cut 2

Vicia sativa 713 228 320
V. sativa 2560 348 355
V. ervilia 2517 696 511
V. pelaestina2525 386 389
V. hybrida. 2548 377 308
V. v. ssp. dasy. 683 174 70
V. nar.banensis 2380 200 90
Lathyrus ochrus 542 395 285
L. sativus 587 465 300
L. cicera 501 402 420

Cut 3 M3turity

128 1140
142 1743

2323
120 1287

90 1257
980

2753
40 1653

110 1550
168 1343

Mean
SEM±
LSD (P = 0.05)

367 304
47.74 43.118

107.9 97.2

114
15.45
35.00

1602
207
617

vetch, bitter vetch and Palaestine vetch was lOW" and
after cut 3 bitter vetch, YJOOly-pod vetch and narbon

vetch did not produce any seeds (Table 4.1.19) .

Results of Tables 4.1.17 and 4.1.19 indicate that

rrost of the entries regrew after early cutting (cut 1

and 2) providing rrore than one ton/ha dry matter yield

and enough seed yields for reSOW"ing. If farrrers

desperately need a forage crop for early grazing (late

February-beginning of March, ccmron vetch, bitter

vetch and. YJOOly-pod vetch are recarrnended. Grazing at

this stage sbould be rroderate to give ability to

plants to regrow- for seed production.
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Changes in quality pararreters (CP%, NDF% and

ADF%) are shown in Table 4.1. 20a and 4.1. 20b, at Tel
Hadya and Kfardan, respectively. At early growth

stage the CP% in herbage was less than 20% in all
species in Kfardan except narl:on vetch and carm::>n
chickling, but at Tel Hadya the CP% of all crops was

around 20%. The CP % tended to decrease at cut 5. In
contrast the NDF% and ADF% increased pregressively
with titre. This is due to the reduction in leafiness
with advance of crop towards maturity.

The crude protein (CP%) for grain and straw was

estimated at maturity only at Tel Hadya (Table

4 .1. 21) . Palaestine vetch had the highest protein

content in seeds and dwarf chickling had the highest

value for the straw.

'The results obtained frcm this trial should be
considered tentative as values may vary frcm year to
year and frcm environrrent to environrrent due to
variation in \\leather conditions. Hor.t.Iever, they can

provide good ccnparison between different species.

It can be concluded that at Tel Hadya and Kfardan

conditions and possibly at similar sites V. sativa 713
and 2560, V. ervilia 2517, V. villosa ssp. dasyca.2:p:l

683 can be grazed at early stages when there is a
great need for herbage. V. p:tiaestina can be grazed
even at a latter stage because of its better ability
for regrowth and seed production. Vicia :narl:x:Jnensis
67 should not be grazed and should only be grown for
seed and straw production. V. p:tiaestina 2525, can be

used for hay making because of its high leaf-retention
and high CP% content making it suitable for winter
feeding. Ali M. Abd El-M:meim and M.e. saxena.



Table 4.1.20a. 8easonal changes in crude protein (CP%), neutral detergent fibers (NDF%) and acid
detergent fibers (ADF%) of ten feed legtm'e crops grown at Tel Hadya, 1994.

Character Cut No. Vs713 Vs2560 Ve2517 VP2525 Bh2548 Nd683 Vn2380 I.D542 I.s587 I.c501

CP% 1 21.06 22.10 23.80 24.40 24.86 21.14 20.20 20.46 24.46 26.00
2 21.80 23.30 25.73 26.46 24.40 23.40 23.40 23.20 27.80 27.50
3 21.50 23.60 21.33 26.50 24.13 25.90 22.26 22.93 27.20 29.66
4 21.60 23.50 17.46 26.20 24.33 21.33 21.20 22.40 27.33 28.40
5 16.80 18.80 15.06 16.86 15.90 16.96 15.00 15.50 18.66 17.80

NDF (%)
tv

1 21.60 19.30 15.34 22.49 18.40 19.73 15.60 17.68 18.81 17.84 0

2 25.70 25.16 17.85 27.11 22.12 24.38 24.64 20.17 22.38 18.86 tv

3 29.00 32.16 23.90 33.70 30.34 32.42 34.86 23.84 31.44 28.00
4 34.40 36.86 31.83 34.50 38.79 41.24 38.10 32.78 36.00 29.00
5 43.00 40.37 36.87 48.67 49.68 44.88 25.56 35.22 46.27 38.35

ADF (%) 1 13.80 13.14 11.15 13.72 12.00 13.22 11.68 11.17 12.13 12.94
2 18.00 17.05 14.98 19.00 15.16 18.12 18.12 15.30 16.18 14.36
3 20.00 19.06 19.14 24.30 18.90 20.80 21.00 17.20 21.50 16.33
4 22.00 24.23 22.84 24.00 21.00 27.86 20.60 18.38 23.10 18.50
5 28.00 26.50 27.00 30.70 30.36 27.82 27.10 25.40 27.50 23.94



Table 4.1.20b. seasonal changes in crude protein (CP%), neutral detergent fibers (NDF%) and acid
detergent fibers (ADF%) of ten feed. legt.nre crops grown at Kfardan, 1994.

Character Cut No. Vs713 Vs2560 Ve2517 VP2525 Vh2545 Vd683 Nv2380 10542 lB587 le501

CP(%) 1 19.46 17.66 20.00 14.90 17.46 16.46 22.00 17.60 20.26 17.26
2 26.20 25.90 26.40 26.00 26.53 28.26 24.90 22.80 30.33 29.33
3 26.20 27.53 26.1 28.80 28.53 27.13 26.70 25.00 29.00 30.93
4 25.13 26.73 22.40 27.00 27.13 26.26 23.50 24.60 28.50 31.20
5 18.73 19.73 16.26 20.33 19.07 23.33 15.50 17.60 20.35 23.46

NDF (%) 1 26.50 24.25 19.96 24.46 31.80 22.78 26.52 20.42 22.29 18.42
tv
0

2 30.00 28.50 24.81 34.10 35.92 27.41 30.00 23.84 27.82 30.74 w

3 40.00 38.14 31.11 37.80 42.90 32.60 41.40 34.00 32.86 37.10
4 38.00 39.36 29.17 39.40 45.28 31.60 41.40 34.00 3286 37.10
5 43.00 40.00 33.26 34.17 45.12 35.87 42.20 36.70 40.00 38.50

ADF (%) 1 17.74 17.12 14.48 19.25 18.28 17.92 15.00 15.00 15.50 13.50
2 16.80 18.38 16.26 22.88 21.00 21.30 18.00 16.72 17.00 17.00
3 20.47 20.78 19.00 26.17 20.70 20.68 19.50 18.50 20.00 19.00
4 25.88 23.14 23.00 21.20 21.80 23.60 20.78 20.00 21.00 18.50
5 28.50 25.90 23.60 31.12 29.00 30.30 30.60 23.74 23.50 25.70
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Table 4.1.21. C:r:ude protein (CP%) of grains and straw of
Vida spp. and La:thyrus spp. grown at Tel
Hadya, 1994.

Species IF'I.ID CP (%)
Grain Straw

Vida sativa 713 29.4 5.8
V. sativa 2560 28.2 6.7
V. ervi.lia 2517 25.0 6.0
V. p:ilaestina 2525 32.8 8.4
V. hybrida 2548 29.8 7.3
V. villosa ssp. dasycazpa 683 27.0 10.0
V. na:rl:Janensis 67 27.4 8.1
Lat:hyrus ochrus 542 28.0 9.2
L. sativa 587 25.0 9.2
L. cicera 501 28.2 10.6

Mean 28.08 8.03
SEM± 0.727 0.510
LSD (P=0.05) 1.644 1.153
CiJ (%) 8.19 20.09

4.1.5. Quality

4.1.5.1. Chemical CCIIpOSiticn and biological assays of
nutriticmal value of scme Vicia and Lathyrus
spp.

Twentyfive straw and 16 herbage samples of Lat:hyrus

sativus, Vicia na:rl:Janensis, and Vicia ervi.lia v.lere
analayzed for ash, c:rude protein, cell constituents
(neutral detergent fiber (NDF) and acid deteJ:gent fiber
(ADF), total phenols (TP), and Tannin, (T) (both as tannic

acid equivalent), condensed tarmins (cr) (as leucocyanidin
equivalent), protein precipitation capacity (PPC), and in
vi t.ro characteristics predicted fran Hohenheim gas test,
organic matter digestibility ((]V][), and metabolizable
energy (ME).

The content of c:rude protein of the herbage was
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significantly higher than that of the straw (152.6 vs 64.5
g/kg) and of ash (82.8 vs 116 g/kg) I NDF (332.7 vS I 523.5
g/kg) and ADF (205.2. vs 369.9 g/kg) 'Were significantly
10lNer. For straws of L. sativus l V. I:JaIix;nensis and V.
sativa there was no significant difference in protein and
ADF contents I whereas I ash content was significantly 10\\ler
and NDF% higher in L. sativus as canpared to both the
species of Vicia. Predicted fran gas voltnne l the CMD (70
vs 56%) and ME (9.7 vs 7.3 MJ/kg) was significantly higher
in the he:rbage carpared to straw. The CMD of L. sativus
straw was significantly lower carpared to the straws of V.

I:JaIix;nensis and V. sativa. The TP I T and cr for straw
'Were 1.08%1 0.43% and 0.33%1 respectively and those for
herbage 2.27%1 1.30% and 1.63%1 respectively. The PPC was
not detected in any herbage or straw sarrple. The results
suggested that the tarmin levels of legurre straws are
negligible and those of the he:rbage very low I which do not
appear to adversely affect the nutritive value of herbage
to any appreciable extent (the maximum decrease in CMD by

tannins was about 3% units). In addition I the nutritive
value of the legurre straw is :better than cereal straws and
is canparable to good quality hay. Details of this study
are reported in PFLP annual report. Harinder Makkar and
Kluas Becker, university of Hohenheim, GeJ:many, Antony

Goodchild, PFLP and Ali M. Abd El Mane.:im, GP.

4.1. 5 .2 . Nutritianal quality of chick1iDgs (Lat:l1yrus

spp.)

Chicklings (Lathyrus spp.) are drought tolerant protein
rich food and feed legurres of areas with less than 350 rrrn
rainfall. Lathyrus sativus (carm::>n chickling or grasspea)
is particularly adapted to d:ry conditions and is generally
grown on fields with Illal:ginal soil fertility and low soil
rroisture and with poor management practices. One of the
major factors limiting the use of Lathyrus spp. for human
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consunption and animal feed is that the seed contains the
neurtoxine B-N-Oxalylarnino-alanin (BOAA). The excessive

consunption of seeds causes "Lathyrism" , a nervous
disorder resulting in incurable para.lysis of lCJ'..\1er limbs
of human being and darestic animals. One of our major
objectives in breeding chicklings is to develop lines

which are early, free fran the neurotoxine and adapted to
low rainfall areas. We also investigate the association
of BOAA content with agronanical and rrorphological
characters of the genotypes, and their reaction against

insects and diseases. lCARDA in collaboration with the

Grain Research laboratory of Winnipeg, Manitoba, Canada

has developed a rapid method of detenning BOAA content
using near infrared reflectance (NIR).

4.1.5.3. Evaluaticm of BOAA ccntent in new' lines of
Lathy.rus spp.

One hundred and ten lines representing 70 L. sativus, 24

L. cicera and 16 L. ochrus"Were assessed for their BOAA
content using NIR (Table 4.1.21). The results indicate
that in one line of L. sativus the BOAA content was very
low (0.07%). This line is characterized by large white

seed and white flCJ'..\1er and it matured 10 days later than
the high BOAA lines. L. ochrus lines had the highest BOAA

content with a mean of 0.615% and L. cicera was low with
a mean of 0.159%. The results appear to be highly

encouraging as they point to the possibility of developing

chickling lines for overcc:ming the problem of "lathyrism".

Ali M. Abd El Mcneim.
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Table 4.1.22. BOAA content (%) for three Lathyrus spp.
grown at Tel Hadya, 1994.

Species Range Mean SEM± :No. of
lines

Lathyrus sanvus 0.070-0.750 0.492 0.12 70
Lathyrus cicera 0.096-0.220 0.159 0.03 24
Lathyrus ochrus 0.49-0.71 0.615 0.06 16

4.1.5.4. Estimaticm of anti-nutritional or anti
palatability factors in narlxln vetch.

It has been reported that narlx:m vetch contains
undesirable substances that decrease its value as feed
legume crop. The substances include toxic or anti

nutritional or anti-palatability factors, usually ccnplex

organic canpounds that are difficult to measure by
conventional analysis. If the concentration of these
carpounds is to be reduced or eliminated, through crop
breeding program, rapid techniques of analysis are needed.
Dr. Neil Rothine at the Western Australia Ch.emist:ry center
developed a new Capilla:ry Zone Electrophoreses (CZE)
technique which has produced outstanding results for a
carpound in narlx:m vetch, the garma-glutamyl derivative of
S-ethanyl Cystein (GEC), which is responsible for its
unpalatability.

Forty-six selections fran ICARDA were grown at Muresk
Research Station, Western Australia. The seeds were
analyzed for GE:C%. There were large variations in GEC% in

the selections and their crossbreds. The GEC varied fran
0.58 to 1.38%. IFLVN 67, 560, 127, 556, 1144 and 568 had
the lowest GEC content and IFLVN 582 the highest.

Regarding the crossbreds, a single plant selection
fran cross IFINN 2524 x IFLVN 67 had 0.12% GEC and another
1.41%, whereas the GEe content of the Parents was 1.83 and



208

0.60%, respectively. F3 derived fran a cross IFINN 567 x
IFINN 575 also gave a wide range of GEC content (fran 0.17

to 2.5% GEC). This indicates that there is a good scope
for selection for lCl'.\/' GEe content in nar.bon vetch. Clive
Francis (CLlMA) and Ali M. Abd E1 Mcn.eim.

4.1.5.5. Iuproving nutritional. quality of Lathyrus

sativus by breeding

This program was initiated after a large number of L.

sativus lines maintained in our breeding program were
screened for BOM. content using NIR and conventional
chemical method as described by Briggs et al. 1983. As a
result of screening a few lines were found having lCl'.\/' BOAA

content (0.02 to 0.1%) and a large ntm1ber having high BOM.

content (0 .2 to 0.9%). The lCl'.\/' neurotaxine lines had
undesirable agronanic traits like late flowering and lCl'.\/'

Yield. So far, little \'IOrk has been done to determine the
genetic basis of variation in BOM. and the associated
agroncmical and rro:rphological characters. Hence, this
project was started.

The basic material of this study consists of
twenty five genotypes of L. sativus, representing the

available :variability in BOM. and diversity in origin.
Out of these genotypes 4 testers were crossed with 21

ferrales and 84 hybrids canbinations 'If.i'ere obtained. Gene

markers such as seed and flower color 'If.i'ere used to
eliminate POds that might have developed fran selfing and

to identify F1 plants obtained in 1991/92, and F2 in
1992/93. Due to transgressive segregation towards

earliness and high BOM., or due to Partial daninance to
high BOM. and early maturity, large proportion of F2
population matured earlier than the Parents. 192 families
descending fran F2 single plant selections, were selected
for early maturity, small seed size, large seed size and
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light cream seed color and low BOAA.. These characters are
considered major selection criteria for breeding low BOAA..

In 1993/84, 85 families were evluated at Tel Hadya and

Breda for yield potential and the effect of location on
BOAA. content. Three families (19, 80 and 85) had low BOAA.

content (0.02, 0.017 and 0.06%, respectively). They had
large seed size, white seed color and white flower colour.
seed yield was high at :both locations (0.9 to 1. 5 t/ha) .
The effect of location on BOAA. was not significant since
families with high or low BOAA. have retained their levels

at :both locations. The three low neurotoxin.e families
were 10-15 days late in maturity than lines with high
BOAA.. The 85 families will be further tested at Tel Hadya

and Breda for a second season to select material for

inte:rnational testing trials. Ali M. Abd El M::neim.

4.1.6. Studies of Hybrids Between V. sativa ssp. sativa
and V. sativa ssp. azzphiaazpa.

'Ib enhance the habage production of underground vetch (V.

sativa ssp. anphicaxpa) and to irrprove the drought and

cold tolerance of camon vetch (V. sativa ssp. sativa) a

hybridization program has been undeJ::way since 1989/90 as
each subspecies possesses sore unique agronanic traits.
Three premising lines of camon vetch with non-shattering
pods Le. IFLVS 1416. 713 and 1448 were crossed with two
lines of underground vetch i. e. IFLVA. 2416 and 2614 to
rrake twelve crosses. The F2 population released eno:rm::ms
variability for selection. Through a rm.1ltiple trait
selection, F3 families selected had 4-9 underground pods

per plant, cold and drought tolerance, rrore vigorous above
ground growth and above ground pods as nonshattering as

those of the camon vetch parent. selection for F4
families was obtained by bulking an equal number of seeds
of 20 F3 plants fran the selected F3 families. The F4
families were grown in 1993/94 at Tel Hadya. Families
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having 6-10 under ground pods and vigorous above ground

growth "Were selected. The above ground bianass of the
selected families was three times as much as that of the
arrphicarpous-type parents whereas the number of
unde:rground pods was reduced by 40%. Seed increase will
be done for the selected families to study the
hardseededness in canparison with their arrphicarpous type

parents. Ali M. Abd El M::Jnei.m.

4.1.7 . z.t1tatian:rnduced Variatian in Lathyrus spp.

Four accessions each of Latb.y:rus sativus, Latb.y:rus och:rus

and Latb.y:rus cicera. "Were treated with six different

mutagenic treatments - 10, 20, 30, 40 and 50 kR of Gama

rays and 0.15% of ethyl-methane-sulphate (EMS). The

objective of the mutagenic treatments was to assess the
possibility of producing neurotoxin-free mutants and to
determine inter-and intra-specific differences in
responses to mutagens. The seeds of 12 accessions treated

with six mutagenic treatments and a control "Were grown at
Tel Hadya during winter season.

The germination in EMS treatment was not effected in
Lathyrus sativus and Latb.y:rus cicera., however, there was
a little reduction in Latb.y:rus och:rus indicating that L.
ochrus was relatively rrore sensitive to EMS treatment as
carpared to the other two species.

L. ochrus was rrost sensitive to Gama ray treatment.
This was follCllf.Jed by L. cicera. and L. sativus. The seed

fran all the plants fran all the treatments "Were collected

and shall be sown next season in ~ for selection of
desirable mutants. R.S. Malhotra and Ali M. Abd El
H::neim..
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4.2. Agroncmy/Ecophysio1ogy

4.2.1. Effect of Depth of Burial en seed of t:b:lerground

Vetch

The effect of depth of burial on hardseed brea.k.dcJr..m for

aerial and subterranean seeds was assessed for 4 lines

(Selection # 2614, 2647, 2650 and 2660) of undeJ:ground

vetch. For each line, 50 aerial and 50 subterranean seeds

were put in rresh bags. The bags were placed on the soil
surface, at -San and at -10an in the field at Tel Hadya.
Enough bags were placed in the field to take regular

rronthly sanples for gennination testing. The experirrent

was replicated 3 tirres.

The results show' that aerial hardseededness breaks

down faster than that of subterranean seeds, with

differences between 30 %-40% by day 400 of the trial
(Figure 4.2.1) •

% Hardseed
100

8

50 100 150 200 250 300 350 400

Days from sowing

Figure 4.2.1. Cbtpariscn of the hardseed breakd::lwn of

aerial and subtenanean seed buried at -San

for undeJ:ground vetch (selection 2614) .
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The effect of depth of burial was not evident
throughout the trial. However, btn:yi.ng the seed at -5cm
resulted in a 5% - 10% lower hardseed level for all
accessions for both seed types by day 400. Further,

selections did vary in both the rate and final level of
hardseed break.down. For exanple Figure 4.2.2 shows the
hardseed break.down of underground seed buried at -5cm.

Selection 2614 initially broke down rrore rapidly than the
other three selections resulting in a difference of 20% in
the final hardseed levels.

~.

40035030025020015010050
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% Hardseed
100

Days from sowing

~ sel.#2647 + sel.#2614 *" sel.#2572 .... sel.#2650

Figure 4.2.2. Hardseed breakdown for four selections of

underground vetch buried at -5 cm in the

field at Tel Hadya.



213

4.2.2. Effect of Density an tJndez:ground Vetch

Underground vetch (selection 2647) was seeded at 10 rates

(50, 120, 200, 250, 320, 400, 500, 800, 1260 & 2000 seeds
per/m2 ) in o. 5m x 6m plots at Tel Hadya. A randcmised
carplete block design was used with 3 replications. At

maturity a quadrant was haJ::vested and core sarrples were

taken to assess the ab:Jve and below ground Yields.
Figure 4.2.3 describes the Yield response. The
underground seed Yield peaked at a seeding rate of 320

seeds/m2 , Yielding approximately 250 g/m2 or 5000 seeds/m2
(100 seed wt = 5 grams). At higher densities underground

seed Yield declined markedly. Likewise, total bianass

(ab:Jve ground bianass + underground stem weight +

Seed yield g/m2 Biomass g/m2

290

240

190

140

90
50 120 200 250 320 500 800 1260

Sowing rate per meter

I~ Seed yield + Total biomass I

Figure 4.2.3. The effect of density on the underground

seed Yield (left y-axis) and total bianass
(right y-axis) of underground vetch
(selection 2647) .
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underground seed weight + root weight) reached a peak of
900 g/rri2 at a seeding rate of 320 seeds/rri2 and declined to
860 g/rri2 at a seeding rate of 2000 seeds/rri2. Given that
the rate of hardseed breakdown ranges fran 50%-80% in one
year, it is likely that underground vetch in a pure stand
will overcrowd itself.

4.2.3. Evaluaticm. of 'Underground Vetch GerDplasm. for

Rnpho-phyBiological Traits

Twenty-eight accessions of underground vetch were grown
out in plots of 40 plants, :replicated 3 times in a
randanised carplete block. design. Phenological events and

yield pararreters were recorded to assess the level of

variation within the material on hand at lCARDA.

Figure 4.2.4 shows the time to 50% above ground

flowering for each accession. The latest accession

flowered. 27 days after the earliest. ~ majority of
accessions floweJ:ed bet'WeeIl 110 and 120 days fran· sowing.

Days from sowing
150

140

130

120

110

100
Accessions

Figure 4.2.4. Tine to 50% flowering for 28 accessions of
l.ll'ldergrourl vetch. The upper and lower
limits of the bars :represent within plot
standard errors.
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Days to 50% above ground pod maturity ranged fran 142
to 163 days. In general the late flowering accessions
matured nore rapidly.

Underground seed Yield ranged fran 5 - 35 seeds per
plant. The seed Yield was not correlated to flowering or
pod maturity tines. However, this could be due to the
mildness of the SI..lI'CU'er drought.

It is probable that the variation displayed by the
accessions tested could be correlated with the
environrrental conditions in the place of origin. A
correlation analysis will be perforrred to find out whether
this is the case.

4.3. Rotation Trial on tmdezground Vetch

The background and treatnents irrposed in this trial are
described in the 1993 I.egt.nre Program annual report. The

trial was sown to Barley (var marLaths*2\\m-ah-73-337-1)
and underground vetch was allowed to volunteer as a weed

under the barley in the 1993/94 season.

The hardseed breakdown measurerrents undertaken the
previous season were continued. Barley Yields were
neasured and the size of the underground vetch seed bank
was assessed at the end of this season.

The highest barley grain Yields (2.3 ton/hal were
realised by the grazed in February and no grazing/cut at
maturity treatnents. The other subplots Yielded between
1.6 and 1.9 tons/ha. By contrast, the continuous barley
control Yielded only 0.7 tons/ha.

Except for the grazed
treatnent (mainplots) , there

in March establishrrent
was a 300-400 kg/ha
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difference in the barley yields bet\lleeIl subplots within
their respective main plots. For the FebnlalY and No

graze main plots, yields were superior when cut at
flowering. The opposite was true for the grazed in April
main plot.

At the end of the 1992/93 season, the underground

vetch seedbank contained about 90% hardseed. There was a
gradual rate of hardseed breakdown to 70% by september I

after which they declined rapidly to below 20% by the end

of December.

Table 4.3.1 describes the status of the underground

vetch seedbank to June 1994. seed numbers fell to bet\lleeIl
10%-40% of those present in June 1993. 1'here was no
significant difference bet\lleeIl treattrents for seedbank

size in June 1993. In June 1994 the 1989 April-grazing
and no-grazing / 1992/93 cutting-at-maturity treattrents
yielded significantly larger seed banks. This was
probably due to a higher plant density under the barley

rotation in 1993/94.

In mmrrery, the rapid rate of hardseed breakdown

displayed by the rotation trial seedbank explains the

large reduction in seed numbers over the 1992/93 - 1993/94

seasons. The high rate of germination yields a plant
density which is way a.l:XJve the optimal density (320

plants/m2) indicated by the density trial. In addition
many of the plants which did germinate under the barley
canopy would have died fran shading.
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Table 4.3 .1. Unde:rground vetch seed yields (seeds/m2 ) for
the rotation trial. The June 1993 values
are averages for the whole plot as there was
no statistical difference for within plot
treatrrents.

Treatrrents
1988/89 grazing 1992/93 cutting
treatrrents treatrrents
(Main plots) (SUb plots)

seeds per rrete?
June 1993 June 1994

February

March

April

No grazing

100% flCJl.'Jer
Maturity
100% flCJl.'Jer
Maturity
100% flCJl.'Jer
Maturity
100% flCJl.'Jer
Maturity

1429

2402

2502

2123

526
466
379
385
295

1023*
443

714*

* significantly different for figures in the sane coltnnn.

At this stage, the results indicate that underground

vetch may not be suitable as a self regenerating pasture

plant for a ley system. However, the results from both

the accession assessrrent and the depth of burial trial,

indicate that scme degree of variation exists for both
seed yield and rate of hardseed breakdown. Thus it seems

worthwhile to explore rrore fully the genetic variation

within the enlarging geJ::ltPlasm collection of underground
vetch. Ken Street, Ali Abel El M::lneim and Phil Cocks.

4.4. Forage LegtDne Pathology

The program of feed legume irrproverrent of Vida spp. and

chicklings (Lat:hyrus spp. ) has identified promising

genotypes in tenn of yields and adaptation. The

objectives of the pathology section is to evaluate the

selected genotypes for resistance to the major diseases

and make available informa.tion on sources of resistance to
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individual and multiple diseases. Since the feed legurre
genotypes are not yet widely grown in the WANA region, the
relative importance of the diseases on the genotypes
should be rronitored annualy through disease surveys. This
would identify the najor diseases and their potential
econcmic significance in different agroecological areas
where the crops are grown.

4.4.1. SCreeni.Dg for Disease Resistance

Gerrrplasm accessions of Vicia and Lathyrus species were
evaluated for resistance to Ascochyta blight and oot:rytis

stem blight in the field. The weather was Particularly
favourable for foliar diseases and Lathyrus species were
severely damaged by ascochyta blight, while Vida species
were severely affected by downy mildew. Results are
presented in Tables 4.4.1 and 4.4.2 and Figure 4.4.1.
Five lines of V. sativa (2609, 2624, 2639, 2640, and 1448)
were identified as sources of high level of resistance to
downy mildew, but all the naterial in the advanced yield
trials (AYT) had intenrediate (I) reaction as the highest

level of resistance. Six lines of V. narbanensis in the
AYT were rroderately resistant (MR) to downy mildew and

selection 2561 was MR at two locations, Breda and Tel
Hadya (Figure 4.4.1) .

Dual resistance to two diseases is available in rrost
species, but multiple resistance to three of four diseases
is not widely available (Table 4.4.2). Dual resistance. to
downy mildew and ascochyta blight in L. sativus is
available at I/MR level in only five lines (selections
553, 555, 563, 529, and 504) effective at two locations.
selection 67/2561 of V. narbanensis that originated fran
Iraq had multiple disease resistance to four foliar
diseases (Ascochyta blight, oot:rytis blight, downy mildew
and powdery mildew) . Unfortunately, this selection is
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highly susceptible to cyst nerratode. In addition,

Selection 566/2381 of V. :narlx:m.ensis and Selections

2908/2540, 2938/2542, 2988/2543, 2908/2540, 2938/2542, and

2988/2542 of V. hybrida had resistance to ascochyta
blight, botrytis stem blight and powdery mildew (Table

4.4.2). None of the L. sativus and L. cicera accessions

showed multiple disease resistance (Table 4.4.2) .

Basing on observations it is noted that resistance

enhancerrent is required for the breeding lines that will

eventually be released to the fanners. Ascochyta blight

resistance in Lathyrus sativus and resistance to d.or.omy

mildew in Vicia sativa and V. nar1:x:Jnensis have to receive

priority. M. T. MIbaga., A.A. E1 M:Jnejm and M. Bellar.

-'t. sativa (76) ~7N· narbo. (116)J
Db. sativus (36) ~ b. cicera (67) . - .
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Figure 4.4.1. Disease reaction

selected lines of
species (numbers

parenthesis) .

to downy mildew in

Vida and Lathyrus

evaluated are in
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Table 4.4.1- Disease reaction (on 1-5 scale) of
premising Vida spp. and Lathyrus spp.
lines.

legUIre spp. No. of lines in each disease catec.rmy
& disease 1 2 3 4 5

Vida sativa
Asc. blight 0 37 50 18 1
Botrytis 2 24 26 11 0
D. mildew 6 23 39 31 18
P. mildew 3 21 38 19 3

V. na:r:ix>nensis
Asc. blight 0 7 54 13 0
Botrytis 0 23 44 8 0
D. mildew 2 9 50 76 11
P. mildew 5 46 31 1 0

V. ervilia
Asc. blight 0 20 9 6 0
Botrytis 0 10 19 11 0
P. mildew 0 35 2 0 0

V. palaestina
Asc. blight 0 6 14 0 0
Botrytis 0 5 9 5 0
P. mildew 0 0 0 9 7

V. hybrida
Asc. blight 0 16 0 0 0
Botrytis 0 8 8 0 0
P. mildew 0 7 6 3 0

V. villosa dasycazp3.
Asc. blight 0 36 4 0 0
Botrytis 0 0 30 1 0
D. mildew 0 31 9 0 0
P. mildew 0 3 11 6 0

L. sativa
Asc. blight 0 3 13 3 1
Botrytis 0 0 4 9 3
D. mildew 5 15 32 1 0
P. mildew 0 2 8 19 20

L. och:rus
Asc. blight 6 5 12 0 0
Botrytis 6 6 8 0 0
D. mildew 0 18 9 0 0

L. cicero.
Asc. blight 0 10 16 5 0
Botrytis 0 1 12 6 0
D. mildew 1 54 17 9 1
P. mildew 0 3 10 6 0



Table 4.4.2. The availability of sources of multiple disease resistance (rating 1 or 2 on
1-5 scale) in the pranising genotypes of Vicia and Lathyrus species fran the
disease screening at Tel Hadya, 1993/94.

No of lines/selections with resistant to m::x:lerately resistant reaction
Legurre Asc. & Asc. & Asc. & Bot & P. Asc., Bot Asc., Bot Asc., Bot,
species Botrytis P.mildew D.mildew mildew & D.mildew & P.mildew D.&P.mildew

V. sativa 4 9 13 3 none none none ~

~

V. narl:xJnensis 3 6 2 13 1 2 1 I-'

V. ervilia 8 20 none 9 none 8 none
V. palaestina none none none none none none none
V. hybrida 16 14 none 6 none 6 none
V. villosa none 3 31 none none none none
L. sativa none none 4 none none none none
L. och:rus 2 none 4 none 2 none none
L. cicera none none 8 2 none none none
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4.4.2. Disease SUrvey for Forage Legumes

Disease incidence and severity in Vicia and Latlryrus

species v.lere evaluated in fanrers' fields and on-fann
trials in eight locations covering south, central and
northern Syria. In addition, fa.rrrers fields en:route
and around these locations were also included in the

survey. The objective was to assess the disease
situation in vetches and chicklings and evaluate
premising lines for disease reaction.

Table 4.4.3. Disease incidence (on 1-5 scale) in Vicia
and Latlryrus species grown in different
locations in Syria, 1993/94 season.

Location Disease Disease Pathogen
severity isolated

Kamishly Botrytis blight
Tel Hasoud SClerotinia blight

Him:>

Aphes

Soran

Ascochyta blight
IXJwny mildew
SClerotinia blight

Ascochyta blight
D::lWny mildew
Botrytis blight

Ascochyta blight
D::lWny mildew
Botrytis blight

Ascochyta blight
D::lWny mildew
Botrytis blight

2 Ascochyta sp.
2 NA.
2 s. sclerotiorum

3 Bot:J:ytis cinerea
4 s. sclerotiorum

2.5 Ascochyta sp.
3 NA.
3 B. cinerea

3 Ascochyta sp.
2 NA.
2 B. cinerea

2.5 Ascochyta sp.
2.5 NA.
3 B. cinerea

Disease incidence and severity was recorded and

samples were collected for confirmation of
identification. Results are presented in Table 4.4.3.
Foliar disease were prevalent in all locations and
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wilt/root rot that prevailed during the last season
was not a problem. Ascochyta blight, downy mildew,
botrytis blight and sclerotinia blight were the major
diseases at all locations. M.T.~, M. Bellar and
Syrian~ scientists.

4.5. Forage Entc::ulology

4.5.1. Effect of 8i tana. cr:ini.tus en Vicia Yield

The experirrent on SitoI'..g control in Vicia villosa ssp.
dasyca.z:p3. was conducted at an on~fann location in
Alkamiye using the sarre Prcmet treatrrent as in lentil
(section 3.4 .1). As in previous years, nodule dama.ge
started late at Alkamiye but reached 62% and 83% on 11
April and 10 May, respectively. Prcmet treatrrent
significantly reduced nodule damage and increased seed
and straw yield significantly (Figure 4.5.1) .

Promet

Check

• % nodule dBDlage

E:3 Seed yield

o Straw yield

10080 60 40 20 0 1 2 3 4 S 6

% nodule damage Yield (ton/ha)

Figure 4.5.1. Effect of Prcmet seed treatrrent (400

CS, 10 ml/kg seed) on Vicia villosa
ssp. dasyca.z:p3. seed and straw yield
and nodule damage by Si tona crini tus

in northern Syria, 1993/94.
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'I'his was the 3m and final year of the Si tona

control experirrent. It confi:rtred that Si tona does
infest this Vicia species and control results in
significant yield increases. However, P:r<:xret
treatrrent may not be econanical in subsistence
farming, but could be used in e<::Jr!I!ercial seed

production fields. S. weigand and A. Joubi.

4.5.2. Sitoca Damage in other Forage Legumes

'Ihe occurrence and irrportance of si tona in different
forage legumes was assessed. Sarrples were taken fran
seed increase fields of local varieties of several
Lathyrus and Vicia species and the nodule darrage
recomed.

'Ihe three Lathyrus species, L. ochrus, L.

sativus, L. cicera had ve:ry low nodule darrage of 3 to
4% (Table 4.5.1) and no feeding darrage. If the adult

Table 4.5.1. Si tona nodule darrage in local varieties
of forage legumes, Tel Hadya, 1993/94.

Forage legume species

Lathyrus ochrus
La thyrus sativus
Lathyrus cicera

Vicia p:mnanica
Vicia narbonensis

Vicia sativa
Vicia ervilia
Vicia villosa ssp. chsycazp3.

% nodule darrage

4.3
2.7
2.8

7.0

39.0

92.8

90.6

69.0
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Si tona do not feed on the leaves, they do not lay the
eggs near these plants and there would be no larvae
infesting the nodules. Apparently Iathyrus spp. is
not a preferred host for Sitona.

Differences in Si tona darPage were also found

between the 5 Vida SPecies, v. pannonica., v.
na:rbanensis, v. sativa, v. ervilia, and v. villosa
ssp. dasycazp::i. In v. p:mn.oni.ca. the nodule darPage was

ve:r:y low (7%), in V. na:rbanensis nodule darPage was

rredium (39%), whereas in V. sativa, V. ervilia and V.
villosa ssp. dasycazp::i high nodule darPage of 93%, 91%

and 69% was recorded, reSPectively ('rable 4.5.1).

These results show that not all forage legt.nne SPecies
are attacked to the same extent by Sitona. In

Iathyrus spp., V. pannonica. and V. na:rbanensis Sitona
is not of importance. It would be interesting to
study the reasons for the preference/non-preference
for the different forage SPecies shown by the Si tona
weevils. S. weigand, A. Joubi and A.A. El. M::neim.
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5. DRY PEA IMP:ROVEMENI'

The dry pea research at ICARDA was initiated in 1986/87.
As extensive varietal irrproverrent \IIOrk is being done on

dry pea at a number of institutions in the developing and

developed countries 'i.'Je capitalise on this research,
instead of running our own breeding program, to identify

dry pea cultivars adapted to the fanning systems of WANA.
Our \IIOrk is concentrated in the following areas:

I. Collecting enhanced gentplasm/cultivars .fran the
institutes \IIOrking on dry pea and testing them at

ICARDA sites to idept:ify superior lines for
evaluation by the national programs in WANA.

II. Developing suitable production technology and its
transfer to the national progTaIllS for testing and

adaptation.

5.1. GeDlplasm Collecticn and Evaluation

5.1.1. Pea. Genetic Evaluation Trial

The new accessions obtained fran various institutions'i.'Jere

evaluated at Tel Hadya in Pea Genetic Evaluation Trial
with 49 entries in a 7x7 sirrple lattice design. The data

'i.'Jere analysed for various phenological and rrorphological
characters (Table 5.1.1) .

Titre taken to flower ranged fran 91 days (for Acc No.
572) to 109 days (for Acc No. 225); titre taken to mature
ranged fran 136 days (for Acc Nos. -558, -586, -223, -572,
-573, -580, -576, -589, -593, -578) to 147 days (for Acc

No. 570); biological yield ranged fran 815 kg/ha (for Acc
No. 581) to 6661 kg/ha (for Acc No. 225); and the harvest
index ranged fran 32% (for Acc No. 553) to 58% (for Acc

No. 557) (Table 5.1.1). Seed yield varied fran 390 to
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3044 kg/ha and the five highest seed yielding entries
included Acc Nbs. 225, 568, 569, 555 and 557 with seed
yields of 3044, 2452, 2423, 2227 and 2036 kg/ha,
respectively.

5.1.2. Evaluation for Cold Tolerance

Thirty eight accessions of pea screened earlier and 62 new
accessions were sown for evaluation for cold tolerance on

6 Oct 1993 with a post-sowing irrigation to ensure
adequate rroisture supply for germination. During the

growing season, belCM zero temperatures were observed for

20 days and minirrn.un temperature during the season was 

4.6oe on 14 Nov 1993. During the season the susceptible
check did not get a rating of 9 on a 1-9 scale (where 1 =

free fran dama.ge, 9 = killed). TIlus screening for cold
tolerance was not possible. 'Ihese materials, along with
new entries, will be grown next season for their

evaluation.

5.2 . yield Trials

5.2.1. Preliminary Yield Trial

Sixty four entries selected fran the genetic evaluation
trial and preliminaJ:y yield trial (PYT) of 1992/93 were

evaluated for their perfonnance during the 1993/94 season
at six diverse environrre:nts. 'Ihese enviro:nrrents included
four locations, Tel Hadya, Jindiress , Kfardan and Te:rbol;
and at Kfardan and Terbol, the trial was sown at two
different dates. TIle stability analysis using Eberhart
and Russell (1966) rrodel was done on seed yield. TIle

analysis revealed that only non-linear eatp:)nent of
variance was important. Thirty eight entries yielded rrore
than the overall rrean across all the environrre:nts, and
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seven arrong these exhibited significant deviations and
were unstable (Table 5.2.1). Of the 31 entries with alxJve

average seed yield and non-significant deviations fran

regression, 27 entries had regression coefficient equal to

one and exhibited general adaptation across envi:ronrrents,

and four entries with above average seed yield, regression

coefficient greater or less than unity were specifically

adaptable to favorable or unfavorable envi:ronrrents.

seed yield for the entries varied fran 1486 to 3420

kg/ha at Tel Hadya; 889 to 2677 kg/ha at Jindiress; and
743 to 4090 kg/ha at Terl::ol in date 1 (TerD1), and 243 to

3424 kg/ha at Terl::ol in date 2 (TerD2); 597 kg/ha to 4535

kg/ha at Kfardan in date 1 (KfrD1), and 632 kg/ha to 3132

kg/ha at Kfardan in date 2 (KfrD2). Location rreans at·Tel

Hadya, Jindiress, TerD1, TerD2, KfrD1, and KfrD2 were
2589, 1709,2640, 2374, 2760, and 2049 kg/ha respectively.

Based on the mean yield over 6 envi:ronrrents the five best

lines included Acc Nos. 225, 403, 21, 526, and 321, which
gave seed yields of 3005,2910,2866,2804 and 2772 kg/ha

respectively (Table 5.1.2). Arrong these top yielding

accessions, Acc. No. 403 is semi-leafless.

5 .2.2. Pea. rnternaticmaJ. Adaptaticm. Trial (P:IAT)

Twenty three entries selected fran Prelimi.na:ry Yield Trial

(PYT) and PIAT conducted during the previous season were
tested in this trial at Tel Hadya and Terl::ol during

1993/94. Six test entries :namely PS 210713, Ie 23, 305 PS
210572, M3 100726, Uratilla and Syrian Local Aleppo at Tel

Hadya, and six entries :namely M3 102703, K-129, G 22763

2C, Syrian local Aleppo, Local selection 1690, and M3

104325 at Terl::ol yielded significantly higher than the

local check. The location mean yields at Tel Hadya and
Terl::ol were, 1782 and 2667 kg/ha, respectively. Drs. R.S.

Mal:hotra and M.e. Saxena
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Tab1.e 5.1. 1. • Adjusted seed yield (Yield=kg/ha) and rank
(R), biological yield (BYID=kg/ha) , time to
flower (DFlR) , time to mature (IMA.T) , and
harvest index (HI) of sane of the high
yielding entries in Pea Genetic EValuation
Trial at Tel Hadya during 1993/94.

Acc th. Origin Yield R BYrD DFlR IMA.T HI

552 AUSTRALIA 1936 6 4090 104 146 48
553 AusrnALIA 1712 13 3715 102 145 32
554 AUSTRALIA 1677 15 3336 101 146 50
555 AusrnALIA 2227 4 4085 101 146 54
556 AUSTRALIA 1868 8 3795 103 143 50
557 AUSTRALIA 2036 5 3723 104 146 57
558 AUSTRALIA 1227 33 2400 102 136 50
559 AUSTRALIA 1369 28 2763 102 145 50
560 AUSTRALIA 1700 14 3588 104 144 47
561 AUS'1RALIA 1433 24 3336 103 146 42
562 AUSTRALIA 1515 22 3064 97 139 50
563 AUS'1RALIA 1586 17 3558 101 146 45
564 AUSTRALIA 1376 26 2670 100 140 52
565 AUSTRALIA 1921 7 3703 104 139 53
566 AUSTRALIA 1853 9 3969 103 143 47
567 AUSTRALIA 1719 12 3404 99 140 50
568 AUS'1RALIA 2452 2 4983 105 146 49
569 AUSTRALIA 2423 3 4762 106 146 51
570 AUSTRALIA 1512 23 3263 105 147 46
571 AusrnALIA 1595 16 3275 100 146 48
572 USA 593 48 1137 91 136 51
573 USA 1373 27 2610 102 136 53
574 USA 881 44 1876 103 139 47
575 USA 1249 32 2450 103 139 51
576 USA 1522 21 2825 104 136 53
577 USA 913 43 1976 104 137 47
578 USA 722 47 1571 102 136 45
579 USA 963 42 1939 96 139 48
580 USA 1054 40 2132 94 136 50
581 USA 390 49 815 104 137 49
582 USA 1387 25 2875 98 139 48
583 USA 1530 19 2951 100 139 52
584 USA 790 46 1762 105 137 44
586 USA 1771 11 3389 94 136 51
587 USA 1101 37 2158 94 139 50
588 USA 1060 39 2164 102 139 48
589 USA 802 45 1657 94 136 48
590 USA 976 41 2132 96 139 46
591 USA 1567 18 3255 108 139 47
592 USA 1260 31 2570 102 139 49
593 USA 1804 10 3308 101 136 55
594 USA 1211 34 2385 102 139 50
596a USA 1064 38 2038 94 139 51
598 USA 1186 35 2438 93 137 50
599 USA 1360 29 2603 95 138 52
600 USA 1165 36 2352 92 137 49
223 SYRIA 1529 20 3577 102 136 42
224 U.K. 1296 30 2428 104 143 55
225 SYRIA 3044 1 6661 109 146 45

I.Jxation mean 1443 2929 101 140 49
S.E. of mean 157.1 304.0 0.5 0.9 7.9
L.S.D. (P=0.05) 442.2 855.5 1.5 1.9 8.2
C.V. % 18.9 18.0 0.9 0.8 10.3

a= semi leafless
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Table 5.2.l. Mean seed yield of the entries in Pea Preliminary
Yield Trial conducted at Tel Hadya ('IH) ,
Jindiress (JIN), Terool Date 1 (TerD1), Kfardan
Date 1 (KfrDl), Terbol Date 2 (TerD2) and Kfardan
Date 2 (KfrD2) during 1993/94.

Ace. seed yield (kg/ha)
No. Origin 'IH JIN TerD1 KfrD1 TerD2 KfrD2 Mean

8 SYRIA 3019 6771 3243 2931 2431 1986 2552
21 SYRIA 3224 7440 4090 2701 2910 2146 2866
101 ETHIOPIA 2779 6079 3382 2729 2382 2236 2589
172 INDIA 2706 5669 2965 3056 2153 1813 2463
216 AtJS'IRALIA 2691 5897 3278 2611 2688 1979 2485
267 USA 2574 4547 1861 3389 2507 2826 2511
321 FRANCE 2524 4906 3174 3972 3188 2382 2772
380 INDIA 3420 6589 2285 3292 3069 2236 2743
385 NEW ZF..AINID 2816 5149 2972 3132 2806 2181 2586
387 NEW ZF..AINID 2805 5372 2729 2813 2611 2181 2419
399 NEW ZF..AINID 2502 5104 2653 3500 2701 2014 2541
403 NEW ZF..AINID 3225 6022 3514 2722 3125 2639 2910
445 ETHIOPIA 2639 5583 1938 3000 2632 2264 2389
447 ETHIOPIA 3149 6024 2715 2549 2743 2403 2564
448 ETHIOPIA 2515 6142 3410 2528 2840 2146 2658
494 AtJS'IRALIA 2538 4995 3215 2990 2333 1965 2417
496 AtJS'IRALIA 2690 6085 3097 2924 2347 1931 2481
497 AUS'ffiALIA 2556 5475 3785 2806 2201 2090 2486
498 AtJS'IRALIA 2698 11995 3813 2875 2361 1917 2516
499 AtJS'IRALIA 2634 5813 3583 3097 2674 2569 2656
501 AUSTRALIA 2644 5509 2972 2833 2854 1868 2472
502 AUS'ffiALIA 2764 6022 2660 2910 2792 2333 2560
504 ETHIOPIA 2608 5781 3403 3556 1861 2493 2644
517 AtJS'IRALIA 2757 5701 2736 3549 2667 3132 2721
518 AtJS'IRALIA 2899 5979 2292 3500 2750 2493 2638
519 AUS'ffiALIA 2576 5158 2611 2917 2417 2458 2543
520 AUS'IRALIA 2340 4443 3125 3417 2424 2368 2532
522 AUS'ffiALIA 2490 5226 2486 3160 2194 2389 2481
526 AUS'IRALIA 2875 5854 2951 3222 2667 3007 2804
533 AUS'ffiALIA 2453 4833 2694 3347 2403 2201 2364
534 AUS'ffiALIA 2694 5035 3354 3028 2493 1757 2582
539 AUS'ffiALIA 2778 6063 2764 3153 2590 2465 2534
542 AUS'ffiALIA 2788 5678 3111 2806 2688 1778 2502
545 AUS'ffiALIA 2572 5292 3444 3035 2646 2340 2735
546 AUS'ffiALIA 2988 6471 1931 3194 2347 2660 2561
548 AUS'ffiALIA 2810 5940 2438 2521 2931 2882 2463
551 CROATIA 2679 5844 3243 3118 2875 2563 2652
225 SYRIA 2828 6897 3688 3333 3424 2556 3005

lDcation trean 2589 1709 2640 2760 2385 2050
S.E. of mean 226.5 256.5 362.8 487.4 211.7 276.1
L.S.D. (P=0.05) 627.7 710.8 1005.4 1350.9 586.9 765.3
C.V. % 15.1 26.0 23.8 30.6 15.4 23.3
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6.1. Greenhouse Experiment

The purpose of this study on host plant-parasite
interaction was to quantify dry ma.tter production and

partitioning into different faba bean organs and Orob:mche
crenata, with optimum growing conditions for the host with
respect to light, terrperature, water, and the supply of
mineral nutrients.

The e:xperirrent was conducted in the greenhouse with
24·C (day) / 16"C (night) terrperatures, and supplerrental
light for 10 h (high-pressure sodium larrps, 250 W). The

soil temperature was measured continuously by using a
thermograph (Figure 6.1.1). The characteristics of the
soil used for the e:xperirrent are described in Table 6.1.1.

T
AprMarFeb

28 b)

24

20

16

12

8}

oT
Jan

22 '1-.-)-------------------------,

;~~
p j

15 _

l!! 0 -+T--~--.-~~-,--~-~---,--~--,---~--,----iT

~
~

~

Figure 6.1.1. Mean daily air temperature (a) and daily
soil terrperature (b) in the greenhouse
during the growing period.
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Plastic :pots (10 1 vol.) were filled with 8.5 kg of

a 1: 1 mixture of soil and sand, which had been steam

sterilized to avoid the presence of viable Orob3nche

seeds. Thereafter, the soil fran top 15 an of each :pot was
rerroved and mixed with the required arrount of Orob3nche

seeds to create the densities of 0(01 ), 50(02 ), 200(03 )

and 600 (04 ) seeds of Orob3nche Per kg soil.

The rn.miber of seeds was calculated fran the lOOO-seed

weight (4 rrg) of Orob3nche. In addition, nitrogen and

phosphorus fertilizer (ammonium sulfate and

triplesuperphosphate) \\/ere mixed with this soil at the

rate of 30 kg N and 100 kg P2 05 per ha. The :pots were

refilled and arranged in a randanized block design with 33

replications. One faba bean seed of the genotype IIB 1814

(Orob3nche susceptible) was planted in each :pot. Prior to

planting the seeds \\/ere inoculated with Rhizobium
leguminosarum (strain FE: 481). Where the seeds failed to

ge:rminate, those :pots were transplanted with seedlings

grown at the sarre titre in sand in the greenhouse.

During the growing period the water loss through

eva:POtranspiration was estima.ted every 2-3 days by

\\/eighing 10 ran.dcmly chosen :pots. Whenever the. water

content of the soil had reached 75% of the field capacity,

the :pots \\/ere irrigated. So, the soil rroisture was kept

betv.leen 75-100% of the field capacity. Every 3 weeks,

beginning 4 weeks after errergence, a fluid fertilizer

(Hoechst-Oomplesal, containing 8% N, 8% P2 05 , 6% KiO, and

trace nutrients) was applied as foliar fertilizer (3 ml/l

water) .
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Table 6.1.1. Characteristics of the soil used for the
greenhouse experiment (data fran lCARDA's
soil laboratory) .

NaHCD3 -extractable P (Olsen P (Olsen P)
KC1-extractable NH4 -N
ID3 -N (H:20)
ExChangeable K
Total CaCD3
DIPA-TEA-extractable Cu
DIPA-TEA-extractable zn
DIPA-TEA-extractable Mn
DIPA-TEA-extractable Fe
pH (H20)

Clay
Silt
Band
Field capacity (soil water content
at a suction of -0.33 bars)

Wilting pOint (soil water content
at a suction of -15 bars)

Available water

6.7 reg/kg
5.6 reg/kg

20.7 reg/kg
7.6 reg/kg

18.3 %
1.4 g
0.7 reg/kg

30.4 reg/kg
7.7 reg/kg
8.3

36%
17%
47%

24% by weight

13% by weight
11% by weight

At 10-15 dayinte:r:vals, beginning 3 weeks after faba

bean emergence, 12 pots were chosen randcmly (3 pots fran
each Orobanche seed density treatment) and the dry weight
(after drying at 70'C for 48 h) of different faba bean
organs, depending on the stage of growth (:roots, leaves,

stems, inflorescenses, J?Od husks, and seeds), and number
and dry weight of underground Orobanche attachrTents and

emerged Orobanche shoots were recorded. Tenp=rature SlID1S

were calculated as where Ti is the rrean tenp=rature for

j

Ts = L (1'; - Tc)

i=l

each day i, and Tc is the base tenp=rature, below which
the developrental rate equals zero. In this study, the

base tenp=rature used was 4'C for air temperature sum and

4'C for soil tenp=rature sum. The total gross dry weight
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was calculated as the stnn of all host plant parts,
including dropped leaves, and Orobanche obtained per pot .

6.1.1. Dry Matter Production and Partitioning

Different Orobanche infestation levels did not show any

significant effect on the total gross dry rratter produced
Per pot until 101 days after errergence (Figure 6.1.2). At
this stage the host plants with 200 and 600 Orobanche

seeds/kg soil (03 and 04) were allIDst dead, whereas the
ones without parasite seeds (01) and with 50 seeds/kg soil
(02) were still growing. They reached the physiological

rraturity at 115 days after errergence. At this titre the
total dry weight in 01 was significantly higher than in 03

and 04. The total dry weight in the treatrrent with law
Orobanche seed density (02) was l~ than control and

higher than 03 and 04. These differences, however, were
not significant (~test at a=0.05) .

In 03 and 04 the first visible Orobanche attachrrents
(tubercles >1 rnn) on faba. bean roots were obse:rved. 55 days

after errergence of the host plant, and in 02 at the
ccmrencerrent of fl~ing (69 days after emergence).
Figure 6.1.3 shows the relative proportions of total
weights of faba. bean organs and Orobanche after the
occurrence of visible Orobanche attachrrents. In 04 the
relative proportion of Orobanche increased rapidly and

reached its maximum of 66.5% ab::>ut 92 days after
errergence, and there was no increase in total dry rratter
thereafter. The Period of flowering was very short and

the host plants did not set any pods. In 03 only few pods

were obse:rved., which l:ecarre brownish-black with the titre.
No seeds could l:e harvested in this treatrrent. The
maximum value for the relative proportion of Orobanche was
obtained 101 days after etrergence (52%).
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As for the treatrrent with low Orabanche seed density

(02), the arrount of the dry matter partitioned into

parasites and fa:ba. bean f:ruits was alrrost the sarre as the

one partitioned only into f:ruits in the control pots (01).

Concerning the pattern of dry matter partitioning into

Orabanche and f:ruits, two periods could be distinguished.

During the first period, fran fa:ba. bean flowering to the
beginning of rapid Orabanche growth (69-92 days after

emergence), the sink strength of roth organs seems to have

been equal. 'Therefore, the fa:ba. bean pods and the

parasites had alrrost the Barre growth rate. In the second

period, fran 92 days after emergence up to physiological

maturity of the host, Orob3nche should have had a higher

sink capacity, as there was a rapid increase of the

parasites' dry weight. The pods that did not contain

seeds at the end of the first period, became b:rovmish

black and died without setting any seeds.

6.1.2. Dry Matter Partiticni.:ng into OzobanchecrerJata

To quantify as to on the expense of which of the host

plant organs did Orabanche grow, the total dry matter

produced between two .successive sanpling dates, through

the growing period, were calculated. 'The relative portions

of these that were partitioned into the fa:ba. bean organs

and the parasites are presented in Figure 6.1.4.

In the treatrrent with low Orabanche seed density

(02) I the pattern of dry matter partitioning into roots

and leaves+stems was similar to the control plants (Figure

6.1.4a and 6.1.4b). 'The Orabanche infestation thus did

not affect the vegetative growth of host plants. In the

reproductive stage of fa:ba. bean, there was a ccnpetition

between parasites and fa:ba. bean fruits for the

photosynthates being produced. 'The relationship between

the relative portions of the total dry matter produced
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between two successive sarrpling dates and. partitioned into
Orobanche, and. the accumulated daily trearl temperature was
quadratic (Figure 6.1. 4b) .

with rroderate and high Orobanche seed densities (03
and. 04), where the first visible Orobanche attacbrrents
were already observed before ccmnencement of flowering,
the growth of both vegetative and. generative organs of
faba bean was affected by Orobanche crenata (Figure 6.1. 4c
and 6.1. 4d). The portions of the total newly produced dry

rratter partitioned into leaves+stems, up to 1000·C dafter
errergence, were alrrost equal to the control plants.
Thereafter, however, the vegetative shcot growth rate was
strongly reduced in 03 and. 04, whereas in 01 the
partitioning rates were alrrost constant (50-60%) up to the
beginning of pod filling (1300 ·C d) and decreased with
the increasing of the fruit growth rate. Furthe:more, the
sink strength of the ParaSites was so high, that no faba
bean seeds were produced in both above mentioned Orobanche

treatments. Concerning the dry matter partitioning into
Orobanche as shown in Figure 4c and. 4d (03 and. 04) and
fruits as shown in Figure 6.1. 4a (01) a log-istic equation
of the fo:r:m provided good fit to the data, where PI:M is

PDM
PDMmax

the portion of the total dry rratter produced between two
successive sampling dates per pot and partitioned into
Orobanche or faba bean fruits, and Ts is the accumulated
rrean daily air temperature ( •C d). The coefficients a1
and. a2 of these equations are given in Table 6.1.2.
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Figure 6.1.4. Partitioning of the total dry matter

produced between 2 successive sanpling

dates into faba bean organs and Orobanche

crena.ta during various stages of crop

developrent (Ts ; air terrperature sum °C d) .

(a) Control without Orobanche seeds; (b) 50

Orobanche seeds/kg soil; (c) 200 Orobanche

seeds/kg soil; 9d) 500 Orobanche seeds/kg

soil.



Table 6.1.2. Coefficients a1 all.d a2 (SE in parentheses) of the lCX;3istic equation PI:M=PIl%ax
/(1+EXP(a1+a2Ts))

Orol::enche treatrrent

01 (control)
03 (200 Orol::enche seeds/kg soil)
04 (600 Orol::enche seeds/kg soil)

PIMwax
Fruits:97.85 (10.07)
0Tab. :86.59 (1.85)
0Tab. :95.54 (3.77)

a1

17.55(6.23)
13.88 (1. 08)
15.05 (1. 85)

a2

-0.013 (0.005)
-0.012 (0.001)
-0.014 (0.002)

Nw
\0

"'--PUvI: porti611-of the total produced dry ma.tter between tID successive sarrpling dates
partitioned into Orob:m.che.
Ts : acCl..UTD.l.1ated mean daily air temperature (.C d) .
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In addition, close linear relationships were found
between O:rob:mche dry weight and total dry weight per
pot in 03 and 04 (Figure 6.1. 5, b and c). with low
O:rob:mche seed density (Figure 6 .1. Sa) , this
relationship was exponential.

so ...,.--------------,
0) b)

40

30

20

';;;
10

:E <>
C> 0

"; 0 20 40 60 80 100 120 0 20 40 60 80 100 120
~60
"0 0)

] so <>..
.Q

e
0

40

30

20

10

0

0 20 40 60 80 100 120

Total dry weight [g 1

~=O.98

~=0.93

~=O.98

Figure 6.1.5. Relationship between dry weight of
O:rob:mche crena ta) (aIM) and total dry

weight prcx:iuced per pot ('TI1'1) with 50
orobanche seeds/kg soil (a) i 200

O:rob:mche seeds/kg soil (b) i and 600
O:rob:mche seeds/kg soil (c). Regression

equations are:
(a) aIM = 5.76 - 0.40 'TI1'1 +7.13 'TI1'12

(b) aIM = 0.75 'TI1'1 - 15.19
(c) aIM = 0.87 'TI1'1 - 14.89

* aIM: Orobanche dry weight per pot i

'TI1'1: total dry weight per pot
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6.1.3. Develcpnent of 0J:0banche arecata an Faba bean
during the Growing Period

With m:rlerate and high Orab:mch.e seed densities (03
and 04), the durations of the developrent of both host
plant and Orab:mche were shorter than with low
Orob:mch.e seed density (02). Different Orab:mche seed
density treatrrents led to a significant difference in
numbers of ParaSite attachrrents observed on faba bean
roots at the end of the growing Period (Figure 6.1. 6) .
The developrent of ParaSite in pots with high
Orob:mche seed densities (04) was ve:ry fast. Maximum
of both the number (80) and the d:ry weight (48.1 g) of
Orob:mch.e were reached around 900·C dafter errergence
of faba bean. In 03, the maximum number of Orab:mche
(44) was observed at the sarre tim: as 04, but the d:ry

ma.tter peak was reached at different tim:s, around

10400 C in 03 as against around 950°C in °4 . The value
in 03 was lower than in °4 , With low Orab:mche seeds
in the soil (02), the maximum number of Orob:mch.e
(15.7) was significantly lower than the one in 03, but
there was no significant difference in ParaSite d:ry

weight between the two treatrrents.

The relationship between the Orab:mche number
(OR~) and accumulated soil terrperature (Ts ) could be
described by following quadratic equations:

For 02: O~ -28.84 + O.07Ts + 0.97 ~ (~=0.97)

03: O~ -118.37 + 0.33Ts - 1.68 ~s (~=0.98)
04: O~ -119.30 + 0.53Ts - 2.48 ~s (~=0.98)

Similarly, the relationship between the Orab:mche d:ry

weight (g!pot) (0ROw) with accumulated soil
terrperature (Ts ) could be described by the following
functions:
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For O2 : OROw= -0.43 - O. 024Ts + 3.7 -r2s (V"2=0. 98)
0

3
: OROw= 35.80/(1+e(13.75-0.016Ts »

0
4

: OROw= 49.60/(1+e(28.28-0.034T
s
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6.2. Field Experiment for H:xielling

The objectives of this study were to: a) validate a
faba bean growth m:x:iel developed by Stiitzel (1990*);

b) study the faba bean root growth and distribution
within the upper 30 an soil layer; c) quantify the
relationship between faba bean root-length density
(an/an3) and the number of e>:rr::ib3nche crenata
attacbrrents; d) study the dry matter partitioning
between different faba bean organs and e>:rr::ib3nche

according to the abiotic factors soil rroisture and
terrperature; and e) detennine the extent of damage

caused by e>:rr::ib3nche on faba bean according to
different e>:rr::ib3nche seed banks in the soil. 'The study
was conducted at Tel Hadya during the 1993/94 season.
The soil of the study site is a chranic luvisol, poor
in organic matter and rrore than t\AlO rreters deep (Table
6.2.1). Total precipitation during the crop season
arrnunted to 373 rnn and therefore was higher than the
long-tenn rrean armual rainfall (331 rnn). Its
distribution, however, was poor, rrost of the rain
falling between January and February. The total
rainfall received during 1'I.I3rch and April was 12 rnn,
only. During the winter rronths, the terrperatures were
above the long-tenn averages and no severe frost
spells occurred (Figure 6.2.1) .

'The trial was designed as split-split-plot with
rroisture supply as main plot, sowing date as subplot,
and e>:rr::ib3nche seed load as sub-subplot (Table 6.2.2) .

'There were four replications.

* Stutzel, H. 1990. Modellierung des
Ertragsbildungssystems Ackerbohnenstand.
Habilitaionsschrift, Fakultat 111
Agrarwissenschaften I (Pflanzenproduktion
und Landschafts6kologie) der Universitat
Hohenheim, Germany, pp 131.
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Table 6.2.1. Characteristics of the soil at the
experirrental site in Tel Ha.dya (data
fran lCARDA's soil la.toratory) .

NaHCX3-extractable P (Olsen P) 1.8 - 2.3 reg/kg

KC1-extractable NH4 -N 2.6 - 4.7 ng/kg

ID:3-N (~O) 10.1 - 19.2 ng/kg

:E:xci'..angeable K 8.4 - 9.4 ng/kg

Tbtal caCX3 23.6%

DI'PA-TEA.-extractable Cu 1.5 ng/kg

DI'PA-TEA-extractable Zn 0 . 7 ng/kg

DI'PA-TEA.-extractable Mn 7.1 ng/kg

DI'PA-TEA.-extractable Fe 5.5 ng/kg

pH (~O) 7.9

Organic rcatter 0 . 85%

Clay 60%

Silt 30%

Sand 10%

Field capacity (soil water 40% by \\leight
content at a suction of
-0.33 bars)

Wilting point (soil water 23% by \\leight
content at a suction of -15 bars)

Available water 17% by \\leight



Daily rrean air tenperature (a), daily rrean soil tenperature in lOan depth (b),
ph:>tosynthetically active rq,diation, PAR (c), and cumulative precipitation (d)
during the grcMi.ng period.
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Table 6.2.2. SUrrmary of the experirrental factors.

Factor level Description

M::>isture supply

Sowing date

MSl
MS2

801
802

no water stress
with water stress

10 Nov. 1893
17 Dec. 1993

Orobanche seed load 01
02
03
04

without Orobanche seeds
50 Orobanche seeds/kg soil
200 Orobanche seeds/kg soil
600 Orobanche seeds/kg soil

In order to avoid the presence of viable
Orobanche seeds naturally occurring in the soil, the
area of this trial was solarized in the surrrrer of 1993
(July-August) . At the beginning of November, different
Orobanche seed densities (02, 03, and 04) were created
by mixing the Orobanche seeds with the soil. The
number of seeds was calculated fran the 1000-seed
weight (4 rry) of Orobanche. Nitrogen and phospho:r:us
fertilizers (ammonium sulfate and
triplesupe:rphosphate) were inco:rporated into the soil

at the rates of 20 kg N and 50 kg P205 Per hectare.

At both sowing dates, the seeds of faba bean

genotype lIB 1814 (Orobanche susceptible) were sown by

hand in rows with 45 an spacing (22 seeds/m2). Plots
were 3m wide and 3m long. A fluid culture of
Rhizobium legurninosarum (strain FE: 481) was applied
directly on the seeds to ensure nodulation. In both
rroisture supply treatrrents (MSl and MS2), the average
vol"l.1Iretric water content of the two soil layers, 0 
15 and 16 - 30 an, was determined gravirretrically at
7-10 day intervals, and water was applied by surface
irrigation rrethod. In order to avoid the nnverrent of
Orobanche seeds between the treatrrents, plots were
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separated fran each other by const:ructing ridges
around them. In MS1, water was applied, when the soil
rroisture in the active rooting zone had been reduced

to 50% of the available water. The crops in the
treatrrent MS2 were grown mainly under rainfed

conditions .

All data were collected on a per plot basis.

Sequential sarrples were taken during plant growth,

beginning 4 weeks after emergence and ending at

physiological maturity. Plants fran 5 adjacent

positions were collected at each sarrpling date and

separated into: stems, leaves, inflorescences, POd
walls, and seeds. Number and dry weight (after drying

at 70°C for 48 h) of these organs were treasured and
the number of missing leaves was calculated according

to the number of bare nodes. I.eaf areas were

determined with a calibrated Licor I.eaf Area Meter.

For two adjacent plants, out of 5 collected, the root
length density RID (em roots/em3 soil) was treasured.

Three soil sarrples were taken fran each plant with an
auger (diameter 11 em). The first sarrple was taken as

a core centering around the plant (Cr4), and the two
others as adjacent left/right cores (CL/ R). The soil
sarrples were collected fran the soil depths, 0-15 and
16-30 emt respectively. In total, 12 sarrples per plot

were obtained (Figure 6.2.2) .

The soil sarrples were soaked over night in water

with sodium bicarbonate (about 50 g Per 15-L bucket)

to disperse the bulky clay soil. The roots were washed
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free fran soil on a 1-rrm sieve. Living roots were
separated fran dead roots and debris by hand. The

obtained roots fran each sanple were cut into small
pieces, approximately 2-3 an long. The root length was

measured by using the Cc::nair Root length 8ca:rmer. For
each soil sanple Orol::anche tubercles (>1 rrm), buds,

unde:rground and errerged shoots were counted. After
separating the ParaSites fran the faba bean roots,
their dJ::y weight (after dJ::ying at 70°C for 48 h) was

measured per host plant for the two soil depths,
respectively.

At each sanpling date, total incident and total
intercepted solar radiation were measured with two
tube solarimeters, model TSL (Delta-T devices,
Cambridge, UK, see Szeicz 1965*). One solarimeter (97
an long) was rrounted ab::we the crop canopy. The second
(identical) solarimeter was inserted into the base of
the crop at right angles to the rows. Solarimeter
output was integrated for 60 sec using a millivollt
integrator (Delta-T devices). All the measuretrents

were made within 2 h of solar noon. The fraction of
total incident radiation transmitted through the
canopy (T) was calculated according to the equation

where Ca and Cb are the integrated counts ab::we and

below the canopy, respectively. Using the technique
of Gallagher & Biscoe (1978*), transmissivity readings
were recalculated into the fraction (Q) of abso:r:bed

photosynthetically active radiation (PAR): To obtain
Q = ( 1 . 0 - Tl. 2) I 1. 1

total PAR between successive sarrpling dates,
arithmetic means of Q, as measured at successive
sarrpling dates, were IIU.l1tiplied by 50% of the global
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radiation recorded frcrn the Tel Hadya weather station.
PAR has been reported to carprise 50% of the total
incident shortwave radiation (Szeicz, 1974*).

with a datalogger, soil terrperature was recorded
continuously at 5, 15, and 30 an depth in both
rroisture supply treatments. Terrperature sums 'iI'.'ere

calculated as where Ti is the nean terrperature for
j

T s ::: E (Ti - T c )
i=l

each day i, and Tc is the base terrperature, belO'll
which the developne.ntal rate equals zero. In this
study, the base terrperature used was 0 •C for air
tell'perature sum and 4 ·C for soil terrperature sum.

The plots in the rroisture supply treatment MSl
were irrigated 5 titres (29 Dec, 15 & 23 Mar, 5 & 13
Apr) during the growing season (Figure 6.2.3). Under

this soil rroisture condition, the faba bean crops did
not show' any water stress. In MS2, irrigation was
applied only 2 titres during the growing period. First

titre on 29 Dec to ensure the gennination and ~ence
of faba bean plants, and second titre on 13 Apr at pod
filling stage due to the long drought period during
March and April. Plants were suffering frcrn water
stress mainly during the reproductive phase.

* Sceicz, G. 1965. A muniature tube
solarimeter. Journal of Applied Ecology
2:145-147.

Sziecz, G. 1974. Solar radiation for plant
growth. Journal of Applied Ecology.
11:617-636.

Gallagher, J.N. and Biscoe, P.V. 1978.
Radiation absorption, growth and yield of
cereals. Journal of Agricultural
Science, Cambridge 91:47-60.
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6.2.1. S.inulatian of Growth and Developnent in Paba.
bean (lLB 1814)

The first step in rrodelling the faba. bean-Orol::anche
interaction, is to build a rrodel for the simulation of
host-plant growth and developnent under stress-free
envi:roI1lreI1t. Since drought stress is the main abiotic
yield-limiting factor in faba. bean production in semi

arid zones, in the next step, a water stress rrodule
should be developed to consider the effect of water
shortage on faba. bean growth. Having such a rrodel
developed, the final step would be to integrate an
Orotenche rrodule simulating the effect of Orotenche
infestation on faba. bean growth and developrent. One

of the objectives of this study was to validate a faba.
bean growth rrodel developed by Stlitzel (1990). The

m:xlel was built mainly based on data and relationships
obtained fran field experirrents with indeterminate and
determinate faba. bean cultivars grown at Hohenheim,
Southern Germany. In the following, a brief
description of this rrodel and the carparisons between
simulated and treasured data on faba. bean growth are
presented. The data on faba. bean growth and

developnent were collected fran the control plots
(without Orotenche infestation) of the rroisture supply
treatrrent MS1.

6.2.1.1. Mbdel descr~tian

In the rrodel, dry matter is produced as a function of
light interception and utilization. After reading
basic inputs (genotypic, locational, and agroncmic
data; Table 6.2.3), and calculating derived basic
data, simulation starts in daily intervals, beginning

with the day of emergence. Every day, trean
terrperature, global radiation, and relative humidity
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are read fran a weather data file. Provided that the
crop is still growing, i . e. not mature or killed,
phenological parameters such as flowering, leaf
production, branching, and pod fo:rma.tion are
calculated. The end of the natural growth period
(physiological maturity) is reached when the leaf area
index reaches zero. The rrodel estimates the faba bean

Yield under ample supply of water and nutrients in a
pest-, disease-, and weed-free environrrent (Figure
6.2.4) .

read basic
input constant

Calculate
drived

constant

End

Figure 6.2.4. Flow diagram of faba bean rrodel.



Table 6.2.3. Description of basic input data.

Parameter Abbr Unit Used, in sirmllation*
H. IIB-1 IIB-2
Freya

Latitude IAT degrees 48.72 36.01 36.01
Soil water holding capacity mc rrrn 100.0 100.0 100.0
Cultivar C\lR - H. Freya lIB 1814 lIB 1814
Thousand seed weight TSW g 400.0 1700.0 1700.0
Number of seeds per pod NSP - 4.0 2.7 2.7
cptimum terrperature for flowering TOF ·c 14.8 14.8 14.8
Constant A for flowering AFL d-1 0.0 0.0 0.0
Constant B for flowering BFL h-1d-1 ·C-1 0.000106 0.000106 0.000106
Constant C for flowering CFL d-1 0.05326 0.05326 0.05326
Constant D for flowering DFL h-1d-1 ·C-1 -0.000118 -0.000118 -0.000118 N

Ul
Maximum node rrumber per stem MXN - 40 30 30 ~

Branching? 1=N:l, 2=Yes BRA-122 BRA - 1 2 2
Assimilate flux per branch ANT g d-1 0.353 0.353 0.353
Assimilate flux per pod ANP g d-1 0.034 0.034 0.034
Minimum light extinction K - 0.093 0.093 0.093
coefficient

Specific leaf area SIA an2 g-l 270 270 270
Terrperature sum for pod filling TPF ·C d 1000.0 1000.0 800.0
8eedling density SED m-2 18.5 20.0 20.0
Date of emergence (Julian date) DEM -126 98 130
Date of initial IAI (Julian date) JD1 - 138 118 150
sewing density (germinated seeds SOD m-2 18.5 20 20
per m2)

Sowing technique (score: £Dr - 1.0 1.0 1.0
O=excellent, 9=pcor)

Date of sowing (Julian date) DSO - 105 71 108

* Herz Freya: anindeterrniriaEe Gennan fababean cultivar;
ILB-1 and IIB-2: an indeterminant faba bean genotype (lIB 1814, Syrien Local Large)
planted on Nov. 10 and Dec. 17, respectively.
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6.2.1.2. Initial sim1latian

For the initial sirrulation, a 'IIoleather data file of the
study site (Tel Hadya., 1993/94) and the input

constants for the faba bean genotype lIB 1814 (Table

6 . 2 .3), planted at t"WO sowing dates, were used. For

the 'IIoleather data file and. the agronanic input

parameters, in this study, the Julian calendar starts

with the 1st of September since the lIB 1814 genotype,
in contrast to H. Freya, was planted as a winter crop.

The rrodel starts the sirrulation of dry matter
production and. partitioning when the crop has reached
a certain leaf area per plant (JD1, initial IAI). At
this time, it is asSl..ll.red., that lTOst of the cotyledon

reserves have been depleted and. that the further
growth of plants is related to newly produced
assimilates. In cultivar H. Freya, with a thousand.

seed weight of 400 g, the initial IAI was calculated
to be 0.0925 and. was reached 12 days after erre:t:gence.
For a large-seeded faba bean genotype like lIB 1814
with a thousand-seed weight of 1700 g, the sane

calculation resulted in an initial IAI of 0.21. This
stage of leaf area was observed in lIB 1814 aJ::Ound 20
days after emergence (Table 6.2.3).

The carpa.rison between sirrulated and. measured
data showed that, the rrodel overestimated the lAI as
well as the total gross dry matter, WID, for both
sowing dates (Figure 6.2.5) . The maxirrn..un IAI simulated
was higher than the one observed in the field, and. it
was reached earlier. This indicates that, the rrod.el
overestimated the faba bean growth during the winter
rronths. Cbnsequently, the predicted f:rui.t and. seed

dry weights were higher than the measured ones (Figure
6.2.6). The dry matter partitioning into leaves was
simulated realistically, whereas the predicted stem
dry weight exceeded the e:xperiIDe..-Tltal data
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considerably. 'The mxlel underestirrated slightly the
root chy weight for the first sowing date until 100
days after eme:r:gence and. overestimated thereafter.
For the second sowing data the simulated root chy
weight corresponded to the measured data until 80 days
after eme:r:gence, and as for the first sowing date, it
exceeded the observed data thereafter (Figure 6.2.6) .
'This means, with higher temperature and laver rainfall
in t~ mid spring, the mxlel overestimates the root
chy weight considerably.

The reasons for these discrepancies between
simulated and measured data could be: a} for initial
simulations sore genotypic input paraneters such as
specific leaf area, SIA, assimilate flux per branch
(ANI') and assimilate flux per pod (ANP) were chosen
fran H. Freya. '!hese paraneters might differ in the
case of ILB 1814 and they had to be determined. b} the
faba bean mxlel is based mainly on analytical results
fran field experirrents with small-seeded cultivars
grown under tenperate climatic conditions. This means
that sore of the physiological relationships and

assurrptions on which this rrod.el is based might be
genotypic or location specific, and thus should be
m:::x:lified for the genotype ILB 1814 grown in a
mediterranean environment.

6.2.1.3. Detenninaticn and JOOdificaticn of saue basic
~t parameters

a} Specific leaf area, SLA {ClliJ /t;l} : '!he faba bean

rrod.el calculates the leaf area index, IAI, according

LAI = WLG*SLA / 10000

to the equation where WLG is the green leaf chy matter
(g), and SIA the specific leaf area. Higher SIAs tln.1s
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lead to higher IAIs. In lIB 1814, the SIA was found

to be 217 for the first sowing date, and 225 for the
second one (Figure 6.2.7). Thus SIA is lower in lIB

1814 than in H. Freya (270).

0,.--------------,
0)

..
•

4

~

'k 0+---.--.,----.--.,----1
i e,.---------------,
!

o
4

o 0

o

2 o

0+---.--.,----.--.,----1
o 100 100 200

1.Mf~(lI/m'l

200

Figure 6.2.7. Relationships between leaf weights, W:L,
and leaf area, Ar" for the faba :bean
genotype lIB 1814 planted on Nov. 10 (a)

and Dec. 17 (b). Regression equations

are:
(a) A.L = -0.08 + 0.0217 W:L, ~ 0.99

(b) A.L = -0109 + 0.0225 WL, ~ 0.96
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b) StEm.:lea.f partitioning: The overestimation of stem
dI:y matter in the initial simulations (Figure 6.2.5)
led to the assunption, that the coefficient h and g of
the linear regression between the natural logarithm of
stem and leaf \\/eights used in the rrodel

lnWs = h+glnw1

might be different in the case of lIB 1814.
Throughout the period of stem and leaf growth in lIB
1814, the al::ove mentioned relationship was also
linear, as graphically shown for the roth sawing dates
in Figure 6.2.8. The coefficients h and g, however,
differed fran those asSt.llred in the rrodel. Having
found the relationship bet\\/een h and g in lIB 1814,
the original equation used in the rrodel was
substituted by the one presented in Figure 6.2.9

c) Dry matter partiticni.ng into roots: In the rrodel,
dI:y matter partitioning into roots depends on total
gross dI:y \\/eight, (Wr), crop growth rate, (G05), and

vapour-pressure deficit of the air, (V05), as shown in

the equation:

'Ihis means that the root growth accelerates when the
vapour-pressure deficit of the air increases. Using
this equation, the rrodel overestimated the root dI:y

\\/eight during the wa.rtrer and dryer period in mid
spring although the plants \\/ere irrigated (Figure
6.2.6). When the crops are grown under arrple supply
of water, one can assume, that the root growth is
related only to the plant total gross \\/eight, and to
the soil terrperature. In lIB 1814, a strict linear
relationship was found between the root fraction and

the accumulated soil terrperature throughout the root
growth period (Figure 6.2.10). For the time being,
the linear regression rrodel shown in Figure 6.2.10.
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will be used for the simulation studies, when faba
bean is grown under irrigation conditions. This root
rrodel, hovJever, will be developed further to account
for the effect of water stress on the root growth.

d) InWs =-o.90+1.18InWL • ':>=0.75

In Ws =-1.85 + 1.43 In WL , r =0.98 b) In Ws =0.08 + 1.01 In WL • ,:> =0.99

~
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Figure 6.2.8. Relationships between the natural
logarithm of stem weight (In Ws ) and

the natural logarithm of leaf weight,
(In W:L) for faba bean genotype lIB 1814
planted on Nov. 10 (a, b) and Dec. 17
(c, d). Closed symbols represent data
fran first sarrpling until canrencerrent
of flowering and open symbols for data
obtained after flowering.
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Figure 6.2.10. Relationship between the root

fraction, ~T' and the accurrn.J.lated
daily rrean soil temperature in 10 em

depth in faba. bean genotype lIB 1814
planted on Nov. 10 and Dec. 17
(~: root my weight i WT :plant total
my weight). Regression equation is:

~= (O.47*WT)-(O.00037*TS *WT) ~=0.98

in contrast to the values in Stiitzel' s

MOdel: ~=(0.046*WT)+(0.33*G05*V05).
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d) Dry matter partiticning within the pod: At the

physiological maturity of faba bean, the rrodel
overestimated the proportion of pod husk on total
f:ruit dry weight (Figure 6.2.6). '!he rrodel silTD.l1ates
the dry matter partitioning within the pod based on
the assunption that the proportion of pod husk on the

total f:ruit mass is related linearly to the single
f:ruit weight. Although, a similar relationship was
found in lIB 1814, the intercept of the regression
equation was higher than the one assumed in the rrodel
(Figure 6.2.11) .

0.8 --,----------------------,

0.7

0.6

~
::::. 0.5
w

~
, 0.4

~
~ 0.3

0.2 • Nov. 10

o Dec. 17

•
o

•

0.1 -+-----r-----r---~--~--~--__4

o 2 3

WPO/NPS (g)

4 5 6

Figure 6.2.11. Proportion of the pod husk, wro-WSE,
on whole f:ruit mass, wro, as
dependent on single f:ruit mass,
wro/NPS, in faba bean genotype lIB
1814 planted on Nov. 10 and Dec. 17,
respectively, (WSE: seed dry matter

[g/m2] i NPS:Number of seed bearing
pods/m2). Regression equation is:
(WPO-WSE)/WPO=0.78-0.10*(WPO/NPS),

y2=0.98

WSE=wro*(1-(0.78+0.10*(wro/NPS))
Stutzel's Mbdel:WES=wro*(1-(0.42+0.10*(wro/NPS))
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e} Dry matter prOduction: In the m::::del, daily rates
of dry matter production (Gill) are the product of
photosynthetically active radiation incident (PAR) the
proportion of radiation intercepted (Q) and the light
use efficiency (llJE) (g dry matter per MJ intercepted
PAR:

GTO = LUE*Q*PAR

llJE depends only on light extinction coefficient, K,
(given input constant, Table 6.2.3) :

LUE = 1 / (-0.078+0.733*K)

At the study site (Tel Hadya, Northe:rn Syria),

terrperature, and not radiation, is the main abiotic
growth-limiting factor during the winter period. As

shown above, the m::::del, however, does not consider its
effect on dry matter production, and this might be the
reason for the overestimation of dry matter production
observed during the winter period (Figure 6.2.5).
Therefore, the equation for the calculation of llJE has
been m:::xlified according to the assurrption that, with
daily mean terrperatures up to 12 •C, the llJE is
reduced linearly in relation to terrperature:

LUE= (1/ (-0.078+0.733*K)* (-0.17+(0.1*T~

where T is the daily mean terrperature.

6.2.1.4. SiJIulatian with the xoodified growth IOOdel

After having m:::xlified the above-mentioned
relationships, the m::::del was :run again to see whether
the prediction of growth and developrent in ILB 1814
faba bean agreed with the experimental data. The
basic input parameters for ILB 1814, as shown in Table
6.2.3, -were used again, except that the input value of
SIA, for ILB 1814 was 220 arf./g (average of both
sowing dates, Figure 6.2.7), and due to the shortage
of experimental data, the values for the assimilate
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flux per branch (ANI') and the assimilate flux per pod,

(ANP) were as81..lIted to be 0.1 g/day, respectively.

As shown in Figure 6.2.12 and Figure 6.2.13 for
both sowing dates IAI and the total WID predicted by

the rrodified rrodel, agreed well with the rreasured

data. The dI:y rratter partitioning into different plant
organs was also simulated realistically. This
indicates that the rrodified rrodel is able to take into
consideration the effects of delayed sowing on
vegetative and generative growth of faba bean genotype
lIB 1814.

6.2 .3 • Future Develop:oent of the Model.

As presented al::ove rrodel is now·able to simulate the

growth and develq::ment in faba bean genotype lIB 1814
grawn under water-stress free conditions. For other
faba bean cultivars, the genotypic input parameters
should be detennined. The rrodel was tested with the
experimental data fran one growing season (1993/94)
only. Further validation of the rrodel will be
undertaken with the data fran the sarre field trials to
be conducted in the 1994/95 season. In addition, the
effect of water shortage on faba bean growth will be
considered in the rrodel by developing a water-stress
subroutine. For this, the data already collected fran
the control plots in m::>isture supply treatment MS2
(with water stress) will be used. Root-length
density, as one of the m::>st irrportant factors for
germination and attachrrent O:rob:m.che, can not yet be
simulated by the rrodel. A subroutine for the

estirration of root length fran root dI:y weight will be
integrated in the rrodel. After having analyzed the
data already collected on O:rob:m.che infestation in
faba bean, the effect of O:rob:m.che infestation on dI:y
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matter production by faba. bean and its partitioning
within the faba. bean-Oro1::e.nche system will be
simulated. Ahmed M. Manscahdi, M.e. saxena, W. Goebel
(ICARDA), J. Kroschel and J. Sauerl::lozn (univ. of

Hohenheim) •
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Figure 6.2 .12. Simulated (curves) and measured
(points) leaf area index (lAI), gross
total dxy matter (WID), leaf dxy

matter (WLT), and stem dxy matter
(WST), in faba. bean genotype lIB 1814
planted on Nov. 10 (SD1) and Dec. 17
(SD2). Bars indicate standard errors.
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The international testing program on lentil, kabuli
chickpea, dry pea, lathynls and vetches is a vehicle for
the dissemination of genetic materials in the form of
international nurseries and trials, to the national

.prograrns in and outside the WANA region. The genetic
materials eatprise early segregating populations in F3 and

F4 generations, and elite lines with wide or SPecific
adaptation, SPecial rro:rpbological or quality traits, and
resistance to common biotic and abiotic stresses.
Nurseries are only sent on request and often include
gernplasm SPecifically developed for a Particular region
or a national program.

. The testing program helps in identification of
genotypes with specific and wide adaptation. The
perfo:rnence data permit assessment of genotype x
environrrent interaction and help in targeting breeding
efforts for SPeCific agroecological conditions.

In 1994 two seParate drought tolerance nurseries, one
each in chickpea and lentil, were developed for 1994/95
season. The Chickpea International leaf Miner Nursery
(CIIMN) was dropped as there was no demand from the
cooperators. We supplied 1027 sets of 40 different
nurseries (Table 7.1.1) to cooperating scientists in 48
countries for the 1994/1995 season. Several cooperators
requested large quantities of seed of elite lines,
identified by them from the earlier international
nurseries/trials for rnultilocation yield testing and on
faun verification.
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The salient results of the 1992/93 international
nurseries , received frc:m cooperators until 1 october 1994,

are presented here. The stability analYSes of serre of the

trials \\/ere done using Eberhart and Russell (1966) *
rrodel.

7.1. Lentil

For Lentil International Yield Trial-Large seed (LIYI'-L)
data \\/ere analyzed for seed yield for 31 locations. At

Guelma in Algeria, Larissa in Greece; Gazvin, Nishabour

and Banandaz in Iran; Caltagirone in Italy; Rabba in
Jordan; EI saf saf in Libya, Badajoz in Spain; Gelline,

Idleb Izra' a and Breda in Syria; EI Kef in Tunisia; and

Hymana in Turkey, 1, 3, 2, 5, 1, 14, 1, 1, 2, 1, 3, 1, 1,

5 and 14 of the test entries exceeded the respective local

check. in seed yield by a significant margin (P.sO. 05). On

the basis of mean across locations the five heaviest
yielding lines \\/ere FLIP 91-9L, FLIP 87-16L, FLIP 88-'lL,
FLIP 90-11L and FLIP 89-5L.

Stability analysis for seed yield of LIYI'-L entries,

based aver 30 locations, revealed that linear and non
linear portion ·of entry x envir6nIrent (GxE) interaction

\\/ere significant (Table 7.1.2). The stability pararreters
exhibited that 2 out of 23 entries, :narrely FLIP 87-16L and

FLIP 87-17L, with above average rrean yield, regression
coefficient (b) greater than 1, and non-significant

deviations frc:m regression, exhibited specific adaptation
to the high yielding environrre:nts. Another entry FLIP 88
'lL with above average yield, non-significant deviations
frc:m regression and regression equal to unity exhibited

general adaptation aver all the environrre:nts.

* Eberhart,
Stability
varieties.

S.A. and Russel, W.A. 1996.
parameters for comparing
Crop Science. 6:36-40.
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Table 7.1.1. Distribution of Legume International Nurseries for the
1994/9S season to coc:perators.

International Trial/Nursery

Lentil
Yield Trial, Tall (LIYT-L)
Yield Trial, Small (LIYT-S)
Yield Trial, Farly (LIYT-E-95)
SCreening Nursery, Large-seed (LISN-L-95)
SCreening Nursery, Small-seed (LISN-S-9S)
Screening Nursery, Farly (LISN-E-95)
Screening Nursery, Drought Tolerance (LISN-ur-9S)
Fs Nursery, Large seed (LIFSN-L-9S)
FS Nursery, Small seed (LIFSN-S-9S)
FS Nursery, Farly (LIFSN-E-9S)
FS Nursery, Cold Tolerance. (LIFSN-CI'-9S)
Cold Tolerance Nursery (LIUN-9S)
Ascochyta Blight Nursery (LIABN-9S)
FUsarium Wilt Nursery (LIFWN-9S)
Rust Nursery (LIRN-9S)

Chickpea
Yield Trial Spring (CIYT-Sp-95)
Yield Trial Winter, Mediterranean Region (CIYT-W-MR-9S)
Yield Trial Southerly Latitudes-1 (CIYT-SLl-95)
Yield Trial Southerly Latitudes-2 (CIYT-SL2-9S)
Yield Trial Latin .Alrerican (CIYT-IA-95)
screening Nursery Winter (CISN-W-95)
Screening Nursery Spring (CISN-Sp-9S)
SCreening Nursery, Southerly Latitudes-1 (CISN-SLl-9S)
Screening Nursery, Southerly Latitudes-2 (CISN-SL2-95)
Screening Nursery, Latin American (CISN-IA-95)
F4 Nursery, Mediterranean Region (CIF4N-MR-95)
F4 Nursery, Southerly Latitudes (LIF4N-SL-95)
Ascochyta Blight Nursery: Kabuli (CIABN-A-95)
Ascochyta Blight Nursery: Kabuli & Desi (CIABN-B-95)
FUsarium Wilt Nursery (CIFWN-95)
Cold Tolerance Nursery (CICIN-95)
Drought Tolerance Nursery (CIDIN-95)

Forage Legumes
Lathynls Adaptation Trial (IIAT)
- Lathyxus sativus (IIAT-LS-95)
- Lath:y:r:us cicera (IIAT-LC-95)
- Lathyrus ochIus (IIAT-ID-9S)
Vetch Adaptation Trial (IVAT)
- Vicia sativa. (IVAT-VS-9S)
- Vicia :narlx::nensis (IVAT-VN-95)
- Vicia ervilia (IVAT-VE-9S)
- Vicia villosa ssp dasycazpa (IVAT-VD-95)

Peas
Adaptation Trial (PIAT-95)

TOrAL

!i.b. of sets

4S
30
37
33
21
30
30
23
15
15

6
19
11
26
14

45
45
12
16
12
28
26
11
11
13
13
10
20
21
28
22
30

49
29
27

48
37
31
37

51
1027



272

Table 7.1.2. 1>NJVA for stability analysis of seed yield for the entries
in LIYT-L, LIYT-S, and LIYT-E conducted during 1992/93.

Source of variation LIYT-L LIYT-S LIY'r-E
df MS df MS df MS

Entry 22 208105.59** 22 368870.20** 22 114543.30
Entry x I.ocation

(Linear) 22 191665.01** 22 242026.91** 22 177686.66
Pooled deviation 644 57130.80** 322 129478.33** 184 174319.44**
Poled ern:>r 1320 27864.68 704 58909.65 440 58076.04

* Significance at P ~ 0.05, ** Significance at P ~ 0.01.

'Ihe results of lentil Intexnational Yield Trial
Srna.ll Seed (LIYT-S) received fran n locations

revealed that at 1.1. locations, Genrniza in Egypt;

Tolentino in Italy, El Safsaf in Libya/ Lincoln in New
Zealand; Badajoz in Spain, Gelline/ Hana, Heino,

Idleb, Izra' a and Tel Hadya iT:. Syria/ 4/ 1./ 1./ 1., 6,
7, 2, 9, 2, 1./ and 1 of the test entries exceeded the
respective local check. in seed yield by a significant
(P ~ 0.05) margin. The five heaviest yielders in this

trial included 81 S 15, FLIP 90-41L, FLIP 89-37L/ FLIP

90-36L/ and FLIP 90-30L. Stability analysis for seed
yield based over 16 locations revealed that both entry
x location (linear) and deviations fran regression
(nonlinear) were significant (Table 7.1. 2) . Three

entries namely, FLIP 90-41L, FLIP 90-30L, and FLIP 90
40L exhibited above-average yield and nonsignificant

deviations fran regression. Anong these entries FLIP
90-30L and FLIP 90-41L had regression coefficient (b)

equal to 1/ and exhibited general adaptation and the

entry FLIP 90-41L \'lith b>1.0 exhibited adaptation to

favorable environrrents.

'Ihe results of lentil International Yield Trial
Early (LIYT-E) fran 13 locations revealed that at 3

locations namely Gemniza in Egypt, Gassim in Saudi
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Arabia, and Hudeiba. in SUdan 1, 7, and 2 of the test
entries exceeded the local check in seed yield by a
significant margin. The five heaviest yielders across
locations included FLIP 89-7IL, ILL 7165, FLIP 86-39L,
ILL 7164, and FLIP 87-72L. The stability analysis
done across 10 locations revealed that only non-linear
portion of G x E interaction was significant (Table
7.1.2). Five entries I'li3Irely ILL 7165, FLIP 87-72L,
L1282, ILL 7164, and ILL 4403, with arove average seed
yield, non-significant deviation fran regression and

regression b=1. 00, "Were adaptable across environrrents.

For lentil Inten1ational Screening Nursery 
Large (LISN-L), Small (LISN-S), and Early (LISN-E),

the data for seed yield -were reported fran 17, 9, and

11 locations , respectively. The analyses of data
revealed that at 5 locations in LISN-L (caltagirone in
Italy; Lincoln in New zealand; Tel Hadya and Heinn in
Syria; and Erzurum in 'I\Irkey), two locations in LISN-S
(Oristano in Italy and Izra' a in Syria), and 2
locations in LISN-E (Sri Nagar in India and Tel Hadya

in Syria) sore of the test entries exceeded the

respective local check by a significant margin (P~

0.05) . The five heaviest Yielding lines across
locations in these nurseries are given in Table 7.1.3.

Table 7.1.3. The five heaviest Yielding lines across
locations in different lentil screening
nurseries, 1992/93.

Rank. LISN-L LISN-S LISN-E

1 FLIP 93-28L FLIP 93-20L FLIP 93-44L
2 FLIP 92-11L FLIP 93-19L FLIP 92-50L
3 FLIP 93-21L FLIP 89-39L FLIP 93-46L
4 FLIP 92- 4L FLIP 89-40L FLIP 93-47L
5 FLIP 93-33L FLIP 91-21L FLIP 91-27L
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The results of Lentil International Fs-Nurse:ry
Large (LIFSN-L), Fs-Nurse:ry Srrall (LIFsN-8), FS
Nurse:ryEarly (LIFSN-E), and FS-Nurse:ry Cold 'Iblerance
(LIFSN-CI'), were received fran 9, 7, 6, and 2
locations , respectively. At 4, 6, 3 and 2 locations,
respectively, sore individual plant selections were
rrade by the cooperators.

The results of Lentil International Cold Tolerance
Nurse:ry were received fran 6 locations. None of the
lines at Sanadaz in Iran and Hymana in Turkey; one

line ILL1878 at 'Ibshevo in Bulgaria; all the lines
except ILL1878 at Elvas in Portugal; and three lines
namely IIL 323, IIL 780 and IIL 71SS at Diyarbakir in
Turkey exhibited tolerance reaction (rating 54). At

Tolentino in Italy all the entries exhibited a rating
of 1.

The results of Lentil International Asoochyta
Blight Nurse:ry were received fran Akaki and Ghinchi in
Ethiopia. All the entries including the susceptible
check rated 5 S at Ghinchi. Al Akaki,bowever, three
entries namely I.enka, 788 26013, and FLIP 93-13L
showed resistant reaction (rating 5 3) .

The results of Lentil International Rust Nurse:ry
were reported fran Ishurdi in Bangladesh, Chilan in
Chile and Kanpur in India. At Chillan all the entries
including susceptible check showed tolerant reaction.
All the entries except IIL 3S8 at Ishurdi and IIL 8S7,
FLIP 87-19L, FLIP 87-60L and local check at Kanpur

were tolerant. The tolerant lines across two
locations included, I.enka, FLIP 84-112L, 8181S, FLIP
86-16L, FLIP 86-38L, FLIP 87-17L, FLIP 87-74L, FLIP
88-32L, FLIP 92-S2L, FLIP 93-2L and FLIP 93-3L.
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The results of Lentil International Fusarium wilt
Nursery "Were reported fran 6 locations. At Aleppo and

Hama in Syria, there was no disease infestation. At
Lumle in Nepal all the entries "Were rated at 9. At

Toshevo in Bulgaria only one entry Naslada, and at
Izra' a in Syria all the entries including susceptible
check showed tolerant reaction.

7.2 • Chickpea.

The results of Orickpea International Yield Trial
Winter-Mediterranean Region (CIYT-W-MR) "Were reported
fran 33 locations in 11 cotmtries. A mmiber of test
entries exceeded the respective local check by a
significant margin (P:;;O.OS) at six locations, rumely
Khroub and Oued Smar in Algeria; Hashamabad in Iraq;
Caltagirone and Papiano in Italy; Mushagar in Jordan;
Terbol in Lebanon; El Safsaf and 8eba in Libya; Elvas
in Portugal; Gelline, Hama, Idleb, Izra, Jindiress and

Tel Hadya in Syria; Adana I, Adana II, Diyarbakir and

Menemen in Turkey. The five best entries across
locations "Were FLIP 90-96C, FLIP 88-8SC, FLIP 89-29C,
FLIP 90-132, and FLIP 90-13C. The stability analysis
(Table 7.2.1) revealed that only entry x location
(non-linear) eatp:>IleI1t was significant. The entries
FLIP 90-109C and FLIP 86-6C, with above average seed
yield, regression equal to 1. 0, and deviations
approaching to zero, exhibited average stability.

For Orickpea International Yield Trial-Spring
(CIYT-SP) data "Were reported fran 29 locations in 13
cotmtries. At 10 locations rumely Thessaloniki in
Greece, Mashad in Jordan; Papiano and Tolentino in
Italy; Jircmah in Qnan; Heino in Syria; Geni Roral in
Tunisia; and Amasya, Erzu:nnn and 1VIenerren in Turkey,
serre of the entries exceeded the respective local
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check by a significant rrargin (P~0.05). The five best
entries across locations included FLIP 90-64C, FLIP
89-67C, FLIP 90-37C, FLIP 90-79C and FLIP 89-127C.
The ANJVA for stability for seed yield indicated that
rrean squares due to pooled deviations and entry x
location (linear) were significant (Table 7.2.1). The

entries FLIP 90-64C, FLIP 89-67C, FLIP 89-127C, FLIP
82~150C and FLIP 90-136C had regression coefficient
equal to 1, deviations approaching to zero and seed
yield nore than the general rrean, and were thus widely
adaptable.

The results of Chickpea IntenJational Yield Trial
Southerly Iatitudes-1 (CIYT-SL1) were reported fran 10
locations in 8 COlll1.tries. At sene locations narrely,
sids in Egypt, DI.1Iga.pura in India, Al Kharaj in saudi
Arabia and Tel Hadya in Syria sene of the· test entries
exceeded the local c;heck by a significant margin. The

five best entries across locations included, FLIP 88
87C, FLIP 87-60C, FLIP 90-78C, FLIP 82-150C and FLIP
88-86C. The ANJVA for stability for seed yield
revealed the significance of non-linear portion and
non-significance of linear portion (Table 7.2.1.).
FLIP 90-65C, with regression coefficient equal to
unity, deviations approaching zero, and seed yield
above the overall rrean over locations, was stable
across environrrents.

The results for Chickpea Inte:rnational Yield Trial
Southerly Iatitudes-2 (CIYT-SL2) were reported fran 6
locations in 4 COlll1.tries. None of the test entries
exceeded the local check in seed yield by a
significant margin at any of the locations. The five
heaviest yielding entries across locations included
FLIP 88-47C, FLIP 88-46C, FLIP 88-34C, FLIP 89-39C and
FLIP 88-36C. The ANJVA for stability revealed the
significance of both linear and non-linear portion of
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G x E interaction variance (Table 7.2 .1) . 'llie
adaptable lines across environments included FLIP 88
34C, FLIP 88-30C, and FLIP 90-180C.

'llie results for Orickpea International Yield Trial
Latin America (CIYT-IA) were reported from 5 locations

in 4 countries. 'llie J!NJVA for seed yield revealed
that only at Graneros in Orile 1:1 test entries
exceeded the local check in seed yield by a
significant margin (P~O. 05) . The five heaviest

yielders across locations included FLIP 90-15C, FLIP

88-6C, FLIP 87-90C, FLIP 85-5C and ILC 4184. The
J!NJVA for stability revealed the significance of non

linear portion of G x E interaction only. A large

nUmber of lines namely, FLIP 88-6C, FLIP 87-90C, ILC
4184, FLIP 86-110C, ILC 136, ILC 4178, ILC 99, ILC

613, and ILC 3356 were adaptable across environments.

'llie data on seed yield of Orickpea International
Sc:':"eeI1ing Nurseries -Winter (CISN-W), -Spring (CISN
Sp), -Southerly Latitudes-1 (CISN-SL1), -Southerly
Latitudes-2 (CISN-SL2) and-Latin America (CISN-IA)

were reported from 22, 13, 4 r 5, and 4 locations,
respectively. Sc::ne of the test entries exceeded the

local check by significant margins at 14, 2, 1, 2 arid
1 locations, in CISN-W, CISN-SP, CISN-SLl, CISN-SL2

and CISN-IA, respectively. 'llie five best entries

across locations are given in Table 7.2.2.

Orickpea International F4 Nurseries for

M:rliterranean (CIF4N-MR) and for Southerly Latitudes
(CIF4N-SL) were supplied to cooperators at 28 and 15
locations, respectively, and only 7 and 3 locations

made the plant selections for use in their own
breeding programs.



Table 7.2.1. l>N:NA for stability analysis of seed yield for the entries in Chickpea International Yield Trials
Spring (CIYT-SP), Winter (CIYT-MR) , Southerly latitudes-1 (CIYT-SLl), Southerly latitudes-2 (CIYT-SL2),
and latin 1Inerica (CIYT-IA) conducted during 1992/93.

Source oCvariation CIYT-SP CIYT-MR CIYT-SLl CIYT-SL2 CIYT-IA
df MS(xlO)3 df MS(xlO)3 df MS(xlO)3 df MS(xlO)3 df MS(xlO) 3

Entry 22 472.341** 22 293.678** 22 484.539** 22 167.003* 22 224.592
Entry x IJxation

(Linear) 22 269.040** 22 163.649 22 119.887 22 94.799 22 85.994
Pooled deviation 575 138.697** 621 151.684** 161 216.197** 69 79.750** 46 145.440**
Pooled error 1188 69.974 1276 68.563 396 56.110 220 39.431 176 71.346

* Significant at P .sO :05. l\l
-J
CD

Table 7.2.2. The five heaviest yielding lines across locations in different chickpea screening
nurseries, 1992/93.

Rank CISN-W CISN-SP CISN-SLl CISN-SL2 CISN-IA

1 FLIP 90- 12C FLIP 91- 34C FLIP 91-203C FLIP 91-102C FLIP 90- 18C
2 FLIP 90- 8C FLIP 90-173C FLIP 90- 94C FLIP 90-126C FLIP 91- 85C
3 FLIP 90-182C FLIP 90-172C FLIP 91-163C FLIP 91-129C FLIP 89-121C
4 FLIP 91- 52C FLIP 91- 31C FLIP 91-178C FLIP 82-150C FLIP 91- 86C
5 FLIP 91-131C FLIP 82-150C FLIP 91- 26C FLIP 91-127C FLIP 90- 2C
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The Chickpea International Ascochyta Blight
Nursel:y results for kab..1li type (CIABN-A) were
reported fran 11 locations and for desi+kabuli type
(CIABN-B) fran 9 locations. None of the entries
(kabuli or desi) was tolerant to Ascochyta blight

infestation across all locations. Cbnsidering the
frequency of cx:::currence of an entry arrong the tolerant
group (with rating.s 4 on 1-9 scale) in Kabuli types,

entry FLIP 84-182C, s1Jolr..led tolerance at 17 out of 21
locations and appeared best, and was followed by ILC
200, and FLIP 84-92C (which cx:::curred 16 tiues), and

ILC 72, FLIP 85-84C, and FLIP 90-56C (which each

occurred 15 tiues). Similarly, arrong desi lines ICC
4475, ICC 13269, ICC 13508, ICC 13555 and FLIP 87-505C

were tolerant at 4 out of 10 locations. These entries
thus exhibited relatively broad-based resistance to
Ascochyta blight as canpared to others in this
nurse:ry. The differential reaction of lines at

various places further revealed the presence of
variability in the pathog"en.

The results of Chickpea International Fusarium
wilt Nurse:ry (CIFWN) were received fran 12 lcx:::ations

in 8 countries. At four locations I1aIll8ly, Dholi, New
Delhi and Badnapur in India, and Pa:r:wanipur in Nepal
all the entries exhibited 9 rating. All the entries
at Oued 8mar in Algeria and Graneros in Chile were
tolerant with rating .s3, 8 entries at Guelma. in
Algeria; 10 entries at Debre Zeit in Ethiopia; 28

entries at Behrarrpore in India; 2 entries at Oroumieh
in Iran; one entry at Hudeiba in SUdan; and 22 entries
at Genmiza in Egypt took rating of 4 or less and were
tolerant. Five lines I1aIll8ly FLIP 85-29C, FLIP 85-30C,
UC27, Be Bel 81-48 and Be Bel 81-103 were tolerant at

6 out of 12 lcx:::ations.
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The results of Chickpea International leaf miner
Nursery (CIlMN) were reported fran four locations
(Ta:rquinia in Italy, Terbol in Lebanon, and BO:rnova
and Izmir in Turkey). The susceptible check took a
score of 3 at Tarquinia in Italy, 5 at Terbol in
Lebanon, and 9 at other two places· (on 1-9 scale,

l=free, 9=highly susceptible). OUt of 30 test
entries, none of the test entries was tolerant to leaf

miner at Bo:rnovaand ·Izmir in Turkey where the
susceptible check took 9 rating.

For Chickpea Inte:rnational (bId Tolerance Nursery
(CICIN) the cold tolerance score was reported fran six
locations (Durgapura in India, Tolentino in Itlay,
Terbol in Lebanon, Elvas in Portugal, Tel Hadya and
Breda in Syria). Only at three sites the susceptible
check took rating of 9 on 1-9 scale (where l=free, 9
killed). On the basis of reaction ac:ross locations
four entries narrely ILC 3857, ILC 5667, ILC 5947 and

FLIP 85-4C showed tolerant reaction to cold at all the
locations and were the best.

7.3 • Forage Legumes

The lathyrus and vetch adaptation trials were supplied
to cooperators for the third year in 1992/93. The

Inte:rnational Iathyrus Adaptation Trial (HAT)
included 13 entries of L. sativus and 10 entries of L.
cicera. The results for HAT were received fran 20
locations. The AN:JVA for stability was done using L.
sativus entries as one g:roup and L. cicexa as another
group. The AN:JVA for L. sativus entries (Table 7.3.1)
revealed the irrp::>rtance of both linear and non-linear
portion of GxE interaction in expression of seed Yield
in L. sativus hcJI.o.Jever, AN:JVA for L. cicera entries
exhibited the significance of only entry x location
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(linear) interaction. The L. sativus accessions with

above average seed yield across locations included Acc

No. 188 sel 38, Acc. No. 178 sel 29, Acc No. 199 sel

452, Acc No. 232 sel 471, Acc No. 206 sel 463, Acc No.

277 sel 476, Acc No. 200 sel 453, andAcc No. 205 Bel

459. Arrong these, the later five accessions exhibited

non-significant deviations and exhibited average
stability across a range of environments. Arrong

Iathyrus cicera six accessions, :narrely Acc No. 142 sel

496, Acc No. 119 se1489, Acc No. 136 sel 495, Acc No.

536 local selection, and Acc No. 121 sel 491 had above

average yield, non-significant deviations fran

regression, and regression equal to 'llllity. These five

L. cicera accessions thus possessed general adaptation

across locations.

The International Vetch Adaptation Trial (IVAT)

included 17 entries of Vicia sativa and 6 entries of

Vida narbanensis. The results for IVAT were reported

fran 17 locations. The N:.iKJVA for stability of yield

perfonnance were done separately for V. sativa and V.
narbanensis (Table 7.3.1). The seed yields of Vida
narbanensis accessions were, in general, rrore as

carpared to Vida sativa accessions. The five high

yielding V. narbanensis entries across the locations

included Acc No. 568 sel VN 2383, Acc No. 565 sel 

2380, Acc No. 577 sel -2391, Acc No. 574 sel -2388,

and Acc No. 573 sel -2387. Arrong these, three

accessions, Acc No. 565, -577 and -574 with above

average yield and regression equal to one were
adaptable to a wide range of environments, and the Acc

No. 568 Bel 2583 was adaptable to favorable
environments. Arrong V. sativa, 8 accessions gave

above average perfonnance and included, Acc Nos. 384

sel 2062, Acc No. 705 sel 2556, and Acc No. 4 sel
2057, Acc. No. 482 sel 2096, andAcc no. 709, Acc No.

7 sel 1135, Acc No. 2 sel 1134 and Acc No. 507 sel
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2019. Anong these Ace No. 4 sel 2057 was unadaptable;
Ace No. 384 sel 2060, Ace No. 705 sel 2556, Ace No.

482 sel 2096, Ace No. 7 sel 1135 and Ace No. 1331 sel
1437 were specifically adaptable to favorable
environments; and Ace No. 709, and Ace No. 2 sel 1134
and Ace No. 507 sel 2019 were adaptable across a wide
range of environrrents.

7.4. Dry Pea.

The results of Pea Intexnational Adaptation Trial
(PIAT) were reported fran 28 locations. At eighteen
locations, narrely, Toshevo in Bulgaria; Gisozi in
Bunmdi; Athalassa in Cypn.lS; Holetta in Ethiopia;
Makedonia in Greece; Caltagirone in Italy; Mushagar
and Ma.ru in Jordan; Cbchabama in Bolivia; New Delhi

and Kanpur in India; Terbol in Lebanon; zahra in
Libya; Kedainiai in Lithuania; Ra~t Hanna in Qatar;

Gassim in saudi Arabia; Badajoz and Valladolid in
Spain; and Tel Hadya in Syria; sore of the test
entries exceeded the local check in seed yield by a
significant (P,:50. 05) rnaIgin. The five heaviest
yielding entries across locations included, IVG 104325,
Local Selection 1690, IVG 102029, Collegian, and Early
Thm. The 1JN:NA. for seed yield for stability
ParaITeters based on 24 environrrents revealed that both
linear and non-linear ccrrponents of GxE interaction
llEan squares were significant (Table 7.3.1). 'Three

entries narrely IVG 104325, Local Selection 1690, and IVG
102256 with above average yield, and deviation
approaching zero, were relatively adaptable across a
range of environrrents.



Table 7.3.1. PN:NA for stability parameters for seed yield for the entries in International Vetch Adaptation
Trial (IVAT) - Vida narJ:xmensis (VN), and Vida sativa (VS), International Lathyrus Adaptation
Trial (IIAT) - Iathyrus cicera (I.e) and IathyrllS sativus (IS) and Pea International Adaptation
Trial (PlAT), during 1992/93.

Source of variation IVAT IIAT
VN VS LC IS PIAT tv

df MS(xlO) 3 df MS(xlO)J df MS(xlO)3 df MS(xlO)3 df MS(xlO) 3 00
w

Entry 6 822.464** 15 761.492** 9 107.382ns 12 459.429** 22 1159.370**
Entry x Location 6 398.886** 15 546.631** 9 114.726ns 12 468.978** 22 1103.297**

(Linear)
Pooled deviation 91 99.862** 208 160.860** 150 72.377ns 195 154.400** 506 276.490**
Poled error 180 102.254 450 119.019 306 65.657 408 82.942 1056 117.448

*, ** Signifiance at P .:5 0.05, and at P .:5 O. 01 respectively.
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7050 Identificaticn of Superior Genotypes by the !mRS

The national program scientists participating in the
Legume Intemational Testing Program identified
several lines for m.1ltilocation testing, on-fann
trials and pre-release m.1ltiplication and release for
general cultivation. The releases for general

cultivation are listed in Table 7.5.1. Also a large
number of lines resistant to various stresses were
identified and they are being used for direct or
indirect exploitation. Naticnal ProgZdW Scientists,
R.S. Mal.hotra, K.Bo Singh, W. Erskine, A.E. M::meim,
M. Co Saxena and So Weigand

Table 7.5.1. Legume cultivars :reported in 1994 as released by the
natialal pxogLdlli8.

<b.mt:r.y CUltivars
released

Year of Specific features
release

'furkey Aziziya (FLIP 84-1SC) 1994

Lentil
Ethiopia NEL 2704 1994

SUdan Arilx> 1 (ILL 818) 1993

Peas
CypLus Kontareoos (PS 210713) 1994
Ethiopia 06lK-2P-2192 1994

Chickpea
Ethiopia DZ 10-16-2 1994 For mid-altitude areas,

high yield, tolerance to
wilt/LUSt
For cultivation in
ErzuLum region

For lowland rroisture
stressed cc:n:litions;
early maturity, high
yield, tolerance to LUSt
High yield, for Jebel
Mara area

High yield
For high altitude areas,
high yield, tolerance to
powdery mildew and
ascxx::hyta blight.
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Work on legume vi:ruses during the growing season 1993/94
included (i) survey for faba bean viruses in Egypt,
M::>rocco and Sudan, and (ii) evaluation of lentil genotypes
for faba bean nec:rotic yellows virus (FBNYV) and lentil
luteovirus resistance. Activities also included regular
testing for seed-bo:me viruses in seeds dispatched for
inte:mational nurseries and testing gene bank accessions
to free them fran seed-borne infections. The vi:rolcgy lab
continued to provide ELISA kits for virus testing to a
number of NARSs laboratories upon request.

8.1. Survey for Faba Bean Viruses in SUdan

Vi:rolcgy I..aJ::x)rato:ry persom1el, in collaboration with
SUdanese colleagues, conducted a survey on legume vi:ruses
during the period 1-9 Februa:ry, 1994. A total of 33 faba
bean fields \\/ere selected to represent three different
production areas (i) Khartoum (ii) Gezira and Rahad (new
introduction areas) and (iii) the northe:m region
(traditional production area) .

Virus syrcptans observed \\/ere classified for
convenience into t\110 categories (i) nosaic/rrottle, and
(ii) leaf yellowing/:rolling/stunting/nec:rosis. Tne number
of sarrples collected of each catego:ry depended on its
frequency in the field. A total of 339 sarrples showing
mosaic/mottle and 426 samples with leaf

:roll/yellowing/necrosis/stunting \\/ere collected.

Field obse:r:vation indicated that 50% of the fields
surveyed had, at the titre of the survey, a virus disease
incidence of 5% or less, and the majority of these fields
\\/ere in the non-traditional faba bean production areas.
In the faba bean traditional areas, virus diseases rrore
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ccmronly eneotmtered were those that induce nosaic or
nottle syrrptans. Around 20% of the fields surveyed had a
virus disease incidence of 6-20%, 18% of the fields had an
incidence of 21-50% and 12% of the fields had an incidence
of 51-100%.

A total of 765 faba bean diseased sarrples were
collected and tested by the tissue-blot inmmoassay
inmediately after collecting them for the presence of any
of the following nine vinLSes: faba bean necrotic yellows
virus (FBNYV), bean leaf roll luteovirus (BLRV), bean
yellow nosaic potyvi:rus (BYMV), broad bean wilt fabavirus
(BBWV), broad bean nottle brarovi:rus (BEMV), alfalfa
nosaic alfarrovi:rus (AMV), broad bean stain carovirus
(BBSV), pea seed-bo:rne nosaic potyvi:rus (P8tl'1V) and broad

bean true nosaic carovi:rus (BBlMV). Laborato:ry tests
sl'loNed. that out of the 339 sarrples showing nosaic/nottle
syrrptans, 296 were infected with BYMV, 67 with BEMV and
one sarrples each with AMV and PSl:MV. However, when the

426 sarrples showing yellowing/rolling/stunting were tested
for the presence of BLRV and FBNYV none of them reacted
positively with FBNYV and only two reacted with BLRV
antiserum. selected faba bean (15) and chickpea (15)
sarrples, which reacted negatively with BLRV and FBNYV,
were tested against chickpea chlorotic dwarf geminivirus
(CCDV) antiserum by DAB-ELISA, all chickpea and 6 faba

bean sarrples reacted positively with CCDV antiserum. This
study suggest that the yellowing of chickpea and faba bean
in the Sudan is caused by CCDV which is transmitted by

leafhoppers. The vector of CCDV in the Sudan, however,

still need to be identified. K.M. Makkouk and B.G.

IWmari.
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8.2. Survey for Faba Bean vi:roses in Egypt

In response to the planning meeting of the Nile Valley

Regional Program, a SUIVey for faba bean viruses in Egypt
was pla.rmed for Febxua:ry 1994. This is a continuation of
the SUIVey conducted in 1993. In both years the main

objective of the survey was to m::m.itor the viruses and the
extent of their spread in faba bean fields in the

different production areas in Egypt.

Virology Iaborato:ry persormel, in collaboration with
Egyptian colleagues, conducted a SUIVey during 14-22

Febxua:ry, 1994. A total of 64 faba bean fields ~
selected by a predetennined criteria and covered the Nile

Valley fran Assiut to Mansoura including the Fayoum

Governorate.

Virus syrrptans obse:rved in the field 'Were classified
for convenience into two categories (i) rrosaic/rrottle, and
(ii) leaf yellowing/ rolling/necrosis with or without
stunting. The nurriber of sanples collected· fran each

catego:ry depended on its frequency in the field. A total
of 408 sanples showing rrosaic/rrottle and 758 sanples with

leaf roll/yellowing/necrosis/stunting 'Were collected.

Syrrptans observed in the fields indicated that around
53% of the fields SUIVeyed had, at the time of the SUIVey,
a virus disease incidence level of 5% or less. In 17% of
the fields virus disease incidence was in the range of 6

20% . Around 30% of the fields surveyed had a virus
disease incidence rrore than 20%. The field situation on a
regional basis showed that in Middle Egypt (Beni SUef,
Minya, Assiut) the estirrate of virus disease incidence was

in the range of 10-20%, whereas it was 0.5-1% in the Delta
region. In Fayoum, virus disease incidence was

surprisingly high (60-80%), and the daninant type of

syrrptans observed was rrosaic or rrottle.
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A total of 1166 sanples with synptans suggestive of
virus infection were collected and tested by DAB-ELISA
inmediately after collecting them for the presence or

absence of any of the following nine viruses: faba bean
necrotic yellows virus (FBNYV), bean leaf roll luteovirus
(BLRV), bean yellow nosaic potyvirus (BYMV), broad bean

wilt fabavirus (BBWV), broad bean rrottle braTovirus
(BBMV), alfalfa rrosaic alfarrovirus (AMV), broad bean stain
ccm:wirus (BBSV), pea seed-bo:rn.e rrosaic potyvirus (PSJ::iVlV)

and broad bean true rrosaic ccm:wirus (BB'IMV). Results
obtained fre:m laboratory tests shc:lwed that only seven
viruses were detected, :n.arrely FBNYV (62%), BYMV (31.2%),
AMV (2.6%), BBWV (2.0%), BLRV (1.7%), pSJ::iVlV (1.1%) and

BBMV (0.08%). These tests clearly shc:lwed that, for a
second year in a rc:lW", FBNYV was the virus with the highest

incidence in both Middle Egypt and Delta. It is also the
rrost prevalent in fields surveyed regardless of its

incidence in each field. In addition, synptans observed
in the field corresponded very well with the laboratory
results obtained; out of the 758 plant sanples collected

fre:m the fields with leaf roll/yellowing/stunting/
necrosis synptans 724 were found positive for FBNYV in

laboratory tests. K.M. Makkouk and S.G. Xumari.

8.3. Sw:vey for Faba Bean Viruses in Morocco

This survey was conducted during the period of 19-21
April, 1994. The main objective of the survey was to
study the spect:rum of viruses that are causing

yellowing/stunting/necrosis and sanples were collected
accordingly. A total of 167 faba bean, 12 lentil and 13

chickpea sanpleswere collected fre:m 17 fields surveyed in
the Meknes/Fes area, and tested by the tissue-blot

irrmunoassay in M::>rocco inmediately after collecting them

for the presence of faba bean necrotic yellows virus
(FBNYV) and luteovirus (e.g. bean leaf roll). Laboratory
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tests showed that am:mg 192 sarrples tested 179 were found
infected with a luteovi:rus (158 faba bean, 11 chickpea and
10 lentil) and only one faba bean sarrple was infected with
faba bean necrotic yellows vi:rus. This is the first
report of FBNYV in M:lrocco. It is interesting to note the
difference between FflYpt and M:lrocco. In FflYpt, FBNYV is
the vi:rus rrost carm:mly associated with yellowing of faba
bean and luteovi:ruses being rare, whereas in M:lrocco it is
the other way axound. !t.M. Makkouk.

8.4. SCreening for Paba Bean Necrotic Yellows Virus
(FBNW) Resistance in Lentil Genotypes

One hundred and sixteen lentil genotypes were evaluated
for resistance to a local FBNYV isolate (SV292-88) using
artificial inoculation by aphids. Genotypes tested were
planted in the field in t\\O replicates, carposed each of

. t\\O one meter rows, with 10 plants per meter in a
randanized ccnplete block design for roth the inoculated
and non-inoculated treatments. Disease incidence and

yield loss was detennined for all the genotypes tested and
are presented in Tables 8.1.1 and 8.1.2. Based on these
results it was possible to divide the genotypes tested
into four categories: (1) Highly resistant genotypes:
These genotypes did not show' disease syrrptans, no vi:rus
was detected in the leaves by ELISA, and no loss in grain
yield was detennined (e.g. ILL 6245, ILL 6198); (2)
Resistant genotypes: Disease incidence in these genotypes
did not exceed 10% and grain yield loss was between 0-10%
(e.g. ILL 75, 291, 5816, 6193); (3) Tblerant genotypes:
Disease incidence was high (80%) but the grain yield loss
was about 10% (e.g. ILL 204, 212, 214, 324); and (4)
SUsceptible and sensitive genotypes: Disease incidence in
these genotypes was high (reached 100%) and the grain

yield loss was also high (reached 100%) (e.g. ILL 4803 and
ILL 4774). This is a prelim:i.na:ry screening and results
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need to be confirmed by second and a third year trials.
Results obtained clearly indicated the presence of useful
genetic diversity in Lens culinaris with respect to FBNYV
resistance. K.M. Makkouk and A. !IJha:nna.

Table 8.1.1. Yield loss categories of lentil genotypes
inoculated with faba bean necrotic yellc:MS
virus (FBNYV) in inoculated as ccnpared to
protected field plots.

% Grain
Genotype yield lass

ILL 75, 86, 204, 291, 292, 5816, 6198, 6245 0

ILL 212, 214, 324, 6193 0.1-5

ILL 203, 4400 5.1-10

ILL 74, 85, 478 10.1-20

ILL 112, 213, 259, 344 20.1-30

ILL 221, 271 30.1-40

ILL 64, 67, 70, 76, 84, 105, 107, 202, 40.1-50
227, 236, 623, 705.

ILL 71, 205, 211, 219, 222, 342, 757, 50.1-60
Chilean 78

ILL 3, 65, 81, 97, 265, 341, 345, 346, 60.1-70
3485

ILL 2, 50, 96, 98, 226, 258, 260, 336, 70.1-80
347, 707, 921, 3433, 4401, 6229.

ILL 1, 24, 25, 31, 49, 54, 57, 68, 79, 104, 80.1-100
269, 339, 711, 716, 855, 920, 1646, 1647, 1855,
1856, 1857, 1922, 3484, 3500, 4408, 4409, 4410,
4411, 4412, 4550, 4605, 4667, 4735, 4736, 4737,
4774, 4803, 5582, 5699, 5700, 5873, 5588, 5994,
6015, 6220, 6226, Palouse, Crimson, Red chief.
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Table 8.1.2. Incidence (%) of FBNYV infection based on
visual synptans after artificial virus
inoculation.

FBNYV
Genotypes Infection (%)

ILL 6198, 6193, 6245
ILL 213, 291
ILL 75, 5816
ILL 86, 226, 227
ILL 85, 292
ILL 74, 204, 214, 344
ILL 70, 203, 478, 757, 4400
ILL 112, 84, 205, 4401
ILL 67, 65, 76, 81, lOS, 107, 211, 219, 236,
324, 342, 623, 711, 706

o
1-5

5.1-10
10.1-20
20.1-30
30.1-40
40.1-50
50.1-60
60.1-70

Chilean 78, Red chief, ILL 3, 31, 54, 64, 71, 70.1-80
79, 96, 97, 104, 202, 222, 245, 271, 336, 341,
212, 346, 70S, 707, 855, 921, 3433, 5700, 5582,
5994, 6220, 6229

ILL 1, 2, 24, 25, 49, 50, 57, 68, 98, 221, 258, 80.1-100
259, 265, 269, 339, 347, 260, 920, 1857, 1646,
1647, 1855, 1856, 1922, 3485, 3484, 3500, 4408,
4409, 4410, 4411, 4412, 4413, 4550, 4605, 4667,
4735, 4737, 4736, 4774, 4803, 5588, 5699, 5700,
5873, 6015, 6226, Palouse, Crimson

8.5. SCreening for Lentil Luteovirus Resistance in Lentil
Genotypes

Forty five genotypes were evaluated for resistance to a

local isolate of lentil luteovirus using artificial

inoculation by aphids. Genotypes tested were planted in

the field in three replicates each ccnposed of three one

meter rows, with 15 plants per meter in a randanized

carplete block design for both the inoculated and non

inoculated treatments. Disease incidence and Yield loss

was determined for all the genotypes tested and are

SLnTll'arized in Table 8.1.3. K.M. Makkoukcmd S.G. ~i.
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Variability in disease incidence and yield
loss am:mg lentil genotypes in response to
infection with lentilluteovinls evaluated
during spring of 1993.

lentil genotypes
Disease

:irx::id:n::e (%)

ILL 75, 76, 204, 212, 213, 214, 222, 3433
Palouse, Cri~, ILL 71, 74, 85, 86, 259, 291,

344
ILL 81, 112, 757
ILL 2, 24, 202, 265, 271, 292, 6229
Chilean 78, ILL 3, 478, 4401
ILL 203, 211, 221, 346, 920, 6245
ILL 6193, 6198
Red Chief, ILL 105, 324, 707, 4400, 5816

0.0
0.1-5

5.1-10
10.1-20
20.1-30
30.1-40
40.1-60
60.1-100

Palouse, ILL 76, 85, 212, 214, 259
ILL 75, 222, 3433
ILL 71, 86
ILL 74, 204, 213, 265, 344, 757, 6229
Chilean 78, ILL 112, 291, 346, 4401
Crimson, ILL 24, 478, 920, 6198
ILL 2, 81, 202, 203, 221, 271, 292, 6245
ILL 3, 211, 4400, 5816
Red chief, ILL 105, 324, 707, 6193

Yield loss (%)

0.0
0.1-5
5.1-10

10.1-20
20.1-30
30.1-40
40.1-50
50.1-60

60.1-100
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8.6. TestiDg for seed-borne Viruses

8.6.1. TestiDg Lentil seed Lots for rnte:r:natialal.
Nurseries

A total of 457 lentil seed lots fran the intenational
nurseries 'Were tested serologically for the presence of
seed-borne virus (BYMV, BBSV or ~Sl:MV) infection. Eighty
two lentil lots were elirrrl..np.ted due to seed-borne
infection. Rejection was base!i on detection of at least
one seed infection in a 400~ sarrple per seed lot.

8.6.2. CleaniDg GeJ:np~ in the Gene Bank. fran seed

borne Infection

A total of 1227 f~ bean accessions increases for the
gene bank were con/inuously inspected during the growing
season 1993/94. /Roguing was excersised two times during
the growing seaSon (April-May, 1994). Any plant with
syrrptans suggestive of virus infection was eliminated.

Two hundred and forty eight barley accessions stored
in the Gene Bank 'Were tested for the presence of barely
stripe rrosaic hordeivirus and 528 lentil accessions 'Were

tested for the presence of BBSV, BYMV or PSl:::MV. infections.
Thirty eight barley and 279 lentil accessions were found
to contain a seed-borne infections. Accessions identified
with seed-borne viruses will be cleaned up when tmltiplied
in the field in the future. K.M. Makkouk and N. Attar.

8.7. Producticn of ELISA Kits

During 1994, antise:rum to wheat streak rrosaic potyvirus
(WSMV) was produced, ELISA kits were prepared and made
available for laboratories of the national p:rograms in
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WANA. In each kit there is enough irrmunoglab..1lins and

enzyrte conjugate to test 2000 sanples. Accordingly, ELISA
kits for the following vhuses are I1OW' available:

Legume viruses
- Alfalfa nosaic alfarrovi:rus
- Bean yellow nosaic potyvirus

Broad bean rrottle brcxrrnri:rus
Broad bean stain carovi:rus
Broad ben wilt fabavi:rus
Chickpea luteovi:rus

euct.miber rrosaic cucum::wi:rus
Pea seed-borne nosaic potyvi:rus

cereal viruses
- Barley yellow dwarf luteovi:rus
- Barley stripe rrosaic hordeivi:rus
- Wheat streak rrosaic potyvi:rus
- Wheat soil-bo:rne rrosaic vi:rus fran 'furkey

(vi:rus not fully characterized yet). K.N. Makkouk and
S.G. RlmBri.
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9. TRAlNING

The training activities were continued to strengthen the
technical capabilities of researchers involved in the
genrplasm inp:rovetreIlt activities in the national programs.
Table 9.1.1 surrmarizesthe activities undertaken during
1994. Much of these activities were done jointly with the
cereals inp:rovetreIlt scientists. A total of 90

Participants received training in the inp:rovetreIlt of
lentil, kabuli chickpea and annual forage legurres at

Aleppo (Table 9 .1.1). In addition, several Participated
in training activities organized in the regional programs

or with other ICARDA programs.

Table 9.1.1. Surnnary of training activities in legurre
inp:rovetreIlt in 1994.

Type of training Number of
particip:mts

1. Group courses at Aleppo

1.1. legume diseases and their control
10 to 21 April 1994 9

1.2. Insect control in legurres and cereals
18-28 April 1994 14

1.3. Breeding rrethodology in legurres

2-12 May 1994 10

1.4. Diagnosis of plant vi:ruses

28 Aug to 8 sept 1994 13

1.5. DNA rrolecular marker techniques
19 to 29 sept 1994 9

2. Group course in the region
2 .1. Mechanical harvest of legurres,

in lebanon 10

Cont'd ...
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2.2. Field research teclmiques,

in lebanon
3 . Individual non-degree

4. Graduate students including those

doing. B. SC. and diplana work

15
16

27

Details of sore of the group courses are given in the

1994 annual report for cereals. The individual non-degree

training, which ranged in duration f:ran a few days to 4

rronths, was provided. based on the specific needs of the

national programs. The curriculum for this was tailored

to neet the specific needs of the individuals.

The Program hosted for 2 days (23-24 November 1994)

the Participants of a ~onal training course on
"lTD.ltation teclmiques for ircp:roverrent of stress tolerance

in basic food crops" o:rga:nized by the International Atonic

Energy Agency (IAFA) and the Syrian Atonic Energy

Ccmnission (AEC). There were 15 Participants f:ran 9

countries (Bulgaria, HungaIy, Jordan, Lithuania, Poland,

Ran3nia, Syria, Turkey and UAE). Presentations \\lE!re made

by lCARDA scientists on breeding wheat, barley, chickpea,

and lentil for stress envi:ronrrents, and. on use of tissue

culture and wide hybridization for cereal imp:roverrent.

The Participants visited. the biotechnology lab facilities

and observed dem:::>nstrations of sore aspects of anther

culture and the use of I1iIA-marker teclmiques.

The list of Participants in graduate research

training program, :registered for M.SC. or Ph.D. degree is

given in Table 9.1.2. Eight candidates carpleted their

M.SC./Ph.D. degree in 1994.
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Tab1e 9.1.2. Participants in graduate research training in 1994.

Degree University Quality

Registration in 1994

1. Mr. 1ldel Qnar A.L.

2. Mr. Al:x:lel Maj id Adlan

3. Mr. El-Tahir Ahtred A.A.

4. Mr. Ken Street

5. Ms. Huda Nassan

6. Mr. said Hassan

7. Mr. George Ghandour

8. Ms. Jouana Haidar
9. Mr. Alexander Franz

10. Mr. Moharred Ibrahim Ismail

M.SC.
M.SC.
M.SC.
Ph.D.
M.SC.
M.SC.
M.SC.
M.SC.
Ph.D.
M.SC.

AIJB

AIJB

Jordan

W. Australia

Aleppo

Aleppo

Aleppo

AIJB

Brawnscheig

Jordan

SUdan

SUdan

SUdan

Australia

Syria

Syria
Syria

Lebanon
Germany

SUdan

Registrat.icn ccntinuinq fran previous years

Syria

Syria

Austria/Iran

SUdan

SUdan

SUdan
Konya Turkey

Syria

SUdan
Algeria

Italy

SUdan
Holland

Syria
MJrocco

Morocco

Jordan

Darrascus

Aleppo

Hohenheim

AIJB

AIJB

AIJB

selcuk,

Aleppo
INRA, Leon

INRA

Cordoba

Helsinki

wageningen
Aleppo

Marrakesh
ENA, Meknes

Jordan

M.SC.
Ph.D.
Ph.D.
M.SC.
M.SC.
M.SC.
Ph.D.
M.SC.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
M.SC.
M.SC.
D.E.S.
M.SC.
M.SC.

1. Ms. Widad Shehadeh

2. Mr. Abbas Abbas

3 • Mr. Ahtred M. Manschadi
4. Mr. Hassan Ahtred Ali Tambal

5. Mr. Hassan Khalid Ali

6.. Mr. Moharred A.M. Adlan

7. Mr. Ismail KusIrenoglu
8. Ms. Suhaila Arslan
9. Ms. sara:Nour

10. Mr. Moharred Lal::x:li
11. Mr. Bruno CJcarrp:>

12. Mr. Imad Mahrroud

13. Ms. Bianca van Dorrestein

14. Ms. Kboloud Sultan

15. Mr. Moharred Lamnouni
16. Mr. Ali Chettou

17. Mr. MJharred Noor Al-Hamad
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Research ggroleted. and degree awarded in 1994

l.

2.

3.

4.
5.

6.

7.

8.

Ms. Aziza DiJ:::x::) Ajouri

Mr. Hossam El sayed Ibrahim
Ms. Marj a van Hezewijk

Ms. safaa M. Ghassan Kl..1rPari
Ms. SUsanne Pecher

Mr. Elias El-Haj j M:Jusa

Mr. Habib Halila

Mr. Ahrred M::>hanna

Ph.D.

Ph.D.

Ph.D.

M.Sc.

M.Sc.

M.SC.

Ph.D.

M.SC.

Aleppo

Alexandria

Amsterdam

Tishreen
Hohenheim

CIHE'AM

I.ondon
Tishreen

Syria

Egypt

Holland

Syria

Gennany

lebanon
Tunisia

Syria

GP hosted a large number of visitors for val:)'ing

periods of tine during 1994. SCientists fran Gennany,

Italy, the NetOOrlands and ICRISAT visited too Prc:gram

to discuss ongoing and p:ro,posed joint projects for

research on legt.nre crops. Other scientists fran

Australia, Bangladesh, Egypt, FAD, Gennany, lebanon,

Pakistan, SUdan, Syria, Tunisia and UK carre to get

information about GP's work or to discuss joint

research or training in legt.nre improverrent.

Students fran Syrian Universities came with sore

teachers for a one-day visit as part of a tour of

ICARDA's facilities and on-going research and training

activities.

GP scientists also visited NARS in WANA and otOOr

countries to discuss collaborative work and evaluate
legt.nre ge:mplasm grown in these countries. S.

weigand, H. Ketata and other legume scientists.
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