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Established in 1977, the International Center for Agricultural Research in the Dry
Areas (ICARDA) is governed by an independent Board of Trustees. Based at
Aleppo, Syria, it is one of 18 centers supported by the Consultative Group on
International Agricultural Research (CGIAR), which is an international group of
representatives of donor agencies, eminent agricultural scientists, and institutional
administrators from developed and developing countries who guide and support its
work.

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

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

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

The results of research are transferred through ICARDA’s cooperation
with national and regional research institutions, with universities and ministries of
agriculture, and through the technical assistance and training that the Center
provides. A range of training programs are offcred extending from residential
courses for groups to advanced research opportunities for individuals. These
efforts are supported by seminars, publications, and by specialized information
services.
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This report was written and compiled by program scientists and
represents a working document of ICARDA. Its primary objective is
to communicate the season’s research results quickly to fellow
scientists, particularly those within West Asia and North Africa, with
whom ICARDA has close collaboration. Due to the tight production
deadlines, editing of the report was kept to a minimum.
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1. Introduction
The cereal program has spent considerable time during the last year
reviewing its objectives and determining its future directions.
This is part of the medium term plamning process in readiness for
the External Program and Management Review which takes place in
April-May 1993.

We have concluded we need to continue to produce a rarnge of
germplasm with our different collaborators in the region, but we
also need to move towards more specific adaptation to the very
varied range of abiotic stresses encountered in the region. We will
do this within the frame work of no increase, and a possible
decrease in resocurces. Over the next few years we will move towards
a greater emphasis on root problems, including root diseases,
nematodes and nutrient toxicities. With our partpers in the
national programs we will test germplasm in earlier generations.
This has already commenced and has several advantages. It will
improve contacts with national programs and give national programs
better targeted material. It will also increase their input into
the choice of parents and progeny in our breeding projects and
improve the level of specific adaptation in the material to local
regional stresses.

To do this without increased resources means we must look at
ways of doing things more efficiently, thus freeing up resources so
we can take these new objectives on bcard. We will iwprove the
level of camputer data capture and analysis and field mechanization.
The rescurces saved will be used to work on root problems without
reducing the emphasis on leaf pests and diseases. Whilst
maintaining cur work on drought tolerance we will expand work on
temperature stress and wind up the agronomy work.

We will reduce the size of ocur annual report. This lessens the
flood of information that threatens to overwheln everybody. We will



give the readers a clear idea of on going projects, present key
findings and sumarize completed work. We encourage you to contact
the scientist(s) concerned directly if you would like further
information or germplasm.

Finally I would like to thank our partners in the NARS for their
quidance, encouragement, support and data sharing. Without this
collaboration we would not be able to function. Thanks are also due
to Ms. Sossi Toutounji for her work in preparing the document and
all members of the Program for their enthusiastic input towards the
goals of the program. - J. Hamblin
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2. Spring Barley Improvement

2.1. Spring Barley Breeding

2.1.1.Introduction

The dbjective of the barley improvement project is to assist
National Program scientists to increase barley production.

Initially the cbjective was to develop fixed or nearly fixed
lines for national program scientists to test and release as
varieties. Since 1984 we have emphasized methodologies to use more
efficiently the limited resources of national program.

This shift was due to: 1) stress environments represent a major
area of barley cultivation, 2) 1little progress has been made in
stress enviromments, and 3) a centralized breeding program does not
cope with the specificity of stresses in different geographical
areas.

In 1992 we recognized that a similar shift is Jjustified in
favourable environments where biotic stress is the major factor
limiting yield factor. Foliar diseases and pests, as well as races
of the pathogen and/or pest often differ in different areas.

Therefore, while the structure of the project has not changed,
we are decentralizing breeding activities. New germplasm will be
yield tested by NARs at an earlier stage than before. This process
has started in four north African countries (Libya, Tunisia, Algeria
and Morocco) because 1) they represent a large barley growing area
(> 4 million hectares) and 2) they grow only six-rowed barley. It is
impossible to achieve maximum efficiency when traditional
international nurseries contain both two- and six-row germplasm.

The decentralization process is described below. In the medium
term, varieties having specific adaptation to local stresses will be
identified. This will also free resources for basic studies on
adaptation, genotype x enviromment interaction, heterogeneity and
stability, and allow investigation of problems related to root



health such as cereal cyst nematodes, boron toxicity, etc.

2.1.2. Barley breeding for the Maghreb Region
Decentralization began in the Maghreb region in 1991 with the

distribution of a special six-row barley nursery (see Annual Report
for 1991, pg 8). The entries were also evaluated in preliminary
yield trials at three ICARDA sites (Tel Hadya, Breda and Bouider).
In the Maghreb visual selecticn occurred, at ICARDA selection was
for yield potential, yield under stress, early and late heading. 49
of the 103 entries {47.6%) selected at ICARDA were included in the
154 Maghreb selections (Table 1).

Table 1. Is northern Syria a suitable area to select barley
germplasm for Maghreb countries?

Selected I N %

Syria 103 35.8
Maghreb 154 53.5
Syria And Magjreb 49 47.6
Syria-Discarded In Maghreb 54 52.4
Maghreb-Discarded In Syria 105 68.2

& Initial population size = 288 lines

Of the lines selected in Maghreb 68.2% (105/154) were discarded at
ICARDA and of the lines selected at ICARDA 52.4% (54/103) were
discarded in the Maghreb. This large proportion of wrongly selected
and wrongly discarded lines occurred in a single cycle of selection.
All entries were six row and contrasting selection criteria were
used at ICARDA. Naticnal scientists reacted positively to these
results and we have accelerated our new approach to germplasm
development for the Maghreb. In consultation with Maghreb scientists
the transition between the old system of internmational nurseries



distribution and the new system to develop of specific germplasm for
the Maghreb will be implemented through the following steps (Table

2)

Table 2. Developing barley germplasm with specific adaptation to the
Maghreb countries.

Year New Nurseries 014 Nurseries
90/91 - - - - BYT BON BSP
91/92  SN92 - - - BYT BON BSP
92/93 PY93  SN93 - F, BYT - -

93/94  AY94 PY93 SN94 F;-F, - - -
94/95 NARS AYS5 PYos5 SN95 - - -

1) 173 lines selected from the special nursery distributed in

2)

3)

1991/92 (SN92) will be tested in 12 locations in 1992/93 as
preliminary yield trials (PY93). Lines selected from PY93 will
be tested in advanced yield trials (AY94) in 1993/94 and the best
lines are expected to enter the national testing systems hy
1994/95. This sequence applies to the special nurseries
distributed in 1993 (SN93), 1994 (SN94) and so on.

A set of 268 F,’s (fram 6 x 6 and 6 x 2 crosses) was distributed
in 1992 for evaluation as populations in 8 locations. These F,
populations will be selected visually and single plant selections
will be made at Tel Hadya to ensure a common seed source. F;
families will be increased without further selection at Tel Hadya
in 1993/94 and Fz-derived F, families will be distributed as the
1995 special nursery (SN9%). The SN95 will comtain only lines
derived from selection within the Maghreb countries.

In the spring of 1993 targeted crousses will be designed with
naticnal program scientists. Many more crosses than in the past
will be made to incorporate resistance to important foliar
diseases in north Africa. Resistant parents have been supplied



by Dr. A. Yahyacui (Ecole Superieur d’Agriculture, Kef, Tunisia)

and by Dr. A. Amri, INRA, Morocco). In 1995 F, populations from

these crosses will be distributed and handled as described in 2.

Thus the SN97 will be the first nursery to be specific for the

Maghreb Region.
Besides fully exploiting specific adaptation te both abictic and
biotic stresses, two additional advantages expected are: 1) Maghreb
expertise particularly in pathclogy, entomclogy and virology will be
incorporated, into the breeding program. Iocal scientists will
handle segregating populations (F, and BC) and generate lines which
will then enter the special nursery testing phase, and 2)
information will be generated on issues such as selection vs.
testiryy enviromment, genotype x enviroment —interaction,
relationship between yield potential and adaptation to stress, etc.

The ICARDA base-program will 1) make crosses, 2) advance
generations (including SSD and possibly double haploid production),
3) produce seed to ensure a uniform seed scurce, 4) analyze data,
and 5) provide coordination.
If successful we will continue to decentralize to other areas.

In 1992 we have distributed the first special nursery to the Mashreq
region (Syrian, Jordan and Irag) and we have made a number of
targeted crosses for the Arabian Peninsula. A special nursery will
be generated for that region in the next two cropping seasons.

2.1.3. Performance of advanced lines
Tables 3 and 4 show the best barley lines in the 1990/91 regicnal
yield trials for five areas.



Table 3. Barley lines ocutyielding the national check in the Regicnal
Yield Trials 1990-91 in Near East, Arabian Peninsula and Europe.

Region Country Pedigree

Near Jordan Soufara-02/3/RM1508/Por,//WI2269

East Harmal-02/Rcho
Chaaran—01/WI2291

Harmal-02/A.Abiad//ER/Apm
Sawsan/Lignee 527//Arar
Zanbaka

WI2291/CI 13520

C108887/CI 05761//Harmal-02

Cyprus Arizona 5908/Aths//Lignee 640
Harmal-02/A.Abiad//ER/Apm
Mari/aths*2//M-Att-73-337-1
Harmal-02/A.Abiad/3/Api/(M67//Nacta

Arab Qatar Arizona 5908/Aths//Lighee 640
Penins
S.Arabia Lignee 527/NK 1272
WI2291

Burcpe Greece Arizona 5908/Aths//Lignee 640
Lignee 527/NK 1272
Lignee640/Lignee 686

Spain Alpha//Sul/Nacta
Rihane/Lignee 527
Italy Arizona 5908/Aths//Asse/3/F208~74

Harmal-2/A.Abiad//ER/Apm




Table 4. Barley lines outyielding the national check in the Regional
Yield Trials 1990-91 in North Africa and Asia.

Region Country

Pedigree

North  Algeria
Africa

Tunisia

Afghn.

Korea

Deir Alla 106//Mzq/DL71
Harmal-02/A.Abiad//ER/Arm
Mo.B1337/WI2291
Alpha/Gumhuriyet

Arr/Esp//Alger/Ceres, 362-1-1/3/WI2198/Emir
Arizona 5908/Aths//Lignee 640
Harmal-02/A.Abiad//ER/Apm
Mari/Aths*2//M-Att-73-337-1

WI2198//ER/Apm
Harmal-02/4.Abiad/3/Api/M67//Nacta
Arizona 5908/Aths//Lignee 640
Cq/Cm//Apm/3/12410/4/Gizeh 134-2L/5/WI2269

Harmal-02/A.Aoiad/3/Api/M67/ Nacta
Deir Alla 106//Mzq/DL71

Lignee 527/NK1272

Arizona 5908/Aths//Lignee 640

Lignee 527/Sawsan//Bc
P1d10342//Cr.115/Por/3/Bathim 9/4/Ds/Apro
Arizona 5908/Aths//Lignee 640
ER/Apm/3/Kv//Alger/Ceres, 362-1-1
Harmal-02/4/7028/2759/3/69-82//Ds/Apro

Chaaran-01/WI2291
Soufara-02/3/RM1508/Por//WI2269
5604/1025//A.Abiad

Deir Alla 106/3/As46..Avt/Aths/5/As46/Pro-
Mari/aAths*2//Arizona 5908/Aths

WI2291/CI 13520

M-Att-73-337-1

As46/Pro//Bal.16/Api/4/11012-2/Tern//H252—
Cr.115/Por//Deir Alla 106

Lignee 527
Lignee 131

Lines outyielding national checks in more than one country included:
Deir Alla 106//Mzqg/DL71 (Algeria and Tunisia)
Arizona5908/Aths//Lignee 640 (Egypt, Libya, Tunisia, Iran,
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Greece, Qatar and Cyprus)
Harmal-02/A.2biad//ER/Apm (Algeria, ©FEgypt, Jordan and
Cyprus)

Some parents, (Lignee 527, Arizona 5908/Aths, Harmal-02) occur
frequently in the pedigrees of successful lines. The approach
described makes parental selection for different areas more
efficient.

In Syria a pure line (Arta) derived from the landrace Arabi
Abiad was tested for the fourth year in the on~farm verification
trials and in large (1000 nf) demonstration plots. Arta always
ranked first and yielded 1.8 and 52% more than Arabi Abiad and
between 2 and 33% more than the next best line (Table 5).

Table 5. Performance of Arta in the last four cropping seasons in
the on farm trials® in Syria.

% Over
No. Of Mean

Year Zone Sites Vield Rank A.Abiad A.Aswad ﬁ

1988-89 B 4 1814 1 +18.6 +10.6 +18.6
1989-90 B 9? 1962 1 +12.3 +5.8 +3.5
1990-91 B 10° 2341 1 +5.0 +18.5 +5.0
1991-92 B 132 3358 1 +31.6 +10.8 +1.8
1991-92 B 4° 3263 1 +52.5 - +33.5

® two or three replications with 32 n? plots
b unreplicated with 1000 nf plots

In yield trials conducted at ICARDA (Tables 6 and 7) average
yields were about 3.3 t/ha at Tel Hadya and 1 t/ha at Breda. At Tel
Hadya (Table 6) the top line yielded 20% mcre than the best check in
the advanced yield trials and 25% more in the initial yield trials.
At Breda (Table 7) the top line yielded 21.7% more than the best
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check in the advanced, 34% more in the preliminary and 49% more in
the initial yield trials.

Table 6. Grain yield (kg/ha) in Tel Hadya (352 mm rainfall) in 1992.

Initial Preliminary Agdvanced
Rihane-03 3399 3847 3816
MART/ATHS*2 3321 3168 3632
Harmal 3411 3327 3589
A.Aswad 3805 3583 3336
A.Abiad 4259 4287 3660
No. Of Lines 1064 532 180
Grand Mean 3365 3320 3074
Top Line 5321 5025 4396
Nr. > Best Check 49 (4.6%) 24 (4.5% 12 (6.7%)
Mean Yield 4486 4575 4059

Table 7. Grain yield (kg/ha) in Breda (263 mm rainfall) in 1992.

Initial Prelimanary Advanced
Rihane-03 1222 903 1326
MART /ATHS*2 1188 865 1387
Harmal 938 989 947
A.Aswad 1276 1392 1344
A.Abiad 1197 1274 1359
No. Of Lines 1064 532 180
Grard Mean 1230 1010 1160
Top Line 1901 1873 1636
Nr. > Best Check 483 (40.5%) 75 (14.1%) 27 (15.0%)
Mean Yield 1431 1534 1468

The origin of lines (Table 8) indicates that at Breda selection from
Syrian landraces were best, followed by ICARDA breeding lines and
accessions from china selected at Bouider in 1991 (see Annual Report
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for 1991, p 41-42). The low yields of lines from Romania and of some
TCARDA lines indicates the poor adaptation of winter types. At Tel
Hadya sources of germplasm was less important than at Breda. Both
the highest and lowest yielding lines were from either Cyprus or
TICARDA.

Table 8. Grain yield (kg/ha) of different types of germplasm in the
Initial Yield Trials in Tel Hadya and Breda in 1992.

Lines No. of Tel Hadya Breda
From Lines

Mean Range Mean Range
China 19 3447  2774-4412 1275 941-1548
Cyprus 42 3302 2022-5232 1177 553-1857
Egypt 10 3060 2305-3591 1091 748-1429
Mexico 78 3438 2323-4598 1108 630-1551
Romania 47 3217 2446-4691 940 302-1473
Larndraces 11 3512 2924-4077 1499 1248-1810
ICARDA 856 3371  1340-5321 1256 378-1901
Best 4259 1276
Check

2.1.4. ZAre two-row barleys better adapted to stress then six-row?
Whether six and two-rows barley genctypes differ in stress tolerance
is often discussed by breeders. Work of E. Acevedo suggested that
two~row types may be better adapted to abiotic stress conditions.
492 six-row and 800 two-row types were tested in a number of
locations and years in five cycles including three years yield
testing (Table 9). Under stress two-rows barleys had a Yyield
advantage over six-row of between 10 and 37%. The conparison may be
affected by two-row adapted landraces (2L) which had the highest
yvields under stress. However, even when removed, the two-row non-
landraces (2I) still maintained a yield advantage over six-row of
between 10 and 26%. In the absence of stress the vield of two-row
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and six-row barleys is similar if the landraces, with lower yield
potential, are removed from the two-row group.

Table 9. Yield potential and yield under stress of six- and two-row
(I=landraces, I=non landraces) barley genotypes {mmber of genotypes
in hrackets).

Yield potential Yield under stress
Cycle row type Kg/ha 6R=100 Kg/ha 6R=100
1986-88 6 (96) 4962 100.0 696 100.0
2 (236) 4901 98.8 768 110.3
1987-89 6 (97) 5385 100.0 561 100.0
2 (203) 5135 95.3 644 114.8
2L (41) 4405 81.8 745 132.8
2I (126) 5396 100.2 608 108.4
1988-90 6 (120) 3501 100.0 508 100.0
2 (160) 3426 97.9 695 136.8
2L (76) 3275 93.5 764 150.4
2T (58) 3657 104.5 587 115.6
1989-91 6 (80) 4801 100.0 754 100.0
2 (120) 4808 100.2 955 126.7
2L, (18) 4641 96.7 966 128.1
2I (102) 4837 100.8 952 126.3
1990-92 6 (99) 4581 100.0 956 100.0
2 (Bl) 4682 102.2 1116 116.7

Therefore farmer preference for six-row barley may limit of the full
potential of the crop in unfavourable enviromments.
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2.1.5. Yield potential and yield under stress

The relationship between yield potential and yield urder stress has
important implicaticns on breeding strategies. Published work shows
that when appropriate contrasts are used, genotypes combining high
yield potential and high yield under stress are very rare. This was
confirmed by an analysis of genetic correlation coefficients. A
trial was designed in 1991 to compare the best selections for yield
potential (YP) with the best selections for yield under stress (¥S)
in a number of ernwvirorments which are independent from the selection
environments. The trial included selections (YPYS) with the best
conbination of YP ard YS and has so far been conducted for two
cropping seasons.

Table 10. Relative yields of barley genotypes selected for yield
potential (¥YP), yield under stress (¥S) and both (YPYS) in nine
envircrments.

Iocations® Mean yield YP ¥S YPYS
BO91 353 73 121 100
BRI1 705 87 113 97
BRO2 1189 90 108 103
HA92 1681 98 97 109
TH91 2000 93 100 103
THO2' 3361 98 98 106
THO2? 3647 98 100 105
THo23 4230 98 97 107
THo2* 4856 99 99 102

4 BO=Bouider, BR=Breda, TH=Tel Hadya, HA=Hassake, 1,2,3,4 are
different fields at Tel Hadya with different P,G; content.

In the lowest yielding environments (Table 10) the YS selections
yielded more than either YP and YPYS selections. The yield advantage
disappeared at higher yielding sites. The performance of YP
selections at high yielding sites (>3 t/ha) was similar to the yield



15

of ¥S lines. We can not explain this lack of response of YP lines to
high yielding envirorments.

2.1.6. Yield stability

The long term yield stability of local landraces may be due to their
genetic heterogeneity. Although a number of pure lines with superior
performance have been selected from landraces (Tadmor, Arta,
Zambaka), the long term objective is to use the best genotypes
available within landraces to reconstitute mixtures (Ceccarelli,
1984; Ceccarelli et al., 1987). These mixtures can be viewed as
"improved landraces" and may have higher yields than the unimproved
landraces as well as heterogeneity to cope with enwvirommental
variability over time.

We are using two approaches. We have tested experimental
mixtures of superior pure lines selected from landraces. Three
mixtures were evaluated between 1987 and 1989 in 11 environments
(Annual Report for 1989, pg 31-32). A second set of mixtures was
evaluated in 1990-91 and 1991-92 in 11 enviromments. Mean yields
ranged from 31 to 4405 kg/ha. There were two groups of mixtures, one
black seeded and one white seeded. The first group had 5 levels of
heterogeneity (72, 34, 17, 9 and 5 components), the second four
levels (35, 34, 15 and 5 components). The experiment included 10
pure lines, the mixtures and six checks.

The results of the first two seasons for the two 5—component
mixtures, the 10 lines constituting the mixtures and the checks are
given in Table 11. The white seeded mixture had an advantage over
the five components, combining a high average yield with a good
response (b=1.08) and a positive intercept (a=34.1). The highest
yielding component (W-3 with 1740 kg/ha) had the greatest response
(b=1.27), but a negative intercept (a=-103.9). By contrast, the
component with the highest intercept (W-5) was the least responsive
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and had the lowest average yield (1333 kg/ha).

In the black seeded group the mixture did not have a clear
advantage over the components. Although preliminary the results
indicate possibly different buffering mechanisms in the two Syrian
landraces.

Table 11. Average grain yield (kg/ha), regression coefficient (b)
and intercept (a) of two mixtures, ten pure lines and six checks in
11 enviromments.

Material® Average yield b a

MIXSB 1520 0.98 93.3
B-1 1604 0.98 178.7
B-2 1617 1.04 106.6
B-3 1511 0.93 155.1
B-4 1605 1.07 51.8
B-5 1481 0.97 67.0
MIX5W 1604 1.08 34.1
W-1 1587 1.17 -120.3
W-2 1557 1.10 -39.7
W-3 1740 1.27 -103.9
wW-4 1579 1.07 21.7
W-5 1333 0.74 252.4
A. Abiad 1544 1.17 -165.2
A. Aswad 1436 0.91 109.3
Tadmor 1516 0.89 216.7
Zanbaka 1444 0.86 189.5
Arta 1821 1.27 -27.3
Harmal 1482 1.01 12.2

¥ B=black seeded line or mixture, W=white seeded line or mixture.

The second approach is to compare balanced sets of F,
populations and double haploid lines grown mixtures and pure stands
to assess the role of heterogeneity and heterozygosity, on
stability. This approach started in 1992 as a collaborative project
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with the University of Hohenheim.

2.1.7. Acquisition of new germplasim

Boron toxicity and susceptibility to Cereal Cyst Nematodes were
recognized during 1992 as two problems affecting root health,
particularly in dry areas. Lines with tolerance to boron and/or
resistance to Cereal Cyst Nematodes have been acguired from
Australia. They will be screened with a large number of lines
currently in our crossing block and crosses will be made in 1993.

2.1.8. Methodology

Increasing use is of being made of single seed descent (5SD) to

manipulate segregating generations. SSD is used for different

Purposes:

1) to advance crosses with a high probability of superior
recombinant inbred lines for given macroenviromments to
homozygosity. Crosses in this category are decided upon based on
past performance of lines with common parents.

2) to generate recambinant inbred lines from crosses made for
genetic studies including melecular markers technology. In 1992
two of such crosses, Tadmor/WIL 2291 and Arta/H.spontaneum 41-1
were made.

We have about 80 populations in variocus stages of SSD and the number

will increase to 100 in 1993. The population size varies from 150 to

200 individuals. One population (Arta/H.spontaneum 41-1) has 1200

individuals as six traits need to be recombined (rachis brittleness,

awn roughness, peduncle extrusion, plant height, tillering ard
kerrel size). - 8. Ceccarelli, 8. Grando
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2.2. ICARDA/CIMMYT Barley Project

2.2.1. Barley in Latin America

The use of barley in Iatin America differs with country. In Mexico
ard chile most barley is used for malting with a limited propertion
for human consumption and animal feed. At high elevations in
Bolivia, Colombia, Ecuador, and Peru people use barley as a staple
food.

Mary J. Weismantel, writes in her bock, Food, Gender arnd Poverty
in the Ecuadorian Andes (University of Pennsylvania Press, 1988), on
the diet of the extremely poor. Often nothing but barley gruel is
eaten for days. In fortunate households, it may be flavored with
sugar, salt or a lump of fat. A chopped onion or a few potatoes may
be added. In season, leaves of weeds are stewed with the grain. But
most meals consist solely of grourd barley and water. Barley is the
major constituent of most meals. On the depleted soil of the
region, barley is a most dependable crop.

The main cbjective of the ICARDA/CIMMYT barley project is to
breed barley germplasm that may be released as varieties by NARSs.
Multiple disease resistance improves stability of barley for poor
farmers.

In 1992, the Ecuadorian National Program released two barley
varieties resistant to the main diseases in the country, stripe and
leaf rust, scald and Barley Yellow Dwarf virus (BYD). Calicuchima
and Atahualpa are names of the covered and hull-less varieties,
respectively. Bolivia released a variety, Kantuta, for an area of
Cochabamba with high salt content in the soil.

New varieties in the Andes are susceptible to loose smut, a
disease easily controlled by chemical seed treatment but it is a
problem for farmers who retain seed for the following year’s
planting. Incorporation of genetic resistance through backcrossing
to comercial varieties is in progress.
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2.2.2. studies on the Inheritance of Resistance to Same Diseases and
Pests

The inheritance of Calicuchima’s resistance to scald, leaf rust,
BYDV, and stripe rust, was studied using two methods:

Double haploids (DH)--120 [H lines originating from a cross
between Calicuchima/Bowman were produced in collaboration with
COregon State University.

Fl1, F2, and backcross populations cbtained by crossing
calicuchima, the resistant parent, with Centinela a susceptible
Mexican variety.

2.2.2.1. Scald

Resistance to scald in Calicuchima was controlled by a single
dominant gene (Table 12), for DH lines being tested as adult plants
under field conditions at Toluca, and as seedling reaction in

Table 12. Inheritance of resistance to scald, R. secalis, using two
methods: Double haploid lines or F1, F2 and backcross populations.

Progenitors Number Expected P
arnd of ratio
Generations Plants
R S
Centinela all
Calicuchima All
Fl 20
F2 218 73 3:1 >.975
Backcross 45 0 1:0 >.999
Calicuchima All
Bowman* All
F1 All
IH lines 63 57 1:1 .5-.7

* Bowman derivative
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populations tested in the greenhouse at El Batan. No attempt was
mage to inoculate plants with a single isolate of Rynchosporium
secalis. No information was obtained on the donor source for the
resistance as all of Calicuchima’s parents, L.B. Iran, UNA 8271, and
Gloria/Copal are resistant.

2.2.2.2. Leaf rust
Inheritance of leaf rust resistance was determined in aduit plants
by testing the 120 DH lines under field conditions usirng natural
infection, to races of Puccinia hordei present in the Yaqui Valley
in northwestern Mexico and in Oregon in the USA (Table 13).

The ratio of resistant and susceptible lines fits a monogenic
inheritance, that can be traced back to the resistant Calicuchima

parent: Gloria/Copal.

Table 13. Inheritance of resistance to leaf rust, P. hordei, usmg
Double Haploid lines from a cross Calicuchima/Bowman derivative in
two locations.

Progenitors Number of Expected P
and Plants Ratic
locations R s
Calicuchima R
Bowman* S
Double Haploid
lines
Sonora ,Mexico 56 64 1:1 .30-.50
Oregon, USA 55 63 1:1 .30-.50

* Bowman derivative.

2.2.2.3. Barley vellow dwarf virus
Preliminary cbservations at Toluca in the summer of 1992 for BYDV
symptoms on the 120 DH lines, Calicuchima/Bowman showed monogenic
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inheritance of resistance to BYIW which originated from the Bowman
derivative. The mumber of resistant DH lines was 65 conpared to 55
susceptible lines. The results should be verified using artificial
infection either in the field or in the greenhocuse.

2.2.2.4. Stripe rust

An attempt to study the inheritance to stripe rust, P. striiformis
f.sp. hordei, race 24 in the greenhouse on seedlings failed. However
adult plant reactions in the field were easily recognized. The study
was carried out at Toluca Experiment Station under a natural
epidemic of stripe rust.

The results (Table 14) showed multigenic resistance, fitting
either the two- or three—gene hypothesis, according to the ratios
observed and arbitrarily fixed threshold symptom expression.
Resistance was inherited as a recessive trait, but the mumber of

genes involved was not determined with precision.

Table 14. Study of the inheritance of the resistance to stripe rust,
P. striiformis f.sp. hordei, (Race 24) Fl, F2, and backcross
populations.

Progenitors Number Expected P
and of ratio
Generations Plants
R s
Centinela S
Calicuchima R
Fl1 S
F2 8 116 1:15 >.975
Backcross 9 39 1:3 .8-.7

Further studies in Oregon with RFIPs confirm the multigenic

hypothesis. Additicnal evidence comes from the reaction of several
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Calicuchima sister lines in the International Barley Cbservation
Nursery (IBON). Some entries were resistant at three locations
(Mexxico, Bolivia, and Pakistan) while sister lines were resistant at
only two locations. This irdicates the presence of different
virulences in these locations. Therefore, lines resistant at all
locations must carry more than one gene for resistance.

The inheritance studies were part of the MS theses of Sergio
Sandoval in Mexico and Doris Phren in Oregon.

2.2.2.5. Durable resistance

Calicuchima, a new variety for Ecuador, carries multiple disease
resistance but except for stripe rust, resistance depends on single
genes that can be overcame easily by new virulent races. In
Calicuchima, we failed to pyramid genes for resistance to scald, and
thus may have failed to produce durable resistance.

Information on the genetics of resistance in barley lines with
superior performance is needed for NARSs breeders and pathologists
so they can make more informed choices for varietal release. In cur
Program, the information is even mcre important as it gquides the
crossing program for pyramiding resistant genes.

Barley blerds may be a mechanism to improve durability. an
experimental blends of four barley lines with similar phenotypes is
being studied. The lines differ in their resistance to several
diseases (Table 15).

Mechanical blerds of all possible combinations of the four lines
were yield-tested in a split plot design, where main plots were
protected and unprotected with the fungicide Folicur. The
experiments were conducted in winter in the Yaqui Valley in
northwestern Mexico and during summer at El Batan in central Mexico.

In the Yaqui Valley all four lines were susceptible to spot
blotch, a disease that none of the four lines had been tested for.
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Table 15. Characteristics of four barley lines used in the blending
experiment.

Lines Stripe rust Ieaf rust Scald BYDV
A. Arupo 5 5 S 5
B. Arupo*3/EH21B s R R S
C. Arupo*2/Jet R S R S
D. Arupo*2/CI3208.2 S S R R

Arupo (A), the best yielding line in a disease free enwviromment, had
the highest yield with fungicide protection, but its yield dropped
considerably when it was unprotected (Table 16). By contrast, the
lines Arupo*2/Jet (C) and Arupc*2/CI3208.2 (D) had less difference
between protected and unprotected plots--a clear case of tolerance
to the disease. The tolerant lines C and D when combined with
susceptible components in the blend had reduced yield losses
compared to the susceptible lines (Table 16). Line D reduced yield
losses in the combinations B+D, C+D, A+C+D, B+C+D, and A+B+CHD.

In Tanzania, the concept of spot blotch tolerance was made valid
when the variety Kibo-91 was released, after yield tests showed
small yield differences in trials with and without fungicide.

In El Batan, the blend experiment determined the reaction to
stripe rust. Arupo*2/Jet (C), a resistant component to stripe rust,
was highest yielding is a severe epidemic. Arupo (A) yield was
reduced compared to the previous season. The combinations A+C, and
C+D in (Table 16). did not differ between treated and untreated
plots.

When comparisons were made for both seasons, the most stable
combinations were: A+C and C+D with average yields for both
locations of 4.9 and 4.7 t/ha, respectively, untreated plots.
Average yield reductions for spot blotch and stripe rust were 650 kg
for A+C, and 400 kg for C+D. In an enviromment where both spot
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blotch and stripe rust are present, mixtures may give higher yields
and greater stability.

2.2.2.6. Hull-less Barley

Increased interest in hull-less barleys in the Americas has resulted

new hull-less varieties in Canada, Chile, Brazil, and most recently

Ecuador. These countries have released naked barley varieties for

different reasons:

*+ Ecuador’s variety, Atahualpa-92, will be promoted for human
consumption.

Brazil and Canada’s main interest is barley for animal feed.

Chile is using hull-less barley as a coffee substitute and as a

feed grain.

In 1992, 114 new advanced hulless barley lines were tested at El
Batan. Most lines were resistant to stripe and leaf rust races
present in Mexico and had good threshability. We did not cbserve any
inmjury of hull-less barley, due to physical damage of protruding
embryos. Poor germination is not a major problem when hull-less
barleys are threshed by combine or animal threshing. The high test
weight of 73 g was reached in the cross: Nepal 1954/Aleli. Table 17
lists lines with yields higher than 4 t/ha.

Protein content of the grain will be determined in all lines.
Seeds of the best material were send tc Alberta, Canada, for
adaptation testing. An informal agreement has been reached with Dr.
J. Helms in Canada for increased intercharnge of Hull-less barley.

Hull-less lines were sent to Professor D. Marshall, University of
Sydney, who is interested in promoting naked barleys as animal feed
in Australia. Hull-less lines were sent to China and Nepal for
testing for adaptation in the Himalayas. - H. Vivar
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Table 17. Yield and Test weight of Hull-less lines resistant to two
diseases, stripe and leaf rust at El Batan 1992

Cross and Yield Test wt
Pedigree (t/ha) (9)
Agave/Celorin//Zarza 4.6 61
MBRS-784-0-1Y-1B~-1Y-3B-0¥

Mola/Aleli//Mora 4.5 67
MB90-599-E-3Y-10B~-QY

Viringa 4.4 71
Nispero 4.3 71
Lino 4.3 70
CMB38A-1008-B-1M-1Y-1B-~1B-0Y
Gloria/Come//Lignee640/3/Super 4.2 67

Precoz/4/Colorin/Calicuchima
CMBS0-934-K-1Y-2B-0Y

Mola/Aleli//Mora 4.2 66
CMB90~-599-E-1Y-1B-0Y
Lino 4.1 67

CMB88A-1008-B-3M-1Y-1B-1B-0Y
Gloria/Come//Lignee640/3/Super

Precoz/4/Colorin/Calicuchima 4.1 68
MB90-934-K-1Y-1B-0Y
Marce/Colorin//Calicuchima 4.1 &7

MB89-340-5-1Y-2B-1Y-3B-0Y

2.3. Physiology/Agronomy
2,3.1. Introduction

This years report will again be brief. Although maintaining a
similar format, few results will be presented as many of the
projects have been revised or terminated and results will be
published in internmatiocnal journals when final conclusions have been
drawn. The overall goals and dbjectives of existing projects were
outlined in the 1988 Annual Report.

Our research on adaptation to harsh envirorments of the WANA
region is presented under three headings, barley, durum wheat and
bread wheat. As indicated in last years Annual Report all agronomy
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related research, if conducted, will be presented in the FRMP
report.

The physioclogists research has consequently become more upstream
and more basic. Emphasis has been put on the measurement of thermal
stresses and a major objective this year has been the initial
organization and development of a laboratory to measure
thermotolerance in greater detail. Most of the equipment that
arrived has been installed and tested.

Two networks on thermotolerance were formed, the first a regional
network for the Nile Valley countries, coordinated by Dr. H.M. Ishag
in Sudan and the other an Internaticnal network to be cocrdinated by
Drs George Kao (AVRDC) and John Peacock (ICARDA) Ancther cbjective
has been to visit our major collaberators in Europe, USA and WANA to
discuss the future organization of projects and assimilation of data
sets.

2.3.2. Barley
This continues to be ocur major research thrust. The 1991/92 growing
season represented the end of a complete phase of research which has
been analyzed and written up and the start of a new area on the
physiclogy of crosses involving Hordeum spontaneum. A small part of
the completed research is summarized here.

2.3.2.1. Adaptation of barley to Mediterranean enviromments
2.3.2.1.1. Introduction

In the previous Annual Report, two development patterns adapted to
Mediterranean envirorments were identified. The first one is
represented by early heading spring types (e.g., WI 2269/WI 2291,
Harmal). Development is characterized by good growth vigour early in
the season, cold sensitivity, and early heading. This pattern is
useful in Mediterranean ernviromments with mild winters. The second
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pattern is represented by medium early heading winter types (e.q.,
Tadmor, Arabi Aswad). Development is characterized by a mild
vernalization requirement and a strong photopericdic dependency
after the vernalization requirement has been met (Ellis et al.,
1988) . This pattern is useful in Mediterranean envircrments with
cold winters and stress during grain filling period. The second
pattern has a better yield stability under harsh conditions, but a
lower yield potential than the first pattern (Arrmal Report 1991).
Here we elaborate on the differences in yield response between the
two patterns. First, the effects of rainfall and temperature on
grain yield will be discussed. Then we deal with the effect of
morphological traits on vyield in 1low- and high-yielding
envirorments. Finally, the potential impact for breeding will be
discussed.

2.3.2.1.2. Effect of rainfall and temperature on grain yield

The effect of rainfall and temperature on grain yield of Harmal and
Arabi Aswad was studied for 17 enviromments, including seven growing
seasons (1984/85 till 1990/91) and three locations (Tel Hadya,
Breda, Bouider).

Total seasonal rainfall was the variable most strongly correlated
to the grain yield of Harmal, accounting for 61.1% of the variance.
For Arabi Aswad, rainfall from November to Jamary gave the best
fit, accounting for 65.8% of the variance. The addition of a
tamperature variable gave a better fit, accounting for some 80% of
the variance in grain yield for both cultivars if winter rainfall
was combined with the number of night frosts in spring (Table 18).
Arabi Aswad had a smaller response to both rainfall and frost than
Harmal (Table 19).

Rainfall in winter (December and January) had the highest
contribution to grain yield. Later in the season, the contribution
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Table 18. Percentage of variance of grain yield of Harmal and Arabi
Aswad, explained by individual meteorclogical variables or
conbinations of them, across 17 enviromments in northern syria

Harmal Arabi Aswad
Rain (Nov-Jan) 48 ,0%** 65, 8%*%
Rain (Nov-Jan)+ 68, 4%%° 77.1%®
frost (March-April)
Rain (Nov-Feb) 58.5%%% 61.3%*%
Rain (Nov-Feb)+ 81. 9%k 71.2%%

frost (March-April)

8:Level of significance refers to contributicn of frost only.

decreased, which may reflect the accumilation of stored water in the
s0il profile. The results of Tables 18 and 19 show that if winter
rainfall is sufficient, frost in spring is the major ceonstraint to
grain yield. The lower response of Arabi Aswad to rainfall and frost
(Takle 19) represents a lower yield in favourabie (wet) seasons, but
a higher yield stability when unfavourable conditions occur, such as
late frost.

Table 19. Parameter estimates for the multiple regression of grain
yield (kg/ha) of barley cultivars Harmal and Arabi Aswad on rainfall
during November-February {(mm) and number of night frosts in March
and April, across 17 environments in northern Syria. Standard errors
given in parentheses

Harmal Arabi Aswad
Intercept -874 (428.3) +  -641 (433.4)
Rain (Nov-Feb) 20.1 (2.39) **%  15.5 (2.41) *kx

Night Frosts (Mar-Apr) -180.3 (39.98) *** -100.6 (40.44) *
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2.3.2.1.3. Effect of phenology on grain yield in high- and low-
yvielding enviromments

The objective was to see if plant traits measured in winter or
spring can be used in favourable enviromments as criteria for
indirect selection for grain yield in stress enviromments (low
winter temperatures and terminal drought stress). The study included
36 two-row barley entries, grown in 14 site x year combinations
(envirorments), nine in Syria and five in North Africa. Adaptation
to low winter temperatures was represented by a winter plant
ideotype (WPI), a principal component of winter growth habit, winter
plant colour, and cold tolerance. Vernalization requiring barleys
had high values for WPI; spring types (no vernalization recquirement)
had low wvalues. Adaptation to terminal drought stress was
represented by heading date, scored as the number of days from 1
March to heading. Data for all four traits (growth habit, plant
colour, cold tolerance, and heading date) were cbtained from three
favourable environments (Tel Hadya, Breda, Bouider in 1987/88).
Grain yield under favourable and unfavorable conditions was
represented by average yields in six high-yielding (HY) and five
low-yielding (L¥) environments respectively, standardized per
erviromment to a mean of zero and a standard deviation of one. The
direct effects of WPI and heading date on yield were calculated by
using a path coefficient analysis (Fig. 2).

In LY environments, a high value for WPI (winter types) had a
significantly positive effect on yield (Fig. 2). However, this did
not result in good yields if it was not combined with an appropriate
heading date. Therefore, in LY environments where both low winter
temperatures and drought stress during grain filling are likely,
early heading winter types are expected to perform best. In HY
ernvironments, in contrast, the effect of a high value for WPI on
yield was weakly negative, whereas heading date had no effect.
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Consequently, the unexplained part of the variation in yield was
large. The difference with LY envirorments in the effect of WPT and
heading date on yield is due to the fact that HY enviromments are
wetter and tend to have milder winters than LY enviromments,
reducing the advantage of winter types. The higher rainfall in HY
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Fig, 2. path coefficient diagram showing the relationship between
winter plant ideotype (WPI), the number of days from 1 March to
heading (DH) and average standardized grain yield in five low-
yielding (LY) or six high-yielding (HY) Mediterranean enviromments.
WPI and CH were cbtained from three HY environments. Arrows indicate
direct effects. U=unexplained residual.

-0.439

envirorments also reduces terminal drought stress and thus the need
for early heading.

The difference between HY and I¥ emwiromments in dirvect effect
of WPI and heading date on yield indicates that different ideotypes
are required for optimum performance in different enviromnments. This
supports the conclusion of Ceccarelli et al. (1992) that the alleles
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controlling yield in both enviromments are not entirely similar. It
also suggests a trade—off between adaptation to LY envirorments and
yield potential,

2.3.2.1.4. Impact on breeding projects

Part of the trade-off between adaptation and yield potential may be
due to the fact that winter-types which require vernalization (e.q.,
Tadmor), have a poorer early growth vigour than spring-types which
do not require vernalization (e.g., WI 2269/WI 2291). Time from
emergence to the double ridge stage is negatively correlated with
early growth vigour (r=-0.67, P<0.001 at Tel Hadya 1988/89 and r=-
0.50, P<0.01 at Breda 1988/89). Poor growth vigour in winter is
associated with low leaf area index (Fig. 3). Poor growth vigour in
winter is disadvantageous in terms of water use efficiency (WUE).
During winter, when temperatures and air vapour pressure deficits
are low, WUE is high. Poor growth vigour when WUE is high can limit
the potential dry matter accumulation if water becomes limiting in
spring. This may be the price Tadmor pays for its adaptation to low
winter temperatures. Combining yield potential with yield stability
may be possible if the apical development pattern of Tadmor and
Arabi Aswad can be combined with the early growth vigour of WI and
Harmal.

The results of the path analysis suggest that selection in HY
envirorments for winter types with an early heading can have a
significant positive effect on yield under stress. Several
disadvantages are associated with yield testing in early generations
under adverse conditions. Small plots in early generations are often
inadequate for reliable yield testing. In addition, harsh
ernvirorments carry the risk of losing all the material in adverse
seasons. 1f adaptation to stress can be adequately assessed in early

generations under favourable conditions with a minimum risk of
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Fig. 3. leaf area index as a function of time after emergence at
Breda 1988/89 for WI 2269/ WI 2291 (@—4@) and Tadmor (O-———C}.
Curves are cubic spline interpolations. Arrows indicate average
heading date.

losing adapted germplasm, the efficiency of selection for yield
under stress can be improved. Therefore, we propose that in early
generations (F; - F;), selection must focus on the identification of
plant ideotypes, adapted to the LY target enviromments. Once a pool
of adapted germplasm has been created and sufficient seed is
available, yield testing can be done in LY target environments.
Ceccarelli & Grando (1989) concluded for barley in Syria that
empirical yield selection for LY environments is most efficient if
selection is dore in a representative environment using adapted
germplasm. The proposed selection scheme thus conbines idectype
breeding in early generations under favourable conditions with a
relatively efficient empirical selection for yield under stress in
later generations. - E. van Oostercm
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2.3.2.2. carbon-13 discrimination as an indirect selection criterion
in dry environments

2.3.2.2.1. Introduction

In 1988-89 we initiated a major research project with the overall
aim of increasing the efficiency of selection of barley for
drought-prone envirorments. High transpiration efficiency (TE) is
considered to be important to biomass production in such
enviromments. Recent studies have indicated that TE varies between
genotypes, and theoretical procedures have established a relation
between TE and CP discrimination. The overall cbjective of this
project is to assess the usefulness of C° discrimination as a
predictor of yield performance under stress. The project has three
main research objectives and associated activities:

2.3.2.2.2. Assessment of the relation between C discrimination,
water use efficiency and yield under different moisture levels
Understanding the relationship between water use efficiency, C®
discrimination and yield requires that genotypes with a similar
phenclogy should be grown at various water levels in a single
location. This activity commenced in the 1988-89 season, using ten
barley genotypes in a line source sprinkler system at Breda. Ten
moisture levels, representing a wide range in moisture availability,
were assessed. The ten genotypes included both lardraces and
improved cultivars. They had comparable heading dates, but different
adaptation strategies for dry environments and differed in their ¢
discrimination.

After three cropping seasons, this experiment was completed in
1991, Over 1000 samples from the three seasons were sent to
collaborative institutions in Australia and the USA for C® analysis.
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2.3.2.2.3. Assessment of the relation between ¢* discrimination,
transpiration efficiency and dry matter production under controlled
This experiment was conducted in the glasshouse in order to (i)
investigate whether or not genotype x enviromment interactions exist
for C® discrimination, (ii) assess if results from controlled
enviroments are representative of field experiments, and (iii)
identify what factors might determine some inconsistencies in the
relation between C"® discrimination, TE, and yield.

The same 10 barley gencotypes were sown under four different
moisture regimes. The experiment started in 1989 and was completed
in 1991. Two hundred samples, sent for C® analysis, have recently
been analyzed. Detailed results will be presented in later reports.
However, preliminary results indicate a strong positive correlation
between grain yield under moisture stress and ¢ discrimination,
while TE was negatively related to C" discrimination. The results
also showed a high correlation for C® discrimination between
different plant parts and between different develcpment stages.

2.3.2.2.4. Divergent selection for C" discrimination and yield
The objectives of this experiment were (i) to determine the
efficiency of selection for drought tolerant genotypes based on
their C® discrimination when compared with selection based on yield
performance, under stress and non-stress corditions, and (ii) to
study the genetic parameters and breeding implications for the ¢
discrimination technique. Seven crosses were made between high and
low C® discriminating parents.

All lines in the F, generation were analyzed for ch
discrimination. In 1991/92, 572 F,~derived F, lines from the seven
crosses were planted at Tel Hadya under irrigated conditions and at
Breda under rainfed conditions. Two types of selection are planned:
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(i) selection based on high and low CP discrimination, and (ii)
selection based on high and low yield under water stress (Breda) and
non water stress conditions (Tel Hadya, irrigated). Using a 5%
selection intensity within each category and performing random
selections, 236 lines were selected. All lines in the F, generation
will be analyzed for C® discrimination. This experiment is expected
te provide information on (i) the yield correlation between
selections based on high or low CP discrimination, (ii) the
appropriate enviromment for selecticn, (iii) the efficiency of using
C"® discrimination as an indirect selection criterion compared with
yield, and (iv) the heritability of C® discrimination. - A.
bakheel, I. Naji, 8. Ceccarelli, J.M. Peacock

2.3.2.2.5. Hordeum spontaneum

We are examining the physiology of promising crosses using Hordeum
spontaneum. Sixteen lines, comprising the 3 parents (Tadmor, WI
2291, and Hordeum spontaneum (HS)), 11 crosses of Tadmor X HS, and
2 crosses of WI 229]1 X HS. The crosses were made by the barley
breeding project. The material was planted at Tel Hadya (rainfed and
irrigated), Breda (early and late), and Bouider. The project
continues with a major cbjective to establish what traits make some
of these crosses well-adapted to severe drought conditions. - J.M.
Peacock, A. Dakheel, I. Naji, 5. Grando, V. Mahalakshmi

2.4. Barley Pathology

2.4.1. Introduction

The barley pathology project carries out research to improve plant
health in traditional and improved barley cultivation systems. In
WANA increased barley demand has intensified cultivation.
Intensification has important effects on disease development,
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especially for those that survive in the soil or on crop debris. We
aim to anticipate these problems and to develop sustainable and low
cost control strategies. Resistance breeding is the most economical
way to control most diseases. Screening of existing or newly
developed barley germplasm against important diseases in the WANA
region is therefore an important compcnent of the project.

Research activities are presented by diseases. Different
diseases interact with each other and new germplasm with high levels
of resistance to a single disease may be attacked by pathogens that
were of minor importance previously. Therefore cur objective is to
select germplasm with adequate resistance tc major and minor
pathogens, rather than select for high levels of resistance to a
single disease.

2.4.2. Root diseases

Root disease research is of recent origin in the project, thus much
of the work is devoted to documenting the distribution of different
root pathogens and to estimating losses caused by them.

2.4.2.1. Burvey for barley root diseases in Syria

A systematic survey for root diseases was made for the first time in
Syria. The survey team included Dr Karen Bailey (Agriculture Canada,
Saskatoon), Dr Tony Rathjen (University of South Australia,
Adelaide) and Dr Richard Sikora (University of Bonn, Germany). A
total of 80 fields in major barley growing regions of northern Syria
were sampled. Subcrown internodes of a random sample of about 20
plants were scored for the presence of roctrot symptoms. Most fields
were sampled for the presence of Heterodera avenae, the cereal cyst
nematode (CCN). Results are summarized in table 20. Most barley
fields had a high percentage of plants with severe root rot,
especially in the drier areas. Large differences between neighboring
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fields were observed, generally earlier maturing or more drought
stressed crops had higher levels of root rot. Within fields higher
levels of root rot were associated with lower tiller mumber.

Heavy infestations by CCN were found in the western part of the
surveyed area, especially in Hama and Aleppo province. However, no
cysts were found east of the Fuphrates river. The white females of
H. avenae are only be detected on roots for a short time. Some
fields with a high infestations by CCN at the end of April (during
anthesis), had no symptoms by the end of May.

Table 20. Root diseases on barley in northern Syria, 1991-92.
Severity of root rot symptams and presence of Cereal Cyst Nematode.

mmber of fields"

Date Region total <25 <B0 <75 275 (8.6)
north - east

5-6 May Gezira / Hassake 18 2 4 7 5 o
26-27 May Gezira / Hassake 15 0 1 3 11 0
north - west

14 May Jinderess 7 3 3 1 0 0
20 May Al Bab 9 1 o 5 3 3
18 May Bouider 5 0 0 1 4 3
19 May Salamieh 17 2 1 11 3 10
24 May Sarageb 4 0 2 1 1 -
west

1 June Al Ghab 5 1 0 0 4 ]

1 <25 - >75: percentage plants with high level of root rot symptoms
OCN: Cereal Cyst Nematode

Some root samples have been plated to determine the causal
agents of the root rot. C. retrad was identified most frequently,
but Fusarium spp. wWere isolated as well. Different media and
isolation technicques were tried as saprophytes complicate the
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identification of pathogenic fungi. Isolations from remaining
samples will be made using improved techniques. C. retrad and
Fusarium strains will be tested for pathogenicity. Preliminary tests
showed all C. retrad , but only few Fusarium strains pathogenic.

2.4.2.2. Survey for diseases on rainfed barley in Egypt

A brief survey of the diseases on rainfed barley grown in the
coastal area of north-west Egypt was made in March. The surveyed
area received high rainfall during 1991-92. This was reflected in
the high level of leaf diseases. Septoria passerinii was recorded
for the first time in Egypt and attacked uptc 10% of the leaf area
in some fields planted with the improved cultivar Giza 123. Similar
levels of attack by Rhynchosporium secalis (scald) were recorded on
local landraces (Cereal Program Annual Report, 1991).

Subcrown internodes (SCI’s) from 14 sites were scored for root
rot symptoms cn a 0-5 scale. The average score ranged from 0.0 to
3.3. From the lower scored SCI’s (score 0-2), C. retrad was isolated
from 23%, while 5% yielded red pigmented Fusarium. C. retrad was
isolated from 67% and red pigmented Fusarium from 18% of the more
diseased SCI’s {score 3-5). It can be concluded that C. retrad is
the major pathocgen associated with root rot symptoms. However, the
red-pigmented Fusarium isolates were found to be highly pathogenic.
In pathogenicity tests, using barley plants grown in culture tubes
on solidified Hoagland medium, these Fusarium strains killed the
plants within three weeks. White pigmented Fusarium strains were
isclated as well, but were non-pathogenic.

Leaf blotching was present in most locations, on both improved
cultivars and landraces. Leaf tissue from affected and normal plants
of /Giza 123’ from one field in El Kasr were analyzed at the Waite
Institute. Affected plants had a high boron content (112 ppm),
campared to the non-affected ones (25 ppom). Boron can produce leaf
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blotching, and is a major problem in wheat producing areas of
Australia (T. Rathjen, pers. comm.). Dr R.A. Rizk (Barley
Pathologist, ARC, Giza) compared the yield of 50 symptom-free plants
with 50 affected plants from the same field in El Kasr. Affected
plants were found to have slightly more spikes / plant (5.9 vs 5.5),
but a lower yield / spike (1.5 vs 2.1 g), which reduced grain yield
/ plant (8.7 vs 11.8 qg).

2.4.2.3. Differences in resistance to C. retrad and crop losses
caused by root rot

Iosses caused by C. retrad were measured for 30 varieties by
camparing the yield after seed inoculation with untreated seed. The
experiment was planted both in a moderate rainfall (Tel Hadya) and
in a low rainfall lecation (Breda). For inoculated plots the average
score (using a 0-5 scale) was 2.4 in Tel Hadya ard 4.3 in Breda; for
uninoculated plots 1.5 and 3.2 respectively. Statistical analysis
showed significant variety and variety x location effects.
Inoculation caused significant yield losses at Tel Hadya, but a
large interaction between varieties and inocculation was present. At
Breda the interaction effect only was significant. The lack of
consistent yield responses to inoculation at Breda probably was
caused by high levels of inoculum in the field, as shown by high
root rot scores in uninoculated plots.

The high level of root rot at Breda was used to evaluate three
Regional Yield Trials (RYT’s). Lines in the yield trial for low
rainfall enviromments with mild winters (RYI-IM} and for 1low
rainfall with cold winters (RYT-IC) had less root rot than those in
the trial for moderate rainfall areas (RYT-M). Average over the 19
lines under testing for the percentage of highly affected plants
{score = 4) was 43% for the RVI-IM, 40% for the RYT-IC and 53% for
RYT-M (P = 0.016). Six-row lines were more affected than 2-row lines
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in all three nurseries (Table 21).

Table 21. Performance of 2 and 6-row barley lines within three
Regional Yield Trials for Yield, Yield Components and Root Rot
Bymptoms, Breda, 1991-92.

RYT-IM RYT-1IC RYT-M Average
2-r 6-r 2-r 6-r 2-r 6-r 2-r 6-r

score 2.8 3.4+ 2.9 3.2%% 2.8 3.6+ 2.8 3.4
% score 2 4 29 54 * 36 45% 38 59+ 34 54

yield (kg/ha) 1377 137% 1386 993%%* 1407 1195 1388 1202
days to heading 128 128 129 135%x% 130 132 129 131
tiller / plant 1.5 1.1+* 1.2 1.0 1.3 1.1+ 1.4 1.1

entries 8 11 10 9 6 13 24 33

V' significance level of difference between 2-row and 6-row entries
in the same nursery, using nested analysis of variance. + P< 0.1,
* P< 0.05, ** P< Q,01 *** P< 0,001

2.4.2.4. Camparison of inoculation methods

C. retrad inoculation for crop loss experiments and variety
screening is made by mixing seed with a peat—gumspore mixture and
planting the seed by hand directly afterwards. Machine planting
would reduce time and increase precision, but is only possible with
dry seed. To check the effectiveness of dry . retrad inoculum,
freshly inoculated seed of three barley lines was compared with seed
inoculated ¢ days previously and kept at rcom temperature. Apart
from an uninoculated control, a soil inoculation treatment by C.
retrad infested oats (Annual Report 1989) was included. The
experiment was hand sown in 7 cm deep furrows. Inoculation with the
pea-gum-spore mix increased the level of root rot symptoms
significantly (P< 0.001, Table 22), oat inoculation was less
effective. Drying the seed after inoculation and keeping it at room
temperature did not affect the level of root rot. There were no
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significant differences in yield among treatments.

Table 22. Effect of different C. retrad inoculation methods on yield
and on percentage plants with high root rot score of three barley
lines, Tel Hadya, 1991-92.

Yield (kg/ha) % score = 4
Ta Ar Fu mean Ta Ar Fu mean"
uninoculated 2861 2708 2958 2843 22 32 16 23 a
Peat (fresh) 2292 2472 2528 2430 47 54 46 49 ¢©
Peat (dried) 2750 2611 2070 2477 44 56 b2 51 c©
Oats 3056 2542 2153 2583 34 35 24 31 b
mean 2740 2583 2427 2583 36 44 35 38

D means with same letter are not statistically different (P = 0.05)
using LSD test.

2.4.3 Scald

Scald (Rhynchosporium secalis) is the most wide spread and damaging
leaf disease on barley in the WANA region. ICARDA’S breeding
material is anmually evaluated for resistance in the field using
artificial inoculation with local isolates. Screening in Syria is
confirmed at several ‘disease hot-spots’ in the region.

2.4.3.1, Comparison of screening at base program and in hot-spots
outside Syria

Holetta Research Station in Ethiopia is a hot-spot for scald, a
disease with high virulence variability. The performance of 83 lines
was compared between the 1992 screening in Holetta and the previocus’
year screehing in Tel Hadya (Table 23). Out of the 23 lines that
were moderately resistant to scald in Tel Hadya, 19 were among the
more resistant in Ethiopia. No lines were completely free of scald
in Ethiopia.
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Table 23. Performance of 83 advanced breeding lines for resistance
to scald in Ethiopia (season 1992) and Syria (season 1990-91).

Ethicpia
score < 4 score > 4 total®
Syria
score < 4 19 9 28
score > 4 4 51 55
total 23 60 83

Y Lines scored on a 0-9 scale (0 = no scald). Number of lines per
category.

2.4.3.2. Testing of selected germplasm in seedling stage

The Welsh Plant Breeding Station (WPBS) at Aberystwyth (U.XK.) is a
center of excellence for research on scald and netblotch. Mr Ziad
Alamdar (Senior Research Technician, Cereal Pathology) spent 6 weeks
at the WPBS to work on seedling tests to screen for resistance to
scald. Lines, previously selected for low levels of scald in the
field at Tel Hadya in 1990-91, were tested against two U.K. scald
strains. Race 0 has a low virulence, while Race 77 is the most
prevalent race in the U.K. with a high virulence. The reaction of
the lines was classified as either resistant (R) or susceptible (S).
Diversity in resistance was demonstrated in landrace lines and
breeding material (Table 24), even though the material had never
been exposed to these isolates. These results (and 2.4.3.1)
demonstrate the efficiency of field screening in Tel Hadya. In
germplasm with a high frequency of susceptibility like the Egyptian
and Jordanian local barleys, resistant components were identified.
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Table 24. Resistance of different types of gemmplasm, previously
selected for resistance to Syrian scald strains, to two different
strains of Rhynchosparium secalis from the U.K. in seedling test at
the WPBS, Aberystwyth.

lines per resistance group

total race 0 R R S S
Experiments lines race 77 R s R S
Algerian lardrace lines 18 7 1 1 9
Egyptian landrace lines 6 5 1
Jordanian landrace lines 3 2 1
Syrian landrace lines 24 14 6 1 3
breeding lines 43 27 2 9 5

2.4.4. Barley leaf stripe

Barley leaf stripe (Pyrencphora graminea) is a seed-borne disease of
importance in wetter areas. The disease is spread from diseased
plants to seed of neighboring plants. Research has concentrated on
developing reliable techniques for seedling screening and for
determining seed infestation.

2.4.4.1. Virulence analysis

The availability of a reliable seedling screening method, makes P.
graminea well suited to study virulence of isolates from different
origins. A tctal of 28 pathogen strains from 10 countries were
tested under controlled enviromment conditions on 7 barley lines
with a known reaction to barley leaf stripe. Table 25 sumarizes the
results. The average over isclates is given for countries with more
than one entry. A large difference in virulence over the 7 lines
tested was present among isclates. Differences in specific virulence
towards specific host genotypes was significant, but far smaller
than the isolate effect (F ratio isolate / isolate x variety: 2.51).
This indicates that specific virulence plays a minor role within the



45

pathogen and host populations tested. Germplasm selected for
resistance to local Syrian strains is likely to maintain its
resistance in other countries. Interestingly two selections from
local Syrian landraces (’Tadmor’ and ’Zanbaka’) possess resistance
that equals, or even surpasses, that of lines with reported to have
high level of resistance.

Table 25. Percentage of striped plants after inoculating 7 barley
lines with P. graminea isolates from different countries.

no varieties
Origin isol Ar Ci Bt Ta Va Za Be" Mean Range®
Syria 11 46 95 4 5 14 1 29 28 20 - 36
Ethiopia 4 18 78 0 0 5 0 1 15 7 - 20
Turkey 3 18 75 0 2 2 0 17 16 10 - 23
Libya 2 37 90 0 23 3 0 45 29 26 - 31
Dermark 2 8 94 5 0 3 0 0 16 14 - 17
Tunisia 2 o 2 3 6 0 0 14 4 1 - 6
Maorocco 1 81 100 0 10 8 0 60 37
Ecuador 1 & 79 0 ) 0 0 10 21
Ttaly 1 20 90 0 5 13 o 21 21
Nepal 1 0 0 0 0 5 0 0 1
Mean 32 80 2 5 8 0 21 21

D Ar; Arta, Ci; CI 6944, Bt: Betzes, Ta; Tadmor, Va; Vada, Za;
Zambaka, Be: Beecher.

2 percertage striped plants averaged over isolates from one
country, Range indicates lowest and highest mean over 7
varieties.

2.4.5. Covered smut

Covered smut (Ustilago hordei) is present in most farmer’s fields
throughout the WANA region. It will remain important as long as
farmers grow their own seed and don’t use seed treatment (see
2.3.6). Breeding lines and landraces vary greatly in the level of
resistance (see Annual Report 1991). Screening for resistance, using
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artificial inoculation with local Syrian smut strains, is carried
out in early stages of yield testing and on parental material.
Iocal Syrian germplasm is highly susceptible.

2.4.5.1. Screening of breeding material

For the first time we screened all barley lines in preliminary yield
trials as well as those in advanced trials. Table 26 shows the level
of resistance for both groups. A large part of the material has
acceptable levels of resistance (< 5% smutted plants). However,
material with levels of smut of > 30% (the level of the susceptible

Table 26. Performance of 530 breeding lines in preliminary yield
testing and 180 hreeding lines for resistance to Covered simt, Tel
Hadya, 1991-92.

total percentage lines / class"
Experiments lines 0 <5 €15 <30 >30
Prelimary Yield Trials 530 39 21 15 14 11
Advanced Yield Trials 180 39 14 26 14 7

D pistribution of lines according to percentage smutted plants,
classes indicated by upper limit.

checks ‘Tadmor’ and ‘WI2291’), should not be advanced to trials
meant to develop germplasm for farming systems where seed treatment
is not used.

2.4.5.2. Effect of enviromnment on expression of covered smt

Four highly susceptible barley lines where inoculated and planted in
three locations: Breda (low rainfall), Tel Hadya (moderate rainfall)
and Jinderess (high rainfall). At Tel Hadya there were two planting
dates, for the late planting two sets were grown, one sown directly
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and one pre—germinated on filter paper for 5 days at 18°C.
Temperature during germination seems to play a major role as is
shown by the effect of pre-germination and the differerce between
early and late planting (Table 27). A significant difference in
level of smut was present between the high and the low rainfall
locaticns. However, the difference might be caused by the lower
temperature at Breda during germination.

Table 27. Effect of enviromment on percentage smutted plants of
four inoculated smut-susceptible barley lines, 1991-92.

39-03 10-11 Tadmor WI2291 mean’’

Breda 35 34 31 18 29 a
Jinderess 55 53 38 12 40 b
Tel Hadya

- early 37 32 52 22 36 ab
- late, pregerminated 64 59 67 50 60 c
- late 6 7 0 0 3

D means with same letter are not statistically different (P = 0.05)
using ISD test. Tel Hadya late planting not included in ANOVA.

2.4.6. Seed treatment by fungicides

Fungicide research is a relatively small effort within the project
and concentrates on two aspects; (1) Phytotoxic and phytotenic
aspects of seed treatment; (2) Control of seed decay.

2.4.6.1. Effect of different fungicides on yield

Previous experiments (Cereal Program Annual Report 1991, 1992)
showed that certain fungicides effect plant growth as well as
protecting the plants from seed-borne diseases. During the past year
three advanced barley lines (‘Tadmor’, ‘Arta’ and ’'Furat-2’) were
tested in yield trials with four fungicides (Vitavax, Baytan,
Imazalil and Quinelate) in five locations throughout Syria. The
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first three fungicides were applied both at the recommended and
double rates. The experiment formed a part of the collaborative
project with the Syrian National Program. No effect on yield was
obhserved. The experiment will be repeated in the comirng season.

2.4.6.2. Dry seed decay

Very high seed rates (> 200 kg / ha) are commonly used in WANA.
Reasons for this are not clear, but pathogens that affect seed
emergence may play a role. Penicillium is a saprophytic fungus which
is omnipresent in scil and on seed. The furngus can colonize seeds at
soil moisture levels that are too low for germination. Dry seeding
in years when first rains are delayed provides therefore a good
enviromment for the development of dry seed decay. The use of
fungicidal seed dressing is prcbably the only way to control the
decay.

The emergence of seed inoculated with a Penicillium spore
suspension and incubated for one week at 18 °C and high relative
humidity was compared with that of uninoculated, non-incubated seed.
Two different planting depths were used to test the effect on
seedling vigor. The same varieties arnd fungicides as described under
2.4.6.1 were used. The experiment was planted on 22 December with
adequate soil moisture for germination and plant emergence was noted
on 23 January. Inoculation decreased emergence (47% for inoculated,
57% for uninoculated, P< 0.001), while shallow planting resulted in
a lower plant emergence than deep planting (37% for shallow, 67% for
deep planting, P< 0.001). A better emergence from deep planting has
been chserved before in root rot experiments and is probably due to
higher scil temperatures at greater seeding depth. Apart from a seed
treatment x inoculation interaction (P< 0.001) the only significant
interaction was planting depths x varieties, caused by the poor
emergence of Furat-2 at shallow seeding. Figure 4 shows the effect
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of inoculation and seed treatment, averaged over depths and
varieties. No significant (at P= 0.05) effect of inoculation on
emergence was present after seed treatment with the double dose of
Vitavax, the double dose of Imazalil or the sirgle dose of Baytan.

Two different experiments were carried out to test the effect
of dry-seed decay under controlled enviromment conditions. In the
first the length of the incubation periocd was varied from one to 25
days. After incubation the seed was placed on wet blotter paper and
germination was noted after 10 days. The same varieties and seed
treatments were used. The three barley lines responded similarly to
the treatments. Figure 5 shows the percentage of germinated seed,
averaged over varieties. Under conditions optimal for seed
germination, an effect of incculation was only detected after 11
days incubation, even though fungal infection on the seed was noted
after one week. Baytan gave the best protection, even after 26 days
incubation. In a second experiment seed was incubated for one week
and placed on blotter paper for germination. After 10 days the
coleoptile length was measured from seed with a visible infection
and from seed without. Figure 6 shows that infested seed had shorter
coleoptiles than seed without visible infection and that treating
the seed with Baytan reduced coleoptile length. Assuming that
coleoptile length is a measurement for seedling vigor, these results
support the field data which showed the large effect of inoculation
on emergence, even though germination might be only affected after
prolornged incubation. - J. van Leur
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2.5. International Nurseries

International barley murseries available for distribution from
ICARDA, Syria, in 1992 remained the same as last season (Table 28).
Two specific-trait nurseries, one for naked barley and one for BYDV
resistant germplasm, were assembled for the second year.

In 1992 there was nc seed shortage except for the Segregating
Populations. A total of 388 nursery sets were distributed. This
number was about the same as that of last year. - 8.K. Yau
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Table 28. Barley international murseries for 1992-93.

Nursery Abbre- No. of No. of sets
viation entries distributed

Regular Nurseries
Crossing Block BCB 92 31
Segregating Populations BSP 122 19
Observation Nurseries:
- Low Rainfall Areas

(Mild Winter) BON-IRA (M) 65 39
- Iow Rainfall Areas

(Cool Winter) BON-IRA (C) 109 28
- Moderate Rainfall

Areas BON-MRA 113 51
Yield Trials:
- Low Rainfall Areas

(Mild Winter) BYT-IRA (M) 24 55
- Low Rainfall Areas

(Cool Winter) BYT-IRA (C) 24 37
- Moderate Rainfall

Areas BYT-MRA 24 64

Gemplasm Pool
Naked Barley BN 80 31
BYIV resistance BYDW 56 a3
Total 388

2.6. Biotechnology
The second biotechnology position was filled by Dr. M. Baum, who
holds a Doctor degree in cytogenetics and plant breeding from
Gottingen University, Germany and worked as a post-doctoral fellow
in CSIRO, Canberra, Australia. He has been involved in molecular
genetic research of wheat, rye and triticale.

The main research objectives are to establish the use of RFIP-
and PCR-marker techniques for marker assisted selection in breeding
populations of barley.

2.6.1. DNA-markers in barley
In barley specific monogenic or oligogenic resistance genes have
been described for important diseases and nematodes. The use of



53

markers closely linked to specific resistance genes will allow
selection for the marker resulting in resistant breeding material.
Through collaboration with the North American Barley Gene Mapping
Project (NABGMP) and the German Barley Gene Mapping Project (GBGMP)
about 500 mapped DNA-markers for barley are available.

At ICARDA linkages will be established between these RFLP-
markers and resistant genes in segregating populations. The cross
Tadmor x WI2291 has been selected for the mapping. Tadmor, a
selection from a black seeded Syrian landrace (Arabi Aswad), is
resistant to scald and root rot but susceptible to powdery mildew.
WI2291, a line from Australia, is resistant to powdery mildew but
susceptible to scald and root rot.

In order to use well defined homozygous parental lines the cross
Tadmor x WI229]1 was repeated this year by the barley breeders. The
Fl hybrids were grown up a) to produce F2 segregating populations
and b) to serve as donor plants for Double Haploid production by
anther culture and through crosses with Hordeum bulbosun. F2 embryos
were excised out of immature seeds developing on the F1 plants,
these were transplanted on to artificial medium (B5) to speed up the
plant development process. At the end of this year INA can be
extracted from this segregating population.

Anthers fram F1 plants (Tadmor x WI2291) were cultured on
artificial media(induction media) in order to induce haploid plant
formation. The induced calli were transferred to a regeneration
media. Haploid plants are being regenerated. A second set of Fl
plants has be