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Profile of ICARDA 

he Interuational Center for Agricultural Research in the Dry Areas 

(ICARDA) was established in 1977 to undertake research and training 

relevant to the needs of developing countries and specifically for the 

agricultural syscems of West Asia and North Africa. Its general objective is to help 

increase agricultural productivity and food supplies, thus improving economic and 

social living standards. 

The Center focuses primarily on rainfed 
agricultural systems in areas having a dry 
summer and where precipitation in winter 
ranges from 200 to 600 mm. It supports the 
kind of research that will help small 
farmers achieve better harvests and is 
designated a world center for improving 
barley, lentils, and faba beans, and a re-
gional center for wheat, chickpeas, pas-
ture and forage crops, and farming 
systems. 

Governed by an International Board of 
Trustees, ICARDA is organized into four 
scientific programs: Farming Systems, 
Cereal Crops Improvement, Food Legume 
Crops Improvement, and Pasture, Forage, 
and Livestock Improvement. Other key 
divisions include Genetic Resources, 
Training, Communications and Documen-
tation, and Computer Services. 

Principal financing for ICAWAl is ar-
ranged by the Consultative Group on 

International Agricultural Research 
(CGIAR), and support for its programs in 
research and training in 1985 was provided 
by many countries and organizations. The 
principal donors are listed on page 89. 

Headquarters for the Center, including 
its principal research station, is at Tel 
Hadya, Syria (35 km south of Aleppo on the 
Damascus-Aleppo highway). Land for the 
948-hectare site was granted by the govern
ment of the Syrian Arab Republic. 
ICARDA also manages other sites where 
material can be tested under a variety of 
agro-ecological conditions: at Kafr 
Antoon, Jindiress, Khanasser, Breda, and 
Lattakia in Syria, and at Terbol in the 
Beka'a valley of Lebanon. However, the 
full scope of the Center's activities can be 
appreciated only when account is taken of' 
the cooperative research carried out with 
many countries of the region. 
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Breeding Strategy for Wheat in High 
Elevation Areas 

E xtensive high elevation zones above 1000 meters account for almost 50% of the 
total wheat area of the ICARDA region, yet they produce only about 25% of the 

wheat production because yields are low. Although development and research 
resources in the countries of West Asia ardNorth Africa have been traditionally 
biased towards the more favorable lowland environments where the returns on 
investment in research and development are greatest, more attention is now being 
fo,,used on high elevation areas because of their potential for increasing food 
production. 

These areas with their fragile ecosystems 
and extreme weather variations are found 
in the great mountain belt which stretches 
from Pakistan in the east through 
Afghanistan, !ran, and Iraq to the 
Anatolian Plateau of Turkey. They also 
exist in parts of Lebanon, Yemen Arab 
Republi-, and North Africa. Except in 
Turkey, wheat yields average only about 
600 kg/ha because of the lack of improved 
varieties, susceptibility to diseases, poor 
crop management practices, and harsh 
environmental stresses. 

If improved, better yielding wheat vari-
eties are to be successful, they must 
survive severe cold winters, short springs, 
and hot, dry summers. ICARDA and na-
tional scientists are making a major effort 
to identify suitable varieties in wheat 
germplasm originating from principal 
winter wheat growing areas of the world. 
However, out of 10,000 entries tested 
at Quetta in Pakistan and Annoceur 
in Morocco, only a few performed 
satisfactorily, 

Also at Quetta, the scientists studied 
wheat varieties from those same sources to 
obtain essential information on two impor-
tant crop growth phases: vegetative (sow-
ing to heading) and reproductive (heading 

to maturity). They found only small differ
ences in the number of days to heading but 
large differences in the time taken to ma
ture. The varieties from Quetta (Pakistan), 
Ankara (Turkey), and Iran took 27,30 and 
35 days, respectively to mature after 
flowering. The varieties from Oregon 
(United States) and Cambridge (England) 
matured in 40 and 46 days, respectively. A 
variety from Texas (TxIA 562-6) did not 
mature. 

The heading time in Quetta for wheat is 
about the last week of April and coincides 
with the period when rains stop and tem
peratures start rising rapidly with strong, 
warm, gusty winds. The wheat varieties 
responded to this changing climate 
through their genetic adaptive mechanism 
by hastening maturity. However, the effect 
of high temperature and reduced moisture 
on the 1000 kernel weight of the varieties 
from Oregon, Texas, and Cambridge was 
much greater. They had a longer repro
ductive phase compared with varieties 
from Pakistan, Turkey, and Iran. 

These studies revealed that the success
ful varieties in such environments should 
have a long vegetative phase to go through 
the severe winter and a short reproductive 
phase to cope with rapidly rising tempera
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Breadwheat lines (top) susceptible to cold andin the backgroundtolerantlines at Sarghaya,Syria;
below, droughtdamage(left) and heatdamage(right)at Quetta,Pakistan. 

tures coupled with moisture deficiency. 
Based on these results, plant breeders at 
ICARDA concluded that the type of plant 
required should have a long vegetative 
phase, many fertile tillers, a short repro-
ductive phase, and medium-sized heads 
and grain. These assumptions are sup-
ported by the fact that the local and well 
adapted landraces in these countries pos-
sess such traits. 

To serve high elevation areas, a breed-
ing and germplasm development strategy 
was developed with these essential 
components: 

(1) Use of local landrace cultivars. 

(2) Screening of parental material at a 
few representative high altitude sites 
against the biotic and abiotic factors re
tarding crop productivity (Figure 1). 

(3) Breeding for specific adaptability. 
(4) Targeted crosses with winter x 

winter and/or winter x spring types. 
(5) Multi-location testing and selection 

of early generation material (Figure 2). 
(6) Bulking of selected plants to provide 

buffering capacity to new cultivars to cope 
with variable agro-climatic conditions. 

Under this strategy, screening of 
germplasm and parental lines for various 
stresses is carried out primarily at three 
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sites: Quetta (Pakistan), Annoceur 
(Morocco), and Sarghaya (Syria), with 
supplementary information gathered from 
some other sites in Syria such as Lattakia 
for disease resistance, Breda for drought 
tolerance, and Hegla forsalttolerance. All 
the information is funneled to ICARDA's 
headquarters where a complete set of the 
material is planted every year to make 
targeted crosses involving winter x winter 
or winter x spring types. 

The use of local landraces as one of the 
parents in a majority of the crosses is 
emphasized. These targeted crosses for 
specific adaptability are then supplied to 
the cooperators in countries of West Asia 
and North Africa for testing and selection 

Figure1. Cerealbreedingstrategyfor high 
elevation areas. 

Screening of germplasm and parental lines 

Quetta
(Pakistan) 

Annaceur 
(Morocco) 

Sarghava
(Syria) 

Drought Tan s Frost 
Frost Powdery YR and 
Earliness mildew SR 
YR and SR Yellow rust Heat 
Common bunt Drought 

ICARDA Headquarters 
(Aleppo, Syria) 

- Germplasm evaluation 
Landraces 
Triticum species 

- CB of winter types 
- Targeted crosses 

WxS, WxW 
- Multi-location testing 

and selection of F2'S 

(Figure 2). The entire activity is carried 
out in close collaboration with national 
scientists and research institutions. 

Part of the achievement and success of 
the wheat breeding program from 1981 to 
1985 is shown in Figure 3. The overall 
selection frequency of ICARDA-supplied 
winter wheat lines at Annoceur (Morocco) 
increased from 2% in 1981 to 25% in 1985; 
Quetta (Pakistan) from 8% to 27%; at 
Sarghaya (Syria) from 10% to 30%. The 
most striking result came from the per
formance of the high altitude bread and 
durum wheat observation nurseries at 
Ankara (Turkey) last year: 15% of the 
lines were selected compared with 1% in 
1981 on the basis of their resistance to tan 
spot and yellow rust diseases and their 
favorable agronomic score. 
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Figure3(Left). Selectionfrequency (%) of 
winter wheat line from 1981 to 1985at three 
sites in Morocco, Pakistan,andSyria. 
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Use of Landraces and Wild Species to 
Improve Durum Wheat Production 
in Stress Environments 

N otable progress is being made in developing improved durum wheat cultivars
for dry areas by using landraces and wild relatives of cultivated species in the 

hybridization program. Landraces, grown for centuries by farmers, are generally 
low yielders under favorable and high input conditions but they and wild species
have specific genetic characteristics adapted to particular ecological environ
ments and provide valuable gene sources for breeders to improve drought 
tolerance, tillering, and protein content in new scientifically bred varieties. 

One of these new durum varieties is 
Omrabi derived from a cross involving 
Haurani, a Middle East landrace, and Jori 
C69, a high yielding cultivar under favor
able environments of the Middle East and 
North Africa. It has outyielded its parents 
in both favorable and dry environments 
(Figure 4). 

The performance of Sebou, another new
ly tested 'durum line, demonstrates the 
useful exploitation ofdesirable genes from 
a wheat relative, Triticumpolonicum.This 
durum wheat line comes from a cross in-
volving Crane, a variety adapted to high 
input conditions, and a strain of T. polo-
nicun, a wheat species adapted to arid 
conditions. 

Figure 5 shows the performance over 
three years at on-farm trials of Sebou 
compared with Haurani in the dry areas 
and Gezira in the higher rainfall or irri
gated areas of Syria. The results demon-srttht 

strate that Sebou combines its high yield 
potential with good yield consistency ac-
ross the various agroclimatic environ
ments in Syria. This variety has also 
shown good adaptation both in Jordan and 
Algeria. 

5000

40 
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3 

> 2000 " 
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0 1000 -

0 1 253 3 4 5 
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Site mean yield (kg/ha) 
- Omrabi (y =4210 + 0.97 x) 

ham 1 ( =3652 + 1.10 x) 
-- Haurani (y= 3333 + 0.63 x) 

Figure4. Yield stabilityof Omrabi,a new 
durum wheat variety,compared with Sham 1 
and Haurani. 
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Variability in Agronomic and Morphological
Traits in Syrian Landraces of Barley 

B arley growing areas with less than 300 mm of annual rainfall in the Middle East 
and North Africa are characterized by high inter-seasonal and intra-seasonal 

variability in the amount and distribution of rainfall. Here barley is grown mainly 
as animal feed and farmers use both the grain and the straw. The crop is usually 
under environmental stresses (drought, cold, heat, and salinity) and they, along 
with low soil fertility and traditional agronomic practices, account for low 
productivity. 

In these agro-climatic environments, land
races and/or selections from landraces 
are considered to be the most dependable 
genetic material, but scientists have found 
it difficult to identify varieties with con
sistent larger yields, especially where 
environmental stresses are the major 
yield-limiting factors. 

Although it has been proven that land
races or "primitive cultivars" grown for a 
long time by farmers are an important 
source of useful genetic variation and 
varietal improvement for many crops, 
scientists lack sufficient experimental 
evidence of agronomically useful genetic 
variability in barley landraces in the 
Fertile Crescent. Therefore, ICARDA 
scientists are now using landraces as one 
of their strategies to improve barley yields 

and yield stability in very dry areas. 
The initial phase of this activity is con

centrated mainly on the two widely grown 
Syrian landraces known as Arabi Abiad 
(white seeded and grown in slightly more 
favorable environments) and Arabi Aswad 
(black seeded, grown in harsher environ
ments). Both landraces are two-rowed,with thin stems and high tillering ability.

Aith rin stempl ofd420hlines drivd 
frandom
sample of 420 lines derived 


from single heads collected in farmers' 
fields at different locations in Syria were 

E
 

Tadmor,an improved barley landrace,interests 
farmers because of itsyield performanceunder 
harshenvironmentalconditions in Syria. It
providesone of the valuablegenetic sourcesfor 
the improvement of barley in very dry areas. 
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Figure6. Variabilityin grainyield and 1000 kernel weight betweenpure barley lines collectedfromlocal landracesat two sites - Urn Zeitoun in the south and Wadi Hahmarin the northof Syria.
Vertical barsshow the mean values of the two standardlandracesgrown in Syria - A. Abiad and 
A. Aswad. 

evaluated in three trials at the Breda The information generated in this type
experimental site with a rainfall of277 mm. of study can be used in a breeding program
A wide range of diversity was found for in at least four different ways:
characters such as growth class, early (1) Release of the highest yielding lines 
growth vigor, cold damage, plant height, as pure line varieties after testing their 
days to heading and maturity, grain filling stability in different environments (lo
duration, 1000 kernel weight, protein and cations and years).
lysine content, grain yield, and resistance (2) Use of superior lines as parents in the 
to yellow rust, scald, and powdery mildew, crossing program to introduce additional 
An example of this variability is shown in desirable characters in an adapted genetic
Figure 6 for two collection sites. background. 

As a result of this study, 15 lines were (3) Evaluation of multi-lines built with a 
found to outyield one or both landraces, variable number of pure lines properly
and one line was identified which out- characterized for a set of agronomic char
yielded the best local cultivars by 49% at acters. (This helps achieve a better under-
Bouider with 178 mm rainfall and by 25% standing of the relationship between 
at Breda with 277 mm rainfall (Fig ure 7). genetic heterogeneity and stability.) 
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*
(4) Lines showing extreme expressions 4 Tadmor 
of certain attributes but similarity for 
others (e.g. tall and short lines with similar A. abiad 
levels ofcold tolerance, early growth vigor 
and maturity, or early and late lines with ED A.aswad 
similar plant height, early growth vigor, 
and cold tolerance) can be evaluated by the 
stress physiologists. (They can quantify 
the adaptive role of specific morphological "2 
traits, in a given combination with other V 
traits, under stress environments). 

C 

Boulder Breda Tel Hadya
Rainfall (178 mm) (276 mm) (376 mm) 

Figure7. Grainyield of Tadmor, a barley 
landraceselected at a collection site near 
Palmyra,Syria, comparedwith two standard 
landracesgrown at three locations. 
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Multi-location Testing of Advanced Barley

Lines for Disease Resistance
 

B efore new barley material is included in International Nurseries or Farm
Verification Trials, researchers gather as much information as possible on thedifferent characteristics of these lines and conduct final yield and quality tests

within the Advanced Barley Yield Trials planted in three or four locations within
Syria and Lebanon. However, these locations are not sufficient to evaluate theresistance of these lines to various diseases. Few barley diseases occur every year
severely enough for a reliable screening of nurseries with a large number of entries 
planted in relatively small plots. 

Furthermore, in the farmer's situation, 
foliar diseases (such as scald or net blotch) 
depend for their initial inoculum on the 
stubble of the previous year's crop. This 
implies that the disease level of the pre
vious year's crop, which is determined by
the environment and the susceptibility of 
the cultivar grown, influences the disease 
level of the present crop. 

To avoid the chance of barley lines 
escaping the disease, initial inoculum is 
applied artificially under controlled con
ditions. To ensure reliable screening of the 
germplasm to specific diseases, the nursery 
is planted in environments known for 
natural occurrence of disease develop
ment. Since 1981, lines present in the 
Advanced Barley Yield Trials are included 
in a special disease nursery (Key Location 
Disease Nursery) planted in a number of 
"hot spots" both within and outside the 
ICARDA region where natural infestation 
is high. Evaluation is carried out in 
cooperation with the national programs of 
the countries where this nursery is 
planted.

Even by planting in these "hot spots," Scientistj conductedsevere screeningin multi
diseases may not occur every year in the location tests to select barley lines resistantto 
same severity. For a reliable estimation of scald (shown here)andother majorleaf 
resistance, data sets of different years have diseases. 
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to be evaluated. As the plant breeder is 
repeating the best performing entries for 
both yield and resistance in next year's 
nursery, more than one year of data is 
available for the best material. In the 
1984/85 Advanced Yield Trials, 78 lines 
were included for the third year or longer. 
Severe screening was done in more than 
one location for more than one year for 
four major leaf diseases: yellow rust 
(Pucciniastriiformis), leaf rust (Puccinia 
recondita), powdery mildew (Erysiphe 
graminis), and scald (Rhynchosporium 
secalis). 

Barley lines were selected having less 
than 15% severity for the rust diseases and 
for powdery mildew and scald a score of 
less than 5 on a scale where O=highly 
resistant and 9=highly susceptible. If a 
line was selected in 75% ormore ofthe data 
sets for a specific disease, it was considered 
to be resistant to this disease. Of the 78 
lines tested over the past three years, 41 
were resistant to one of the four diseases, 
19 to two different diseases, and five show-
ed resistance to three. Acceptable levels of 
multiple disease resistance are present in 
ICARDA's elite barley germplasm. 

Yield Potential and 
Drought
in Barley 

hree experimental sites in Syria's 
_ Aleppo province offer the unique 

opportunity to test early segregating 
barley populations with different rain
fall patterns which represent a range 
of growing conditions for the crop in 
the Middle East. 

ICARDA's principal experiment station 
at Tel Hadya, with its higher long-term 
annual rainfall of 342 mm and better soil 
fertility, provides information on the yield 
potential of parents, segregating popu
lations, and advanced lines. Bouider, at 
the other extreme with a 1orc:-term aver
age rainfall of 175 mm anu pior soil 
fertility, supplies information on yield 
under severe moisture-limiting conditions. 
In the middle range is Breda (273 mm) 
which could replace Bouider in exception
ally dry years when crop failures are 
expected to occur. 

Yield (either grain or total biological 
yield) at Tel Hadya and Bouider for 729 F3 
buJk populations was used to compute the 
drought susceptibility index (indicated by 
S). This index quantifies for each par
ticular genotype the yield depression from 
a favorable to a dry site in relation to 
the nverage yield depression of a set of 
gn otypes. 

Figure 8 shows an example of six geno
types with different relationships between 
S, yield potential under favorable con
ditions, and yield under dry conditions. 
Low values of S indicate a less-than
average yield reduction and therefore 
drought resistance. However, the use of S 
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alone as selection criterion can be mislead-
ing as shown by genotypes 1 and 2. 
Genotype 2 appears more drought tolerant 
but genotype 1 has the best combination of 
yield under drought and ability to respond 
to favorable conditions. 

A. high and negative correlation coef-
ficient (r= -. 769) was found between 
drought susceptibility index and grain 
yield at the driest site. But at the more 
favorable site (Tel Hadya) the correlation 
coefficient was much lower and positive 
(r=.249). This indicates that the highest 
yielding populations in a moisture-
limiting environment had a below average 
grain yield in the more favorable environ
ment. This suggests that characters which 
are desirable under drought are not nec-
essarily desirable in favorable conditions 
and vice versa. 

The 5% highest yielding populations at 
Tel Hadya gave an average grain yield of 
5367 kg/ha compared with 2508 kg/ha for 
the 5% lowest yielding populations 
(Figure 9). However, when these two 
groups of populations were compared in 
Bouider their grain yield was 929 and 758 

kg/ha, respectively. By contrast, the differ
ence between the 5% highest yielding and 
the 5% lowest yielding populations at 
Bouider (1668 and 274 kg/ha, respectively) 
was significant (at 5% probability level) 
even when the two groups of populations 
were compared at Tel Hadya. 

Therefore, differences among segregat-
ing populations for yield potential under 
favorable crop growing conditions seem to 
be of little relevance for a moisture-limited 
environment. In other words, yield poten-
tial under favorable conditions does not 
appear to be a useful selection criterion to 
identify superior genotypes for dry 
conditions. 

9- S =.42 [1] 

8 

7-
Average yield 

6- depression 

5
.0 

S=.11 [41 
"'4- S --.50 [51 
> 

-

2. 
2 

1 

Dry Favorableconditions conditions 

Figure8. Hypotheticalcerealgenotypes (in 
brackets)differingfor yield under drought, 
yieldpotential,anddroughtsurceptibility 
index (S). 

The main implication of these results: in 
a breeding program for stress environ
ments it is essential to screen early seg
regating populations in the target environ
ment to avoid the risk of losing a large 
fraction of genotypes specifically adapted 
to dry conditions. This supports the cur
rent strategy ofICARDA's barley breeding 
program which is based on direct selection 
under streS3 conditions. Considering the 
importance of barley in dry areas, these 
results also suggest the need to reassess 
the role of specific adaptation to achieve 
rapid progress toward substantial yield 
increases under stress. 
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729 F3 

bulk populations 

Boulder Tel Hadya 
(178 mm rainfall) ' (373 mm rainfall) 

Barley grain yields (kg/ha) 

Bottom 5% Top 5% Bottom 5% Top 5% 

274 18 

370 171 ns. 
P<.05 

Figure9. High grainyield for barleyunderfavorableconditions(Tel 
Hadya) does not appearto be an efficient selectioncriterionto improve 
yields underdry conditions (Bouider). Grainyields (kg/ha) at Tel 
Hadya areshown in orange andat Bouiderin yeilow. (Each location in 
northern Syria.) 
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Increased 
Adaptation of Bread 
Wheat Germplasm 

T here is an urgent need for sub
stantial increases in wheat pro

duction in countries of West Asia and 
North Africa where consumption per 
capita is the highest in the world and 
the crop provides over half of the cal
ories consumed by their people and 
sometimes half the protein. With the 
exception of Turkey, they deal with 
chronic and acute cereal deficits and 
bread wheat accounts for 80'% of huge 
cereal imports. 

Because environments in the region are so 
diverse, with weather and disease patterns 
changing radically from year to year, the 
scientists test bread wheat germplasm 
in many locations to ensure adequate ex
posure to a full range of stresses. This 
multi-location testing enables them to 
identify and select superior gene com
binations with specific and broad adapta
bility, high yield potential and stability,
disease and insect resistance, and accept
able grain quality. 

In an effort to respond to requests from 
national programs for improved adapted
germplasm, the joint ICARDA/CIMMYT 
bread wheat improvement program dis-
tributes advanced lines and early gene-
ration F., material from which they can 
select potential commercial varieties. 
Over the past few years, the yield gap 
between the top bread wheat lines de
veloped jointly by ICARDA and CIMMYT 
scientists and the national check varieties 
has widened. By 1985, the difference 

Scientists test breadwheat germpla n in many 
locationsto ensureadequateexposure to 
stresses.Selecting lines for diseaseresistanceinTunisia(top photo);evaluatingthe perfor
mance of lines in Ethiopia(lowerphoto). 
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amounted to approximately one ton per 
hectare (Figure 10). Also, the number of 
bread wheat lines selected by national 
programs based on their superiority over 
the national check varieties increased. 

Figure10. Number ofbread wheat lines 
significantly(P <0.05) outyieldingthe national 
checks in 21 countriesof Wes.t Asia and North 
Africa (1977-85). 

6.0 -

-

120 -

110 _ 

5.0 -

-

100 

90 -

/ 

4.0 80 -

3.0 

-

-

70 

60 -

2.0 - 40 -40 

1.0 -

30 

20 -

zz 
0- 30 

-20 

10 - 10 z 

1977/78 I89/79 I79/80 I80/81 I81/82 I82/83 I82184 I84/85 

Top bread wheat 

No. of lines 

--

-

National check 

No. of locations 

20 



III thm, ,u',','lth,1.s,' strips (11r1,toJlorallf." " 
 " 	 "
 

Cold and Drought Tolerance in Advanced 
Bread Wheat Lines 
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cold season. Freezing temperatures as low 
as - 10'C were registered for 20-25 days at 
Tel-Hadya's meteorological station. 

Taking advantage of selecting material 
under these two different seasons, it was 
possible to identify several lines which 
were not only superior in yield compared 
with the checks but also had some degree 
of drought and cold tolerance. These lines 
were distributed to national programs in 

the region for possible selection and 
multiplication. 

Ciham 2, a wheat variety released in 
Syria, was found to be a cold tolerant line 
in many countries. It did well in the1984/85 
cold season compared with check varie
ties. Because of its cold tolerance, it 
produced good yields in southeastern 
Turkey and in large-scale on-farm tests 
and multiplication there and elsewhere. 

PWYT 83/84 Rainfed AWYT 84/85 EP-SIR* 

Cross and II- -i LSD 1X DT LDS Sham 

Pedigree . 51/1(5)MXP* L C (5%) 2 L C
 

C182.21/C168.3/3/Cno* 619 146 1.6/3.3 653 119 1.3/2.6 
2/7C/ /Cc/Tob 

SWM 6828-6AP-2AP
2A P-3A P-OA P 

ChatS'- 714 134 1.0/3.3 407 114 1.3/2.0 
CM 33090-T-1M-3Y-
0MI-12-11B-O K-OAP 

Chr/1/Inia'S'/7C//Cno " 72 141 1.0/3.3 433 121 1.6/1.7
/GIl/3/ Pci/lBb/hnia 

CM -169:35-2AI'-OAP-
6AIP-1A P-2A P-OA P 

Jup'S'/4/I,164*2/n6// 619 132 2.0/3.3 653 120 2.0/2.6 
Cc/3/Ska 

L 764-1L-Ap-OAP
1AP-1AP-0AP 

Riinnaya/Lovrin L3// 611 145 1.0/2.3 573 120 1.6/2.6 
Tes 

SWM 8211- IY-1Y-2Y-
OAP 

*MXP=Mexipak 65: DTS=Drought ToleranceScore and CTS=Cold Tolerance Score: I = Best,
 
5= Worst: EP=Early Planting;SIR = Supplementary Irrigation;L= Line; C= Check.
 

Table 1. Advanced breadwheat lines with superioryield, as well as drought and cold tolerance, 
compared with two checks (Mexipak 65 and Sham 2) in PreliminaryWheat Yield Trials(P WYT) in 
1983/84 and Advanced Wheat Yield Trials (A WYT)in 1984/85 at Tel Hadya, Syria. 
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Durum Wheat Germplasm Resistant to 
Yellow Rust Disease 

Y ellow rust or stripe rust- one of the majordiseases of durum wheat in countries 
of the region - is not confined only to cooler high elevation areas but has 

become serious in some warm and dry areas where large agricultural schemes are 
put under irrigation. (For example, Euphrates areas in Syria.) Durum wheat is 
grown on approximately 8.5 million hectares in North Africa and West Asia about 
45% of the world durum area. 

Scientists screen clurum wheat gerniplasm1 
for resistance to yellow rust disease caused 
by Puccinia striiformnis f. sp. tritici at 
ICARDA's principal station at Tel Hadya, 
Syria and in several other "hot spots" 
under artificially created epidemics or 
natural infection. A special Durum Yellow 
Rust Nursery (DYR) has been put in u|per
ation to develop a germplasm pool with 
sources of resistance to the disease. It 
includes durum wheat lines exhibiting 
resistance in primary screenings. They are 
then retested in "hot spots" for several 
years. 

At the Institute for Plant Protection 
(IPO) at Wageningen in the Netheriands, 
DYR-1985, with other germplasm, was 
tested during the year at the sdedling stage 
for resistance to 10 predominant isolates of 
the yellow rust pathogen. They came from
four countries within the region and three 
from outside: India, Kenya, and Italy. 

Twenty-three out of the 36 durum wheat 
lines in the DYR-1985 were resistant to all 
10 pathogen isolates used (Table 2). In a 
previous field screening in 1983 and 1984 at 
four sites in Syria and Portugal, they 
showed good resistance to the yellow rust 
pathogen. The majority of them were selec
ted for resistance under a Syrian environ
ment at Tel Hadya. 

Left, an advancedstage ofsevere yellow rustor 
stripe rustdiseaseon a wheat leaf;rig/ht, a leaf 
from a resistantplant. 
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Most of these resistant lines are carry-
ing the parents Flamingo (Fg) and 
Gaviotal (Gta) in their pedigrees; eight 
lines (entries 1, 2, 4, 17, 18, 19, 20, and 21) 
are used extensively in the crossing pro
gram of durum and four entries (5, 10, 14, 
and 22) are included in the Regional Yield 
Trials for final yield testing. Entry 23 is 
released in Syria (as Sham 1), in Portugal 
(as Celta), and in Cyprus (as Karpasia). 

Table 2. Durum wheat lines resistantto 
different isolatesofyellow rust (Puccinia 
striiformis) in seedling stage testing.* 

Entry Name or cross
 

1 Pen
 
2 Jo/Cr//USA 06179/3/Jo/Gr
 
3 D4766 
4 Memo 
5 Kit'//Ruff/fg 
6 Gr/S.Cp//St 464/3/Cr/4/Gta 
7 Mexi/Gta 
8 Snipe//Ovi/Amarelejo 
9 Rabi/31810//Snipe/3/Balcarceno Inta 

10 Misri/Mexi//Snipe 
11 Sco/3/BDI 814//BD 1708/BD 1543/4/ 

Rok 
12 Ggo VZ 385/Gs/4/D. dwarf S15//T.dic. 

V. Vern/G11/3/Plc
 
13 Gta/USA 0445
 
14 Snipe/Magh=Zeroud
 
15 Gediz/Fg//Gta
 
16 USA IIIC/Gs//Cr/Cit/3/D 67.2
 
17 Stellata
 
18 Cfn/2*Lan/Dwf F.Lan
 
19 Br'S'//ZB/Pl 298547*
 
20 R,.hi//Gs/Cr 
21 Gta//Jo/Cr 
22 D. dwarfS15/Cr//3/Plc/CV//Jord 119 

=,Jordan 
23 Plc/Ruff//Gta/Rtte 

=Sham 1 
*Isolatesused:3 Syria (2E16; 6E16; 70E16); 
1 Turkey (6(38)EO(16)); 1 Tunisia(6E16),
2 Pakistan((6(38)E16), 66(74)ED); I India 
(6E16); I Kenya (134E150); I Italy(108E141). 

24 



Monitoring Response to Selection for 
Superior Yielding Cereal Genotypes 
in Regional Trials 

C ereal genotypes with improved yielding performance are constantly being
identified and delivered to national programs through an international nursery 

system. In the process of selecting these genotypes, ICARDA and CIMMYT 
scientists compare new and promising advanced lines with both long-term and 
improved checks, plus national checks provided by cooperators. Comparison of 
these entries provides them with an indication of response to selection over long 
and short periods of time. 

A conventional approach in comparing 
entries is through combined analyses of 
variance which pool information from all 
sites. One possible modification involves 
the tabulation ofplanned pairwise statisti-
cal comparisons across sites, thereby giv-
ing favorable and less favorable sites an 
equal weighting, yet incorporating the 
error of assessment unique to cach site. 
Frequency of ranks, for example, can be 
helpful in comparing entries but suffers 
from a lack of associated probability 
levels. 

To assess the overall performance for 
grain yield in the 1984/85 Regional Yield 
Trials, approximately 24,000 planned pair
wise comparisons using the LSD pro
cedure were performed and tabulated for 
137 trial results (Table 3). About 80%y of the 
locations were from countries in North 
Afiica and West Asia, with the remainder 
from Europe (primarily Spain, Italy, 
Greece, and Portugal), North and South 
America, and East Asia. 

Although it is difficult to compare the 
results from the 137 trials because the 
locations and checks tended to be quite 
different, these general observations can 
be made: 

(1) On the average, more new (non-

check) entries exceeded the long-term 
check than the improved check. This was 
especially true for the Regional Barley 
Yield Trial (RBYT) with Rihane - the 
widely adapted and high yielding im
proved check. No such comparison is ap
propriate for the Regional Bread Wheat 
Yield Trials (RWYT) since the improved 
check was a durum and not a bread wheat. 

Monitoringthe responseof cereals to conditions 
in Jordan.Scientists comparenew and 
promising lines with checks provided by 
nationalprogramsin severalcountries. 
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(2) Approxim, tely two to four entries per 
location, depenaing on the level of signifi-
cance, exceeded the national check. The 
ranges of number of entries exceeding the 
national check for the RBYT, RDYT-LRA 
(Regional Durum Yield Trial-Low Rainfall 
Areas), RDYT-MRA (Regional Durum 
Yield Trial-Moderate Rainfall Areas), and 
RWYT were 0-11, 0-12, 0-22, and 0-18, 
respectively (P=0.05). 

Long-term Improved 
barley check barley check 

P* (Beecher) (Rihane) 

0.01 1.8 0.5 
0.05 3.0 0.6 
0.10 3.8 1.1 

(26 Locations) 

Long-term hmproved 

durum check (lurum check 
P* (Stork) (Waha) 

0.01 2.1 1.9 
0.05 3.4 2.7 
0.10 4.4 3.3 

(30 Locations) 

Long-term Improved 
durum check durum check 

P* (Stork) (Waha) 

0.01 2.6 2.0 
0.05 4.0 3.3 
0.10 4.9 4.2 

(3) The average number of entries per 
location exceeding a check was approxi
mately doubled from P=0.01 to P=0.10. 
The LSD test at P=0.01 is probably too 
stringent. Research is underway to de
termine the optimal significance level for 
variety testing so that truly promising 
genotypes are not inadvertently 
discarded. 

National
 
check
 

1.8 
2.6 
3.2 

Table 3. Average number 
per locationof new (non-

National check) entriesin the 
check 1984/85 CerealsRegional 

1.1 Yield Trials significantly 
2.3 outyielding each of three 
3.1 checks. 

National 
check 

-


3.3
 
'1.1
 

*Level ofsignificances,two-sided test, using the LSD statistical 

procedurefor plannedpairwisecomparisons. 
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77wIbest bread whacat lime ii si.x til/ haytians Satm (bread wh eat) (\hihitvd exc'/h'nt
in t (i "th rtu/ a r .t'iitof /'Iurk .	 tflei ie to coad in southeastiri i 'urkeV nd

/,aJs beei seecited 1or large-scCal (emintislrations 
ItI)II 11 s /,f ds. 

Performance of Improved Cereal Varieties 
in Turkey 

Desults of*a new collaborative cereals research project between ICARDA and 
L Turkey's Ministry ol'Agriculture, Forestry and Rural Affairs show that some of 
the improved varieties developed by the international center performed better 
than local checks in certain regions of the country, but others did not. These 
findings provide furtherevidence that varieties suited to one area may do poorly in 
another and that extensive location-specific testing is essential before national 
governments release new varieties for farmer use. 

Anionig the I985 results, bas(d n Iot 1 
expelriment statioln aid onl-irm t rials anld 
'e)orteI Turkish scientists, at ., ths: 

(1) Tlhe advaln(ed hread wheal linve 
FIA'Ks-II()R{K's' r(sistanit tio prevaili g 
dise;ses, I)crforme(i rensona lV we! I in 
thrfee location.s in the Aegealn Region hut 
riot Significant l IhY1ttr than the checks, 

I'lh, samle was le'ptel folr Kourilla in the 
(itI'Llill groLup)ofl'impro)vedI variVties. S11.am1 I 
(duruI)was susCepltible to leaf rust a1nd 
(ol w0,0ather. Most oftihharle ymatureda 
little too early in thli re+gion 11d was 

suscel)tible to leat rust and powdery m il
dew (liseases. 

(2) Sham 2 (bired wheat) has been selec. 
ted fo)r large-scale demonstrations on far
mers fields in the soutleastemr region as a 
substitute ftor . alabadi t!he existing 
commercial cultivar. Shiam 2 exhibited 
excellent toleranc( to Cold. Blecause oft';I 
exceptionally cold season, the ICARI)A 
harley mterial was heavily (damaged. 
( Tellotypes wi thIbetter cold tuleran ce ald 
earlier miturity would be more suitable 
fort h1is region. 
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(3) Omrabia performed better than the 
durum wheat check variety at all six trial 
locations in the Cukurova region with an 
average yield of 5.3 t/ha; Kourifla aver-
aged 4.8 t/ha; FLK's'-HORK's' was the best 
bread wheat line outyie]ding the three 
check varieties. 

(4) ICARDA-derived spring wheat ma-
terial fits better in the south and south-
eastern regions of Turkey but is not adapt-
ed to the Aegean and Central Anatolian 
Plateau regions. 

(5) Some lines out of the winter type 
cereal material from ICARDA were found 
promising and are being included in pre-
liminary yield trials in the Central 
Anatolian Plateau and transitional zones 
in Turkey. 

Turkish national program and 
ICARDA/CIMMYT scientists exchange 
research experiences and relevant publi-
cations and scientists from Turkey at-
tended the 1985 cereal program planning 
meeting at ICARDA's headquarters. In 
February 1986, a joint in-country training 
course will be held at Diyarbakir to discuss 
approaches and methodologies for improv-
ing barley and wheat production in 
moisture-limiting areas. Scientists from 
Turkey will review cereal res.arch acti-
vities at ICARDA in May and evaluate 
germplasm for future breeding programs. 

Baking Quality of 
T :iticale Flour from
Advanced Lines 

ests by the Center's cereal quality 
. laboratory have shown that flour 

made from several high-yielding ad
vanced lines of triticale (a cross be
tween wheat and rye) is suitable for 
baking both single and two-layer flat 
breads - the principal types eaten in 
the West Asia region. Triticale flours 
with adequate "strength" behave in a 
manner similar to bread wheat flours. 
Also, the advanced triticale material 
includes lines with good milling qua
lity. Earlier lines of triticale generally 
produced flour with poor dough hand
ling properties and bread with a heavy 
texture and a short shelf life. 

The laboratory compared blends of tri
ticale flours with those of bread wheat 
having similar strength characteristics as 
measured by the farinograph. Also, flours 
were baked into two-layer flat breads 
(khobz) and the results for lines differing 
widely in flour "strength" are included in 
Table 4. Flour "strength" enables dough to 
retain gas produced during fermentation 
and is responsible for the volume and 
texture ("bitability") of bread of all types. 
It is chiefly a function of the protein and 
reflects the elasticity, state of oxidation, 
and hydration capacity of the proteins. 

Khobz bakeries require a high tempera
ture (450-500'C) furnace and are limited to 
towns and cities where the population 
provides an incentive to bakers. In the 
villages and isolated farms, si"-le layer 
flat breads are baked in a kiln (tannour) or 
on a saaj (a round, curved metal plate). 
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These biads are baked from 100% whole-
meal flour milled in village stone mills. The 
dough may be fermented by a sour dough
("sultani") system or simply mixed by
hand, allowed to relax for about an hour, 
and then divided, rollec out, and baked. 
(The temperature of a tannour or saaj is 
not high enough to create the two layers.) 

To test the quality of triticales for thistype of bread, a blend of triticales was 

milled in a village stone mill, together with 
a locally grown durum wheat (Hourani) 
and bread wheat (Mexipak). The triticale 
flours were baked in a tannour in two 
villages and on a saaj in one village by 
experienced housewives. The triticales 
and bread wheat were baked alone and in 
50:50 blends with durum. Triticale and 
bread wheat were also blended 50:50. In all 
three cases, the triticale either alone or in 
the 50:50 blends was judged "very good" in 
dough handling properties, biting texture, 
and flavor by the housewives. 

Table 4. Breadbaking resultsof triticaleand 
breadwheat flours.(Two-layer khobz bread.) 

Type F.S. DD DS CT SC* 
Trit. 2.1 2.2 2.2 3.8 29 
BW 2.6 2.5 2.0 4.2 32 
Trit. 6.1 4.0 4.0 3.0 34 
BW 6.5 3.5 3.3 3.3 34Trit.BW 8.8 4.0 3.5 4.0 318.2 3.5 4.0 3.5 33 
Trit. 11.2 4.0 3.5 3.0 31 
BW 10.0 2.0 3.5 3.0 33 
*Maximumpossibl 45 
Note: Dough handlingproperiesat dividing 
(DD)andsheeting (DS) crumb texture(CT) 
andoverallbakingscore (SC) of triticaleflours 
were similarto those of bread wheat of thesame farinographstcbility (F.S.)level; a
 
farinographstabilityof 4-8minutes is
 
regardedas optimum for khobz-baking;the
appearanceof he triticalekhobz was ulso
equal to that of the breadwheat flourkhobz.
 

Farinogramon the left shows trilicaleflour strengthsimilarto bread wheat, the one on the rightweakflourstrength. Triticalelines differ widely in their dough strengthcharacteristicsforflat bread 
making. 
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Despite triticale's very good flat bread 
making quality potential and other advan
tages such as its yielding ability in stress 
environments, the research project on this 
crop was phased out at the end of 1985 
because offinancial constraints. However, 
several national programs are continuing 
the work. 

E a 

Quality Parameters 
and Characteristics
of W heat and Barley 
for Consumer
Acceptability 

T he end-use potential of cereal 
grains, with quality a principal pre

requisite, is sometimes the "rock" 
upon which promising genotypes 
flounder. Therefore, in their screening 
and evaluation programs, ICARDA 
scientists define the quality para
meters necessary for producing 
consumer-acceptable products and de
termine the stability and heritability 
of these characteristics. 

Early generation screening is valueless 
unless the desired quality parameters can 
be transferred into subsequent genera
tions and reproduced from season to-seasonunder different growing environ-

Many village housewives who make single-layer 
flat breads have given triticaleflour, either 
alone or in blends, a "very good" quali(y rating, 

ments with minimal variability. Table 5 
summarizes the chief forms in which 
cereals are used in the Middle East and 
North aricaetogethe with te qa t y 

North Africa, together with the quality 
parameters associated with them, and 
Table 6 presents the most important qua
lity parameters in terms of their stability. 

One of the objectives of the cereal qua
lity program is to provide bread wheat 
with optimum baking quelity. This in
volves medium hardness and protein 
strength, preferably light color, and kernel 
weight of about 35-40 grams per 1000 ker
nels. The hardness test is applied first to all 
early generation material and very hard or 
very soft lines are eliminated from further 
testing. 
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Sedimentationtest ofdurum 
wheat showingstrongflour 
strength(left), medium 
(center),andvery weak 
(right). 

Table 5. Formsin which cerealsare used in the Middle Eastand North Africa anddesiredquality
parameters. 

Cereal 	 End-product % of total Quality parameters
 
Ih itMalting/fermentation
I 0- 2 High plump kernel count, 1000 kernel weight,

Animal feed 50-80 and diastatic power; white or yellow aleurone;
Human food 5-25 low-medium protein* and low beta-glucan,
 

high lysine.
 
l)uruai vhevt Two-layer flat breads 
 30-40 High protein strength,** protein content,

Single-layer flat breads 10-15 flour or semolina yield, vitreous kernel %,Burghul 
 10-20 and yellow pigment (especially for pasta and
Couscous 10-15 burghul); medium-large kernels. 
Pasta 
 10-20
 
Others (frekeh, etc.) 0- 5 

Bread wheat 	 Two-layer flat breads 60--70 Medium protein strength and content; high

Single-layer flat bres1IR 20-30 
 flour yield; medium-hard kernels; white toOther breads 5-10 amber color; good gassing power; medium-large
Other uses 0- 5 kernels. 

*Higherlysine ofprotein necessarvfor food andfeed but not malting.

*High protein strength in durumn is equivalent to medium strength in breadwheat.
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For durum wheat, ICARDA scientists 
seek maximum protein content and 
strength, yellow pigment, and vitreous 
(translucent) kernel count. They believe 
that selection of durum genotypes with 
dough strength and protein content suit-
able for flat bread baking will automati-
cally possess the characteristics necessary 
for making good pasta, burghul, and cous-
cous. (For making burghul, the mature 
grains are boiled, dried, and milled; cous-
cous is made from semolina; both foods are 
served steamed with meat and vegetables.) 

High vitreous kernel count is essential 
for good semolina milling and burghul-
making. The first test applied to durum 
wheats is kernel weight. Very small or 

Cereal Parameter 

IB'lvv Plump kernel count 
Protein content 
Diastatic potential 
Hot water extract (malt) 

Lysine 
Color (aleurone) 
Seed size (1000/KW) 
Beta-glucan 

l)urtini 

wlhat 
Vitreous kernel % 
Protein strength* 
Protein content 
Yellow pigment 
Seed size (1000/KW) 

lI,,Iad 
whi-l 

Hardness/fermentation 
capacity 
Protein strength* 
Protein content 
Grain color 
Seed size (1000/KW) 

*Farinographstability(minutes). 

**NIRI=Near-infrared index. 

Optimum value 

80-90% 
11-13% (dry basis) 
180+units 
72-75% 
0.5%+ 
White, yellow 
40-45 g 
2-3, 

90-100%, 
3-6 minutes 
14-15% (dry basis) 
5-7 ppm 
45-48 g 

54-60 NIRI** 

4-9 minutes 
1,4-15% (dry basis) 
White to amber 
35-40 g 

large kernels are eliminated. The SDS 
sedimentation test is then used to screen 
for protein strength. By using this selec
tion strategy, most of the undesirable 
bread and durum wheat lines can be elimi
nated early in a breeding program and 
most of the more advanced material will be 
acceptable-to-superior in quality. This en
ables the plant breeder to concentrate 
upon other factors in more advanced 
generations. 

There is a growing interest for malting 
quality in barley, particularly in North 
Africa. Low-to-medium protein, maximum 
plump kernel count, lysine content, dia
static power (converting starch to sugar), 
and hot water extract identify genotypes 

Approx. 
stability 

(%) 

70-85 
40-50 
80-90 

50-60 
95-100 
-5-95 Table 6. Important 

_ qualityparametersof 
barley,durum wheat, 

70-80 and bread wheat in 
75-85 terms of theirstability 
30-50 (approximately 

80-85 equivalent to 
70-80 heritability)andthe 

90-95 optimum values. 

75-85 
20-40 
95-100 
70-80 

32 



likely to be superior in malting quality.

For feed and food purposes, high lysine and
 
low beta-glucan content are beneficial.
 
Lines which incorporate all of these char
acteristics are sought in areas where the
 
importance of barley as feed and food
 
predominates. 

Table 7 describes some of ICARDA's
 
most promising lines and illustrates the
 
manner 
in which the quality factors are
 
being incorporated in high-yielding
 
genotypes.
 

Table 7. Yield and quality characteristicsofseveraladvanced linesof barley,durum wheat, and bread 
wheat compared with check varieties. 

Yield Plump 1000/KW Protein DiastaticVariety/line/pedigree (kg/ha) kernels (%) (g) (%) power units 

Ihirh'y
Arabi Abiad (check) 1997 68.8 41.5 8.6 76
Alger/Union, 385-2-2//Krasnodorsky CMB 

77A-1267-4P-SK-1Ap-1AP-1AP.0AP 3850 98.8 47.0 10.9 230
Weiselberger/Ahor 1303-61 ICB 77-0432-


IAP-2AP-2AP-2AP.OAP 
 3505 40.2 46.7 11.1 187 

Protein VKC* TKW YP SDSI)uruln wheat (%) (%) (g) (ppm) (ml)Sham 1(check) 1716 14.6 100 35.5 5.5 22Shwa/Pt 1 (1) 3480 14.7 99 36.0 5.7 36ERP/MAL 2883 15.6 100 35.0 5.7 36 

Hardness WMFT* 1000/KW ProteinBread w heat (NIRI)* (min.) (g) (%)Mexipak 65 (check) **/*** 67 65 27.4 13.7 
Nai 60/Hn7//Sx SWM 07053-2Y-1Y-OY. 

2AP-0AP 3077/2988 55 213 35.1 15.0
Kvz/4/Ce/Inia/3/Cno/Elga/Sn64/5/IWp22
 

ICW79-0132-1AP-2AP-1AP-1AP.OAp 
 4022/3177 46 174 34.8 15.4 
* VKC= Vitreous kernel count; TKW= Thousandkernel weight; YP= Yellow pigment content;


SDS=Sedimentationvolume; NIRI=Near-infraredindex; WMFT= Wheat meal fermentationtime.
**Advanced line.
 
***Mexipak check.
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Winter Sowing of Chickpeas Shows 
Promise in Northwestern Africa 
and Southern Europe 

L ow yields are causing a continuous decline in chickpea production in north 
western Africa and southern Europe. In these areas, the crop is normally grown 

during the spring on conserved moisture, and it often suffers from drought in the 
dry season or from ascochyta blight in the wet season. But research and in
ternational yield trials have proven that substantial increases can be obtained by 
advancing the sowing date from spring to early winter and using recently 
developed lines which are resistant to the blight and tolerant to cold temperatures. 

Figure 11 shows that the mean yield of 
chickpeas in an international trial was 
about four times greater than the country 
averages in Morocco and Italy, nine times 
greater iii I-rrtugal, seven times greater in 
Spain, triple in Tunisia, and double in 
Greece. The yield of the best chickpea 
entry demonstrates the potential of the 
crop in the Mediterranean region, if the 
right cultivar is chosen and the seed sown 
during the winter, 

Winter sowing was introduced in north-
western Africa and southern Europe dur-
ing the 1979/80 season by the ICARDA] 
ICRISAT Kabuli Chickpea Project. Many 
lines were chosen from the nursery and 
included in multi-location trials. Here is 
the current situation in different countries: 
Morocco: Three chickpea cultivars (ILC 
195, ILC 482, and ILC 484) are in the pre-
release multiplication stage. 

Tunisia: Lines identified as resistant to 
both ascochyta blight and fusarium wilt 
are being further evaluated in an attempt 
to release a cultivar for winter sowing. 
Spain: Spanish plant breeders have sub
mitted four cultivars for registration: 
Fardon (ILC 72), Zigri (ILC 200) and 
Atalaya (ILC 200), Almena (ILC 2548), and 
Alcazaba (ILC 2555). 
Italy, Portugal, Greece: ' teps are being 
taken to release cultivars for winter 
sowing. 

The region needs large seeded chickpeas 
to satisfy consumers' preference and tall 
plant types to adapt to machine harvest
ing, and ICARDA has developed such 
lines. (Research Highlights 1984.) 
Additional countries are expected to select 
some of them for use in their national 
breeding programs. 
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Entriesin the chickpeaInternationalYield 
Trial-Winter beingexamined at the experimen
talfarm of the Universityof Perugia,Italy by 
an Italianand ICARDA scientist.(Spring 
grown chickpeas in the background.) 

Figure11. Seedyield of the best entry andtrialmean of the chickpea
InternationalYield Trial-W-MR (1983184) and th country averageyield. 
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Chickpeas with Combined Resistance to Wilt 
and Ascochyta Blight in Tunisia 

A ny new chickpea cultivar released in Tunisia should ideally possess resistance 
to both wilt and ascochyta blight and progress has been made in identifying 

such material in cooperative research between the Institut National de la 
Recherche Agronomique (INRAT) and ICARDA/ICRISAT scientists. 

They started to work on wilt caused by 
Fusariumoxysporum and Verticillium al-
boatrumwith the selection of'single plants 
resistant to wilt in the local landrace 
Amdoun in the 1980/81 and 1981/82 sea-
sons. The large majority of lines stemming 
from these have maintained a high level of 
resistance when screened in the wilt-sick 
plot at the Beja research station, 

In yield tests in wilt-infested land, eight 
lines significantly outyielded Amdoun by a 
large margin (Table 8) but yields were 
similar in wilt-free land. One or more of 
these new lines will be multiplied for re
lease to farmers for spring sowing. These 
lines have seed quality characters very 
similar to Amdoun and therefore should be 
readily marketable. 

Table 8.Seed yield and wilt ratings of eight chickpea lines selected from Amdoun and grown in wilt
infested and wilt-free land at Beja, Tunisia. 

Line 

PL-S--Be-81- 40 
41 

Arndoun (local cleck) 
SE + 

PL-Se-Be-81-	 6 
11 

Amndoun (local cheek) 
SE + 

PL-Se.Be-81-	 48 
87 

103 

120 

Amdoun (local check) 
SE + 

1982/83 1983/84 1984/85 

(Wilt-infested land) (Wilt-infested land) (Wilt-free land) 
Seed Seed Seed 

Wilt yield Wilt yield Wilt yield 
rating* (kg/ha) rating* (kg/ha) rating* (kg/ha) 

1.3 1620 2.0 1543 1.0 1987 
1.7 1390 1.5 1506 1.0 1912 
8.7 16 	 4.0 1869 

117.2 	 233.2 

1.0 1193 2.0 1731 1.0 1715 
1.0 1243 1.5 1635 1.5 1818 
8.0 19 

91.5 

1.0 1680 1.8 1737 1.0 1812 
1.0 1360 1.5 1875 1.0 1831 
1.0 1490 1.0 1793 1.0 1818 
1.5 1,420 1.8 1653 1.8 1809 
8.5 49 6.0 460 6.0 1914 
0.A 123.9 155.1 	 100.1 

Note: Lines tested in three different trials in 1982183, one in 1983/84, and two in 1984/85.
*I no symptons, 9= complete kill. 
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A large number of ascochyta blight re-
sistant lines from ICARDA have been 
screened for resistance and yield tested in 
Tunisia. Although no such lines have sig-
nificantly and consistently outyielded 
disease-free Amdoun, five of them had at 
least equivalent seed yield in trials over 
three years. Moreover, they possess this 
major ad- intage over Amdoun: farmers 
can safely use them without fear of yield 
loss from an attack of ascochyta blight 
(Ascochyta rabici) and benefit from the 
larger yields of early winter sowing. 

All ascochyta blight resistant lines are 
field screened in the wilt-sick plot and a 
few of them have shown tolerance to wilt. 
Four blight resistant lines had the best 
combination of seed yield and wilt toler-
ance in trials in Beja and Kef over the past 
two years: FLIP 81-67, 82-79C, 81079, and 
ILC 1985 (Table 9). One or more of them 
will be considered for pre-release multipli-
cation next season. The major problem 
with these lines: their seed size is con-
siderably smaller than that of Amdoun. 

Seedlings of all lines are also screened in 
the laboratory in a test tube culture for 

resistance to isolates of F. oxysporum and 
V. alboatrumfrom the wilt-sick plot. So far 
there is a good correlation between the 
wilt ratings in the laboratory and the field 
for those lines that show symptoms of wilt 
early in the season. It is expected that 
further refining of the technique in the 
laboratory will permit an initial screening 
(and discarding) of material prior to field 
screening. 

Other recent research on dual resist
ance involved the screening of F., and F5 
progenies from ICARDA population trials 
and 87 single plants have been selected for 
resistance to both diseases and will be 
further evaluated in 1986/87. Also, crosses 
are being made between ascochyta re
sistant lines with the heaviest yield in 
Tunisia and wilt resistant Amdoun selec
tions with the aim of combining dual re
sistance with a large seed size in a locally, 
well-adapted background. 

Chickpea research is a joint program 
between ICARDA and another inter
national center (ICRISAT) with headquar
ters in India. 

Table 9. Chickpea seed yield, expressed as apercentageof the localcheck, and wilt ratingsoffour
ascochyta resistantlines at Beja and Kef, Tunisia in 1983/84 and1984185. 
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Screening Chickpea Germplasm Resistant 
to Different Races of Ascochyta Blight 

A fter screening more than 14,000 chickpea germplasm under field conditions, 
scientists identified many sources of resistance to ascochyta blight - a major 

fungal disease causing serious yield losses in West Asia and Northwest Africa, 
South Europe, and Northwest India. But they soon found that some of the chickpea 
lines resistant in one season succumbed the following season, and a few resistant at 
one location were susceptible in others within the same country. The observations 
indicate that host-plant resistance broke down because of different physiologic 
races of the blight fungus, Ascochyta rabiei. 

The scientists have now identified six 
races of Ascochyta rabieiwithin Syria and 
found sources ofresistance to all six (Table 
10). Out of the 1069 chickpea germplasm 
and breeding lines screened in green-
houses at ICARDA's principal experiment 

Scale* Race 1 Race 2 

1 0 0 
9 1 0 

29 5 
4 47 10 
5 33 16 
6 122 72 
7 72 75 
8 29 16 
9 736 875 
Total 1069 1069 

Reaction of
 

Race 3 Race 4 


0 0 
6 0 

53 0 
7 3 

30 5 
163 36 
287 51 
173 19 
350 955 
1069 1069 

*Scale: 1=free:5=tolerant;9=killed. 

station at Tel Hadya, Syria in 1985, almost 
three fourths of the plants were highly 
susceptible to the blight and died. Races 4 
and 6 were the most aggressive and races 1 
and 3 the least aggressive. 

Race 5 Race 6 

0 0 

0 0 

2 2 

7 0
 

10 2
 
71 37 
83 95 
15 52 

881 881
 
1069 1069
 

Table 10. Screeningchickpea resistanceto 

six races ofAscochyta 
rabiei at Tel Hadya, 
Syria (1985). 
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The chickpea lines found resistant to 
three or more races have shown resistance 
in several countries where ascochyta 
blight is endemic, and they will be useful 
in plant breeding programs of those coun
tries. An important need in West Asia and 
North Africa is for blight resistant cul
tivars that can be sown in the winter 
(Table 11). 

The chickpea improvement program is a 
collaborative activity etween ICARDA 
and the International Crops Research 
Institute for the Semi-Arid Tropics 
(ICRISAT) with headquarters in India. 

Chickpea Resistance to race 
lines 1 2 3 4 

ILC 3279 R S R T 

ILC 3856 R R R R 


ICC 3996 R R R S 

ICC 6988 S R R S 


*R resistant,S=susceptible, T=tolerant. 

Scientists have found chickpea lines resistantto 
one of the most aggressiveracesof ascochyta 
blight- race 6. 

5 6 

R S 
S T 

S S 	 Table 11. Chickpea 
R S 	 lines showing 

resistanceto threeor 
more racesof 
Ascochyta rabiei. 

39 



Development of Pure Line Collections of 
Disease Resistant Faba Beans 

R esistance sources have been found in ICARDA's germplasm collection for 
chocolate spot (Botrytis fabae), ascochyta blight (Ascochyta fabae), and rust 

(Uromyces fabae) - the three most destructive faba bean diseases causing serious 
production losses in many areas. Because of the outcrossing nature of faba beans, 
these sources have to be purified for resistance and other morphological traits so 
they can be used most efficiently. 

Resistance screening has been developed 
by ICARDA over several years at its 
Lattakia sub-site where environmental 
conditions are favorable for development 
of high disease pressure. This has been 
done using germplasm collected from the 
region and other areas of faba bean culti-
vation. Early work was done in the open 
field which resulted in outcrossing of the 
resistant sources and variability in re-
sistance scores in following years. 
ICARDA scientists developed procedures 
to screen and select previously identified 
resistant sources so as to produce uni-
formly rt:sistant pure lines, 

The system now used provides for plant-
ing germplasm for selecting resistance 
sources and previously developed sources 

of resistance in insect-proof. mesh-covered 
cages where inoculation is done and mist 
irrigation systems used to maintain high 
humidity to favor development of high 
disease pressure. Four years of progeny 
selection under this system has resulted in 
a fairly large number ofuniform sources of 
resistance to the three diseases: 44 for 
chocolate spot, 25 for ascochyta blight, 
and 30 for rust. Future requests from 
national programs for disease resistance 
sources will be met from these. 

Inheritance of resistance will be studied 
with crosses made in 1986 using several of 
the chocolate spot uniformly resistant 
lines and attention given to ascochyta 
blight and rust resistance inheritance in 
subsequent years. 
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The destructivechocolatespot diseaseon faba 
be'n leaves. Severalfababean lines resistantto 
this disease have been identified, 

Mist irrigationused on faba beans in insect-
proof,mesh-coveredcages to maintainhigh
huniditv which favors development of high
diseasepressurefor selectingresistantsources 
to chocolatespot andrust. 

Horizontal and 
Vertical 
Resistance in Faba 
Beans to Chocolate 
Spot Disease 

C hocolate spot caused by Botrytis 
fabae can inflict large losses in faba 

bean production if extended periods of 
wet and cool weather conditions pre
vail. Because chemical control is be

yond the reach of poor farmers and 
cultural practices are only partially 
effective against the disease, scientists 
consider host plant resistance as the 
most practical and least expensive 
method of control. 

Several faba bean lines with resistance to 
chocolate spot have been identified by
ICARDA scientists in a local mass screen
ing program at the Center's Lattakia sub
site near the Syrian northern coast. 
However, in recent multi-location testing, 
a few lines seemed resistant at all loca
tions, whereas others seemed resistant at 
some but susceptible at other locations 

(Table 12). Because these findings indi
cated possible physiological specializa
tion in the pathogen, ICARDA's scien
tists began to differentiate lines with hori
zontal from those with vertical resistance 
and also to study the race situation in the 
pathogen.
 

In a collaborative study with scientists 
in Syria, Egypt, England, and the 
Netherlands, lines BPL 710, 1179-1, and 
1196 were resistant across all these loca
tions, whereas BPL 1763, BPL 1821, and 
ILB 1814 were resistant in Egypt only and 
susceptible in the remaining countries 
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(Table 12). When these six lines were ex-
posed separately to different isolates of the 
pathogen, BPL 710, 1179-1, and 1196 with a 
location non-specific-resistance were con-
sistently rated resistant to all isolates and 
therefore revealed no significant differen-
tial interaction, 

But lines BPL 1763, BPL 1821, and ILB 
1814 with a location-specific resistance 
revealed consistently significant differen-
tial interaction with different isolates of 
the pathogen (Table 13). Therefore, lines in 
the first group carry genes for a broad-
based-horizontal resistance, whereas 
those in the second group carry genes for a 
narrow-based-vertical resistance. 

Based on their virulence on lines BPL 
1763, BPL 1821, and ILB 1814, different 

Diease reaction* 

isolates were classified into four distinct 
races (Table 13). The resistant reaction on 
BPL 1763, BPL 1821, and ILB 1814 in Egypt 
and their susceptibility in Syria, England, 
and the Netherlands indicated that races 
1, 2, 3, and 4 are apparently more common 
in Syria and Northern Europe than in 
Egypt. 

An in-depth survey is now being con
ducted in Egypt. If races 1, 2, 3, and 4 are 
not present there, then genes for vertical 
resistance in BPL 1763, BPL 1821, and ILB 
1814 can also be used along with genes for 
horizontal resistance in BPL 810, 1179-1, 
and 1196. A survey in Syria indicated that 
races 1, 2, 3, and 4 are common in the 
Tartous, Akkar, Tel Kalakh, and Horns 
areas but no, in Lattakia. 

Table 12. Fababean 
Line Syria Egypt England Netherlands reactionto chocolatespot 

diseaseat different 
locations. 

BPL 1763 S 
BPL 1821 S 
ILB 1814 S 

*R=Resistant,S=Susceptible. 

R 
R 
R 

S 
S 
S 

S 
S 
S 

Line 

Disease reaction* 

Race 1 Race 2 Race 3 Race 4 

BPL 1763 
BPL 1821 
ILB 1814 

*R=Resistant,S=Susceptible. 

R 
R 
S 

R 
S 
R 

R 
S 
S 

S 
R 
S 

Table 13. Chocolatespot 
reactionon six faba bean 
lines to four racesof
Botrytis fabae at Lattakia, 
Syria. 
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Results of Screening Faba Bean Lines 
for Resistance to Rust and 
Rust-Chocolate Spot Complex 

Through screening and international testing of recently developed faba bean 
lines, scientists have detected useful sources of resistance to rust and its

complex pathological interaction with chocolate spot disease. Of the several 
hundred germplasm lines tested at ICARDA's sub-site at Lattakia, Syria, 45 were
rated resistant to rust and the few most resistant selections (Figure 12) were also 
rated resistant to rust in Egypt and Canada. 

Furthermore, three selections - BPL 261, taneous resistance to both diseases, should 
710, and 1179 developed for resistance to contribute significantly to the stabili
rustandchocolatespotinSyria-provedto zation of faba bean yields because such 
be resistant to both diseases in preliminary multi-location and multiple disease re
tests in Egypt, and BPL 1179 showed re- sistant sources have been lacking in the 
sistance to the most virulant isolates of the past. 
rust pathogen in Canada. Materials such Seeds from these sources have been in
as BPL 1179, with its broad-based simul- creased, inbred lines developed, and seeds 

Figure 12. Representative rustresistantfababean linesselected at ICARDA 'ssub-site in Lattakia,
Syria. The lines originatedfrom the countries listedin the graph. 
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Faba bean lines (BPL) 
*Rating: 1 =highly resistant, 3 = resistant, 9 = highly susceptible 
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... -. 
0Harvesting 

Right, one of the rust-resistant faba bean 
selections made at ICAJRDA s snb-site in 
Lattakia,Syria compared with a local 
susceptiblecultivar,left. 

provided by ICARDA to several national 
programs and institutions around the 
world. Several crosses have been made to 
incorporate genes from ICARDA's materi-
als into well adapted local cultivars. At 
present, F5 and F,, progenies are being 
tested for yield and disease resistance at 
different locations, particularly in Egypt 
and North Africa where the combined 
effectsofrust and chocolate spot havebeen 
a major limiting factor in faba bean pro-
duction. When rust acts simultaneously 
with chocolate spot, losses may go up to 
50%,. 

Mechanized 

of Lentils 

B ecause of the decline in lentil pro
duction areas in the Middle East 

due mainly to increased labor costs for 
hand harvesting compared with world 
lentil prices, the development and test
ing of simple and inexpensive tractor
drawn harvesting implements have 
been intensified at ICARDA. 

In field trials during the 1984/85 season, 
hand harvesting of lentils was compared 
with two mechanical systems - a recip
rocating double-kiife cutter bar and hori
zontal angled blades. Two cultivars (a 
landrace vs. a lodging-resistant selection) 
were used along with four sowing methods 
to determine the minimum changes needed 
in existing practices for machine 
harvesting. 

Mechanization resulted in sizeable los
ses of both seed and straw compared with 
hand harvesting. But there were major 
interactions of harvest method with both 
the sowing method and cultivar selection 
which emphasized the need for an inte
grated approach to mechanization em

bracing the type of cultivar and crop 
management in addition to machinery de
velopment (Table 14). 

The angled blade harvesting system 
worked best under traditional crop 
management - broadcasting lentil seed on 
ridges. Under this system, the value of the 
seed and straw was 4209 Syrian lira per 
hectare compared with 4363 Syrian lira for 
the hand-harvested crop. The type of cul
tivar did not affect these results. 

Only minor seed losses occurred with 
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('utterbar ready to cut lentils. Horizontalangled blades. 

Iraeor.drienlentilpuller. Traditionalhand harvesting. 

Sowing Hand harvest Cutter bar Angled Ilades 
method Seed Straw Seed Straw Seed Straw 
Broadcast 1152 2896 951 1094 732 3531
Broadcast + bar 1.179 2976 1075 1617 829 3262
l)rilled 1618 3291 1071 1600 616 2142
l)rillhd + bar 1,179 10922929 1780 633 2348 
NIv an 1132 3021 10.17 1523 70:3 2820 
LSI) (;I%). Iarvest ietiod: seed 91 kg/ha,; straitv399 kg/ha. 
LSD (5%'). Harvest x sowingg methods: seed 183kgl/ha, straw 799 kg/ha. 

Tabhle 14. Lentilseed andstraw yields (kg/ha) from different sowing and harvesting methods. 
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the use of the reciprocating cutter bar, but 
the loss of straw was high - 62% on a 
broadcast and ridged crop. When the rid-
ges were flattened with a heavy bar or the 
lentil crop was drilled, the loss dropped to 
43%. Therefore, the cutter bar will prob
ably be practical only when straw prices 
are low. With hand harvesting, the im-
proved cultivar had only a slight advan-
tage over the landrace, but a major advan-
tage (39%) with cutter bar harvesting 
because of less lodging. Clearly, the cutter 
bar performance was maximized with a flat 
soil surface and a non-lodging cultivar. 

The two mechanized harvesting systems 
are being refined under support from IDRC 
and will be tested on farmers' fields during 
1986. Also, experiments will continue with 
more complex equipment which offersboth 
harvesting and collection of the crop in 
one step. They include the tractor-driven 
lentil puller (GTZ sponsored) and the stan-
dard combine with reciprocating blades 
and a straw and chaff collector. 

Protein Heritability 
Legume

Lines 

N ot only do scientists give a high 
N priority to the development of 
better yielding chickpea and faba bean 
lines but also to the improvement of 
the protein content of the seed. As part 
of their research program, large num
bers of advanced lines of both crops 
have been grown at different locations 
over two seasons in an effort to deter
mine the heritability of protein con
tent in the seed. Also, world collections 
of kabuli chickpeas and faba beans 
have been screened for protein content 
using the rapid near-infrared tech
nique (Table 15). 

Food legumes play an important role as 
protein supplements to the predominant 
cereal diets of the Middle East and North 
Africa. The kabuli-type chickpea is one of 
the lowest of the food legumes in protein 
content and faba beans one of the highest. 

Protein content (%) 

Chickpeas Faba beans 

Low 17.6 18.6
 
Mean 22.1 28.4
 

CV 6.4 8.5 

Table 15. Proteincontent of world collectionsof 
kabuli chickpeas andfaba beans. 
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Variability between seasons appeared to 
exert more influence on protein content 
than the growing location. The average 
coefficient of correlation between all lines 
was 0.37 for both chickpeus and faba beans. 
Low correlations indicated th -. herita
bility of protein was likely to be low when 
all lines were considered, but further in
vestigation of the individual data revealed 
that several genotypes retained higher or 
lower protein content with low coefficients 
of variability across all combinations of 
planting. This type of information, readily 
available when all data are computerized, 
indicates to the plant breeders the feasi-
bility of selecting parents for the improve-
ment of protein content. Typical data are 
shown in Table 16. 

Kabuli chickpeas 

Mean CV** 
Lines proteitn* (%) (%) 
ILC 2539 25.6 3.9 
ILC 1784 25.0 2.6 
ILC 3069 241.6 3.8 

ILC 2761 20.7 5.2 
ILC 929 20.0 6.2 

* Total Nx 6.25, dry basis. 
**CV- Coefficient of variability. 

Determiningtheproteincontentof world 
collections ofkabuli chickpeasand faba beans 
usingthe rapidnear-infraredtechnique in 
ICARDA's quality laboratory.Theprotein 
content of chickpeasin the collections ranged 
from 17.6 to 27.3% andfaba beansfrom 18.6 to 
37.8%. 

Faba beans 

Mean CV 
Lines protein (%) (%) 

BPL 505 34.1 2.2
 
BPL 400 34.1 3.9
 
BPL 494 33.6 5.2
 

BPL 369 23.9 9.1
 
BPL 907 24.8 5.0
 

Table 16. Kabulichickpeaand [aba bean lines with stableproteincontent. 
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Quality of Food 
Legume Straw for 
Livestock Feed 

N et returns to farmers from lentil 
residues from threshing (straw, 

pod walls, leaves, and roots) may equal 
or exceed that from seed in dry seasons 
in Syria, Jordan, and other countries 
of the Middle East because of their use 
as a feed for sheep. 

Also, in the Inlian subcontinent livestock 
fCed includes lentil straw and chickpea 
residles, an11d in Egypt and Sudha filaa 
bean crop residues are used not only for 
animal feed btut for fuel and brick making. 
In Egypt there is a cash market for faba 
straw which contributes 9 1,1% of the Lentil residues from threshingare saved for 
crop's revenue, feeding sheep. In dry seasons, their value 

Because of'tihe imlportance of food leg- somnetimn es equals orexceeds thatfrom lentil 

forages, laboratory tests ume residiues as 

have been made at ICARI)A to determine 
their quality. The nutritive values of len
til, chick pea, and faba bean straw from the 
Center's principal experiment station in 
Syria are shown in Tale 17. The overall 
mean for the digestibility of' lentil straw 

Lentil Chicklpea 198:1 Faba bean 

1982 198:3 Winter Spring 1983 

Digest ibility* (60.0(.98) :9.0(2.06) ,10.4(0.51) 12.5(0.;35) 14.6(0.6,1) 
Crude protein(,) (i.7(0.51) (.(0.65) 3.8(0.08) 4.7(0.15) 5.0(0.1:3) 
Ni(,ulril (h-tergent lilr',(,) 60.0(.61 ) 6..0(3.1:3) 60.9(0.55) 57.2(0.25) 65.7(0.80) 
Ash (",) 9.1(0.65) 6.5(0.45) 10.6(0.21) 10.8(0.19) 8.3(0.22) 
*g digeslibleorganic materper 100g dry matter. 

'able 17. Nutritive values of lentil, chickpea, and faba bean straw (inean and standard error). 
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was 49.5 g digestable organic matter per 
100 g dry matter, but this resulted from the 
seasonal means of60.0 and 39.0 g/100g. The 
crude protein value of lentil straw was 
higher than that of either faba bean or 
chickpea straw. 

The influence of year and time of plant
ing is greater on straw quality than the 
effects of genotype in lentils and chick
peas, respectively. In lentils, scientists 
.'ound no consistency over years in the 
straw quality of particular genotypes in 
digestibility, crude protein, and neutral 
detergent fibre content. The results for 
both chickpeas and lentils suggest that in 
contrast to cereals the prospects for selec
tion for straw quality using laboratory 
evaluation are limited. However, the pro
found effects of agronomic factors such as 
date of sowing on straw quality indicate 
that the effects of other factors should be 
determined to see if residue quality can be 
altered through crop management. 

Feedingchopped andgroundlentil strawto 
sheep. Laboratorytests have shown that its 
nutritive value as a livestock feed is superiorto 
that of faba bean orchickpea straw. 
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International Food Legume Testing Program:
 

R equests of national cooperators for ICARDA's food legume breeding materials 
for international testing exceed the supply, but the Center was able to provide 

38 trials and more than 1100 sets of these to 54 countries for the 1985/86 cropping 
season (Figure 13). When the Center's International Testing Program started in 
1977/78, food legume breeding materials 
countries 

Agronomic trials in the International 
Testing Program have clearly demon-
strated that planting done early in the 
winter season increases lentil, chickpea, 
and faba bean seed yields, and weed con-
trol trials have shown that weedicides can 
be effective. 

Disease nurseries play a significant role 
in identification of sources of resistance to 
major diseases of food legumes. 

Breeding nurseries, including F:, seg-
regating populations, advanced genera-
tion observation nurseries, and yield 
trials, are being used extensively by the 
national programs in several ways. The F,, 
populations serve them with the base ma-
terials from which selections can be made 

- No. of trials 

-No. of sets distributed 
40 
35

30 

25
20 .15 -' 

o 
00 

z 10-
5
0 0 . I I I I I 

were distributed to cooperators in 11 

under varying environmental conditions 
and the genotypes responsive to specific 
environments selected. Many national 
programs are using the F:, populations for 
development of superior progenies and 
now have materials in the final evaluation 
stages. 

Yield nurseries are of more immediate 
use to identify superior food legume lines 
for release as cultivars or for breeding 
programs. Some countries, including 
Syria, Cyprus, Ethiopia, and Spain, have 
identified superior genotypes from yield 
trials and nurseries, tested them in 
national trials, and then released them 
for general cultivation. In other countries, 
including Algeria, Egypt, Jordan, 
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Vehicle for Disseminating Improved Germplasm 

Morocco, Pakistan, Tunisia, Turkey, and
 
Yemen, the identified lines are in the final
 
evaluation stages for release to farmers.
 

Although only limited amounts of
 
materials have been supplied so far by
 
national programs to the international
 
nurseries, more is expected to come from
 
them as their breeding programs become
 
sti onger. Then ICARDA scientists will be
 
able to 
shift their research emphasis to
 
concentrate more on the segregating ma
terials rather than on finished products. 

Packingfood legume germplasm to be sent to 
countriesfor internationaltrials. 

Fit -fourcountries have receivedfood legume breeding materialsfrom ICARDA for international 
trials. 
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Screening Vetches and Forage Peas 
for Resistance to Nematodes 

N ematodes can cause serious infections on the roots of forage legumes: vetches 
are attacked by the root-knot nematode (Meloidogyne artiella)and forage peas 

by the cyst nematode (Heterodera rossi), and, since both nematodes can attack 
cereals, use of a legume/cereal rotation is a poor form of cultural control and may 
even result in a build up of the diseases. 

Because of the high incidence of root-knot 
and cyst nematodes during the past three 
years, ICARDA scientists started a screen-
ing program for resistance: 100 strains of 
forage peas and 81 of vetch (including 
common vetch and woollypod vetch) were 
examined for cyst and root knot nematodes 
in 1984/85 in a heavily infested field at Tel 
Hadya. The material included all that 
which had previously been evaluated in 
other microplot trials, advanced yield 
trials, and at multi-locations. 

The populations of nematodes were 
monitored by taking soil samples before 

planting and during growth of the crops. 
Observations were made after seed germi
nation and continued throughout the 
growing season. Random samples ofplants 
were taken to isolate the nematodes and to 
determine the degree of root infestation. 
Root symptoms were diagnot ed as root
knots or root galls, excessive root branch
ing, and injured root-tips. The reaction of 
each strain against nematode invasion 
was estimated according to a severity scale 
(Figure 14). 

Results confirmed that vetches are 
severely attacked by root-knot nematodes 

r .Examining vetchplants 
in the field for root-knot 
nematode. Scientists 
are working on 
selection for host plant 
toleranceto the 
parasite. 
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Left, close-up of root-knot nemnatode attachmenLts Resistance class 
on vetch roots;right, a tolerant anda 
suscep~fible plant. Figure14. Variabilityin resistance to root-knot 

nematode among 81 strainsof vetch based on 
resistance-susceptiblescores. 

and peas by cyst nematodes. Only six 
strains of common vetch were attacked by 
both nematodes. 

Three vetches, including a line of wool
lypod vetch, were resistant to root-kroct 
nematode, 27 moderately resistant and the 
remaining 51 moderately susceptible or 
susceptible (Figure 14). Those with low 
scores (1 and 2) were selected for further 
screening. The high resistance of wool
lypod vetch to root-knot nematode in
creases its value: it also showed resistance 
to attack by the plant parasite Orobanche 
sp., and resistance to frost. The local com
mon vetch was moderately susceptible to 
root-knot nematode. 

Field screening of forage peas did not 
reveal any strains highly resistant to cyst 
nematode, but some were scored resistant 
or moderately resistant. In these tests, 
resistance in forage peas was character
ized by a small number of plants having 
roots with a few galls, the rest none. These 
strains have been retained and will be 
tested under artificial infestation in a 
greenhouse. 
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Impact of Forage 
Mixtures on Barley 
GrainYield 

When forage mixtures are pro-
uced in a rotation with grain 

crops, what is their impact on grain 
yield? To find out, ICARDA scientists 
conducted experiments on the effect of 
varying seed ratios of legume-cereal 
forage mixtures on grain yield in the 
following cereal year and also assessed 
the need for nitrogen fertilization 
by the grain crop following thepse 
mixtures. 

In tile 1983/84 season, six forage mixtures 
were established consisting of vetch or 
peas, each of which was grown with barley, 
triticale, or oats. Each mixture was sown 
at threealternative seed rates (120, 160, 200 
kg/ha) and five legume-cereal seed ratios 
wereused(0:100,33:66,50:50,66:33,100:0). 
Seed rates were laid out as main plots and 
seed ratios as sub-plots with the treat-
ments being replicated three times. The 
plots were harvested for hay in April 1984. 

Barley was grown for grain in the 
1984/85 season on the plots previously used 
for forage mixtures. These plots were culti
vated in November and sown to Badia 
barley on December 4, 1984, at a rate of 100 
kg/ha and fertilizer with 40 kg P.,O,/ha. 
Nitrogen fertilizer rates of 0, 20 and 40 kg 
N/ha were applied as main plot treatments 
in place of the seed rate treatments of the 
original experiment since the latter gave 
no significant differences in forage yield. 
Nitrogen was applied by hand (broadcast), 
one half of the total amount at time of 
sowing and the other half two months 

later. Barley was harvested on June 9,1985. 

The effect of seed ratio and nitrogen 

fertilizer on grain yield is shown in Table 
18. There were only small differences 
among cereal species in their effect on 
subsequent grain yield, so the results for 
them are combined. Barley yield increased 
with an increased nitrogen rate at all seed 
ratios for both vetch-cereal and pea-cereal. 
Both 20 and 40 kg N/ha gave a significantly 
higher average yield than the control, but 
there were no significant differences be
tween them. 

Grain yield was highest after the pure 
legumes (100:0), lowest after pure cereal 
(0:100), and increased with increasing pro
portion of legume in the previous year. 
There were no significant differences be
tween grain yields after pure vetch and the 
66:33 vetch-cereal mixture or between 
yield after pure pea and the 50:50 pea
cereal mixture. 

The high grain yield of barley when 
grown after pure legume or after a forage 
mixture containing a high legume pro
portion could be due to the biological 
nitrogen fixed by the legume which was 
then utilized by the subsequent barley 
grain crop. Also, the control of cereal root 
disease may be effective when legumes are 
included in the rotation with cereal crops. 
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The two greenerstrips 
show the effect of the 

" " 	 previous season's 
plantingofapure 
legume on a very early 
growth of barley. 

Table 18. Yield of barleygrain(kg/ha) as affected by nitrogenrateand the seed ratio(%) a/theprecedingvetch-cerealorpea-cerealforage crop. 

Nitrogen rate Seed ratio 
(kg/ha) 0:100 33:66 50:50 66:33 100:0 Mean 

Vetch-cereal
 
0 
 1581 1920 2098 
 2069 2195 
 1972
20 
 2488 2584 
 2521 2538 
 2979 2622
40 
 2726 3021 2947 
 3496 3398 
 3117
Mean 
 2265 2508 
 2522 2701 
 2857
 

0 	 Pea-cereal1658 1849 
 1966 2074 
 2511 2011
20 
 2469 2750 
 2995 2488 
 2849 2710
40 
 29A1 2876 3354 
 2983 3285Mean 23Vfi 2491 
3087 

2771 2515 
 2881
 

LSD (P=O.O5)/or,zrogen rates 	 Vetch-cereal Pea-cereal 
LSD (P=O.05)forseed ratio 

620 422 
287 338LSD (P=0.05)forseed ratiowithin nitrogenrates 	 NSNS 
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Intensifying Sheep Production 
Using Forage Crops 

ntroducing forage crops could make a substantial contribution toward removing 
seasonal feed deficits that occur in small ruminant systems of North Africa and 

West Asia. Moreover, they could intensify sheep production by increasing both the 
stocking rate of sheep and the output of sheep products per hectare. 

These forage crops can be planted on abun-
dant fallow land in areas where barley-
fallow rotations predominate or be in-
corporated into three-year rotations in 
higher rainfall areas. Their impact on 
sheep carrying capacity, production, and 
profitability of scientist-managed farms 
was tested for six years at Tel Hadya. 

Scientists compared four crop rotations: 
barley-fallow with barley-vetch on shal-
low soil and wheat-lentil-melon with 
wheat-vetch-melon on deep soil. The vetch 
was either grazed in the spring or con-
served as hay and fed in the winter. Three 
experimental sheep flocks were subjected 
to a low. medium, or high nutritional 

, ;;-7- . ! -. ---.-.. .. an! PFrnj; idh 

regime, and each had access to 10 hectares 
of native pasture. A linear programming 
model was developed to integrate the re
sults and find combinations of feed and 
pastures which maximized farm profits for 
various combinations of crop rotations 
and nutritional regimes. 

Replacing fallow land in a two-year 
rotation increased the stocking rate of the 
flock subjected to the medium nutritional 
regime from one to three sheep per hectare 
(Figure 15). The sum of the saleable meat, 
milk, and wool increased from SL75 
(Syrian Lira) per hectare to SL200 and 
profits from SL300 to SL740 per hectare. 
Substituting vetch for lentils in the three-

L'.iC r r* 

Foragecrops conserved 
ashay andfed in the 
wintercan make a 
substantialcontri
bution toward 
removing seasonalfeed 
deficits in North Africa 
and West Asia. 
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year rotation also helped increase stock-
ing rate, output of sheep products, and 
farm profits. Maximum profits were higher 
for the three-year rotation than for the 
two-year rotation, even when vetch was 
included in the latter. 

As the nutritional regime improved, 
stocking rate decreased for both rotations. 
But the associated decrease in output of 
sheep products was smaller because the 
better nourished animals were more pro-
ductive. Profits were fairly similar across 
the three nutritional regimes. 

Self-sufficiency of livestock products is a 
high priority in North Africa and West 
Asia, and this project showed how growing 
forage crops on fallow land could double 
output of sheep products in a barley-based 
farming system. 

Figure15. Stocking rate,output of sheep 
products,andfarmprofits in SyrianLira(SL)
of two-year andthree-yearrotations;sheep
flocks on different nutritionalregimes:low, 
medium, and high.(Assumes free access to one 
hectareof nativepasturefor each hectareof 
farmland.) 

Two-year Three-year 
'otations rotations 
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BV=barley-vetch; BF=barley-fallow; 
WVM=wheat-vetch-melon; WLM=wheat-lentil-melon 
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Milk .vi'lI (iIsurimniilswon.1 I(1/ rI h''ly(/'1 ,c''h sh flok1(1 I/ ill /Ihr w-(r Il., I1(1rils. 

Measuring Sheep Productivity in 
On-farm Grazing Trials 

F a rmiiers in no rt hwest Syria particil)atel in a collaborative forage and pasture 
grazing )roj(ct dluring 1981/85 with ICARI)A and the Ministry of Agriculture and 

Agra rian IRforil (M AAR). Based on prelimi nary results of the on-f'arm trials, they 
haVe ,xj)re.sSed (nthtlsiasm for continuing their participation next season in this 
resvarch process - an essential stop in the testing of nw farming practices. 

lu.se, nm-hIrm gIrazili trial. were ('nml- (\Viciw( slia) and (hickling (Lathyrus sa
du'lvd near l rda (275 mntu lvetrge rail;- 1itus) were( s(wn e ight farms at Ir'da. 
faill) md at Tl'ih (35 i;). (minnmi vet'h The sheep flhwk at each farm was divided 

\vi,'lh ('hickling 
('-118 

hild 
1 

flilltm,,.'i'vih 
Ifa/ih' 1 9. I)ailY 
i l (t d daily 

ilk 

NI ilk.\yihl g) -5 3 .526 512 
Lit.mvihtchllg~g)262 3 1201chicklin.-, 

1.i.2 
and comnion 

in~d. 
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into groups to graze the two forage crops 
and common land (the control). Regular 
measurements were taken of milk yield 
and liveweight changes of the ewes and 
responses of cooperating farmers recorded 
in personal interviews. 

Annual medics were planted on six 
farms at Tah and the productivity of ewes 
grazing the pasture was measured. Also, 
an additional farm already growing me
dics was monitored. Results of each trial 
were compared with the productivity of a 
traditionally managed flock. 

Milk production of the ewes grazing
vetch, chickling, and common land was 
similar, but daily liveweight gains were 
better for vetch and chickling (Table 19). A 
comparison of the milk production from 
annual forages and medic pasture showed 
that animals on pasture produced four 
times more milk per hectare (Table 20). 
Much of this difference is due to the longer
grazing season on medic and to the greater 
yield from pasture at Tah which receives 
more rainfall than Breda. A milk yield of 
1470 kg/ha exceeds the value of a normal 
2000 kg/ha wheat crop in the area. These 
are str!King results, especially in an area 
with severe shortages of high quality feed 
for sheep. 

Stocking rate (sheep/ha) 

Liveweight gain (kg/ha) 
Duration ofgrazing (days) 
Grazing days (per ha) 

*Secondyearpasture. 
•Establishmient year. 

Annual 

forages 

20 


91 
31 

630 


One of thefarmers nearBreda, Syria who is 
cooperatingwith ICARDA and the Ministry of 
AgricultureandAgrarianReform in a forage
andpasturegrazingproject.Hissheep in thispasturearegrazingvetch. 

:s .... 

Medic 

pasture*
 

20
 

Table 20. Productivityof annual 
-forages and medicpasture. 

130
 
100-900**
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Relationship between Lambing Rate and 
Weight of Ewes at Mating Time 

Surveys in Aleppo Province in Syria revealed that a large proportion of the sheep 
flocks failed to reach the potential lambing rate of the Awassi breed: only 86% of 

the ewes in the average farm flock produced lambs. Why? In a series of experiments 
over four years (1982-85), ICARDA livestock scientists found thatewes weighing at 
least 48 kg at mating time usually lambed, but lighter ewes showed increasing 
infertility as liveweight at mating decreased (Figure 16). These results largely 
explain the reason for the poor fertility in farm flocks. 

Three experimental sheep flocks were sub
jected to a low (L), medium (M), or high (H) 
nutritional regime in winter. In the spring, 
all flocks grazed natural pastures and in 
summer and autumn the L flock grazed 
poor natural pasture and the M and H 
flocks cereal stubbles. The H flock also 
,'eceived supplementary feed. The live
N.eights of the ewes in the L, M, and H 
flocks were about 41, 43, and 50 kg, re
spectively, during autumn when mating 
took place. 

Scientists are now investigating cheap 
and simple ways of supplementing the poor 
quality straw diet which is the traditional 
sheep feed after the cereal harvest in sum
mer. Offering supplements of cottonseed 
meal or mixed grazing of cereal and medic 110 -
residues enable ewes to maintain or gain 1oo -. • 
liveweight during the mating season. The 0 

next step in this research is to test these 90 0 

practices on farm flocks. 8o 

E 
70

60 
S I I I I 

38 42 46 50 54 

Ewe liveweight at mating (kg) 

Figure16. Relationshipbetween lambingrate 
and ewe liveweight at mating. 
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Adaptation of Medicago rigidula to
 
Pasture/Cereal Rotations
 

T he concept of using pastures to replace fallows is based on experience in
southern Australia where fallows have been replaced by self.-regenerating

pastures whose roles are to provide livestock with year-round grazing, replenish
soil fertility, and provide a disease-controlling break between cereal crops. Success
of the system depends on using pasture species with the ability to produce enough
dormant seed for the population to survive a year in which no seed is set. 

Three years of research at ICARDA has
 
shown that Medicago rigidula can 
 re
generate naturally and form productive
 
pasture in rotation with wheat. The ex
periments included 25 promising medic
 
strains: 23 entries of M. rigidula and
 
one each of M. 
rotata and M. noeana.
 
Selections of M. rigidulaoriginated from
 
Turkey, Syria, Algeria, Libya, Jordan, and
 
Lebanon; the latter two entries from
 
Turkey. 

Eighty-seven percent of the more than
 
600 kg/ha of seed produced in 1982/83
 
remained in the soil in April 1985 as a long
term seed reserve. Most of the seed had 
been buried by the shallow cultivation 
used to sow the wheat crop: only 9%, of the 
seed remained on the surface. Figure 17 
shows how the initial seed sown in 1982/83 
rose and fell during the pasture and cereal 
phases of the rotation, the final yield of 
seed at the end of the third year being 700 
kg/ha; an average of 15% of the seed 
population germinated in the second and 
third years, although the actual amount 
which germinated in the third year depended on which of the entries was mea- Regenerotingmedicpastureplants(M.rigidula) with the stubblefrom the previoussured, the highest seedling population wheat crop stillvisible. 
representing 167 kg/ha and the lowest only 
25 kg/ha. 

Pasture yield in the year after wheat 
(1984/85) depended on the population of 
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seedlings and was largely independent As a result of this experiment, several 
of other attributes of the entries, selections of M. rigidula are now being 
Unfortunately, examination of the inter- included in grazing experiments and on
relationships between herbage yield in farm trials. In the near future, it is expec
1984/85 and various measurements in ted that cultivars adapted to pasture/ 
1982/83 (such as seed size, hardness ofseed, cereal rotations in Syria will be released. 
seed yield, maturity time, and herbage 
yield) did not reveal anything which could 
successfully predict either herbage yield 
in 1984/85 or seedling numbers. This means 
that there is no short cut to selecting 
medics adapted to a pasture/cereal rota
tion: they must be subjected to the system 
in which they will finally be used. 

First year 	 Self-generating 

Pasture Summer Wheat Summer Pasture Summer 
I I I I 

800
 

(f)(b) 

~(e) 

S400 - -	 Figure17. Changes in
(d) 	 seedpopulationover 

threeyears in a"2 medic/cerealrotation 
where M. rigidula was 

0 (a) the most importantmedic. 
Jan July Jan Jan
July July
 

1983 1984 1984 1985 1985
 

* (a) weight of seed originally sown; (b) yield of seed at end of first 
year (the fall caused by the sample harvested); the fall at (c) amount
 
germinated in the year of crop; increase at (d) amount set under the
 
crop; the fall at (e) amount germinated to form pasture in the third
 
year; increase at f) amount of seed set in third year; dashed lines and
 
open circles in second year are estimates based on level of seed
 
dormancy at point (c).
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Frost Tolerance 

in Annual Medics 


A lthough medic cultivars origina
ting in Australia have grown well 

in some parts of North Africa, they 
often fail in the highlands and in West 
Asia. Frosty periods of more than one
week duration kill the seedlings, 
especially species such as Medicago 
truncatula and M. littoralis which nor
mally grow in plains near the Mediter
ranean Sea. If these important species 
are to succeed in the cold areas, they 
must have greater frost tolerance than 
the Australian-developed cultivars. 

Heavy frosts in December 1984 and in late 
February and early March 1985 presented 
ICARDA scientists with the opportunity 
to study frost tolerance of Australian and 
native medic species at the Center's prin-
cipal experiment station at Tel Hadya, 
Syria: on 46 clays the minimum air tem-
perature fell below 00 C. Frost periods of 
this intensity are experienced at Tel 
Hadya only every 5 to 7 years. Many
experiments were affected: one where 
native and introduced medics were being 
compared, a second where a large number 
of medics collected in Syria were being 
evaluated, and a third where three medics 
were sown at several densities. 

In the first experiment, the Australian 
cultivars were Robinson snail medic (M. 
scutellata), Cyprus and Jemalong barrel 
medic (M. truncatula),and Circle Valley 
burr medic (M. polyrnorpha); local medics 
were two promising selections of M. rigi
dula and one of M. rotata.The number of 
seedlings of each species were counted 
soon after germination: after the late win-
ter frosts, surviving seedlings re-were 

The AustraliancultivarCircle Valley (left)withfrost damageat Tel Hadya comparedwith 
the frost tolerantnative medic species
M. rigidula (right). 

counted and the percentage of the original
population which survived was calcu
lated. Results are shown in Table 21. 

The difference between the two groups -
introduced and local -is striking: seedling 
survival of even the best introduced spe
cies was only 21%, and these seedlings 
were badly damaged; incontrast,all of the
 

No. of 
Seedlings Survival 

Species and genotype (perm2 ) (%) 
M. scutellatacv.Robinson 232 5 
M. truncatulacv. Cyprus 536 7 

cv. Jemalong 432 14 
M. polymorphacv. Circle 856 21 
M. rotatasel. 2123 Valley1144 90 

Table 21. Establishment andsurvivalaftcr 
severe frosts of seedlings ofseven accessions 
(fivespecies) of medic, includingfour 
Australiancultivars. 
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local species had 901%or more survival and 
the survivors were hardly affected by the 
frosts. 

Information on the geographic origin 
of frost tolerance was obtained from an 
experiment in which annual legumes (in-
cluding medics) were collected from 95 
sites throughout western Syria, including 
the mild coastal plain (where frosts are 
rare), the coastal mountain ranges, and 
the cereal belt to the east of the ranges. 
Seeds were collected in summer and plan-
ted after the first autumn rains at Tel 
Hadya. As in the first experiment, survival 
of seedlings was recorded after the last 
winter frosts. Results are shown in Figure 
18. 

Frost resistance proved to be an excel-
lent example of the benefits of choosingmedics from among native populations, 

frost resistance of a strain being strongly 

related to the likelihood of frosts being 
experienced in their native habitat. 
Certain species within the populations 

showed a high degree of frost tolerance 
regardless of where they were collected 
(M. rigidulaand M. minina,for example) 
while others showed strong ecotypic differ-
entation for frost resistance (M.scutellata, 
M. turbinata,and M. orbicularis).In other 
words, genotypes collected at cold sites 

were more likely to be frost tolerant than 
those collected from mild sites. 

Frost tolerance was affected by environ-
Fros tolraneafecte byenvion-wa 
as inheritance. Plots of a

ment as well 
susceptible cultivar of M. polymorpha 
(Circle Valley) were sown at 11 rates of 
seeding in an experiment designed to com
pare its growth with M. rigidula and Al. 
rotata. As ex.pected, Circle Valley was 
severely affected by the frosts, bAt much 
more so at a high than at a low seed rate. 
While more leaf was lost at high rates 
compared with low, the effect was most 
noticeable in terms of seedling death: 

nearly 80%/o of seedlings died at high com
pared with less than 5% at low seed rate. 
Neither leaf area nor seedling death of 
M. rigidula and M. rotata were severely 
affected by frost. 

These experiments showed that the frost 
tolerance of the ICARDA medics were far 
superior to the commercially available 
Australian cultivars and will form a firm 
foundation for the use of annual medics in 
large parts of West Asia and the highlands 
of North Africa which frequently ex
perience severe frosts. 
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Figure18. Relationshipbetween frost survival 
and the averagenumber of days below 5'C at 95 
sites in western Syria from which annuallegumes were collected. 
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Response of Marginal Land to Phosphate 

mprovement in marginal land, characterized by stony and shallow soils, low 
pasture productivity, and over-grazing by sheep and other animals, is important

for village economies in many partsof the ICARDA region. For example, in western 
Syria it makes up about 30%, of the total surface and up to 60%, of the land of some 
villages. By its nature, this land is not arable: if it were, farmers would sow it with 
barley or some other crop. 

Three possibilities exist for improving 
marginal land productivity: (1) change 
grazing management so that grazing pres-
sure is eased during the critical period of 
seed set; (2) sow improved pasture species; 
and (3) apply suitable fertilizer. The latter 
two approaches require favorable climatic 
conditions and proper grazing 
management. 

Fertilizer application is being tested by 
ICARDA in a long-term experiment involv-
ing three aspects of marginal land develop-
ment: (1) effect of phosphorus application 
on the botanical composition of grazed 
pastures with particular reference to its 
effect on legume content and hence its 
responsiveness to phosphorus; (2) econo-
mic results of phosphorus appiication in 
terms ofanimalproductivity;and(3)effect 
of the animal stocking rate and its inter-
action with phosphorus application on the 
stability of the marginal land ecosystem. 

The experiment consists ofthree rates of 
superphosphate (0, 25 and 60 kg P.,O,/ha 
equivalent to 0, 10, 24 kg P/ha) and two 
rates of stocking: low (1.2 ha/sheep) and 
high (0.6 ha/sheep). The total area for the 
experiment: approximately 83 hectares. In 
the 1984/85 season, the animals were ex-
cluded from the experiment while waiting 
for the completion of plot fencing; there-
fore, the research was restricted to the 
effect of phosphate application on natural 
vegetation. 

Fertilizer (triple superphosphate) was 
broadcast by hand in November 1984 
following soil sampling for chemical 
analysis. The herbage was sampled on 
six occasions at monthly interval from 
December to May. At each sampling date, 
10 samples were collected from each plot. 
These were separated in the laboratory 
into legumes, grasses, and other species. 
The roots were separated and discarded 
and the shoot portion of each category was 
dried (70'C) and weighed. Legume seed 
yield was measured in June on quadrat 
samples (50x50 cm), where all vegetation 
and the top one cm of soil were taken. 
Seeds were separated from the soil and 
vegetation of each sample bulked, coun
ted, and weighed. 

Phosphorus application resulted in a 
total yield increase of the pasture, but the 
most significant increase was recorded in 
the legume component. The siope of the 
regression lines for the 25 and 60 kg/ha 
rates were significantly greater than that 
of the control (Figure 19). A significant 
improvement in total herbage yield 
(legume + grass) as the result of fertilizer 
was recorded at the March sampling (100 
days after fertilizer application), and this 
continued through the rest of the growing 
season. 

The most important effect of the ferti
lizer, however, is shown in 'Fable 22, where 
legume seed yield on marginal land was 
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increased by 27% and 610%over the control Table 22. Effect ofsuperphosphatefertilizer 
as the result of applying 25 and 60 kg rateson yield andseed number of legume 
P20/ha, respectively. This is expected to species on marginalland in 1985. 

reflect favorably on legume growth, forage 
quality, and, more importantly, on the 
sheep-carrying capacity of the pasture in Fertilizer Seed yield* Seed number/ 

rate (kg/ha) (kg/ha) m*
the coming season. 
0 28.6 2072 

25 36.6 3114 
60 46.1 3995 

LSD (P=0.05) 11.7 825 
*Each value is an averageof 180quadratsamples. 

* PO =0 kg/ha P205 

* P25 = 25 kg/ha P205 

=60 kg/ha P205400 P60 

-C 300 A 

C 

c. 200, I 

E r 

I I 

10 42 70 100 120
 
Days after phosphate
 

application
 

Figure19. Dry matterproductionof legumes as 
influenced by phosphatefertilizerin the 1984185 
season.
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Fertilizer Use on Barley: Results of On-farm 
Trials and Farmers' Responses 

A collaborative project of on-farm trials to assess the biological and economic 
effects of fertilizer use on barley, which is grown primarily as a feed for sheep,

has been initiated between the Syrian Soils Directorate and ICARDA. During the 
first year of this project, trials with a local variety (Arabi Aswad) and different rates 
of nitrogen and phosphate fertilizers were conducted in four provinces of northern 
Syria in areas where a barley/livestock system predominates. 

Barley yields in these areas normally re
ceiving less than 350 mm of'annual rainfall 
average !us than I t/ha. Soils were sam
pled prior to sowing, oin-site rainfall re
corded weekly, various plant and soil 
samples taken during the growth period, 
and the harvested crop assessed for total 
hiomass and grain vield. In addition, the 
agrononic practices, economic and social 
circumstances, and farmers' reactions to 
the trials were monitored in twice-yearly 
interviews to determine the potential for 
fertilizer adoption in a system whiclh uses 
very little at the present time even though 
the soils are deficient, particularly in 
phosphorus. 

In the 11 trials harvested in 1985, mean 
yields ranged from 0.87 t/ha grain and 1.36 
t/ha straw to 3.33 tons of' grain and 3.90 
tons of'straw per hectare. lPhosphate ferti
lizer significantly increased straw pro-
duction at 1Osites, grain at seven, nitrogen 
fertilizer straw at eight, and grain at 
seven. In nearly every case, most of the 
increase came from the first two fertilizer 
increments: up to 60 kg P.,O5, and 40 kg 
N/ha. 

The mIalgnitude of' the response reflected 
the low amounts of' rainfall and phos-
phorus and mineral nitrogen available in 
the soil at l)Ianting time (Table 23). 
Responses to ) fertilizer were strongest 

Fertilizer use on barley advances crop maturity 
and helps avoid moisture stresses at the end of 
the season. On-farm trials (center)are ready to 
be harvested while surroundingfarmners'crops 
are still developing. 

where soil available phosphate was below 
3 ppm and responses to N fertilizer occur
red wherever initial soil mineral N was 
less than 11 ppm. 

Responses to rainfall reflected distri
bution, as well as total amount, and there 
were interactions with the fertilizer re
gime. Response surfaces fitted to grain and 
straw yields of the six "high rainfall" sites 
-seasonal total >250 mm and/or rainfall 

fr-om 1 February > 100 mm - involved a 
linear response to applied nitrogen much 
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stronger than that to phosphate, but at 
"low rainfall" sites it was the phosphate 
response that was the stronger. 

Another interesting aspect of fertilizer 
use on barley is the reduced variability 
(measured by tie standard deviation) of 
yields in some treatments averaged over 
different sites. This indicates that certain 
fertilizer treatments offer increased yields 
and reduced or same levels ofvariability as 
the no fertilizer treatment. Ifuvariability is 
an indicator of risk, such alternatives 
should prove to be quite attractive to 
fairmers. 

The values for total dry matter and grain 
yields obtained from an analysis of co-
variance of the pooled data were used 
to evaluate the economic feasibility of 
fertilizer application for each zone. 
Government )rices were used for barley 
and farm gate costs for fertilizers; a straw 
Value 35') that of grain on a weight basis 

was assumed. Under these assumptions, 
fertilizer application consistently gave 
increased gross revenues higher than the 
increased costs. Thus, in both zones 2 and 3 
substantial increases in net revenues were 
achieved with fertilizer use. These pre
liminary results seem to confirm that ferti
lizer can profitably be used to increase 
barley production in drier areas. 

Social and economic research at the 
farm level had these objectives: evaluate 
farmers' reaction to the trials and their 
understanding and evaluation of them 
through the season; determine the prob
lems related to fertilizer acquisition and 
application; and understand farmers' 
practices, costs, and resources in order to 
study the economic and social feasibility 
of fertilizer use. 

Thirty-seven farmers were monitored 
through the 1984/85 season with two visits 
and the largest barley plot was selected on 

Table 23. Rainfal. soil conditions, and barle, response to fertilizer at eleven sites in Syria (1984/85). 

Mean fertilizer elfects on 

cm Soil content1 1)0naol 
rainfilll lt plont ing time P,0,-,, kg/hI N, kg/ho 

Seao 

Site (ram) Olsenl-P Mineral-N 60 0 .40 

Iht in 260 3.6 9.1 2.34 2.31 2.02 2.38 
NIIIniine 294 8.3 6.2 1.66 1.89 1.29 2.1.1 

Holhor 268 41.2 6.7 2.35 2.65 2.29 2.60 
Iireclo 268 2.1 8.,4 1.78 2.531 2.01 2.55 
,lifr M11 1sMou 246 3.,t 11.8 1.18 1.63 1.59 1.19r 
( rerifeh 2:12 1.8 4.9 0.69 0.93 0.70 0.98 
Mar Shahour 32I 1.7 8.2 l.01 1.33 1.01 1.12 
Sk iro 2(18 2.8 20.5 0.66 1.64 1.,1 1.39 
KIhashouko 279 3.1 7.5 2.29 2.40 1.7,) 2.78 
.Jesaoh 398 :3.5 16.9 2.92 3.56 3.22 3.46 
MIaboujeh 220 :3.9 10.9 1.98 2.410 2.141 2.59 

Mean 1.73 2.12 1.76 2.16 
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each farm to obtain the technical infbr
mation. Although this was not a random 
sample, these results are striking: 
Substantial yield gaps exist in both zones 2 
and 3 between farmers' yields and the onfarm trial plots; in terms of the economi-cally optimal yields, it appears that far-
mers' yields can be increased by 1630 kg/ha
(168%)) in zone 2 and 1376 kg/ha (211%) inzone 3; 919 kg/ha of this potential increase 

in zone 2 and 900 kg/ha in zone 3 is directly 
attributable to fertilizer use (Figure 20); 
even if some of this increase is to be dis-
counted due to researcher management of 
the trials, the potential is still substantial. 

Farmers' reaction to the trials was posi
tive: STY, of those monitored applied
fertilizer compared with only 11% before 
the trials and another 35% would have 
liked to do so but faced various technical 
and financial problems.

These are preliminary and tentative 
results from the first year of these trials, 
but the project will continue over several 
seasons. The results are expected to in
fluence fertilizer policies in Syria and 
illustrate the agricultural potential of the 
dry areas. 

2400 

2000 
919 Yield gap 

1600 1630 

1200-
(kg/ha) 900 Yield gap

1376 

8 
800 9 

400 

0 
Zone 2 Zone 3 

E Gap due to fertilizer mlapdue to other 

management factorsU Potential farm yield Actual farm yield 

Figure20. Gapsin barleygrainyields: on-farm 
trials in northernSyria (1985). 
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Banding Superphosphates: Its Effect on 
Efficiency and Use by Wheat Crops 

A lthough several countries within the ICARDA region (e.g., Morocco, Tunisia, 
and Syria) have large deposits of rock phosphate and are both exporters and 

users, soil analyses have shown that phosphate deficiency is common in the 
widespread calcareous soils of the area. The application of phosphate fertilizers 
can result in substantial increases in wheat yields, but specific management 
techniques are required to efficiently use them because of their gradual chemical 
transformation into unavailable forms and limited mobility in those soils. 

Most farmers who use phosphate broad-
cast it prior to seeding sometimes several 
months before. But research at two Syrian 
locations (Tel Hadya and Breda) show that 
banding superphosphate fertilizer at the 
time of' sowing seed promotes early vigor-
ois growth from improved contact between 
roots -nd fertilizer, which, in turn, is 
closely associated with final yield poten-
tial of the wheat crop (Figure 21). This 
method was superior to broadcasting at 
two rates of P,O:, application: 80 kg/ha 
and 120 kg/ha. 

Half life* 

Rate (months after application) 
kg/hI RO, Jin(liress Tel I-ladya 

.10 4.8 10.9 
80 5.9 8.3 

120 5.9 10.3 

Another part of the continuing research 
on soil/fertilizer interaction involved a 
study to deLermine the "life" of banded 
phosphate fertilizer in the soil: How long 
can it last in available form to plants? By 
putting carefully weighed amounts of tri
ple superphosphate in cylinders buried in 
the soil, it was possible for the researchers 
to follow the change in chemical forms of 
phosphates and determine the time needed 
for the availability offertilizer to be halved 
due to fixation ("the half-life offertilizer"). 

Time to reach equilibrium** 
(months after application) 

Breda Jindiress Tel Hadya Breda 

15.2 19 39 53 
10.2 32 39 45 
10.1 32 54 51 

*l'ie taken fo 'he availability of the fertilizer to be halved due to fixation. 
i*m7'iewtaken for-the availabilityof the fertilizer added to reach zero value. 

Table 24. ie half life and lite to reach equilibrium of bandedphosphatefertilizer as affected by 
location and rate ofapplication. 
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Carefully weighedamounts of triplesuper-
phosphatein cylindersburiedin the soil make it 
possiblefor researchersto determinethe "life" 
of the fertilizer. 

Researchers found that faster rates or 

fixation are associated with higher levels
of application: tbh- rates of fixation were 
faster at Jindiress (mean half-life 5.5 
mont,is) than at either Tel Hadya or Breda 
(mean halflife, 9.8 and 11.8 months). An 
approximate calculation of residual phos-
phate remaining in available forms with 
time can also be estimated (Table 24). 

5  j LSD 
(5%) 

4 

3 

2 

Breda 
t:1 

II I 

* kg/ha 0 40 80 120 
M 11-

T LSD 
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" 
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8 

Tel Hadya
7 

kg/ha 0 40 80 120 
Level of P20 5 added 

i Banding - Broadcasting 

Figure21. Effect of rateandplacement of 
phosphateadded to soils on dry weight biomass 
of a wheat crop at harvestat Breda and Tel 
Hadya,Syria. 
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Survey of Wheat Farmers and On-farm 
Trials in Northwest Syria 

A survey of current practices of farmers producing rainfed wheat in northwest 
Syria has been completed to help guide ICARDA's farming systems research 

effort and to assess how this research can most usefully complement that of the 
national program. Also, parallel on-farm trials focused on the effects of fertilizer 
and herbicides on wheat production. 

An increasing demand for wheat in Syria 
and other countries of the ICARDA region 
emphasizes the need for greater yields ol 
farmers' fields. One of the encouraging 
facts found in the survey was this: some 
f.armershave adopted new technologies to 
increase wheat production and others are 
ready to do so. On the average, they expect 
to harvest about 2 t/ha - one ton in a bad 
year and three in a good year. Most of their 
wheat is mechanically harvested only 
18 %, by hand, usually in stony or inac
cessible fields. 

The 63 fiarmers in the survey used a 
range of methods and intensity in the 
cultivation of their soils, and tillage absor
bed 22% of the pre-harvest costs of wheat 
production (Figure 22). The mean number 
ofcultivations was 2.4 but ranged from I to 
7. Most of the farmers were familiar with 
fertilizers and adjusted rates according to 
scveral factors, including: soil type - more 
phosphate and nitrogen on better soils, 
less on poorer ones; more nitrogen follow-
ing irrigated summer crops regardless of 
soil type. 

Most of the wheat grown by the farmers 
in the survey was durum, and appioxi-
mately half of them found no problem with 
the variety they planted. However, others 
reported some problems such as disease, 
low drought tolerance, and poor seed 
quality (not pure seed). When asked what 

Figure22. Distributionof pre-harvest costsfor 
wheat. 

they would like to see in a new variety, 
87% said higher yields; other charac
teristics: resistance to shattering and 
lodging, drought tolerance, and food 
quality. 

More than half of the farmers had mod
crate or severe levels ofweed infestation in 
uncontrolled areas of their wheat crops. 
Those with heavy infestations used less 
fertilizer and more tillage to try to reduce 
weeds. Most of the farmers reported that 
they applied herbicides in years of heavy 
infestation, but a sizable minority rely on 
hand weeding. They said their need for 
livestock feed was an important factor for 
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Weed controlin wheat 
(greenplots)us. no 

,',. control(yellowplots). 
........ 
 eed control allows the 

fertilizerto be used by 
the crop insteadof the 
we-ds. 
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Figure23. Effect offertilizer andherbicideon wheatproductionin eightseverely weed-infested 
farmers'fields. 

this practice; 21% used no weed control, herbicide and fertilizer, especially on
An analysis of 18 on-farm trials in the severely weed-infested fields. 

same wheat producing area showed that Four treatment combinations of weed
farmers can achieve economical grain control and fertilizer were superimposed
yield increases by using a combination of on wheat crops managed by the farmer 
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according to his own tillage and planting 
methods: broadcasting seed and fertilizer 
over ridged land and splitting the ridges to 
cover them. Eight farmers' fields were 
under severe weed infestation and the 
other 10 moderately so. On the latter, a 
significant response was recorded in grain 
and straw yield to fertilizer both with and 
without weed control. However, herbicide 
produced significant responses only in the 
presence of fertilizer which stimulated 
weed growth as indicated by a significant 
fertilizers x weed control interaction. 

At the severe weed infestation sites, 
farming systems researchers found a signi
ficant response tn both weed control and 
fertilizers, but again a significant interac-
tion indicated that the highest yields re
sulted when both were used together 
(Figure 23). 

The largest increase in net income oc
curred where both treatments were ap
plied together: the use of fertilizer without 
weed control barely paid for itself and 
weed control alone was profitable on 
severely infested fields but not on those 
where weed infestation was less. 

Tel Hadya 

Breda 

Figure24. Nitrogen recoveryfrom urea 
fertilizer in trialsat Tel Hadyaand Breda, 
Syria in 1984/85. 
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Nitrogen Recovery by Wheat and Ammonia 
Loss by Volatilization from Urea Fertilizer 

Soils of the arid zones in the ICARDA region are poor in available nitrogen, and 
the application of nitrogen fertilizers is a major factor in increasing crop

production under rainfed agriculture. Urea is the major nitrogen fertilizer used in 
several countries of the region because of its solubility in soil water, a cheaper price
compared with other N sources, and its high concentration in available nitrogen.
Some countries have been reluctant to use it because of an assumption thatthere is 
a significant loss by volatilization to the airin the form of ammonia when the urea is 
topdressed on calcareous soils. 

Field trials were conducted in 1983/84 and 
1984/85 at Tel Fladya and Breda, Syria to 
study the effect of' various levels of urea on 
yields of wheat, nitrogen recovery by 
plants, and N residual in the soil. In selec-
ted treatments, microplots were fertilized 
with 15N-labelled fertilizers. Figure 24 
shows the nitrogen recovery and losses 
from ordinary urea apl)lied (drilled) at a 
rate of,10l kg N/ha at both experimental 
sites. 

Loss of nitrogen, primarily clue to am-
monia volatilization, ranged from 10-15% 
for both seasons and locations. Nitrogen 
losses were relatively small in both sea-
sons because of' soil and climatic con-
ditions. The major fiactor explaining the 
small losses was probably the high cation 
exchange capacity of the heavy-textured 
soils: the clay surfaces retained most of the 
ammonia (NH,,+) derived from the hy-
drolysis of urea. 

Soil temperature may also affect am
monia volatilization. Increasing soil tem
perature increases the rate of hydrolysis of 
urea and the rate of reaction leading to 
ammonia volatilization. But the average 
temperature during February in north
west Syria is usually low, and con
sequently soil temperature did not show 
its effect except on urea applied in late 
February and early March. Most of the 
losses of nitrogen occurred during the first 
three weeks following the application of 
the fertilizer in early February. 

The general conclusion of this research: 
urea appears to be a rather efficient and 
cheap source of nitrogen fertilizer for 
winter cereals grown on the calcareous 
heavy-textured soils in northwest Syria; 
losses of nitrogen applied at planting are 
expected to be small (5-10%) as are the 
losses when nitrogen is applied as a top
dressing in early February (10-20%). 
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Identifying "Best Bet" Wheat Cultivars 
in a Variable Climate through 
Computer Simulations 

A nother year's experience with the computer model SIMTAG (SIMulation of 
Triticum Aestimum Genotypes) has given further evidence of its value in 

predicting how climate variability over the years affects wheat yields in Syria. This 
variability also influences selection of new varieties. (See 1984 Research Highlights.) 

An examl)le of the variability of sea:,onal 
rainfall and wheat yields for Muslinieh in 
northern Syria is shown in Table 25. While 
the ratio of rainfall between wettest and 
driest seasons is about 1:3, the ratio of 
wheat yields between best and worst years 
is more than 1:15. These large diflerences 
from year to year make it difficult to decide 
which combination of characters is likely 
to make a variety the most successful in 
the long run, since qualities which make a 
variety outperform others in one year may 
be the cause of a poor performance the 
next. 

At Musliniieh, the variety Novi Sad 
would have outyielded Sonalika in 14 sea-
sons out of the last 25, but for four of the 

a Gstable 

last six SIMTAG predicts that the reverse 
would have been true. rherefore, a six
year-long experimental program would 
not have been enough to ensure correct 
interpretation, unless supported by simu
lations of the effect of climatic variability 
on the crop performance over a much 
longer period. 

Such simulations were carried out by 
ICARDA scientists for a number of sta
tions from different parts of the wheat 
growing areas of Syria, contrasting spring 
wheat varieties with many different com
binations of genetic traits. SIMTAG al
lows the scientists to create hypothetical 
varieties with various combinations of 
phenotypic characters. This opportunity, 
if used judiciously, can help explore and 
identify desirable characteristics in germ
plasm collections for field testing in the 
search for wheat lines with large and 

yields. 
01rai0R16ifa11l yiehl* Some of' the results of this research areMaRijnfnll (mm) (kg/)589illustrated for three locations in Figure 25. 

Ammx it's|o 58k) 5870 
Mi nimumper,rt'lson 16115 360" 
Average :152 2570 

Table 25. Variability of rainfalland wheat 
.yields 1960/61 to 1984/85)for Muslim ieh in 
northern Syria. 

"Earlybig" one of' the compared hypo

thetical varities, matures early and has 
relatively few but big kernels and a high 
kernel filling rate. The other one, "Late
small", is late maturing with potentially 
many but. small kernels and a lower kernel 
filling rate. Both were "grown" in the 
same, good soil (a Luvisol). Two of the sites 
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- Muslimieh and Kamishly -have a similar 
temperatue regime, but Kamishly has an 
average rainfall of',140 mm compared with 
352 mm for Muslimieh over 25 seasons. 
Sweida with almost the same average rain
fIall (357 mam) as Mus imieh has a cooler 
climate: it lies 997 in above sea-level com
pared with a1)out ,150 in for the other sites. 

The curves in Figure 25 are cumulative 
probal)bility distribution functions of simu
lated grain yield. They can be interpreted 
as reflecting t[ e relative ability of the crop 
to cope with environmental risk. The van
ety whose curve lies predominantly on 
the right te)resents the o)tion with least 
risk and therefore is the "best bet" variety 

if minimum risk in a variable climate is 
the first priority. At Muslimieh, the vari
ety "Earlybig'" is therefore the better 
choice because it can le expected to out
yield "Latesmall" in two ,easons out of 
three. At Kamishly and Sweida, however, 
"Latesmall" outl)erforms "Earlybig" in 
most seasons. 

The detailed day-to-day account of 
water balance and crop development 
which SIMTAG provides also explains 
how these I)redicted yields come about. 
Under optimal growth conditions, short 
season cultivars (such as "Earlybig") yield 
less than later ones. However, drought in 
the terminal growth stage a frequent 
problem in the areas under consideration
affects late cultivars more than early ones. 

Figure 25. Cumulative probability of simulated
grain yields for two hypothetical wheat varieties 
with different characteristics. The lines reflect 
the relative ability of the crop to cope with 
climatic r, .k. (See text.) 
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Under these conditions, early cultivars 
halve it yield advantage. 
Terminal droLglt is likely to affect 

yields at Muslinieh more frequently than 
lit Klimishily becaulse hlighier rainflli totals,
coincide with longer sesos, better rai-


'liilldistributioln, andlmore available mois-
ture at the end of the season. At Sweida, 
too, stress at critical periods at the el(I of 
tie season aflfects yield less frequently 
than at. Muslinieh, although r'infall to-
tals are similar. This is due to the high 
altitu(le of Sweida. There cooler tempera-
tures redulce evaporative lemanl, result-
ing in a hetter profile water recharge dlur-
ing the winter which alleviates moisture 
stressat the end ofthe season. 

The relative superiority of "Latesinall" 
over" Earlyl)ig" at the two sites, therefore, 
has different reasons: at (ainishly it is due 
to higher rainfall hut at Sweida to lower 
eva)orative (lemand. A combi nation of' 

comparatively low rainfall and high 
evaporative (lemand at Muslimieh make 
"Earlysmall" the "best bet" for most 
reasons. 

Climatic data for the SIMTAG analysis 
were sup)pliedl by the Syrian Meteorological 
Service. 

Relationship of 
Fertilizer Application 
to Protein Content
of Wheat and 
Barley Crops 

] ot only does nitrogen and phos
.N phate fertilization affr.ct wheat 

and barley yields but also the protein 
content of the grain and the straw of 
both crops - an important considera
tion in countries where the diets of 
people and animals are deficient in 
protein. 

In trials at three experimental sites in 
northern Syria (lreda, Tel ladya, and 
ilin(liress), the application ol'nitrogen 1et

tilizers to dwum wheat (Sham 1) led to a 
significant increase in the protein content 
of grain (24 51',) and straw (31 65%). As 
shown in Figure 26, the highest protein 
content of'wheat grain was achieved with 
90 kg/N/ha. 

Similarly, the average total protin con
tent in grain and straw of Arabi Abiad 
barley grown in II trials on farmers' helds 
significantly increased with the appli
cation of nitrogen and plhosphate ferti
lizers, especially when added together. 
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Performance of a 
New Single-pass 
Crop Planter 

18  armers growing wheat and barley 
Fin Syria and some other areas in 
the region usually follow a procedure17 	 that requires four passes over their 
land at planting time. But the Farming 

16 	 Systems Program has developed a 
simple single-pass planter that can 
work directly into moist or dry unculti
vated soil and in15 	 a single operation 

14 	
open ridges, place the fertilizer, drop
the seed, and cover both with soil. 

13 This planter incorporates the commonly 
used "duckfoot" cultivator, locally made 
driving wheels for depth control, two 

. 12boxes (one for seed and the other for ferti

11 	
lizer with rate controls), and a fixed heavy
bar (tabban). Barley sown with a prototype 
was compared with barley hand sown or 

10 drilled, with and without phosphate ferti
lizer, at Breda in northwest Syria. Initial 
yield results and an economic evaluation 

0 30 60 90 summary are presented in Table 26. 
Level of N added (kg N/ha) Phosphate gave significant yield in-

Tel Hadya creases of barley in all sowing methods.Without fertilizer, grain and straw yields 
- Breda were low and no significant differences 

Jindiress could be found between sowing methods. 
In fertilized plots, however, both drillFigure26. Effect of level of nitrogenfertilizers seeding and the single-pass planter signiappliedto wheat in three experimentalsites in ficantly outyielded hand broadcasting.

Syria on protein content of the grain. Economic evaluation of the planter de

pends on several cost estimates based on 
custom farming charges in 1985. Hand 
harvest is assumed in each case to simplify 
valuation of straw yields; with combine 
harvest the values of both collected straw 
and stubble grazing would have to be 
calculated. 
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Total costs for barley Crops sown with
out f'ertilizer by hand broadcasti ng and by 
the single-pass plnter Were similar, as 
Were costs with the two seeding metilods 
when f'ertilizcser was applied. The signi
ficalt yield increase obtaine(l hy the, phi1
ter when phosphate was apl)ied is re
flect(,( by a c()nsi(er l)h increase ill net 
R'tvelwtle. Hightst net reven ties were calcl
lated For drill see(ding with l rtilizer. (Cood 
pll:lcement of' tile fitilizir aplars to he 
respOnsille for tihe excellent ecOllOiflit' 
results obtained with sowing hy (frill or by 
the single-pass f)lanter. i high marginal 
rates of' return ('alc'ulaIted( f6r tile planter 
and the, drill Without. f,rtilizer are Iased oil 
Yield increases whichl are not significant at 
the 5, level, 

An eleiment of' timeliness a other al-
vantage of'the single-pass ~IIter cannot 
he evaluated by a simple cost/heefit cal
cultion. The seedtld preparation re
quired l)y the drill and the extra operations 
needed for hand sowing all take time and 

Sowing 11vt hod: 

I'rilizr ((;I1kg .)0,/Im) + I1 

(h'11iw 	 1774'vi1dI (kg/Ih ) 
Striw yiId (kg/h:) 1922 
(;'-in vilut' (SI,* I..1l/kg) 25:17 
St nIowvvIlov (XL, 0.5,1/kg) 10:18 
Total c'rop vo ,(SI,/h) :1575 
lot itI costs (51,/1111) 11,19 
(Stovd, R-1-1ilIi zvr, Sf-q1iIIg,.1tliwvtio1. 

h1111ivsI ing) 
('rop vtu minus i'=sts(Sl1/hi) 2121 

,S/.:Syr ion I. 

Inteidofa farmer's traditional/ourpasses 
ov'er t/hhend, thisprototype':ingle-passplanter 
can open ridges, place lie fertilizer, drop the 
seed, tnd coveer both tvith soil in one operation.
It is usableforcereals, h(ntils, orchickpeas. 

Hind Singlf-pss 

hIormdilsv plnumo 

No IP + ) No IP + P No ) 

101,1 1:192 798 1674 1012 
8.1,1 1:17.1 720 1580 870 

1.179 	 1991 I II1 2391 1,1.17 
156 7,12 :192 H15 173 

19:15 	 2733 115:: :1229 1920 
727 1057 672 1064 667 

12(08 1070 H01 2165 125:1 

Table 26. S inttar,o n economic comparison of tite singl(.-pass p/anter wIit haIa nd broadcast an d 
drill seeding of Abahi A biard arley (19851. 
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often cannot be completed on the same 
day. By temporarily bolting the "single
pass" boxes and drive wheels to the culti-
vator used for other jobs during the year, 
the farmer may gain more control over his 
sowing operations than has been possible 
before. 

With minor modifications, the single
pass planter can also be used for sowing 
lentils and chickpeas and will be tested for 
this purpose (luring 1986. 

Annual jegumes for 
Harvest: On-farm
Research 

T he primary activity of rural people 
-in the dry cultivated areas of Syria, 

as in similar areas of West Asia and 
North Africa, is barley production in
tegrated with raising sheep. Farmers 
follow either the predominant crop 
rotation of cereal/fallow or a second
ary practice of continuous cereal cul
tivation. Total agricultural output of 
both systems can be improved by using 
alternative crop rotations: legume 
crops which replace fallow will be a 
source of food or feed at little cost to 
the subsequent cereal crop. Alterna
tively, legumes act as a break-crop in 
place of continuous cereal cultivation, 
prevent build up of soil diseases and 
contributing to soil fertility. 

But even with these advantages can le
gunies be grown 2conomically under harsh 
conditions? To test tie feasibility of grow
ing these crops for harvest, on-farm trials 
in fields of diverse quality were selected in 
three villages in the 250- 350 mm rainfall 
zone in Syria. Two replicates were planted 
at ICARDA's principal station at Tel 
Hadya for comparison. In addition, graz
ing trials were conducted on eight farms to 
evaluate an alternative use of the crops.

Previous research has shown that le
gume yields are often improved by the use 
of l)hosphate fertilizer. Also, the damage 
to root nodules by sitona weevil larvae, 
which substantially affects nitrogen fixa
tion and grain yields, can he controlled 
with Carbofuran. These treatments were 
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included in a simple design with the three 
legume species most common ill dry areas 
of'Syria: vetch, lathyrus, and lentil ( Vicia 
sativa, Lathyrus sativus, and Lens 
culinaris). 

In addition, the trial was designed to 
comlpare barley-leguime rotations with the 
most common local rotations: barley-

ial low, un ferti Iizcd continuous barley, and 
fiertilized continuous barley. Thus, plots of 
f'aI low land, barley, and barley with n itro-
gen were also treated with phosphate and 
Carhof'firan. (All I)lots will be planted with 
barley next season to determine residual 
effects of'croi)s and treatmients.) 

The thru'ee legumes showe~d dilli'fernt. pat-
terns of'growth. At the grazing stage, vetch 
was clearly more productive thani lathyrus 
and lentils. However, by the end of' the 
season lathy u'us had nearly caught u) with 
vetch in total biological yield and fiar 
exceeded vetch in seed prodluction. Lentil 
growth was similar to lathyrus at the 
grazing stage but. late growth of' lentilI was 
slower than lathyrus. 

The species exhibited significant differ
ences in biological nitrogen fixation and 
sitona weevil danage: lathyrus was super
ior to vetch and lentils in nitrogen fixation 
ir'reSlective of treatment, and, vlthough 
lathyrus produced more seed with a high 
nitrogen content, it was not at the expense 
of soil n itrogen ; lathyrus was relatively 

Nodule dainage decreased and bio
logical niit.rogen fixation increased with 
Carbofinn inl all species. As expected, the 
effect, on Iathyrus was small, but total 
biological yields of lentil were increased 
1)• 14'% and vetch by 21%). Phosphate 
fert-ilizer increas,,d mean legume yields by 
20, wit h nosignifica ntcliflebrences among 
spccie , 

These on-fiarin trials suggest,. three ways 
in which legume cultivtion can be made 
moire productive in dry areas: species 
selection, insect control, andi use of l)hos-

Iphate. In addition, the alternative of'graz
ing the crops instead of' harvesting them is 
bei ng considered: it, avoids the high cost of 
a manalIharvest. 
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o.' hi/trfi a tl ll ie , iS t wo i,'. hluttic -oiles in ,-'Yi-ti, 'oilrd iw ith'ieldsunhdr 

og111r1(11iS il/illrr' 

Impact and Potential of Supplemental
Irrigation within Rainfed Areas 

A recent st udy (Af two far~ming areas in Syria's Aleppo Province shows supplenmelnta I irrigation provithe ('ldition.s f'or using improved crop varieties andmore I'ertilizer which result in higher andd mor reliable yields. The areas wereseleted Ior studly if' thy verv located in agroclimatic zones 1 and 2 with an
agrononi ic potent ial for developmelnt f'rom ia socio-economi perspective. 

)nesli v aia. 'lrel i.t iIfitlet' tLlilih('fntitl ifrigatglam:iiioif nhi.it in1aid 8(1 hi:1gror'linrnt if' ztil 2. has 811)0(1 ha if i Iniii-fi f1-'fif ireili. lin e,'a Subh-I 1g. lli('f,llh 
fid antl 7.0)) lia )t' irrlgft Il ('tilt ivaletd n 
land with ;II rtf'i o Ittrm size f1 20 hl 

disilict il Ifa f'li ttit'fmzones 1 antd 2. has 
1-1.87() li in rainl' Itiming :in2l

an 
2.;10 ha 

' 
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under irrigation with tube wells as the 
principal source. Landholdings are small 
and generally fragmented with an average 
farm size of 5 ha under irrigation and 9 ha 
for rainflfd fnrming. 

Although surface irrigation is the main 
inethod ofapplying water to crops, sprink-
lers - a more efficient means were in-
troduced a few years agcr and are used on 
about 10% of the total irrigated area. 

Wheat is the number one crop to receive 
supplemental irrigation in both su~b-
districts. Barley is irrigated from the 
Kwiak River in Tel Dhaman where two 
irrigations per season are available, and in 
Mare'a some barley fields may be irrigated 
during exceptionally dry seasons. 

Rainfed crops are sown a month earlier 
than crops for supplemental irrigation 
in Tel Dhaman. Wheat is planted in 
December fo rainfed farming and in 
January with supplemental irrigation, 
Farmers plant barley during November 
under rainfed farming and in December 
when they use supplemental irrigation, 
Since most of the cultivated area in Mare'a 
is located in zone 1, no difference in sowing 
dates exists between cereals with sup-
plemental irrigation and rainfed farming. 

Wheat is sown in November and December, 
barley a few days earlier. 

Supplemental irrigation greatly in
creased wheat and barley yields compared 
with those under rainfed agriculture 
(Table 27). For example, improved vari
eties of wheat produced an average of 
5 t/ha with supplemental irrigation com
pared with 2 t/ha in zone 1 and 1.5 t/ha in 
zone 2 with rainfed farming. Rainfed crops 
matured and were harvested 10 to 20 days 
before crops grown with supplemental 
irrigation. Harvesting costs were higher 
for cereals grown with supplemental irri
gation because the net cost of harvesting 
cereals with combines is based on level of 
yield: the cost ranges from 5 to 12% of the 
total harvest. 

Livestock is an integral part of rainfed 
farming in Tel Dhaman. Limited numbers 
of dairy cattle are integrated exclusively 
with supplemental irrigation. In general, 
the role of livestock is important in rainfed 
farming systems but not in Mare'a where 
land is too valuable for livestock grazing. 

For rainfed agriculture in Tel Dhaman, 
90% of the total farm labor requirement is 
provided by family labor. In Mare'a, 70% 
of the farmers rely on family labor for 

Table 27. Average crop 
yields for wheat and 
barleyunder 
supplememal irrigation 
and rainfedfarmingin 
two(.reas in Aleppo 
Province,Syria. 
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rainfed farming operations and 30% on 
hired labor. For supplemental irrigation, 
labor force percentages are the same as in 
Tel Dhaman (10% of the total farm labor 
requirement is provided by the family, 20% 
by sharecroppers, and 70' by hired labor). 
The tradition of free labor from relatives 
and neighbors is no longer practiced, 

A labor shortage usually exists at peak 
demand periods: harvesting winter and 
summer crops, seeding, fertilizer appli
cation, and weeding of summer crops. 
Daily wages of hired labor have doubled 
and even tripled during the past five years. 

In Tel Dhaman, 60% of the total migra
tion from rainfed areas is permanent with 
farmers migrating to neighboring cities 
or abroad. Temporary migration occurs 
during the off-season when labor is not 
needed for rainfed farming with many 
farmers migrating to areas under irrigated 
agriculture for employment. Farmers from 
Mare'a do not migrate permanently, either 
from rainfed or from irrigated farms. About 
35% of the farmers from rainfed farming 
migrate temporarily to Aleppo during off
season periods and return when their labor 
is needed. 

Net income/ha with supplemental irri
gation in Tel Dhaman is five to six times 
that of rainfed agriculture and in Mare'a 
about 10 times. With supplemental irri
gation, nearly all households in Tel 
Dhaman and more than 70% of those in 
Mare'a receive their total earnings from 
the farm. Under rainfed farming, only 30% 
of the households in Tel Dhaman and less 
than 50% in Mare'a can rely on their farms 
for their total income. Income differences 
between the two farming systems are re
flected in the diverse social status and life 
styles of the two groups. An increased 
quantity and quality of food, improved 
housing, and other luxuries are observed 
where supplemental irrigation farming 
exists. 

Because of the importance of supple
mental irrigation and water management, 
the Farming Systems Program has also 
initiated on-farm research, partly in 
collaboration with the Ministry of 
Agriculture and Agrarian Reform 
(MAAR), to develop improved practices 
and techniques appropriate to farming 
conditions in different areas. 
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A New Development at ICARDA: 
Virology Research 

ncreased awareness of crop losses induced by viruses on cereal and food legume 
crops led to the establishment of a new virology laboratoryatthe Center in 1985. It 

has been given four assignments: (1) study the incidence of virus diseases on food 
legumes, cereals, and pasture and forage crops in the region; (2) develop methods 
of screening germplasm for resistance to viruses; (3) develop methods of control 
(or prevention) based on ecological and epidemiological studies; and (4) establish 
methods for seed testing for virus infection. 

Staff members of the laboratory got under-
way with assignment number one early in 
the year by conducting a survey to identify 
viruses infecting cereals and food legumes 
in Syria, Lebanon, Tunisia, and Morocco. 
Samples were collected during the spring 
growing season and laboratory tests made 
to validate field observations and to fur- 
ther characterize the viruses, 

Bean leaf roll virus (BLRV) was found to 
be the most prevalent virus on faba beans 
in all countries surveyed based on visual 
observation in the field. The identity of 
this virus was confirmed serologic.,lly; it 
reacted strongly with BLRV antisera ob-
tained from the Netherlands. When faba 
bean samples collected from farmers' fields 

were tested by serology for the presence of 
a number of viruses, these four were found 
in addition to BLRV: broad bean mottle 
virus (BBMV), broad bean stain virus 
(BBSV), bean yellow mosaic virus 
(BYMV), and pea seed-borne mosaic virus 
(PSbMV). They were identified based on 
serology, reaction on indicator plants, and 
electron microscopy. 

The frequency of their occurrence va
ried among countries (Table 28); it was 
evident that in a country such as Syria, 
where a relatively large number ofsamples 
were tested, BYMV was the most fre
quently detected virus after BLRV. 
Control measures to minimize the effect of 
BLRV and BYMV on faba bean yield will 

Number Number of faba bean samples 
of'
samples containing: 

Country tested BBMV* BBSV* BYMV* PSbMV* 	 Table 28. Viruses 
identified in faba beanSyria 1,15 6 36 67 :53 samnples collected from 

Lebanon 44 0 6 4 1 smlscletdfoTunis 17 9 4 0 0 Syria, Lebanon, Tunis, 
Morocco 7 1 0 1 0 andMorocco during 

the springof 1985. 
*BBMV = broadbean mottle virus; BBSV = broadbean stain 

virus; BYMV = bean yellow mosaicvirus; PSbM V = peaseed. 
borne mosaicvirus. 
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be investigated. Meanwhile, in-depth 
evaluation of faba bean germplasm for re
sistance or tolerance to these two viruses 
is underway. 

Barley yellow dwarf virus (BYDV) the 
number one virus problem on cereals 
worldwide - was detected in sampleL from 
all the countries surveyed. Two different 
strains were fbund with the PAV strain 
more frequent than tie F (Table 29). 
Resistance to BYDV is being sought in 
ICARDA's gerrnplasm collection. A total 
of'1400 entries of bread and durum wheat 
and barley are being carefully screened 
using artificial inoculation with two 
species of' aphids to identify tolerant or 
resistant plants. 

Virus research at ICARDA was initiated 
as a special project supported by the 
Netherlands Government. The investi
gations are conducted in close collab
oration with the Institute of Plant 
Protection (IPO) at Wageningen in the 
Netherlands and the Lebanese National 
Council for Scientific Research and the 
Faculty ofAgricultural and Food Sciences 
at the American University in Beirut. 
Tests which cannot be done at the 
ICARDA laboratory because of limited 
facilities are conducted at Wageningen 
and/or Beirut. 
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Idntifyingdifferentplantvirusesthrough 
serologicaltesting in the new virology 
laboratory. 

Numberofsamples 
Numberof giving positive reactionwith antisera to: 

samples Fstrain PAV strain 
Country tested (Europe) (USA) 

Syria 55 10 28 
Lebanon 23 3 8 
Morocco 19 10 13 
Tunis 21 12 11 
Sudan 4 0 3 
Ethiopia 6 0 6 
Total 128 35 69 

Table 29. Detectionof barleyyellow dwarfvirus 
(B YD V) types usingdifferent antiserain cereal 
(wheat and barley)samples collectedfrom 
plantsshowing B YD V-like symptoms from 
different countriesin the ICARDA region
duringthe growingseason of 1984/85. 



Update on Training 

W ith rising frequency and consis-
tent with long-range plans, 

iCARDA co: .borated with national 
agencies in conuicting more training 
programs locally instead of scheduling 
most of the courses at the Center's 
headquarters. For example, in

country short-course enrollments for 

1985 were 35%,, larger than those at 

h, dquarters. 

0 Individual degree
 

200- 0 Individual non-degree
 

I n-country short courses 

] Main station short courses 

U Residential courses 
150

.-
.2"M 
Cprogram 


l0O -beginning.
 

6 
z 

50-

The total number of participants in all 
ICARDA training activities reached 215 
a striking contrast to the first year (1978) 
total enrollment of 26 (Figure 27). 

From 1978 through 1985, training parti
cipants came from 40 countries. Both for
mal and informal reports from many of 
them and thei, administrators provide 
evidence that the training helped them to 
gain new knowledge, technical skills, and 
professional confidence. 

Figure27. Growth of 
ICARDA 'straining 

since its 

1978 1979 1980 1981 1982 1983 1984 1985 
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ICARDA Donors
 
(Currency: US $ ( x 000) 

Core Operations (1985)
Unrestricted and Capital 

Australia 
Canada 

China 

Denmark 

Ford Foundation 

Germany 

IBRD (World Bank) 

Italy 

The Netherlands 

Norway 

Saudi Arabia 

Spain 

Sweden 

United Kingdom 

USAID 


Restricted and Capital 

Arab Fund 
France 
IDRC 

- Food Legumes (N. Africa) 
- Farming Systems (Tunisia) 

IFAD 
- Buildings 

Italy
 
-- Building (GRU) 

-Forage 

- Durum Wheat 


OPEC 
- Barley Improvement 
- BuildingsUNDP 

- SWAN 
USAID 

- Barley Diseases 

422 
662 

50 
97 

175 
668 

5,250 
348 
343 
283 
600 
100 
364 
622 

5,300 

343 
127 

132 
117 

500
 

313 
240 
174 

162 
596 

200 

160 

Special Projects (1985) 

BMZ/The Netherlands 
- Seed Production Organization 91 

Ford Foundation 
- Farming Systems 75 
- Factor Constraints 125 

IDRC-Manitoba 
- Faba Bean Pathology 105 
- Lentil Harvest Mechanization 50 
- Lentil Haploid Culture 24 
- Arabic Dimension Services 20 
- Faba Bean Insect Pollination 13 
- Survey of Forages 10 

IFAD 
- Nile Valley Special Project 1,000 

OPEC 
- Improved Wheat Technology/ 

Sudan 49 
USAID/AZRI 

- Baluchistan - Pakistan 49-2 
- Cereals/Jordan 45 

IDRC:InternationalDevelopment Research 
Centre,Canada 
IFAD:InternationalFundfor Agricultural
DevelopmentUNDP:UnitedNationsDevelopment
Programme 
USAID: United States Agency for 
InternationalDevelopment 
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Board of Trustees
 

Dr. Andreas Papasolomontos* 
(ChairmanuntilMay 1985) 
Minister of Agriculture 

Nicosia, Cyprus 


Dr. Lowell S. Hardin* 
(Vice-Chairman untilMay 1985) 
Dept. of Agricultural Economics 

Purdue University 

West Lafayette, Indiana, USA 


Dr. Ekkehard Clemens 
(Chairmanafter May 1985) 
German Agency for Technical 

Cooperation (GTZ) 
Eschborn, West Germany 

Dr. Mustapha Lasram 
(Vice-Chairman after May 1985) 
Director 
Institut National de la Recherche 

Agronomique de Tunisie (INRAT) 
Ariana, Tunisia 

Ms. Naima Al-Shayji 
Director 
External Relations Division 
International Fund for Agricultural 

Development (IFAD) 
Rome, Italy 

Mr. Kenneth R.M. Anthony 
Consultant in Tropical Agricultural 

Research 
Oxted, Surrey, England 

Dr. Alfred Philippe Conesa 
President
 
Centre de Recherches Agronomiques
 

(INRA)
 
Montpellier, France
 

Dr. Jose I. Cubero 
Prof. of Genetics and Plant Breeding 
Departament de Genetica 
Escuela Technica Superior de Ingenieros 

Agronomos 
Cordoba, Spain 

Dr. Sten Ebbersten 
Department of Plant Husbandry 
Swedish University of Agricultural 

Sciences 
Uppsala, Sweden 

Dr. Ralph A. Fischer 
Principal Research Scientist 
Division of Plant Industry 
CSIRO 
Canberra, Australia 

Dr. Carl H. Gotsch** 
Food Research Institute 
Stanford University 
Stanford, California, USA 

Dr. Joseph Haraoui 
Director General 
Agricultural Research Institute 
Fanar, Lebanon 
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Mr. Hamid Merei** 
Deputy Minister of State for Planning 

Affairs
 
State Planning Commission
 
Damascus, Syria
 

Dr. Amir Muhammed* 
Chairman 
Pakistan Agricultural Research Council 
Islamabad, Pakistan 

Mr. Hasan Su'ud Nabulsi 
Director General 
Jordan Cooperative Organization 
Amman, Jordan 

Mr. Hassan Saoud 
Deputy Minister 
Ministry of Agriculture and Agrarian 

Reform 
Damascus, Syria 

Dr. Mohamed A. Nour (Ex-Officio) 
Director General 
ICARDA 
Aleppo, Syria 

*Conpletedtenure during1985. 
**Joined the Boardduring1985. 
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Senior Staff 
(As of December 1985) 

Director General's Office 
Dr. Mohamed A. Nour 
Director General 
Dr. Peter Goldsworthy 
Deputy D)irector General (Research) 
Dr. Jan Koopman 
Deputy l)irector General (International 

Cooperation) 
Dr. A. van Gastel 
Seed Production Specialist 
Dr. Samir El Sebae Ahmed 
National Research Coordinator 

Government Liaison & Public 
Relations 

Dr. Adnan Shuman 
Assistant Director General (Government 

Liaison) 

Damascus Office 

Mr. Abdul Karim El-Ali, 
Administrative Officer 

Beirut Office 

Ms. Afaf Rashed, Executive 
Secretary/Office Manager 

Mr. Anwar Agha, Senior Accountant 

Cairo Office 
Dr. Rhup Bhardwaj, Director of 

Admioi..tration & Operations, 
ICARDA/IFAD Nile Valley Project 

Tunis Office 

Dr. Ahmed Kamel, ICARDA 
Representative/Cereal Pathologist 

Finance 
Mr. Edward Sayegh, Financial 

Controller & Treasurer 
Mr. Pradeep Mehra, Finance Officer 
Mr. Suresh Sitaraman, Finance Officer 
Ms. Rima Musalli, Budget Officer 
Mr. Salah Deif, Accountant, Nile Valley 

Project
 
Mr. Suleiman Is-hak, Senior
 

Accountant 
Mr. Fadel Kandis, Pre-Audit & Control 
Mr. Mohamed Samman, Senior 

Accountant 
Mr. Mohamed Barmada,
 

Administrative Officer/USAID-Azri
 
Project
 

Computer Services 

Mr. Khaled EI-Bizri, Director 
Mr. Bijan Chakraborty, Senior 

Programmer 
Mr. Bashir Bshara, Senior Programmer
Mr. Bizhan Kamrava, Analyst/

Programmer* 

Mr. Michael Sarkissian, Maintenance 
Engineer 

Personnel 
Ms. Leila Rashed, Personnel Officer 

Farming Systems 
Dr. Peter Cooper, Program Leader/Soils 

Physicist 
Dr. Abdullah Matar, Soils Chemist 

Dr. Kutlu Somel, Agricultural 

Economist 
Dr. Thomas Nordblom, Agricultural 

Economist 
Dr. Seweryn Kukula, Weed Scientist* 
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Dr. Joseph Stephens, Microbiologist* 
Dr. Hazel Harris, Soil Water 

Conservation Scientist 
Dr. Eugene Perrier, Water Management 

Agronomist 
Dr. Bakheit Saied, Senior Training 

Scientist 
Dr. Thomas Stilwell, Agronomist 

(Tunisia) 

Dr. Dennis Tully, Anthropologist 

Dr. Ronald Jaubert, Post Doc. Fellow-


Agricultural Economist* 
Dr. Wolfgang Goebel, Post Doc. Fellow-

Agroclimatologist 
Dr. Awad el Karim Ahmad, Post Doc. 

Fellow-Agricultural Economist* 
Mr. Abdul Sattar A. Moneim, 

Associate Expert* 
Mr. Ahmad Mousa el Ali, Weed Control 
Mr. Abdul Bari Salkini, Agricultural 

Economist 

Mr. Ahmad Mazid, Agricultural 


Economist 

Mr. Mahmoud Oglah, Research 


Associate 

Mr. Sobhi Dozom, Research Associate 

Mr. Yousef Sabet, Associate Expert* 


Cereal Crops Improvement 

Dr. Jitendra P. Srivastava, Program 
Leader 

Dr. Edmundo Acevedo, Cereal 
Physiologist/Agronomist 

Dr. Salvatore Ceccarelli, Barley 
Breeder 

Dr. Mohamed S. Mekni, Barley Breeder 
Dr. Omar Mamlouk, Plant Pathologist 
Dr. Guillermo 0. Ferrara, Bread Wheat 

Breeder (CIMMYT/ICARDA) 
Dr. Miloudi Nachit, Plant Breeder 

(CIMMYT/ICARDA) 
Dr. Mohamed Tahir, Plant Breeder 
Dr. Ahmed el Ahmed, Plant 

Breeder/Pathologist (Tunisia) 
Dr. Hugo Vivar, Barley fI',eder 

(Mexico) 

Dr. Habib Ketata, Senior Training 
Scientist 

Dr. Dieter Mulitze, International 
Nurseries Scientist 

Dr. Sui K. Yau, Post Doc. Fellow-Barley 
Breeder 

Mr. Joop van Leur, Associate Expert-

Plant Pathology (The Netherlands
 
Government)
 

Mr. Mumtaz Malik, Research Associate 
Mr. Issam Naji, Research Associate 
Mr. Paolo Annicchiarico, Research 

Associate
 
Mr. Luciano Pecetti, Research
 

Associate
 

Food Legume Crops
 
FoodoLemeCo
 
Improvement
 
Dr. Mohan C. Saxena, Program
 

Leader/Agronomist-Physiologist
 
Dr. Cesar Cardona, Senior
 

Entomologist*
 
Dr. William Erskine, Plant Breeder
 
Dr. Howard Gridley, Plant Breeder
 

(Tunisia)* 
Dr. Salim Hanonik, Plant Pathologist 
Dr. Mohamed Habib Ibrahim, Senior 

Training Scientist 
Dr. M.V. Reddy, Chickpea Pathologist 

(ICRISAT)* 
Dr. K.B. Singh, Plant Breeder 

(ICRISAT) 
Dr. Larry D. Robertson, Faba Bean 

Breeder 
Dr. R.S. Malhotra, Post Doc. Fellow-

International Trials Scientist 
Dr. Said Nahdi Silim, Post Doc. Fellow

Agronomy/Physiology 
Dr. Mbagus Murinda, Post Doc. Fellow-

Agronomy* 
Dr. Mohamed el-Sherbeeny, Post Doc. 

Fellow-Faba Bean Breeding (NVP) 
Dr. Joachim Sauerborn, Post Doc. 

Fellow-Orobanche (GTZ) 
Mr. Eckhard George, Associate Expert 
Mr. Ahmad Hamdi Ismail, Research 

Associate 
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Pasture, Forage and Livestock 
Dr. Philip S. Cocks, Program 

Leader/Pasture Ecologist 
Dr. Alan Smith, Grazing Management 

Specialist 
Dr. Ahmed el Tayeb Osman, 

Agronomist 
Dr. Euan Thomson, Livestock Scientist 
Dr. Luis Materon, Microbiologist 
Dr. Ali Abdul Moneim Ali, Senior 

Training Scientist 
Mr. Faik Bahhady, Assistant Livestock 

Scientist 
Mr. Nerses Nersoyan, Research 

Associate 
Mr. Safouh Rihawi, Research Associate 
Mr. Hanna Sawmy Edo, Research 

Associate
 
Mrs. Monika Zaklouta, Research 


Associate 
Mr. Munir Turk, Research Associate 
Mr. Luigi Russi, Research Associate** 
Mr. Marco Picirilli, Research Associate 

(University of Perugia)** 

Ms. Silvia Lorenzetti, Research 


Associate** 


Genetic Resources Unit 
Dr. Bhal Somaroo, Program Leader 
Dr. Khaled Makkouk, Plant Virologist 
Dr. Laszlo Holly, Genetic Resources 

Scientist 
Dr. Marlene Diekmann, Phat 

Protectiot: Officer (l)AAD, 
W. Germany) 

Dr. Yawooz Adham, I)ocumentation 
Specialist 

Mr. Bilal Humeid, Research Associate 
Mr. Thomas Ehrman, Research 

Associate (IBPGR) 

Training 
Dr. Lawrence R. Przekop, Head 
Mr. Mohamed Radwan Tchalabi, 

Assistant Training Officer 

Communications &
 
Documentation
 
Mr. Larry Chambers, Head*
 
Dr. Surendra Varma, Senior Science
 

Editor
 
Ms. Lynn Simarski, Science Writer
 

Visitor's Services 
Mr. Mohamed A. Hamouieh,
 

m inisra e O ie
 
Administrative Officer
 

Travel Services 

Mr. Bassam Ninnawi, Travel & Visa
 
Officer
 

Farm Operations 

Dr. Juergen Diekmann, Farm Manager 
(Tel Hadya) 

Dr. P. Jegatheeswaran, Agricultural 
Machinery Engineer 

Mr. Marwan Mallah, Administrative 
Officer 

Mr. Ahmed Sheikhbandar, Assistant 
Farm Manager 

Mr. Munir Sughayyar, Engineer, Farm 
Operations (Terbol) 

Physical Plant 

Mr. Peter Eichhorn, Vehicle Workshop 
Supervisor 

Mr Haitham Midani, Officer, General 
Sei vices 

Mr. Ohannes Kalou, Building & 
Maintenance Engineer 

Mr. Farouk Jabri, Officer - Food & 
General Services 

Station Development 
Mr. Brian Tierney, Construction 

manager 
Mr. Khaldoun Wafaii, Civil Engineer 
Mr. Isaac Homsy, Civil Engineer 
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Purchasing & Supplies 
Mr. Ramaswamy Seshadri, Manager 
Ms. Dalal Haffar, Purchasing Officer 

ICARDA International School 
of Aleppo 
Mr. Denis Sanderson, Principal/ 
Teacher
 

Mrs. Elizabeth Fisher, Teacher*
 
Ms. Christine Steer, Teacher
 

Pakistan 
Dr. John D. Keatinge, Team
 

Leader/Crop Physiologist
 
Dr. Richard Aro, Range
 

Management/Livestock Specialist

Dr. David J. Rees, Agronomist
 

Consultants 
Mr. Tarif Kayali, Legal Advisor (Syria)
Dr. Hisham Talas, Medical Consultant 

(Syria) 
Dr. Edward Hanna, Legal Advisor 

(Lebanon) 
Mrs. Gem Somaroo, Nursing (Canada)
Dr. Philip Williams, Analytical Services 

(Canada) 
Mr. Subrata Dutta, Resident 

Consultant-Library (India)
Dr. Giro Orita, Veterinary Specialist 

(Japan)
Dr. Roger Peterson, Senior 

Biometrician (USA)
Prof. W.B. Ward, Science 

Communication (USA) 

*Left ICARDA during 1985. 
**Sponsoredby the ItalianGovernment. 
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ICARDA Addresses
 

Country 

Syria 
Damascus 
Office 

Head Office/ 
Main Research 
Station 
Director General's Office 

Office No. I 
Aleppo 

Office No.2 
Aleppo 

Lebanon 
Beirut 
Office 

Research 
Station 

Jordan
 
Amman 

Egypt 
Cairo 
Office 

Tunisia 
Tunis 
Office 

Pakistan 
Quetta 
Office 

Location 

Abdul Kader Ghazali St. 
Hourieh Square, Aiu Rounianch 

Tel Hladya 
30 km south of Aleppo 
on Aleppo/Dlamascus Highway 

Ahmed Khalil Mudaress Building., 
Next to Gov. Guesthouse 

Sehai Building., 
Mouhafaza Area 

Dahlia Building., 

Rue Bashir Kassar, Verdun 


Terbol, Beka'a Valley 


c/o Faculty of Agric., 

University ofJordan 


15 G. Radwan Ibn EI-Tabib St. 

1 th Floor, Giza 


Immeuble Sandi, Route de 

L'Ariana, 

El-Menzah, Tour C-D 

7th floor, Apartment No. 25, Tunis
 

c/o Arid Zone Research 

Institute, Pakistan 

Agr. Research Council
 

Postal 
Address 

P.O. Box 5908 
Damascus 

P.O. Box 5,166 
Aleppo 

P.O. Box 5466 
Aleppo 

P.O. Box 5466 
Aleppo 

P.O. Box 
114/5055 
Beirut 

P.O. Box 5088 
Amman 

P.o. Box 2416 
Cairo 

P.O. Box 84 
Ariana 2049 
Tunis 

P.O. Box 362 
Quetta 

Telex Telephone 

412924SY 331,155 

331208SY 213433 

331263SY 235221 

331206SY 550456 

216722 

22509LE 804071 

21211 LE 

21629 843555 
UNJV JO 

21741 ICARDA 723564 
UN 

14066 ICARDA 230225 
TN 

7884 7836 
CTO QT PK 
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