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Statement of Objectives

The International Center for Agricultural Research in the Dry Areas (ICARDA) was estab-
lished in 1977 to undertake research relevant to the needs of developing countries and
specifically for the agricultural systems in West Asia and North Africa. The overall objective
of the Center is to contribute towards increased agricultural productivity, thereby increasing
the availability of food in both rural and urban areas, and thus imgrove the economic and
social well-beiny of people.

ICARDA’s primary involvement is with rainfed agricultural systems in areas that
experience limited, winter rainfall. Investigational work may be extended into irrigated
areas where it is logical and cost effective to do so, but Center policy remains to give first
priority to problems of the rainfed sector, an area which has always been at or near the
bottom of any research priority list. In these environments barley, lentils, and faba beans
(Vicia faba) are among the most important crops. For this reason, ICARDA has been
assigned the principal responsibility for their improvement. The Center has five principal
objectives:

a. To serve as an international center for research into and for the improvement of
barley, lentils, and faba beans (Vicia faba) and such other crops as may be designated
by the Board of Tructees in consultation with the Consultative Group on Interna-
tional Agricultural Research (CGIAR).

b. To serve es a regional center, in cooperation with other appropriate international
agricultural research centers, for research into other crops of major importance to the
region, such as wheat and chickpeas.

¢. To conduct research into and develop, promote, and demonstrate improved systems
of cropping, farming, and livestock husbandry.

d. To collaborate with and encourage cooperation and communication among other
national, regional, and international institutions in the adaptation, testing, and
demonstration of improved crops, farming, and livestock systems.

e. To foster and support training in research and other activities carried out in the
furtherance of its objectives.
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Introduction

Throughout most of the ICARDA region, farmers as well as resear-
chers were daunted by the extreme droughi which afflicted the
1983/84 crop. This season was the driest so far expericnced by
ICARDA over the last seven years, with the total precipitation at Tel
Hadya of 230 mm, against the long-term average of 350 mm. For Syria,
the season was the driest since 1972/73. The rainfall distribution in
1983/84 was also poor. About 35% of the rain fell by the end of
November, leaving the main growing season misera™ly dry. In the
previous drougit year of 1978/79, the total rainfall was 246.8 mm, but
only 8% came by the end of November while the rest fell during the
main growing season.

In my Introduction to the 1982 Annual Report, | quoted Depois (1930),
a French agricultural scientist who, while working in North Africa, ad-
vised plant breeders there that «the variability of climate was such
that testing under rainfed agriculture, without irrigation, was an ar-
dous task if not an outright impossibility in the Maghreb countries.
Extrapolating between sites within the zone, let alone between coun-
tries, was rather fruitless because results were seldom repeated. If
you cannot irrigate, do not experiment, he warned. If you can, you will
need results from five years before you can make valid conclusions.»
From the 1983/84 season results it became amply evident that even
five years of dryland agricultural research is not sufficient to ex-
trapolate results when such an exceptionally dry season hits the
research trials as well as the farmers’ fields. This exceptionally dry
season, however, provided the opportunity to test our seven years of
research material under very harsh conditions, and to collect germ-
plasm which fought and survived the drought, as well as discard that
which succumbed to it. Breeding for stress tolerance would thus
become an increasingly important objective in our research
strategies.

Some of our newly developed genotypes of cereals and food
legumes did successfully face the challenge of the dry season. In
barley, the Rihane sister lines, ER/Apam, and the varieties Harmal and
Soufara deserve a special mention cince they performed well both at



Tel Hadya and elsewhere in the regional nurseries. Durum wheat
varieties Sebou and Koritia significantly outyielded the locally
adapted Haurani for the second consecutive season in Syria. Two ad-
vanced bread wheat lines, Flk ‘S’ / Hork ‘S’ and HD 2206/Hork 'S’ were
selected for intensive multilocation national- level testing by 17 coun-
tries in the region. A number of other lines were identified that per-
formed well in the drought conditions at Tel Hadya.

Faba beans suffered a severe drop in yields, about half of that ob-
tained last season. Lentil yields also suffered, yet yield increases of
over 25% from ICARDA- selected lentil genotypes were obtained over
the local cultivars in the on- farm trials conducted jointly with the
Agricultural Research Center (ARC) of Syria. The dry season also
highlighted the role of lentil straw in stabilizing farm incomes, as the
low yields in farmers’ fields were compensated for by the high price of
lentil straw, since no other livestock feed was available.

Effecis of the dry season were felt most severely in the barley/
livestock producing areas of the region with less than 300 mm long-
term average rainfall. The marginal grazing areas wers unproductive,
and farmers experienced acute feed shortages for their sheep. As a
result, barley fields in Syria were grazed off in February and, by March,
the feed supply in the villages was exhausted. The farmers were forc-
ed to sell a large number of sheep for slaughter and move others to
watter areas.

In contrast to this, our experimental plots in these areas that
received nitrogen and, particularly, phosphate fertilizer produced
substantial yields (1.5 t/ha grain at locations receiving only 200 mm of
rainfall), revealing yet again the enormous potential of fertilizer use
under these dry conditions. In spite of the somewhat lower yields than
obtained in a «normal» year, economic returns from the judicious use
of fertilizer were still very attractive because barley feed ran short and
prices shot up substantially. The drought reduced the seed set of
pasture legumes in the long- term rotation trial and thus gave us the
opportunity to measure the livestock productivity from pastures in a
poor year.

Agriculture in ICARDA region faces diverse problems of serious
magnitude. But the pool of knowledge generated by ICARDA has set
the stage for more sharply focused research in areas of immediate
relevance to the farmers. The improved germplasm lines provided by
ICARDA to national programs are giving handsome dividends. In
cereals, five new varieties of barley, six of durum wheat, and four of
bread wheat were identified for release to farmers by the national



. programs of Cyprus, Egypt, Iran, Libya, Morocco, Pakistan, Peoples
-Democratic republic of Yemen, Portugal, Qatar, Sudan, and Syria. The
Impact of new varieties released last year was evident from the re-
quests received from Syria for the supply of the seed of two new
varieties, namely, Sham 1 of durum wheat and Sham 2 of bread wheat;
and from Morocco, Jordan, Lebanon, Turkey, and Pakistan for other
promising genotypes of wheat and barley. In food legumes, Cyprus
released ILC 3279 chickpea, a tall genotype suitable for mechanical
harvesting, and the Ethiopian national program launched a large-scale
multiptication of NEL (ILL) 358 lenti! for release to farmers.

In 1983/84, cooperation between the national programs and ICARDA
reached new heights, indicating the increasing credibility and the
potential impact of ICARDA. Our coilaborative research with our host
country, the Syrian Arab Republic, was further strengthened during
the year. Collaborative research programs made tangible headway
with Tunisia and Morocco, and a formal Agreement is expected to be
signed with Morocco sonn. So far ICARDA has signed formal Col-
laborative Program Agreements with the Governments of Syria,
Lebanon, Cyprus, Sudan, Egypt, Tunisia, and Pakistan. The successes
recently made in the Nile Valley Project (NVP) in Egypt and Sudan,
which is supported by the International Fund for Agricultural
Development (IFAD), attracted Ethiopia to join the project. The NVP
activities were reviewed by IFAD in 1984 and plans were drawn up for
the second phase of the project, to commence from mid-1985, with
Ethiopia as the third participating country. This is indeed a most
positive development.

In the 1983/84 season, a Pilot Production Demonstration Program
was organized under the auspices of the Nile Valley Project in the
Zeidab Irrigation Scheme in the Sudan. The Program covered 77
farmers with 21 production plots spread over 140 hectares. The mean
seed yield increase from the test plots was 85% over that obtained by
neighboring farmers not using the recommended package. Prizes were
distributed at an official ceremony to farmers who obtained such high
yields. The ceremony was attended by over 100 farmers, the Minister
of Agriculture and other high-ranking officials, and farmers union
representatives, as well as researchers from Sudan, Egypt, and
ICARDA. Farmers interviewed at the ceremony expressed eagerness
to adopt the recommended package and the Government promised to
make the necessary inputs availabie.

Active collaborative research continued in Pakistan with the Arid
Zone Research Institute, Quetta, and the Provinciai Agricultural
Research Institute, Sariab. The objective of this research is to develop

xii



+'germplasm and production technology for the high- elevation areas of
,lf'Bélﬁdﬁisiéﬁ.:Oﬁ-'_’f'a_'rm trials ' were conducted in Baluchistan with FAO
support. to evaluate and demonstrate the improved cereal cultivars
and production parctices.

~The agreemént-dn the Management of Agricultural Research and

Technology project (MART) was signed between the Government of
Pakistan/Pakistan Agricultural Research Council and USAID. Subse-
quently, the Arid Zone Research Institute Strengthening Component,
one of the five sub-projects of MART, was approved by the parties jn-
volved and ICARDA was invited to be the Iimplementing Agency. In
December 1984 ICARDA received the Statement of Work for this com-
ponent and, following a review of this document by ICARDA
management and the scientific staff, we are currently preparing a
program of work and budget to establish this collaborative research in
Pakistan.

Active collaboration has been established with Turkey and Iran, and
useful contacts are being developed with Irag and the Yemen Arab

Republic.

The training activities of the Center received a greater impetus dur-
ing 1983/84 as a result of the increased interest of national programs
in ICARDA as well as the strengthening cf our Training Coordination
Unit. In this Annual Report, the training activities are presented under
each section dealing with the respective research programs to provide
a better perspective of the training objectives in different areas of
work.

A major effort was made in 1984 to strengthen our Arabic publica- -
tions. Arabic versions of the 1983 Annual Report and 1983 Research
Highlights have been produced and distributed, and other important
publications, including RACHIS (the barley and wheat newsletter), are
lined up for translation. In 1985 a greater number of ICARDA publica-
tions will be issued in Arabic for researchers, extension workers, and
policy makers in the region and elsewhere.

Construction of our building complex at Tel Hadya is progressing at
a satisfactory pace. Laboratories 1 and 2 and the Training and Com-
munications building should be ready for occupation toward the end
of 1985 or beginning of 1986.

We have introduced a new feature beginning with this year’s Annual
report: At the end of each project report the names of the scientists
concerned are given. It is hoped that this will help readers who want
more information on a particular topic to contact the appropriate
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researchers at LCARDA. The work reported here, however, would not
have been possible without the painstaking efforts of a large number
of support staff in each program, who are not named here but whose
valuable contributions are gratefully acknowledged.

In conclusion, | would like to express our deep sense of gratitude to
all the doriors on whose support ICARDA depends. | wish to thank all
the ICARDA staff who continue to work with dedication and en-
thusiasm even with the limited physical resources and other facilities.
I 'also wish to acknowledge the enthusiastic cooperation from national
programs and research institutions in the region, as well as many in-
stitutions in deve!oped countries, and our sister international centers.
ICARDA owes a special word of thanks to its host country, the Syrian
Arab Republic, for its continuing whole- hearted support and coopera-
tion.

I'sincerely hope that this report will prove useful to all those con-
cerned with improving food production in the region and elsewhere.

ARG
h /

Mohamed A. Nour
Director General
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The Weathe: During
the 1983/84

Season

The 1983/84 season in northwestern Syria was
characterized by rainfall far below the long-term
average (Table 1). Seasons as dry as this occur
only once in approximately 10 years.

At Tel Hadya, Jindiress, and Breda, however,
the season started off very favorably. November
rainfall was well distributed and well above the
long-term average. This, together with
ternneratures almost 2° C warmer than usual,
ensured rapid germination and emergence at
these three sites. Convarsely, at Kharasser,
November rainfall was slightiy helow rormal and
not sufficient to induce germination,

December was extremely dry at all four sites.
Similar or lesser amounts of rainfall in December
are not likely to occur more frequently than once
in about 30 years. Each of the sites received
40-50 mm rainfall in January (Tablas 2 to b),

which finally enabled crops to ge_rm’mate and
emerge at Khanasser.

In February, rainfall again was way below
average. By the end ¢* the month crops were
under extreme moisture stress at all sites except
Jindiress. This resulted in a severe depression of
yield, even though rainfall throughout March and
April was favorable. At Jindiress, the overall
seasonal rainfall was comparable to that received
at Tel Hudya during a normal season. The last
rain of the season fell unusually early in the last
week of April.

Temperatures were slightly v 4rr .er than usual
until March and there was only an average
number of frost days (Table 7), in contrast with
the previous two seasons, which were markedly
cooler.

Tabla'1. Monthly precii,l‘aitétion during the 1983/84 saason as percentages of the long-term averages.

Sept  Oct: Nov Dec Jan Feb Mar Apr May June ‘JUIy Aug Season
Vel Hadya 169 33 234 26 84 25 64 101 0 0 0 0 69
Jindiress 82 86 255 22 58 52 99 142 0 0 0 0 182
Breda -0 61 138 24 g3 40 119 98. 0 Q 0 ¢ 072
I(han?sser ' o 5 83 15 112 - b5 128 66 0 0 Q 0 68
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Table 2. Tel Hadya 1983/84: Monthly meteorological data.

Max Min Avr Rel Rain Evap Sol
Month temp temp temp hum {mm)* {mm/d) rad’ tun
tecy tecy {°C) (%) {km/d)
September
Mean or totat 335 16 2 249 16 3 22 104 16 3 374
(Abs.} Max 3B 1 210 287 620 22 151 181 735
{Abs | Min 290 492 204 270 00 37 133 133
QOctober
Mean or totaf 269 99 18 4 46 0 6.4 58 122 230
{Abs } Max 328 170 230 660 34 102 158 556
{Abs.) Min 208 48 139 185 00 1.6 3 109
November
Mean or total 194 87 141 735 71.5 2.1 89 146
(Abs } Max 26 7 146 181 95 0 176 51 140 244
{Abs.} Min 138 d4h 104 495 0.0 05 3.0 A3
December
Mean or to1al 143 2.0 86 73 4 18.0 1.7 8.6 221
{Abs.) Max 194 9.8 132 910 56 39 1.4 750
(Abs ) Min 72 3.9 41 610 0.0 04 1.6 61
January
Mean or totat 123 33 7.8 781 493 1.2 71 159
(Abs ) Max 17.0 72 98 94.0 M.z 30 14.2 460
(Ahs ) Min 92 -2.4 53 610 00 02 2.0 30
February
Mean or 1013t 15.2 t7 85 66.1 11.8 2.4 136 194
{Abs } Max 1756 85 125 935 48 4.3 19.% 536
{Abs.) Min 8.5 <41 61 455 00 06 34 100
March
Mean or total 182 54 118 65 8 KRAN 3.6 16 5 223
{Abs ) Max 246 1.2 15.¢ 785 74 63 232 502
{Abs } Min 124 056 7.9 475 00 1.6 59 17
Apnl
Mean or total 210 G7 13.9 675 38.8 50 200 215
(Abs ) Max 290 138 192 810 13.8 8.3 26.8 436
(Abs ) Min 150 2.2 10.2 50.5 0.0 18 9.9 101
May
Mean or total 301 128 21.4 46 5 00 10.8 26.6 292
{Abs.) Max 354 170 254 66.5 0.0 17.4 293 613
{Abs ) Min 23.8 47 143 250 [eX0] 5.7 154 114
June
Mean or total 33.3 175 254 44 3 00 14.7 29.2 452
(Abs ) Max 380 20.2 288 600 0.0 12.7 308 696
{Abs.} Min 28.6 131 215 28.5 00 109 19.2 209
July
Mean or total 358 19.92 27.8 44 6 00 155 283 504
{Abs.} Max 400 24.0 30.7 58.0 00 19.2 302 748
{Abs.) Min 31.6 i60 242 215 00 11 26.4 244
August
Mean or total 34.0 19.7 26 9 47 4 00 148 26 0 551
(Abs.) Max 372 23.0 28 4 60.5 0.0 17.0 286 785
{Abs.) Min 318 16.8 24.3 230 00 116 23.4 310
Mcan or total 245 104 17.56 58.3 229 7.4 17.9 297
{Abs ) Max 400 240 307 95.0 17.6 19.2 308 785
72 -4 4.1 185 00 02 16 30

{Abs ) Min

Footnotes for Tables 2 to 5.
1. (Abs). Max

it

Absolute maximum temperature.
3. (Abs}, Max = Day with highest average relative humidity .

(Abs.} Min = Day with lowest average relative humidity.

5. inMJem-2.d1.

XVi

2. {Abs). Min = Absolute minimum temperature.

4. Mean or total = Total monthly or seasonal rainfall
(Abs.) Max =

Day with highest rainfall.



Table 3. Jindiress 1883/84: Monthly meteorological data,
Max Min Avr Rul Rain Evap Sol wind
Maonth temp temp temp hum {mm)¢ {mm/d) rad® run
(°cy {ocy {°Q) (%) {km/d)

September

Maan or totat 32.8 16.7 248 - 54.5 1.4 9.9 17.7 286

{Abs.} Max 37.8 207 28.0 64.9 1.4 16.4 229 676

{Abs.} Min 27.2 9.3 19.8 27.6 00" 4.0 1.2 115
October

Mean or total 26.5 10.3 18.4 55.9 21.6 5.4 16.2 184

{Abs.) Max 31.3 17.7 23.2 75.1 8.2 9.6 251 495

{Abs.} Min 20.6 5.0 136 28.8 0.0 2.2 4.2 101
November

Mean or total 19.5 9.7 14.6 73.7 127 2.5 8.7 143

{Abs.} Max 27.7 136 191 91.0 30.4 g4 141 292

{Abs.) Min 15.0 3.5 9.9 43.4 .0 0.2 2.7 77
Decamber

Mean or total 14.% 3.8 .9 738 226 1.9. 8.1 195

{Abs.) Max 18.7 128 14.2 90.0 8.4 5.4 113 516

(Abs.) Min 7.6 ‘2.2 4.3 53.3 0.0 03 1.0 78
January

Mean or total 12.4 38 8.1 78.8 51.3 2.5 6.6 176

{Abs ) Max 16.5 9.0 1.2 91.4 21.6 5.3 141 423

{Abs.) Min 9.4 -1.8 5.3 61.8 0.0 0.3 1.9 73
February

Muan or totat 15.6 3.2 9.4 65.3 39.2 31 13.3 198

{Abs.} Max 18.3 7.4 12.8 95.8 22.6 8.0 18.9 569

{Abs.) Min 8.3 -2.3 7.3 43.2 0.0 0.1 2.7 100
March

Mean o7 total 17.9 6.5 12.2 69.4 60.4 4.1 15.2 218

(Abs.) Max 25.4 11.0 16.0 845 17.0 8.8 25.0 487

(Abs.) Min 1.8 -0.4 6.7 50.4 0.0 0.6 5.5 103
April

Mean or total 2t.2 88 16.0 721 68.8 4.7 20.3 214

{Abs.} Max 29.0 12.5 20.8 87.1 17.2 10.6 29.7 428

{Abs.} Min 15.0 55 1.9 54.0 0.0 0.4 5.6 127
May

Mean or total 29.9 i28 21.3 54.0 0.0 8.4 273 240

(Abs.) Max 35.0 185 250 71.0 0.0 13.7 30.9 487

(Abs.) Min 23.5 6.0 14.8 34.0 0.0 1.8 14.7 118
June

Meean or total 33.2 17.2 25.2 51.8 00 2.0 29.7 343

(Abs.) Max 37.0 24.8 304 68.8 0.0 20.3 32.9 523

(Abs.) Min 27.7 124 22.0 313 0.0 840 19.3 147
July

Mean or total 34.2 21.2 27.7 50.8 0.0 14.4 289 444

{:\bs.} Max 38.2 243 29.6 61.5 0.0 21.2 350 701

{Abs.} Min 28.1 18.7 238 37.8 0.0 8.4 244 257
Airgust

Mean or total 341 20.2 271 49.2 0.0 127 26.6 419

{Abs.} Max 375 228 28.4 60.4 00 16.4 31.4 628

(Abs.} Min 31.5 160 26.6 17.3 0.0 7.9 19.8 128
tMean or total 243 1.2 17.8 62.4 392 6.8 18.2 255
|Abs.) Max 18.2 248 30.4 95.6 30.4 21.2 35.0 701
{Abs.} Min 7.6 -23 4.3 17.3 0.0 0.1 1.0 73
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Table 4. Breda 1983/84: Monthly meteorologics! data.
Max Min Avr Rel Rain Evap Sol Wind
Month temp temp teinp hum (mm)* {mm/d} rad? run
(°cy (ecp {°C) (%) (km/d)

September

Mean or 10tal 334 14.6 240 452 00 100 233 265

{Abs.} Max 380 20.3 28.6 598 0.5 150 253 486

{Abs.) Min 29.0 98 21.6 226 0o 62 191 116
October

Mean or total 27.2 9.4 183 42.7 80 58 175 186

{Abs.} Max 32.7 15.0 225 64.4 60 93 218 377

{Abs ) Min 20.2 5.7 13.6 16.9 0.0 2.7 6.8 109
November

Mean or total 20.2 8.9 145 720 45.0 29 100 162

{Abs.) Max 273 14.9 18.3 91.2 11.2 6.6 159 27€

(Abs.) Min 15.0 4.8 11 338 00 0.4 32 68
December

Mean or total 144 2.0 8.2 777 14.4 1o 9.4 230

{Abs.) Max i956 10.6 14.4 99.0 5.4 4 1.8 632

{Abs.} Min 7.7 5.0 3.4 60.3 0.0 0.9 3.0 83
January

Mean or total 124 2.2 71 82.7 43.6 1.5 8.1 174

{Abs.} Max 15.7 7.8 10.3 100 16.0 71 15.0 570

{Abs ) Min .2 -3.2 4.4 64.6 0o 0.2 19 53
February

Mean or total 15.3 1.1 8.2 65.2 148 2.7 14.9 203

{Abs.) Max 18.4 6.6 121 96.0 56 6.9 21.2 724

{Abs.) Min 9.6 55 5.2 44.7 00 1 43 87
March

Mean or total 18.4 4.7 11,5 66.6 42.8 4.2 18.1 228

(Abs.) Max 25.2 11.7 16.1 79.8 11.0 8.4 261 665

{Abs.) Min 12.0 -1.0 6.0 49.9 0.0 1.6 6.9 106
April

Mean or total 219 71 14.5 55.0 35 4 4.7 2.5 219

(Abs.} Max 29.8 11.0 20.3 77.0 17.0 8.4 30.3 395

(Abs.) Min 14.8 3.5 10.9 43.5 0.0 1.8 9.0 109
May

Mean or total 30.7 14.5 22.6 40.8 0.0 10.6 29.4 283

{Abs.) Max 37.2 215 27.3 59.0 0.0 18.6 35.4 589

{Abs.) Min 205 6.0 13.3 25.5 0.0 4.0 17.4 114
June

Mean or total 34.0 15.9 25.0 49.8 0.0 15.3 32.2 382

{Abs.) Max 39.0 200 28.7 66.8 0.0 19.0 34.0 568

{Abs.) Min 29.4 1.7 21.4 37.0 0.0 10.2 23.8 213
July

Mean or total 36.7 19.0 27.8 42, 0.0 17.2 30.9 382

{Abs.) Max 41.0 244 30.7 65.1 0.0 23.0 329 638

{Abs.} Min 32.7 14.2 23.6 24.6 0.0 13.3 27.4 228
August

Mean or total 35.7 18.6 27 39.9 0.0 16.0 28.5 381

(Abs.} Max 39.0 215 28.6 49.9 0.0 203 383 619

(Abs.] Min 33.0 153 24.6 221 0.0 124 25.4 264
Mean or total 250 9.8 17.4 56.6 204 7.8 20.4 258
{Abs.} Max 41.0 24.4 30.7 100 170 23.0 38.3 724
(Abs.} Min 7.7 5.5 3.4 16.9 0.0 0.2 1.9 b3
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Table 5. Khanasser 1683/84: Moninly meteorclogical date.
Max Mir Avr Rel Rain Evep Sol wind
Month temp temp temp hum {mm}* {mm/d) rad® un
fecp (°cp (%] (%) {km/d)

September

Maan or total 33.7 14.6 24.2 36.5 0.0 14.2 2286 329

(Abs.) Max' 39.8 198 28.4 50.2 0.0 20.8 245 573

(Abs.} Min 28.8 5.4 171 19.4 0.0 9.3 19.2 96
Qctober

Mean or total 271 8.6 17.8 39.4 0.2 8.4 171 223

(Abs.} Max 328 13.6 22.4 59.68 0.2 13.7 28.7 478

{Abs.} Min 19.8 3.6 13.3 16.3 0.0 4.9 9.9 89
November

Maan or total 20.6 7.2 13.9 66.7 18.8 3.3 10.4 189

{Abs.) Max 27.3 16.0 18.2 79.8 6.0 6.6 16.0 329

{Abs.) Min 16.1 1L 9.1 40.¢ 0.0 0.8 8.4 79
December

Moan or total 14.6 0.6 7.6 70.9 6.8 2.4 9.5 248

{Abs.} Max 20.0 7.6 13.8 88.0 2.6 7.1 11.8 498

(Abs.) Min 8.0 -7.0 2.0 69.5 0.0 0.7 25 82
January

Mean or total 12.2 1.9 7.0 79.3 42.4 1.4 8.3 199

{Abs.) Max 16.0 7.0 10.6 97.5 13.8 3.1 13.8 423

{Ab3.) Min 9.2 -3.9 3.9 60.8 0.0 0.3 2.8 103
February

Mean or total 148 09 7.8 65.6 21.2 3L 13.7 230

{Abs.} Max 17.9 6.4 11.5 97.6 10.6 7.6 18.5 697

{Abs.) Min 9.2 4.3 5.4 40.7 0.0 0.4 3.8 90
March

Mean or total 19.3 5.4 12.3 64.1 43.6 5.4 16.2 270

(Abs.) Max 28.7 12.0 18.5 79.2 19.8 10.2 23.3 691

{Abs.) Min 12.0 -0.6 7.1 46.4 0.0 1.1 8.3 138
Apnl

Mean or total 22.4 7.2 14.8 57.1 19.6 7.7 211 276

{Abs.} Max 29.7 1.0 19.0 69.3 6.2 11.9 26.8 401

{Abs.) Min 17.2 35 11.4 40.8 0.0 3.7 9.9 99
May

Mean or total 30.8 13.3 22.0 358 0.0 15.8 26.1 336

{Abs.] Max 37.2 18.7 27.0 60.3 0.0 22.5 29.2 6849

{Abs.} Ain 23.4 5.8 14.8 22.6 ou 8.8 16.9 135
June )

Mean or tal 35.1 16.9 26.0 36.5 0.0 21.0 A 457

{Abs.) Max 39.8 20.2 281 51.3 0.0 27.4 36.0 706

{Abs.) Min 30.5 125 21.8 255 0.0 16.0 226 297
July

Mean or total 37.8 19.3 28.6 34.2 0.0 21.4. 32.9 460

{Abs.} Max 41.5 25.8 327 47.4 0.0 29.2 35.9 637

{Abs.) Min 32.5 148 24.5 17.4 0.0 15.9 294 330
August .

Mean or total 35.1 173 26.2 33.7 0.0 19.0 30.4 456

{Abs.) Max 38.5 21.4 29.4 448 0.0 24.8 326 604

{Abs.) Min 32.2 13.2 22.7 18.0 0.0 15.9 29.9 342
Mean or total 25.3 9.5 17.4 51.6 152 10.3 19.9 308
(Abs.) Max 41.5 25.8 32.7 97.5 19.8 29.2 36.0 706
{Abs.) Min 8.0 -17.0 2.0 16.3 0.0 0.3 2.5 79




Table 6. Seasonal rainfall at ICAIDA research sites in Syria, 1983/84,

Long-term 1983/84
average seasonal
Site Latitude Longitude Altitude rainfall rainfall
{m) tmm) {mm)
Breda 35°55'N 37°10'E 350 283 204
Hama 35°08'N 36°45°'E 316 325 223
Hassake 36°30'N 40°45°'E 300 279 146
Homs 34°45°N 36°43'E 487 480 320
Idleb 35°56'°N 36°39'E 446 479 391
Jindiress 36°23'N 36°41'E 231 476 392
Khanasser 35°47'N 37°30'E 350 225 152
Lattakia 35°30'N 35°47'E 7 784 713
Qamishly 37°03'N 41°13'E 467 480 240
Ragga 35°57'M 39°00'E 251 207 93
Salamieh 35°00'N 37°02'E 480 309 202
Sweida 32°42'N 36°35'E 997 364 295
Tel Hadya 35°55'N 36°55'E 362 342 229
Table 7. Frost events at the FSP research sites {1980-1984).
1980/81 1981/82 1982/83 1983/84
season season season season Mean
Khanasser
Number of frost days 47 47 66 31 48
Absol. min. temp. (°C} -7.5 -7.0 -9.3 -7.0
Breda
Number of frost days 37 40 62 32 43
Absol. min temp. (°C) -6.5 -8.0 -9.8 -5.0
Tel Hadya
Number of frost days 23 39 52 25 35
Absol. min. temp. {°C) -4.0 -7.8 -9.8 -3.9
Jindiress
Number of frost days 19 39 51 20 32
Absol. min. temp. {°C) -4.0 -7.0 -8.5 -2.3

Table 8. Agroecological zonation of Syria

Zone 1a Average rainfall over 600 mm. A wide range of crops can he grown. Fallowing is not necessary.

Zone 1b  Average rainfall between 350 and 600 mm and not less than 300 mm in two-thirds of the years surveyed. At least
twe crops can be grown every 3 years. The main crops are wheat, pulses, and summer crops.

Zone 2 Average rainfall between 250 and 350 mm and not less than 250 mm in two-thirds of the years surveyed. Two
crops are normally planted every 3 vears. Barley, wheat, pulses, and summer crops are grown.

Zone 3 Average rainfall over 250 mm and not less than this in half the years surveyed. One or two crops will yield in every 3
years. Barley is the principal crop but some pulses can be grown.

Zone 4 Average rainfall between 200 ond 250 mm and 10" less than 200 mm during half the years surveyed. Barlay is
grown. The area is also used as grazing land.

In general terms, zones 1a and 1b can be referred 10 as zone A, zone 2 as zone B, and zones 3 and 4 as zone C.
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Farming Systems

Since ICARDA's foundation in 1977, the develop-
ment of the Farming Systems Program {FSP) has
been guided by two major factors: a need to
develop methodologies of research and training
most suited to serving ICARDA's objectives, and
a continuing realignment and refining of both
short and long-term objectives as both our
knowledge of current constraints to agricultural
production and our experience in evaluating
potential solutions increase. The 1963/84
season was typified by this process of develop-
ment and proved to be both exciting and
challenging for the Program.

Staff Changes

Several staff changes took place in 1983/84.
After 3 years as FSP Leader, and 5 years at
ICARDA" as an agroeconomist, Dr. David
Nygaard left to join the Agricuitural Development
Council and was succeeded by Dr. Peter Cooper
who for the previous 5 years had been responsi-
ble for crop agronomy/soil moisture research.
This work will now be continued and expanded
by Dr. Hazel Harris, recruited from University of
New England, Australia. Dr. Karl Harmsen also
left ICARDA to join IFDC after 4 years of soil fer-
tility research and has been replaced by Dr. Ab-
dulla Matar from Tishreen University, Syria Dr.
Eugerie Perrier, from ICRISAT, has alsc joined
the Program as a Water Management Specialist
to develop and lead our new field of research into
the role and irnpact of small-scale supplementary

irrigation in rainfed agricultural systems. Dr.
Fares Asfary, Postdoctoral Fellow Agronomist,
left the Program on completion of his 2-year ap-
pointment, and was replaced by Mr. Wolfgang
Goebel who previously had worked as an
agroclimatologist in Ethiopia. Mr. Goebel will be
devsloping ICARDA.'s agroecological zonation
work. Dr. Dennis Tully joined as a Postdoctoral
Fellow, and in his role as an Anthropologist has
brought a new and welcome discipline of
research to the Program.

Two Postdoctoral Fellows, Dr. Habib Amamou
(Economist) and Dr. Aida Kawouk (Sociologist),
and three postgraduate students — Miss Eglal
Rashed {(Agronomist), Miss Mirella Mokbel
{Nutritionist), and Mr. Mahmoud Wahoud
(Agronomist) — also left the Program, but we
were rejoined by Miss Andree Rassam who
completed her M.Sc. in Canada on Women's
Labor and Impact of Technologies, and by Mr.
Yousef Sabet who completed 6 months training
in France and is now working for a Ph. D. in
Rainfall Intensity/Soil Erosion Studies. Mr.
Mohamed Abdel Moneim also joined the Pro-
gram to work for a Ph. D. in Nitrogen Dynamics
of Urea Fertilizer. Lastly, we wers joined by two
colleagues from the Sudan, Dr. Awad el Karim
Ahmed and Mr. Salah Abdel Magid. Dr. Awad is
with us for 1 year as a Postdoctoral Fellow
engaged in Livesicck Economic Research and
Mr. Magid for 6 months studying for his M.Sc. in
Forage and Livestock Surveys. In Tunis, our
arming Systems froject officially started in
January 1984, and Dr. Tom Stiiwell joined as
agroromist.



4 Farming Systems

New Project Structure

As well as these changes in personnel, changes
also took place in our project structure. Our
1983/84 research results are reported under a
new project structure for the first time. In
previous years we reported our results under six
project headings, namely:

{1) Productivity of Cereals

{2) Nitrogen Fixation and Productivity of

Legumes

(3} Crop Rotations and Cropping System:s

{4) Livestock {transferred to PFLP)

(5) Environmental Zoning

(6) Farming Systems Research in Tunisia

But the above project structure allowed
presentation of results only within a *‘compo-
nent” framework. it did not provide a means
whereby research relevant to a particular farming
System could be reported in an integrated fashion
within one project. For instance, much of our
current research is focused in areas where a
barley/livestock farming system predominates
and vyet to assess this work a reader would need
to extract information from four projects. As
such, we felt the need to present our results in a
way which reflected the multidsciplinary and
systems-orientated approach which is the
essence of Farming Systems Research.

Our new projact structure is based on the ra-
tionale that there are clearly distinguishable far-
ming systems in ICARDA region. Each system
has its unique characteristics and problems, and
requires specific research objectives and
methodologies. Therefore, beginning with this
annual report, our core research program, based
in Syria, will be reported under the following
three major project headings:

Project 1: BarleyiLivestock Systems Research

Project 2: Wheat-Based Systems Research

Project 3: inter-Systems Research

Project 3, although of direct relevarice to * ~th
Projects 1 and 2, in fact spans across all farnung
systems. Such research is conducted within, or
is related o, the complete range of environmen-

tal and socioeconomic conditions within ICARDA
region, and is thus most logically and clearly
reported within this context. Ultimately, of
course, the results of such work will be in-
tegrated into defined farming systems. In this
first year of reporting within this new structure,
Project 1 results are reported in some detail since
it is in this project that much of our effort is
focused. In Project 3, some different, but com-
plementary approaches to the problem of exten-
sion of results through agroecological zonation
are presented. Project 2 is not reported this year,
but the resuits will be made available separately.

Other projects will be developed as our
research progresses. This year we also report in-
itial results of our joint work with the Tunisian
National Frogram in Project 4, Cereal/Livestock
Systems in Tunisia. Next year we hope to report
progress in Project b, High-Elevation Farming
Systems in Baluchistan, and Project 6,
Barley/Livesiock Farming Systems in Northwest

Egypt.

1983/84 Meteorological
Summary

Meteorological data for our four principal
research locations in Syria are shown in Figs 1
and 2, and Table 1. The season at all locations
was characterized by unusually low seasonal
rainfall totals. Totals as low-as these are likely to
occur about once in 10 years. However, even
mcre stikking was the distribution of rainfall. At
the three wettest locations, Jindiress, Tel Hadya,
and Breda, the early rains in November were
above the long-term average (LTA), and good
crop establishment was observed, both in our
trials and in farmers’ iields. However, rainfall in
December and February was well below average,
and monthly totals as low as these are very
unusual, occurring about once in 30 years. At
Khanasser, the November and December rains
were insufficient for crop germination, which
was delayed untl January.
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Research Highlights

Table 1. Frost events at the FSP research sites (1980-1984).

Site 1980/81 1981/82 1982/83 1983/84 Mean
KHANASSER
Number of frost days 47 47 66 31 48
Absol. min, temp. (°C) ~7.5 -7.0 -9.3 -7.0
BREDA
Number of frost days 37 40 62 32 43
Absol. min. temp. {°C) -6.5 - 8.0 -9.8 -5.0
TEL HADYA
Number of frost days 23 39 52 25 35
Absol. min. temp. {°C) -4.0 ~-7.8 -9.8 -3.9
JINDIRESS
Number of frost days 19 39 51 20 32
Absol, min. temp. {(°C) -4.0 -7.0 -8.5 -2.3

Table 1 indicates that the 1983/84 winter
season was somewhat warmer than the im-
mediately preceding seasons, with fewer frost
days and higher absolute minimum temperatures.
However, comparison of these results with long-
term data suggests that temperature in
1983/84 was closer to the LTA, and that the
preceding winter seasons were colder than
would normally be expected. The implications of
these weather patterns on our research results
are discussed more fully in the following text.

Research Highlights

The unusually dry season experienced in Syria
during 1983/84 had pronounced effects on
crop performance, both in farmers’ fields and in
our research plots. Nevertheless, such years are
¢ salient feature of the Mediterranean environ-
ment, and any potential improvement in farming
practice will have to stand the test of such years.
In this respect, the 1983/84 season provided
invaluable information in many of our research
projects. Some of the most striking results are
highlighted below:

Substantial responses of barley to
phosphate were again observed at loca-
tions which this year received less than
200mm of rainfall. Yields up to 1.7 t/ha of
grain were obtained at Breda in contrast to
adjacent farmers’ crops which largely fail-
ed or were grazed. (see Project 1,
Agronomy within Fallow/Barley Rotations,
and Effect of Crop Rotation on Fertilizer
Responses.)

. A joint Syrian Soils Bureau/ICARDA
Workshop was held, which examined, in
depth, the potential for fertilizer use in dry
areas. As a result, a collaborative program
of research throughout the barley growing
areas of Syria was established to
reevaluate existing fertilizer policy which
does not, at preuent, encourage fertilizer
use in such areas.

. The introduction of forage legumes into
current dryland rotations continued to
show promise (Project 1, Alternative Crop
Rotations), and even in this dry year, crop
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rotations containing these legumes per-
formed well. The greatly reduced supply of
barley feed for sheep resulted in a pro-
nounced increase in the price of barley and
forage legumes at harvest time. Thus, in-
spite of the lower than usual yields obtain-
ed in our trials this year, economical
analyses indicated that many of the rota-
tions showed increased profitability.

4. Further survey work {Project 1, Feasibility
of Annual-Sown Forage Legumes in
Bariey/Livestock Systems) continued to
examine the feasibility of introducing
forage legumes and confirmed that high
production costs could be a constraint to
adoption unless yields can be raised.

5. Studies of Biological Nitrogen Fixation
(BNF) (Project 1, Agronomic Studies of
BNF by Forage Legumes, and
Microbiological Studies of BNF by Forage
Legumes) of forage legumes showed that
an improved managemeni package had a
significant effect on increasing BNF. In
addition, studies again indicated that
damage to root nodules by the larvae of
sitons weevil may be causing large losses
of Bl zctential in many farmers’ fields.

Another important aspect of the 1983/84
season was the rapid progress achieved in the
first full season of our FSR project in Tunisia
(Project 4). This has been entirely due to the en-
thusiasm and cooperative spirit which has
evolved between the Tunisian national program
and ICAPDA. It is an encouraging sign for the
future, and with the appointment of an
agronomist in Tunisia, we expect this rate of
progress to be maintained.

Our outreach activities increased this year with
program staff travelling to Tunisia, Morocco,
Cyprus, Jordan, Egypt, Sudan, Pakistan,
Lebanon, and Turkey. Many of these trips have
strengthened old contacts, but in Pakistan and
Morocco new contacts were established.

Project 1: Barley/i.ivestock
Systems

Barley is the second most widely grown cereal
crop in West Asia and North Africa, and is
predominant in environments receiving between
200 and 350mm of rainfall. In most countries,
both the barley grain and straw are almost en-
tirely utilized as feed for sheep, and thus crop
and livestock management are closely interlink-
ed. In these systems, rainfall is low and variable,
so seasonal distribution of rainfall is of 1najor im-
portance. Because of the uncertainty of crop
performance, farmers appear hesitant to make
substantial investments in agriculture, and in
many countries national policies also reflect this
attitude since they place more emphasis on
higher potential areas.

Because these systems are prevalent in those
areas of ICARDA region where the poorest
farmers live, FSP has allocated much of its
resources to examining the potential for im-
provements in such systems. Currently, our work
is focused within Syria where barley/livestock
systems occupy a large proportion of the
cultivated area. Nevertheless, many of the prob-
lems we have identified and the potential solu-
tions which we are researching and testing are
relevant to similar environments in cther coun-
tries.

Several diagnostic surveys of these systems in
Syria have been undertaken and reported. The
trends observed are summarized. During the last
30-50 years important changes have occurred
which have led to a decline in productivity. The
introduction of mechanization and an increase in
population have resulted in more intensive
cultivation of the land and the expansion of pro-
duction into more marginal areas. Land used to
be fallowed far nne or more vyears, but in many
areas this is being replaced by continuous cereal
cropping. But the increased exploitation of the
land has not been matchad by increased inputs,
resulting in poor soil funility and therefore low
yields. Although economic responses i fertilizer



have been demonstrated in research fields, very
few farmers currently use fertilizer. Lack of in-
vestment in inputs is further exacerbated by land
tenure systems in northeast Syria where large
custom operators sharecrop the land of smaller
farmers, an arrangement which does not provide
an incentive for investment to either party.

Associated with the low levels of productivity,
severe seasonal shortages of sheep feed occur.
Winter and early spring are critical, and during
these periods the sheep rely on supplementary
feed (both produced on farm and purchased) and
native grazing obtained either on local communal
marginal grazing areas or by moving the sheep to
the steppe. Currently, the productivity of these
grazing areas is very low and is likely to become
worse.

Another important aspect of these systems is
that many farmers are now seeking off-farm
employment. This probably reflects both in-
creased opportunity for such activities and a
decline in profitability of farming. Whatever the
reason, the relative scarcity of labor, particularly
in critical seasons, may well have implications for
the introduction of new farming practices.

Many of these issues are discussed in more
detail later. It seems probable that unless
substantial and economically feasible im-
provements can be made available to the farmers
in these areas, both through research and
changes in policies, the process of declining
productivity will threaten to continue to a level at
which farming will no longer be a viable proposi-
tion. Faced with the issues of low productivity,
low rural incomes, an< the need to conserve the
natural resource base of these systems, our
research is focused within three main topic
areas: {(a} increased productivity of currently
practiced crop rotations, (b) alternative crop
rotations, and (c) the on-farm testing and
evaluation of potential changes. Much of this
work is conducted in close collaboration with the
Pasture, Forage, and Livestock Program since
changes in crop hustandry techniques can only
be fully evaluated when integrated with livestock
management research.
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Improvements in Current Crop-
ping Rotations

Our results over the last five seasons have con-
sistently shown that substantial economic in-
creases in barley yields can be obtained through
itnproved crop management, lurgely through the
correct use of phosophate and, to a lesser ex-
tent, nitrogen fertilizers. Detailed studies on the
effect of phosphate fertilizer on crop water use
have consistently shown that the large produc-
tion increases obtained do not depend on in-
creased water use. In many instances, water use
is reduced in crops receiving phosphate, largely
due to a faster rate of development resulting in a
shorter growing season and earlier maturity.
Although total crop evapotranspiration is largely
unaffected, the increased crop canopy, and thus
greater soil shading, radically changes the ratio
of crop transpiration to soil evaporation. This
important finding has been discussed in detail in
ICARDA Annual Report (1982). These results,
however, were observed in barley grown in a
fallow/barley rotation. Results from long-term
rotation trials have shown that (fertilizer
responses are considerably modified within a
continuous barley rotation. The results for the
1983/84 season, the driest in our experience,
support those from previous seasons, and also
examine in more detail the effect of crop rotation
on fertilizer response. The potential role of im-
proved varieties was also assessed for the se-
cond vyear.

Agronomy within Fallow/Barley Rota-
tion

The main effects and interactions of important
management factors were again studied in a 2%
factorial design giving 32 combinations of five
factors (phosphate fertilizer, nitrogen fertilizer,
variety, weed control, and sowing method) at
two levels. The trial was conducted at four loca-
tions spanning the 200-350 mm rainfall gra-
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Table 2. Main effects and interactions of five management practices on barley grain and straw yields {kg/ha) at three

sites in northern Syria, 1983/84,

Tel Hadya (230 mm)

3ada (204 mm) Khanasser (152 mm)

Main Effect Grain Straw Grain Straw Grain Straw
Nitrogen + 1590°*"* 2190°° 751 633" 269 260
- 1320 1720 776 596 271 262
Phosphorus + 1520° 2130 874°*" 722" 331°° 309°°
- 1390 1780 652 506 209 213
Variety Improved 1630°* 2180°*° 738 6562 238° 242
Local 1280 1730 788 576 302 280
Weed Control + 1570° 2080° 755 607 260 256
- 1350 1830 771 621 280 266
Sowing Method: Drill 1540°" 2110°° 949°* 765" ° 311°* 295°°
Broadcast 1370 1800 577 463 230 227
SE % 189 208 120 113 59 48
Interactions:
N—- N+
P- X X 1680 1880°*
P+ X X 1760 2500
Treatments
1} N (kg/ha) (Urea) + 60 20 20
: - 0 0 0
2) P20s (kg/ha) (TSP)+ 60 60 60
- 0 0 o
3) Variety: Local A/Aswad AlAswad A/Aswad
Improved Harmel Harmel Harmel
4) Weed Control + Brominal Brominal Brominal
- nla nl/a n/a
5} Sowing Method:
Drill 17.56cm 17.5cm 17.56cm
Broadcast 45 cm 46 cm 45 cm
ridge & ridge & ridge &
tabban tabban tabban

* Significant at P<0.05; ** Significant at P<0.51.

dient. The treatment details and rzsults for three
of the locations are given in Table 2. The fourth
location, Ghrerife, was lost due to severe drought
preceded by poor rains during the germination
period. Barley was sown at a seed rate of 100
kg/ha, with the phosphate and 20 kg N/ha ap-
plied with the seed at sowing, where applicable.
At Tel Hadya, an additional 40 kg N/ha was top-
dressed at the start of stem elongation. Weed
control treatments were also applied at this time.

The following points are of interest. In spite of

the drought year, reasonable yields were ob-
tained, in contrast to farmers’ crops in adjacent
fields which were largely grazed off in
February/March, and consistent responses to
phosphate fertilizer were again observed at all
sites. Nitrogen responses occurred at Tel Hadya
{230 mm rainfall}, but were not observed at the
two drier locations (Breda 204 mm, Khanasser
152 mm). This confirms our earlier results that
nitrogen response decreases with decreasing
rainfall. FPooled regression analyses of barley
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Even in the dry 1983/84 season, phosphate application enhanced early growth rates and grain yields of barley in nor-
thwest Syria.

yields from five locations over 3 years with en-
vironmental variables (seed rate, nitrogen and
phosphate fertilizer, soil nitrogen and
phosphorus, and rainfall) indicated a significant
(P < 0.02) positive rainfall x nitrogen fertilizer
interaction. This int:raction is so strong that it
cannot be eliminated by other interactions of
rainfall, nitrogen, and other variables. {For more
details, see Project 3 in this report).

The improved barley variety, Harmal,
outyielded the local variety at the wettest loca-
tion (Tel Hadya), was not different at the in-
termediate site (Breda), and was significantly
worse at the driest site (Khanasser). This sup-
ports our previous results that in dry and harsh
environments, it will be hard to improve on the
local landraces. A more detailed examination of
the potential for improved varieties 1s reported in
the next sectiun.

Weed control effects decreased with rainfali
which is again consistent with results reported in
the 1983 Annual Report. This reflects the in-
herently lower levels of weed infestation at dry
tocations. Drilling the seed gave a yield advan-
tage over broadcasting across ridges at all loca-
tions. Since the seed and phosphate fertilizer are
applied together, this yield advantage probably
reflects both better crop geometry and better
phosphate placement (very important in
calcareous soils) in the drilled treatments, but no
phosphate x sowing method interactions were
observed.

In conclusion, the results obtained this year
support those of previous seasons, and clearly
indicate that, even in very dry years, there is
considerable potentia! for improvement in barley
yields, particularly through phosphate fertilizer
application. — P. J. M. Cooper.
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The Potential of Improved Varieties

Syrian landraces of barley show considerable
variation from location to location, but can be
broadly grouped into Arabi Abiad (white) and
Arabi Aswad (black). Farmers currently favor
these types for their general adaptability and
good grain and straw quality. ICARDA has the
glcbal responsibility for barley improvement, and
therefore has a strong barley breeding project
within the Cereal Crops Improvement Program
(CP). FGP has been cooperating with CP in
evaluating the performance of some of the most
promising lines in dry and harsh environments,
and PFLP has undertaken considerable research
on their straw quality. In 1982/83, 10 improved
varieties were grown at two locations in northern
Syria, Ghrerife, (240 mm in 1982/83) and
Khanasser (290 mm in 1982/83), typical
representatives of the drier barley growing areas.
At both locations, in the absence of nitrogen and
phosphate fertilizer, the local Arabi Aswad
significantly outyielded the improved cultivars.
However, its superiority was far less pronounced
when fertilizer (20 kg N/ha, 60 Kg P20s/ha) was
added.

This trial was repeated in 1983/84 at four
locations spanning the 200-350 mm rainfall
range, namely, Tel Hadya, Breda, Ghrerife, and
Khanasser. Varieties were grown with and
without N and P fertilizer at the same rates as in
1982/83. Both N and P were applied at plan-
ting, and seed was drilled at a rate of 100 kg/ha.
Herbicide Brominal Plus (bromoxynil + MCPA)
was applied uniformly at stem elongation. A
randomized block design with three replicates
was used. Only the grain vyield results are
presented in Table 3, but the main points
discussed also apply to straw yields. Varieties are
ranked on their overall performance (plus and
minus fertilizer) for each location.

Highly significant responses {at P < 0.01) to
fertilizer were obtained at all three locations,
although the responses were not ecunnmical at
Khanasser where yields were very small. There

were no variety x fertilizer interactions. Of the
improved varieties, ER/Apam and Ribane per-
formed consistently well at all locations, but at
only Tel Hadya did an improved variety
{ER/Apam) significantly outyield the local check,
and this was only significant when fertilizer was
applied.

In general, the improved varieties performed
oetter at the wettest location, Tel Hadya.
However, it is interesting to note that the rainfall
at Tel Hadya this year (230 mm) was con-
siderably less than that received at Khanasser in
1982/83 (290 mm) where the improved
varieties performed so poorly in comparison to
Arabi Aswad. This indicates that moisture supply
is not the only environmental variable affecting
the relative performance of varieties. Soil type,
soil fertility, temperature, evaporative demand,
and distribution of rainfall, for example, are all
important factors and need to be considered
when identifying zones for which varieties can be
recommended. Evaluation of long-term waather
data in terms of probability of amounts and
distribution of rainfall, coupled with the use of
crop-growth simulation models, will play an im-
portant role in this context. This is dicussed fur-
ther under Project 3.

The results this year support those obtained by
both FSP and CP in previous years. It is clear that
in the drier barley growing areas where yield ex-
pectations are low, the breeding and selection of
improved barley varieties will continue to be a
difficult and challenging task. To meet this
challenge, the CP has started to carry out much
of its selection work in drier environments than
afforded at Tel Hadya. — P. J. M. Cooper.

Effect of Crop Rotation on Fertilizer
Response

As already said, most of our research on fertilizer
responses in barley has been conducted within
the fallow/barley rotation which still predominates
in northwest Syria. However, there is evidence
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Table 3. Grain ylelds (kg/ha) in barley variety trials at Tel Hadya, Breda, and Khanasser, 1983/84.
Locatk.... Tel Hadya 3reda Khanasser
Seasonay
Rainfali: 235 mm 204 mm 152 mm
Variety NoPo NzoPso  Variety NoPo NzoPso  Variety NoPa NzoPeo
ER/APM 1610 2450ab  Rihane 850 1300b Rihane 230 540b
Rihane 1620 2230b AlAswad 800 1330b ER/Apam 310 410
{Control}
wi 1590 2220b Badia 930 1150b Harmel 220 450b
Harmel 1650 2140b ER/Apam 830. 1180b AlAswad 210 430b
{Control)
Aurore 1550 2040 wi 860 1090ab Wi 240 380
Badia 1570 1990 Aurore 760 1070ab  Aurore 170 370b
C 63 1520 2020b Arar 770 1060ab  Badia 180 . 360b
Arar 1490 1820 Cc 63 730 99Gab  Matnam 100 260a
AlAswad 1370 1820 Harmel 700 990ab  Arar 70 200a
{Control)
Matnam 1330 1290a Antares 580a 710a C63 70 200a
Antares 710a 1220ab  Matnam 580a 610a Antares {Failed)

LSD (0.05) for cornparison of any two
means is 500 kg/ha

LSD (0.05) is 210 kg/ha

LSD {0C.05) is 1V7Q kg/ha

a. Indicates variety significantly better or worse than control.

b. Indicates significant fertilizer response within variety.

that these responses are modified by crop rota-
tion, and since continuous barley is becoming
increasingly common, a trial was designed to
examine the contrasting effect of a fallow/barley
and barley/barley rotation on responses to
nitrogen and phosphate fertilizer.

A b x b factorial design was used (N O, 30,
60, 90, 127 kg/ha; P20s O, 60, 120, 180,
240 kg/ha). The 2% N x P combinations were
replicated three times within each rotation.

Barley (Arabi Aswed) seed was drill-sown at
100 kg/ha with phosphate fertilizer at the re-
quired level. Where applicable, 20 kg N/ha was
applied at sowing, with the remainder being top-
dressed at stem elongation. Uniform control of
weeds was achieved by a single spray of
Brominal Plus {bromoxynii + MCPA) at stem
elongation. Three treatment combinations
(N2Po, NaoPso and NaoP1so0), were selected for

detailed comparative crop growth and soil-
moisture studies. Root dry matter and root length
density distribution were also determined.

The results of this trial are extensive, so only
highlights are reported here. The work is being
repeated in 1984/85, after which a more
detailed report will be presented.

Table 4 shows the avaiiable nitrogen {(am-
monia plus nitrate) and the moisture distribution
in the soil profile at the start of the seasor: under
the two rotations. The amount of available
nitrogen and moisture vvas greater under land
preceded by fallow, which agrees with results
obtained from previous studies in our long-term
rotation trials.

Dry-matter production data within the three
selected treatments in each rotation are
presented in Table 5. Differences in growth
rates, due to the effects of fertilizer and rotation
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Table 4. initial available nitrogen and moisture distribution under fallow/barley and barley/barley rotations at Breda,

1983/84.

Available nitrogen {ppm)

Soil moisture {cm Hz0/ depth interval)

Dwgth Fallow/barley Barley/barley Depth Fallow/barley Barley/barley

{cm) (cm)

0-20 13.1 5.2 0-15 1.46 1.23
20-40 13.7 3.6 15-30 2.49 2.11
40-60 6.5 3.2 30-45 3.48 2.73
60-90 6.5 5.7 45-60 3.95 3.21

60-75 4.05 3.52

75-90 3.94 3.60
Table L. Total dry-matter production {kg/ha) in three selected treatments in two barley rotations, Breda, 1983/84.
g%?rﬁn%%?éﬁ Barley/barley Mean for Fallow/barley Mean for
(12/11/83) NoPo N3oPeo NaoP1a0 rotation NoPo NaoPso NooP1so rotation

75 90 130 170 130 130 160 210 170

96 160 350 530 350 170 410 756 440
118 350 570 880 600 380 740 960 690
139 730 1620 1880 1410 900 1510 2680 1700

- 154 1050 1730 2400 1730 1170 1970 3300 2150
166 1010 1630 2270 1640 1540 2200 2970 2400
Harvest 860 1580 2250 1560 1340 209¢ 2880 2100

Table 6. Components of barley yield (Arabi Aswad) in selected treatmentsin 5 x 5 (NP} trial in two rotations at Breda,

1983/84.
Grain 1000-grain  Straw E;
. yield waeight yield TDM (G-M) WUE!
Rotation/Treatment {kg/ha) (g) {kg/ha)} {kg/ha) {mm) {kg/ha/mm)
NoPo 740 38.6 600 1340 171 7.84
Fallow/Barley NaoPso 1160 40.7 930 2090 174 12.00 (63%)
NooP1so 1540 38.3 1340 2880 176 16.36 {109%)
NoPo 47¢Q 34.4 390 860 160 5.40
Barley/Barley N3oPeo 770 347 810 1580 161 9.81 {82%)
NeoP1ao 1100 32.8 1150 2250 162 13.89 {157%)

1. WUE of TDM. Figures in parentneses indicate % increase over NoPo treatment for each rotation.

became apparent at an early stage of growth.
The effect of rotation was evident even in the
presence of high levels of fertilizer application
(NeoP1so) and started tc show during the winter
months when the soil profile was recharging with
water and no moisture stress was occurring.
Thus the improved fertility and moisture status of

land following a fallow do not alone account for
the observed differences in growth and subse-
quent yield.

Components of yield, water use, and water-
use efficiency data for the selacted treatments
are presented in Table 6. In both rotations fer-
tilizer application resulted in large increases in



grain and straw yields, but yields for a given fer-
tilizer treatment were consistently srnaller in the
barley/barley rotation.

Evapotranspiration (E;) between germination
and maturity was only marginally affected by
fertilizer application, largely because of the very
dry season which imposed severa stress on all
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treatments. Nevertheless, the initial wetter pro-
file following fallow (Table 4) provided additional
available moisture, and this is evident in the
greater seasonal E, totals of crops following
fallow. The extra moisture was stored between
30 and 75 cm, below the depth af wetting by
the current season’s rainfall (Fig. 3) and was

Barley/barley rotation

cm H20/15 cm depth interval
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Fig. 3. Moisture distribution under two contrasting crop rotations on the selected days (1) initial profile, {2) maximum
recharge, and {3) crop maturity, {Shaded area represents utilization of moistura stored from previous season).
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utiiized by the crop during the grain-filling period.
This additional supply of rnoisture, and hence
reduced stress, resulted in larger 1000-grain
weight of barley following fallow (Table 6). As in
previous seasons, fertilizer application resulted in
a dramatic increase in water-use efficiency
{WUE) in both rotations, but WUE was con-
sis'ently less in the barley/barley rotation for a
given fertilizer treatment.

Extractable moisture, detined as the difference
between the maximum observed within & given
depth interval and that recorded at maturity, is
determir.2d by both the available moisture supply
in the soil and the ability of the crop to take up
that moisture. These values are presented in
Table 7, and indicate both the effect of fallowing

Table 7. Extractable moisture (e H:0/16 cm domh in-
tervalj In selectad treatmants under v bariw
rotaﬂn.m .n Bmdl 1883/84.
Depth Barloyl.why , Fallow/Barley

intarval  NaPo  NiePes NePies NoPo  NaPes NesPiso
{cm) . .

0-15 1.99 189 1.99 1.99 1.56 1.99
15-30 0.49 0.69 -0.73 081 0.22 0.92

30-45 0.04 005 0.26 038 0,39
45-60 .~ 0.18 0.36 0.39
60-75 0.04 0.16 0.28
76-90 0.06 0.13

Total 2.48 2.62 277 3.28 3.856 4.08

on available moisture, and the effect of fertilizer
on the crop’s ability to extract that moisture. Our
studies have clearly shown that improved nutri-
tion of a barley crop results in more prolific
rcoting, and that the amount of extractable
moisture within a given soil depth interval is
closely related to the root length density within
that horizon {Fig. 4}.

At harvest, data on yield components were
obtained for all treatment combinations. Full
analyses of these data have not yet been com-
pleted, but the main effects of nitrogen and

=301 :
g ]
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ﬁg‘ ..:~ L]
(3} = 9 eoe
920 -g:. .
-~ «
S, o)
I .q..o
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S . a
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% . EBO—
ol ..(:
R
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w o o’ i _ 1 ]
1.0 20 3.0

Root length (cm/cma)

Fig. 4. Relationship between root length density of barley
and extractable moisture. The inset shows the effect of
fertilizer (shaded area) on root distribution of barley with
depth at Breda, 1982/83.

3 F=fallow

3 = barley

Total dry-matter production {t/ha)
IN)
1

; Phosphorus
/ ——— Nitrogen
|~ A

s

J 1 ! ! ! |
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P205 0 60 120 180 240
{kg/ha)

Fig. 5. The main effects of nitrogen and phosphorus fer-
tilizers on total dry-matter production of barley in two
contrasting rotations {(F/B, B/B), 1983/84.
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Table 8. Regression equations for barley grain and straw yields {kg/ha) in two rotations at Breda, 1983/84.

Constant N P NxP N2 p?
Faliow/Barley
Grain yield 7860 ~-0.39 5.6 0.96 x 10 -0.10x10? -0.10x 10
Sig. level NS e * NS .
Straw vyield 590 0.18 4.4 -0.10x 102 -0.63x 107 -0.58 x 1072
Sig. level NS e NS NS ..
Barley/Barley
Grain yield 390 11.0 3.1 -0.27 x 102 -0.57 x 107 -0.74 x 10
Sig. level ces .e NS vee .
Straw yield 370 8.3 2.3 0.10x 10 -0.48 x 107 -0.78 x 1072
5ig. level cas . . eee .s

1. Sig. levels (*, 5%); (**, 1%); (*** sig. at 0.0005% or higher!.
2. The Null hypothesis that there were no significont differences between the two response surfaces in F/B and B/B was sub-

jected to an F-test according to the equation:

F = (RSSp - LRSSk + 1
LRSS/n + m - 2k — 2

where RSSp = residual sum of squares of pooled regression.
RSSi = residual sum of squares for individual rotaiions.
k = number of variables in regression equation.
nand m = number of observations in fallow/barley and barley/barley regression equation.
Highly significant F-values (52.2 for grair:; 34.8 for straw) were obtained and the Null hypothesis was rejected. (F 6, 138 at

1% = 2. 80).

phosphorus fertilizer on total dry matter (grain
plus straw) are presented for both rotations in
Fig. 5, and the regression equations relating
grain and straw yields to fertilizer levels are given
in Table 8. There were substantial and highly
significant differences between the fertilizer
response levels in the two rotations. There was
no significant response to nitrogen fertilizer in the
fallow/barley rotation, but there was in the
barley/bariey rotation. The response in the latter
case was associated with the first 30 kg N/ha
and above that the response was very small and
similar to those in the fallow/barley rotation.
Significant phosphate responses were observed
in both rotations, but the response per kg P20s
applied was much less in the parley/barley rota-
tion, and this i1s reflected in the linear terms of the
regression equations. The economic implications

of these results have still to be assessed.

This experiment will be repeated during the
1984/85 season, and the results can then be
more fully evaluated. However, it is clear that
even in this very dry year, substantial responses
to fertilizer occurred in both rotations. Dif-
ferences observed in nitrogen responses can be
targely accounted for by the different initial
nitrogen status of the soils, but the differences in
response to phosphorus are not so easy to ex-
plain. It seems likely that the less efficient uptake
of phosphorus is associated with a less efficient
and prolific root system. In this context, the pro-
bability of root diseases or changes in microflora
leading to accumulation ot toxic root exudates
within the continuous barley rotation cannot be
ignored and should be examined in more detail.
— P.J.M. Cooper and K. Somel.
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Research
Rotations

in Alternative Crop

Research has shown that there is considerabie
scope for the introduction of annually-sown
forage legumes into dryland barley rotations,
either to replace fallow, or to break the cycle of
continuous barley. Forage legumes such as
vetch, peas, or lathyrus can provide a supply of
high quality feed for sheep as a grazing crop in
late winter/early spring, or as a hay crop
harvested in late spring, or as a mature crop
harvested for grain and straw.

Barley yields are increased by fallowing, as in-
dicated in this and previous studies. This appears
largely due to an increase in available nitrogen,
and, to a lesser extent, greater available
moisture. It also appears that breaking con-
tinuous barley with a fallow year has a less clear-
ly defined beneficial effect which could be
associated with the prevention of a build up of
pests and diseases. Thus, if fallow is to be
replaced by a forage legume without reducing
subsequent barley vyields, it is important that
biological nitrogen fixation (BNF) by the forage
crop is sufficient to meet all or most of its needs.
Our research is therefore focused on maximizing
forage production and BNF while also in-
vestigating the effects of these forage legumes
{(compared with both faliow and continuous
barley) on subsequent barley production. This
latter research involves long-term phased-entry
rotation trials, and includes studies of the
management of fertilizer (principally phosphate)
and its residual effects.

Agronomic Studies of BNF by Forage
Legumes

Thig experiment began in the 1982/83 season.
Forage crops were grown at Jindiress, Tel
rHadya, and Breda, both as pure stands and as

80:20 legume/cereal mixtures. At all three oca-
tions, forages followed a uniform unfertilized
cereal crop. Two levels of management, «tradi-
tionaly and «improved», were employed (Table
9). A nonnodulating ceral crop (barley) was also
planted. BNF was estimated both by the 15N
dilution technique using low levels of
15N-enriched ammonium sulphate (20 kg N/ha),
and by examining the difference in total nitrogen
uptake between the nodulating and non-
nodulating crops. In 1983/84, a uniform barley
crop was scwn on all plots to assess the residual
effects of the forage legumes on barley produc-
tivity and nitrogen uptake. Phosphate fertilizer
(90 kg P20s/ha) was placed with the barley seed

to mask the differential residual effect of
phosphate applied to the forages. The results

from both years of this trial are reported.

Table 10 presents the dry-matter production
of the forages in the 1982/83 season. There
were significant responses to improved
management at all locations, but vetch, both in
pure stands and as a mixture, responded less
than peas. The iriclusion of barley as a mixture
with the forage produced no consistent effects

across locations, but overall it resulted in a small
increase in dry-matter production. In the «im-

proved» practice treatments, where en-
vironmental constraints other than moisture
supply had been minimized, there was a clear
positive relationship between production and
rainfall. This relationship was not apparent in the
«traditional» management treatments.

Total crop nitrogen uptake data for the forages
are presented in Table 11. Improved manage-
ment consistently increased crop nitrogen uptake
but there was a significant crop x management
interaction in which peas appeared to respond
better to improved management than vetch.
Nitrogen uptake in the legume crops was
significantly greater than in continuous cereal
under improved management but was no better
when traditional management was employed.
There appeared to be no effective difference
between pure stand legume crops and 80:20
mixtures with barley in terms of nitrogen uptake.



Table.9. Trestment details: of “Iimgroved” ‘and “tradi-
tionel”’ management of forage legumes.’ ‘

Treatment | Traditional Impraved
Time of sowing Late winter Early winter
Row spacing (cm) 45 22.%
inoculation No Yes
Phosphate (kg P20s/ha) 0 60

1. Seed rate and hand weeding were uniform across
management,
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In a comparison between environments there
was a significant site x crop interaction. Nitrogen
uptake was lowsst at the driest site, Breda, and
differences in N uptake between the legume
crops and barley were not significant (Table 11).
At Tel Hadya (intermediate rainfail), N uptake
was higher than at Jindiress (the wettest site)
and N uptake in the ‘legume crops was con-
sistenly greater than in barley. At Jindiress,
where soil N levels were higher, as indicated by

Table 10, Dry-metter production (kg/ha) of forage legumas at thrae locnlom, 1582/83.

Jindiress Tel Hadya Breda Mean scross
Forage Management (417 mm) (340 mm) -{286-mm) _ sites .
Peas (Trad.} - 580° 2080° 510° 1060°
{imp.} 5700 4650 2220 4190
Pea/Barley {Trad.) 780° 3280° 900° 1850°
{lmp.) 5920 5390 2430 45680 .
Vetch {(Trad.) 1270* 2850ns 660Ns 1680
{imp.) 4100 3560 1070 2910
Vetch/Barlay {Trad.) 1530° - 3730ns 830* L : -v208’0' '
{lmp.} ‘ 5220 4440 . 1470 " 453710 :
LSD 10.05) 764 . 812 485 668 ...
* Significant at P<.0.05. ' ' v v '
Table 11. Total crop nitrogen uptake (kg'hs) by fursge leagumes in a legume/bariey rotation, 1982/8‘3.; B
{a) Interaction: management X crop ' o ' : o
: - Peas Vetch .. .
Management Crop: ° Peas " - Vatch mix.! mix. . Barley’
improved s : 78.3 67.0 80.3 '61.3 . . 348:
Traditiona! ] ) 25.0 32.9 29.2 36.51' s '34.8;1.:,?
SE & = 3.8 T e
LSD (0.05) = 8.4
(b} Interaction: site x crop
‘Seasonal ,
Rainfail e . Peas Vetch :
Site’ {mm) Crop: Peas Vetch mix.! C mix. Barley:
Breda 286 27.4 211 28.7 248 328
Tel Hadya ; 340 : 76.9 66.2 ‘ 76.3 - 65.7 28.0
Jinditess 417 50.8 39.9 59.2 66.4 44.0
SE % = 4.4 ) .
/LSD.{0.05) = 10.3

4 Mixture with barley as an 80:20 proportion.


http:LSD(0.05
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the uptake of the barley crop, only the
legume/barley mixtures took up significantly
more N than barley. At this location traditionally-
manged legume crops grew very unsatisfactorily
(Table 10) and were much poorer in N uptake
than those crops with improved management.
This remains unexplained but may have been
associated with inettective inoculation by local
rhizobia strains or inadequate phosphate
availability.

The residual nitrogen uptake data of the
uniform barley crop planted in 1983/84 are
presented in Table 12. In all barley plots
preceded by forage legumes, nitrogen uptake
was significantly greater than those preceded by
barley, but were not different from those
preceded by fallow. It must be noted that the
fallow plots did not receive the 20 kg/ha of
labelled nitrogen in 1982/83.

Table 12. Total crop nitrogen uptake {(kg/ha) by barley ina
. legume/barley rotation, 1383/84.

(a) Crop main eifect following:

Vetch 38.1

Fallow 37.2

Peas 36.8

Vetch mix.! 35.9

Poas mix. 35.2

Barley 25.7

SE % =29
LSD (0.05) = 6.8
{b} Site main effect:
T Seasona!
rainfall
o : . {mm)

Breda - 204 22.5
“Tel Hadya : 230 17.1
Jindiress © - 1392 58.6

CSE® . o =1.67
kSD10,08) - = 4.00

1. Mixture With barley as an 80:20 proportion. |

There were no significant differences in
residual N uptake by barley following pure stands
or mixtures, nor was there any significant effect
of improved or traditional management of the
forage crop. This latter result was unexpected,
but does not necessarily imply that the contribu-
tion of residual symbiotic N in crops under im-
proved management was similar to that under
traditionally managed crops. The expected
higher levels of residual symbiotic N under im-
proved management conditions may have been
offset by available residi:al soil N in the traditional
management plot because less nitrogen was
used by legume crops due to poor management,
thus mimicing a partial fallow. There were ob-
vious differences between sites with Jindiress
showing an exceptionally large uptake of residual
nitrogen.

The total amounts of nitrogen fixed per se in
each treatment are not presented. However, the
results of a comparison between the two
methods of estimating BNF are discussed. This
comparison of the N dilution technique for
estimating BNF with that of the substantially
cheaper and less complex method of measuring
the difference in crop N uptake between a non-
fixing crop (barley) and legume crop showed that
over two experimental years and at eight sites
there was a close relationship between the two
methods of measurement. The methods of
measurement were linearly related as described
by the equation:

N by difference method = -13.22 + 1.097N
by 5N method (r2 = 0.904)

The slope of this line is approximately
equivalent to a 1:1 relationship. However, there
is a substantial negative intercept because
negative values do not occur in the 5N method,
and there were occasional instances in which
legume crops in traditionally managed systems
grew so poorly that they did not even manage to
use the limited N available to a barley crop
following barley.



The closeness of the results of the two
methods of measurement indicates that, in the
physical environment experienced by crops
grown in northern Syria, the difference method is
likely to give a satisfactory estimate of BNF with a
correction factor of + 13.22 kg N/ha.

In conclusion, it is clear that an appropriate
package of improved management practices for
forage legurnes can contribute substantially to
the nitrogen budget of two-course rotations.
However, it is important to determine an order of
priority of the components of this package to ar-
/ive at practical and econocmic recommenda-
tions. This work was started in 1983/84 at Tel
Hadya and Breda. Four management factors
{phosphate fertilizer,. inoculation, row spacing,
and weed control) were investigated on three
crop species, lentils, vetch, and peas. These
crops will be followed by a uniform cereal crop in
1984/85 to assess the residual effects and the
results will be reported when the 2 years’ data
are available. — D. Keatinge.

Microbiological Studies of BNF by
Forage Legumes

Studies reported in the 1983 Annual Report in-
dicated that most legume crops (faba been,
chickpea, lentils, vetch, and pisum) produced the
bulk of their dry matter after nitrogenase enzyme
activity, as reflected by acetylene reduction ac-
tivity (ARA), had declined to low and sometimes
undetectable levels. This was of some concern
since it indicated that in most instances a large
proportion of the dry-matter production occurred
at the expense of soil-nitrogen uptake.

The benefit of replacing fallow by forage
legumes in barley growing areas will depend on a
large proportion of the crops’ nitrogen require-
ment being obtained through BNF. If the forage
crop depletes the native soil nitrogen reserves, it
is probable that the subsequent barley crop will
suffer from nitrogen deficiency.

Because of the importance of these observa-
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Monitoring seasonal changes of acetylene reduction ac-
tivity (ARA) of the root systems of food and forage
legumes helps us identify constraints to improved
biological nitrogen fixation.

tions, seasonal monitoring of ARA values of both
vetch and peas was continued in the 1983/84
season at Breda. Two trials were monitored, the
first being a .long-term rotation trial in which
several two-course rotations are being compared
{(see Project 1, Long-Term Rotation Trials). Four
barley/vetch rotations were selected. The four
treatments were Bo/Vo, Bnp/Vo, Bo/Vp, and
Bnp/Vp, where o indicates no fertilizer, n in-
dicates 20 kg N/ha applied to the barley and p
indicates 60 kg Pz20s/ha applied to either barley
or vetch, or both phases of the rotation. All vetch
crops were inoculated. This trial was started in
1980/81 using a phased-entry design, and thus
by the 1983/84 season, the four rotations had
received 0, 120, 120, and 240 kg P20s/ha,
respectively.
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'I-BO/Vo 0 kg/ha P205 0 kg/ha P205
2'BNPN0 60 kg/ha P205 0 kg/ha P205
1ok 3-BNP/VP 60 kg/ha P205 60 kg/ha P205
_ 4-BO/VP 0 kg/ha P205 60 kg/ha P205
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Fig. 6. Histograms of acetylene reduction activity (C2 H« pproduction) and mean plant dry weight {g) with time for vetch

grown under differing P2 Qs regimes at Breda, 1983/84.

The results (Fig. 6) showed a pattern similar to
that found in 1982/83. ARA values increased
during the winter months, but between 22 Feb
and 6 Mar, these values dropped dramatically to
very low levels. It was around this time that dry-
matter production of vetch began to increase
rapidly, again indicating th.. soil nitrogen
reserves were being utilized. A comparison of
seasonal mean ARA values for the four
treatments showed that all rotations receiving

phosphate fertilizer had significantly larger
(P<0.01) seasonal mean ARA values than the
rotation receiving none, and that rotations in
which phosphate was applied to the vetch phase
(Bo/Vp ard Bnp/Vp) had larger values than when
the phosphate was applied to the previous barley
crop. These trends are clearly reflected in the
results obtained on 22 Feb when ARA values
reached a maximum, and also in the final yield
data (Table 13) obtained from a large sample
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Table 18, Final yield data an»d‘; ARA values recorded for forage vetch at Breda, 1983/84.

Treatment - Final vield Max. ARA? Seasonal mean*  Ratio of yleld
S—_— - {kg/ha). ~ value 22 Feb ARA value “to mean ARA
BolVo - 576 : 0.33 0.139 4.14x 10
Bnp/Vo . 850 0.80 0.208 4.09x10?
Bo/Vp : : 1048 0.5¢ 0.234 4.47x10°
Bnp/Vp 1007 0.36 0.228 4.42x10
LSD (0.05) : 106 ‘
1. 4 mol /ml/ plant/hr.
taken at harvest (5 m2/plot). The mean seasonal variation in ARA with BNF as assessed

seasonal ARA values appeared closely related to
the final yield, which supports the hypothesis
that the main causal effect of increased ARA due
to the application of phosphate fertilizer results
from increased plant vigor, and its associated ef-
fect on Rhizobiurm spp. activity.

The dramatic decline in ARA, now observed
over two seasons for many legume ercps, has
important implications both for the nitrogen
supply to the legume crop itself, and for the
subsequent barley crop. There is evidence that
this pattern of ARA is associated with sitona
weevil larvae damage to the nodules. The sitona
weevil is endemic in ICARDA region and
economic control of either the adult or larval
stages may have striking effects on the BNF of
legume crops,. soil nitrogen dynamics, and
nitrogen uptake and yield of subsequent cereal
crops. This will be more fully investigated for
forage legumes in the 1984/85 season.

The second trial monitored at Breda was a 23
design which examined the main effrcts and in-
teractions of five factors: phosphate fertilizer
(0.60 kg P20s/hal, weed control (with and
without), inoculation (with and without), row
spacing (17.5 and 35 cm), and species (vetch,
pisum). BNF was measured by the 3N dilution
technigue in all 32 treatment combinations, and
ARA was monitored in selected plots. The
residual effect of these treatments on the
nitrogen uptake and yield of a following crop of
barley will be monitored in 1984/85. The full
results of this trial will be reported after the
2-year cycle, and will allow a comparison of

by the 13N dilution technique. A summary of the
results obtained in the seasonal monitoring of
ARA is presented.

Sixteen treatment combinations ali at the 17.5
cm row spacing were monitored for seasonal
ARA. Mean sesonal ARA was analyzed according
to the usual ANOVA technique, and the results
are presented in Table 14.

Table 14, Main effects and interactions of four mana'gé-
" ment factors on the seasonal mean ARA values
{u mol /ml/ plant/hr} of forage legumes, Breda,

1984/85. . - ‘
Main Effects : Seasonal mean ARA
Peas - ' 0.404°**.
Vetch - 0.261
Inoc. +- T 0.404°"*
Inoc, ~ - : . 0.261
P20s* . © . 0.355.
P20s" S - 0.310 ‘
WC+ o 0.427°"
WC— : 7 0.238
SE + ’ - 0,033
Interactions ‘

P20s* P20s"
Inoc. + : 0.489 0.320°
Inoc. ~ 0.222 - 0.299

WC+ WC -
Inoc. + 0.549 0.261*
Inoc. - 0.305 0.214

WC+ WC—-
Peas 0.560 0.246*
Vetch . 0.294 0.230

‘* P<0.01; * P<0.05.
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Main effect responses to crop species, in-
oculation, and weed control were found to be
significant. However, all four factors were in-
volved in significant first-order interactions, and
these are discussed. A phosphate x inoculation
interaction indicated a much enhanced
phosphate effect on ARA in the presence of seed
inoculation. These results can be related to the
responses observed to phosphate in inoculated
vetch treatments reported earlier in this section.

An inoculation x weed control interaction in-
dicated that inoculation had a greater effect on
ARA where weeds were controlled and the in-
teraction of crop species x weed control in-
dicated that peas only supported higher ARA
values than vetch when weeds were controlled.

This is the first year that such studies in fac-
torial trials have been conducted, and further
supporting data are required before firm conclu-
sions can be drawn. Nevertheless, the results
indicate the complexity of interactions of
management factors on mean seasonal ARA
values, and should caution against overly
simplified investigations. It is clear that in-
vestigations of the effect of single factors, whilst
all other management factors are kept constant,
could mask important interactions. Farmers
growing legumes employ a range of husbandry
practices, and will seldom adopt an improved
package of recommendations, but they will
adopt components of the package. Thus the in-
teraction of these components on ARA, and
hence the implications for BNF, are very impor-
tant. These studies will be continued during the
1984/85 season. — J.H. Stephens.

Long-Term Rotation Trials

Improved management of existing rotations and
evaluation of alternative rotations can only be
realistically assessed through long-term rotation
trials. We have initiated two sets of such trials to
compare fallow/barley, barley/barley, and forage
legume/barley rotations. The first trial was

established in 1980/81 in two typical bariey
growing areas, Breda and Khanasser. A phased-
entry design was used with three replicates. This
trial compared three rotations, fallow/barley,
barley/barley, and vetch/barley under different
fertilizer management regimes. Rotations and
treatments are given in Table 15.

Table 15. Rotations and treatments of rotation trials at
Breda and Khanasser, NW Syria.

Treatment notation Phase 1! Phase i’
Bo/F Barley { 0O, 0} Fallow ( O, 0)
Bnp/F Barley {20, 60) Fallow { 0, O0)
Bo/Bo Barley ( O, O) Barley( 0, 0)
Bnp/Bnp Barley (20, 60} Barlsy (20, 60)
Bo/Vo Barley { O, 0i Vetch{ 0, 0)
Bnp/Vo Barley (20, 60) Vetch( 0, 0)
Bo/Vp Barley { O, 0) Vetch{ 0, 60)
Bnp/Vp Barley (20, 60) Vetch ( 0O, 60)

1. Figures in parentheses indicate levels of N and P:Os
applied (kg/ha).

The trial at Khanasser had to be abandoned
due to consistent and severe bird damage to
forage legume seedlings, but the site will be used
in the next two seasons to evaluate the residual
effects of different levels of phosphate applica-
tion. The trial at Breda has been monitored in
great detail for the past three seasons. Soil
nutrient, soil moisture and crop dynamics were
studied, and these results will be submitted for a
Ph.D. thesis. Results obtained during the
1982/83 and 1983/84 seasons are presented
in a summary form.

The second set of rotation trials, established at
Tel Hadya and Breda in 1982/83, considers
more rotations (Table '16), including both peas
and vetch as forage legumes, in pure stands and
in 80:20 seed-weight ratio mixtures with barley.
Difterent fertilizer-use strategies are examined in
the six basic crop rotations.



Table 16. Rotations and treatments of rotation trials at

Tel Hadya and Breda.

Treatment

notation Phase | Phase I

Bo/F Barley { 0, O) Fallow { 0, 0O)
Bnp/F Barley (20, 60) Fallow ( 0, 0)
Bo/Bo Barley { O, O) Barley { O, O)
Bo/Snp Barley ( O, 0) Barley {20, 60)
Bnp/Bo Barley (20, 60) Barley { O, O}
Bnp/Bnp Barley (20, 60} Barley (20, 60)
Bo/Vo Barley { O, O) Vetch{ 0, 0)
Bnp/Vo Barley {20, 60} Vetch( 0, O)
B/Vp Barley {20, 0) Vetch { 0O, 60)
Bnp/Vp Barley {20, 30) Vetch { 0, 30}
Bo/V:Bo Barley { O, 0) Vetch/Barley ( 0, O)
Bnp/V:Bo Barley {20, 60) Vetch/Barley ( 0, O
Bn/V:Bp Barley (20, 0) Vetch/Barley { 0, 60)
Bnp/V:Bp Barley (20, 30) Vetch/Barley { 3, 30!
Bo/Po Barley ( O, O) Peas( 0, O}
Bnp/Po Barley (20, 60) Peas( O, O}
Bn/Pp Barley (20, 0) Peas ( 0, GO}
Bnp/Pp Barley (20, 30) Peas { 0, 30)
Bo/P:Bo Barley { O, 0) Peas/Barley( O, O}
Bnp/P:Bo Barley (20, 60} Peas/Barley { O, 60)
Bn/P:Bp Barley (20, Q) Peas/Barley { O, 60}
Bnp/P:Bp Barley {20, 30) Peas/Barley { 0, 30)

1. Figures in parentheses indicate levels of N and P20s ap-
plied (kg/ha).
At Tel Hadya, 40 kg N/ha was applied.

Barley yield and water-use data for 2 years
from the first trial (established 1980/81) are
presenied in Table 17. in both barley/fallow and
barley/barley rotations, phosphate and nitrogen
application have produced substantial responses
in barley production, but fallow/barley rotations
outyielded continuous barley in 1983/84. The
results mirror those found in the rotation x fer-
tilizer response trial at Breda, discussed earlier. In
general, barley yields following vetch are in-
termediate between those foilowing fallow and
those following bariey. There was no difference
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in yield between the phosphate management
strategies in barley/vetch rotations, but all
barley/vetch rotations receiving phosphate pro-
duced significantly higher barley yields than the
Bo/Vo rotation. Crop water use was largely
unaffected by rotation due to the overall moisture
stress conditions, but the Bnp/F rotation clearly
utilized more moisture. This reflects some
storage of moisture under fallow from the
previous year, and an increased ability (due to
greater root production) to extract this moisture
compared with the Bo/F rotation (see also Effect
of Crop Rotation on Fertilizer Response). As
observed before, both rotation and fertilizer use
have dramatic effects on water-use efficiency,
with values ranging from 4.8 to 17.1 kg/ha per
mm. Vetch hay yields are also presented. These
have been discussed in some detail in the
previous section.

This trial has now completed two cycles, and
the rotational effects are well established. The
1982/83 season (287 mm) and the 1983/84
season (204 mm) provide an interesting contrast
of years wetter and drier than normal for this
location.

These results were subjected to economic
analysis using the cost and price assumptions
given in Table 18. Since each of the rotations
reguires two years to complete a cycle, revenues
and costs were computed on the basis of two
hectares per season, with each phase of the
rotation accounting for one hectare. This cor-
responds to the situtation of a farmer with half of
his land each year in one phase of the rotation
and his remaining fand in the other phase. The
results for two seasons are shown in Fig.7, with
arrows in each case indicating the direction of
charge from the first season to the second.
These data and the calculated ratios of net (after
cost} revenue to cost for the eight rotations are
summarized in Table 19.

Crop vields in the 1982/83 season were
greater than those in the drier season of
1983/84 for all of the tested rotations. This was
also generally true for much of the nonirrigated
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Table 17. Yisld and water-use data for treatments {see Table 15) in the rotation trial at Breda, 1582/83 and 1983/84 2

Grain yield Straw yield Water use WUE!
(kg/ha) {(kg/ha) {mm) {kg/ha/mm)

Treatment 1982/83 83/84 1982/83 83/84 1982/83 83/84 1982/83 83/84
Barley yields
Bo/F 810 660 1220 1190 218 191 9.2 9.7
Bnp/F 2080 1290 2980 2140 229 201 22.3 171
Bo/Bo 450 260 920 620 201 - 185 7.0 4.8
Bnp/Bnp 1440 720 2240 1440 207 186 17.9 11.6
Bo/Vo 700 510 1120 970 21 188 8.5 7.9
Bo/Vp 1300 910 1540 1440 187 12.6
Bnp/Vo 1880 800 2470 1670 208 189 21.2 13.1
Bnp/Vp 2060 920 3010 1720 191 13.8
LSD {0.05) 230 322
Vetch hay yields
Vo/Bo 1460 580
Vp/Bo 2170 1050
Vo/Bnp 2270 850
Vp!Bnp 3000 1010
LSD {0.05) 106

a. This work was conducted by Miss Eglal Rashed as part of her Ph.D. research.

1. WUE of total dry matter.

Table 18. Cost and price assumptions of crop rotation budgsts for two seasons at Breda, Aleppo province. All values are

in Syrian lira.

1982/83 seasnn

1983/84 season

Item Seeding Harvest Seeding Harvest
time time time time

Tractor cultivation (each) 44/ha 50/ha
Hand broadcasting (each material} 17/ha 20/ha
Barley grain 0.95/kg 0.92/kg 1.0/kg 1.5/kg
Barley straw 0.33/kg 0.7/kg
Vetch seed 2.0/kg 2.5/kg
Vetch hay dry matter (DM) 0.55/kg 1.0/kg
Urea (45% N) 2.0kg N 2.0/kg N
Triple Superphosphate

{46% PaOs) 2.7/kg P20s 2.7/kg P20s

Barley harvest, transpon, threshing,
winnowing and bagging

Vetch hay harvest, transport, chopping
and bagging

120/ha + 0.32/kg grain‘ha

174/ha + 0.29/kg DM/ha

138/ha + 0.37/kg grain/ha

200/ha + 0.33/kg DM/ha
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Fig. 7. Gross revenues and costs for eight rotations in two
seasons at Breda, Aleppo Province.
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farmland and grazing land in Syria, and caused a
large increase in sheep feed prices by harvest
time in 1984. This increased net revenues of all
but two of the eight rotations in 1984, in spite of
the lower yields.

All rotations in both years appeared to have
covered their costs, some by small margins and
others by interestingly large margins. Two
groups of rotations are evident: the low-yielding
group, Bo/F, Bo/Bo, and Bo/Vo, which received
no fertilizer, in contrast to the higher yielding
group of fertilized rotations. Another criterion to
define groups of rotations is the ratio of gross
revenues to costs. The most profitable rotations
by this measure are Bo/F, Bnp/F, and Bnp/Bnp,
each giving gross revenues more than double
their respective costs. Fallow and/or fertilizers
are inexpensive ways of boosting crop yields and
revenues.

Rotations including vetch hay production had
relatively high costs per unit of revenue. Vetch
hay has the double economic disadvantage of
high seed cost and high harvest and handling
cost. Harvested as hay, the vetch crop is too
immature to vyield seed. If mature vetch is
harvested the seed which may be collected from

Table 19. Summary of gross revonus, total costs, net revenues, and simple rates of raturn for eight rotations in two

seasons at Breda, Aleppo province.

Bo/F Bnp/F -~ Bo/Bo  Bnp/Bnp  Bo/Vo Bnp/Vo Bo/Vp San/Vp

1982/83 season L .
Grossrevenue (SL/2ha) 1148 2897 1436 4128 1817 3794 2898 4538
Total costs (SL/2ha) 570 1213 910 2016 1637 2386 ©2144 - 2834
Net revenus {SL/ha) 289 842 263 10586 140 704 392 852
Rate of

tha
return=(orreveniena, o 1.39 0.58

Total Cost/ha
1983/84 season
Grossrevenue (SL/2 ha} 1823 3433 1648

Total costs {SL/2ha) 592 1067 888
Net revenue (SL/ha) 616 1183 380
Rate of =(Net revenue/hd

return  ToulCostiha 2-08 2.22 0.86

Average rate of return

for two seasons 1.65 1.81 0.72

1.06 0.18 0.69 0.37 - 0.60

4176 2024 3219 3423 3694

1712 1423 1862 1909 2140
1232 301 679 757 727
1.44 0.42 0.73 0.79 0.68

1.26 0.30 0.66 . 0.58 0.64
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Nitrogen deficiency is widespread in the soils of ICARDA
region. Analysis of seasonal changes in available nitrogen
in the sail profile is important in the evaluation of current
and alternative cropping systems.

it will have an opportunity value approximately as
high as the market price of seed. Thus, the pro-
blem of high crop establishment costs would
persist. Direct grazing of vetch would have the
advantage of avoiding the costly harvest opera-
tions, but could reduce the crop’s value due to

lower total biological yield and the availability of
other grazing resources in the spring. A question
remains on whether the cost advantages
available from the direct grazing of vetch pasture
would be sufficient to encourage adoption of the
practice.

Some caution is required in the economic in-
terpretations given above, since these trials were
conducted in small replicated plots at a single
location. Little can yet be said about the perfor-
mance of these rotations on other soil types in
neighboring areas or in farmers’ management
practice. However, it is encouraging that on-
farm forage trials (see below) gave very similar
yields to those obtained at Breda station.

Results from the expanded rotation trial at Tel
Hadya and Breda (see Table 16) will provide ad-
ditional detailed results as the effects become
established. The results of the second year of the
trial on the effect of forage species and pure
forage versus mixtures on subsequent barley
yields for both locations are given in Tables 20a,
and 20b. There was no difference in barley yields
following vetch or peas at either location, and at

Table 20a. Comparison of grain yields (t/ha) of barlay in peas/barley and vetch/barley rotations at Breda and Te! Hadya,

1983/84.

{a} Breda {b}. Tel Hadya - L
Rotation Grain yield Rotation Grain yield
Peas/barley 0.83 Peas/barley 1.73
Vetch/barisy '0.84 Vetch/barley 1.88
SEx = 0.108 SE+ =0.267

Table 20b. Comparison of grain yields {t/ha} cof barley following pure stands and 80:20 mixtures (forage legume/barley)
in forage legume/barley rotations in 1983/84 at Breda and Tel Hadya.

{a) Breda :
" - Rotation Grain yield
Pure stand/barley 0.89
" 80:20 mixture/barley 0.78
F sig = 94 %
SEx =0.104

(b} Tel Hadya -

Rotation Grain yield
Pure stand/barley 1.76
80:20 mixture/barley -.1.64
SEx = 0.266




Tel Hadya there was no effect of pure forage
versus a forage/barley mixture. However, at
Breda, barley following a pure forage stand
outyielded barley following a mixture, although
the effect was small. Other effects of fertilizer
and rotation on barley vyields: mirror those
reported in Table 17, and these will be reported
in more detail next year when 2 vyears data of
established rotational effects are available.

On-farm trials with cooperating farmers in the
Breda and al-Bab are under way to answer some
of the questions raised above. The preliminary
results of this work are summarized in the
following text. — D. Keatinge, E. Rashed, P.
Cooper, and T. Nordblom.

On-Farm Evaluation of Potential
Improvements

This section reports on the survey and agronomic
and livestock research conducted at the farm
level to assess the implications and impact of
potential improvements to the system discussed
above. This research is conducted in close col-
laboration with PFLP, which has research pro-
jects on improvement of communal marginal
grazing areas and livestock management, both
integral components of the system. These are
reported in the PFLP section of this annual report.
This «estings phase of Farming Systems
Research is vita' if we are to identify solutions to
problems whict. are acceptable and profitable.
The feedback from such work is proving in-
valuable, and keeps our research focused on the
problems facing th.e farming community.

The very dry season in 1983/84 resulted in
very poor crop perforrnance and poor growth of
native pastures, and farmers were forced to
graze their barley crops. Communal marginal
grazing areas were even less productive than
usual and critical shortages of feed for village-
and steppe-based flocks occurred. As a resuit
substantial sales of ewes and lambs started in
February to raise money for feed purchases and
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flocks were moved to grazing areas in higher
rainfall wheat-production zones.

Although years as dry as 1983/84 are not
common, their implications for farming practices
are important not only for the subsequent year
when winter feed shortages for sheep are likely,
but also for the years it will take farmers to
recover from the economic hardship and reduc-
tions of flock size.

As a result of the decisions made by farmers,
much of the crop and sheeo monitoring which
was planned had to be abandoned. Never-
theless, some important resuits obtained are
reported here.

The first section, «Sheep Feeding Strategies at
Bueda» examines the current strategy adopted
by farmers. The study is being conducted in an
area where communal marginal grazing areas are
an important feature. The second section, «The
Feasibility of Annual-Sown Forage Legumes in
Barley/Livestock Systems» reports on a village
survey conducted in the al-Bab area of NW Syria
where farming systems are similar to Bueda, but
there is a lack of communal marginal grazing
areas. This has important effects on the sheep
feeding cycle.

Sheep production is the central feature of the
systems, and all potential improvements must
eventually be evaluated in this context. On-farm
evaluation of improved practices is reported
under «On-Farm Forage Trials» and «On-Farm
Barley Trials», below.

Sheep Feeding Strategies at Bueda,
NW Syria

Bueda, which is a group of four villages, was
selected as a «management unit» for detailed
study in 1983/84, as it is representative of 20
villages which had been surveyed during the
1982/83 season. The full details of that
preliminary survey are not reparted here, but the
following important points can be noted.
Farmers report that during the last 20 years
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yields have declined substantially. As a result of
this, and the introduction of mechanization in the
early 1960s, fallow areas have decreased from
60 to 30% of the cultivated area. Wheat used to
be the principal crop (80% of cropped area), but
this has fallen to about 30%, largely being
replaced by barley. Lathyrus was also grown for
forage (10-15% of cropped area), but has
almost entirely gone out of production due to low
vield expectation and increased manual
harvesting costs.

Sheep numbers have declined, and the large
transhumnant flocks which traditionally moved to
the steppe for spring grazing have become
fragmented, although they still account for a
large proportion of the sheep population.

The 1982/83 survey indicated that currently,
20-30% of the land cannot be cultivated and is
used as communal grazing areas. Of the remain-
ing cultivated land, 6% is irrigated and the rest
rainfed. The land-use pattern of the cultivated
area is presented in Table 21 which compares
the mean results of the 20 villages surveyed with
the lan~ use pattern of the 19 farmers selected
for study in 1983/84 in the Bueda area.

Flock sizes in the 1982/83 survey varied from
3 to 800 head, with an average of 46 head.
Over 80% of the farmers in this survey had a
flock. These flocks fall into two broad categories:
large transhumant flocks of over 100 head
which move to the steppe in spring, and smaller
flocks averaging only 20-25 head, which remain
in the village throughout the year. The transhu-
mant flocks currently represent only 38% of the
flocks, but account for 78% of the sheep
population.

Cereal stubble grazing is an important component of the
sheep feeding cycle in much of ICARDA region.

The study conducted in the Bueda area in
1983/84 was designed to monitor ali com-
ponents of the farming system which related to
livestock production, and focused its attention on
the village-based flocks. Based on previous
survey work, a schematic representation of the
contribution of the various components of the

Table 21, Mean land-use patterns of 20 villages in the 250-300 mm rainfall zone compared with mean iand-use pattern

of 19 selected farmers in Bueda area.

% of rainfed cultivated ares

Summer
Barleay Wheat Legumes crop Fallow
Mean of 20 villages 45 19.5 2 1.5 32
Mean of 19 Bueda farmers 42 12.0 6 1.5 38
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Fig. 8. Feed cycle of flocks at Bueda.

system to the sheep feed cycle is given in Fig. 8.
The solid lines represent normal feeding practice
as determined during.the 1982/83 survey, and
the dotted lines represent the patterns observed
in the drought year of 1983/84.

From November to mid-February, supplemen-

tary feed constitutes the major source of feed.
This is either produced on farm (barley grain and
straw) or is purchased from outside (cottonseed
cake). The actual levels of supplementary feed
recorded in the sample flocks are given in Table
22. The arnount of feed given to sheep in Bueda
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Table 22. Levels of supplementary feed recorded for sample flocks in Bueda, 1983/84.

Size of % of ewes receiving

DM ME (o 4 sample supplementary feed
November 1.9(0.39)° 17 163 602 100
December]
January 1.9 (0.47) 19 190 580 100
February 1.5 (0.61) 19 182 414 100
March 0.8 (0.54) 9 96 416 57
April 0.2 (0.10) 3 55 401 23
a. sD.

DM = Dry matter kg/daylewe.
ME = Metabolizable energy MJ/day/ewe.
CP = Crude protein g/daylewe.

is very high (average 1.9 kg/ewe per day) com-
pared with the economically optimum value of
1.1 kglewe per day determined at Tel Hadya
Unit Farm. In spite of this, the liveweight gain of
lambs at Bueda, at 157 g /lamb per day SD +
42), was not higher than those achieved at Tel
Hadya which ranged between 161 and
234g/lamb per day over a 3-year period. All
these values are below the breed potential of
about 300g and 250g per day for male and
female lambs, respectively.

In more normal years, supplementary feeding
is stopped in February, and sheep become en-
tirely dependent on the communal marginal
grazing areas. However, in 1983/84 these areas
at Bueda were so unproductive that supplemen-
tary feeding was continued into April {Table 22).

The flock sample size started to decrease in
January due to the farmers’ decision to sell off
part of their flocks to raise money for purchasing
additional feed.

Sheep usually start to move onto the com-
munal marginal grazing areas following the early
rains in October/November to take advantage of
the first flush of growth. However, these areas
are becoming so degraded that it is doubtful
whether the daily energy intake during the winter
months compensates for the energy required to
trek there and back. This is supported by the data
that the flocks which trekked to the marginal
grazing areas in Noveinber, December, and
January received a higher level of supplementary
feed than the non-grazing flocks (Table 23).
Animals usually stay on these grazing areas until

Table 23. Seasonal movement of sheep onto marginal grazing areas as related to supplementary feed supply, Bueda,

1983/84.
Grazing duration DM intake

% of sheep (hr/day) (kg/ewe/day)

on communal Non- Non- Total
grazing Grazing grazing Grazing grazing sample

areas flock flock flock flock size
November 64 4 0 2.2 1.7 602
December 64 4 0 2.2 1.7 602
January 68 5 0 2.2 1.4 580
February 100 7 7 1.7 414




mid-May before being moved onto the barley
stubble after harvest, where they remain
throughout the summer. However, in 1983/84,
production was so low on these grazing areas
that the animals were removed at the end of
February, and started grazing the immature
barley crop, a practice which is seldom used in a
normal year. By the end of May the immature
barley crops had been grazed off and the supply
of feed in Bueda was almost entirely exhausted.
Many of the animals were moved cut of the
village to the wetter wheat-growing areas, again,
a practice which is not followed in more normal
years. Some of the animals remained in the
village and were fed on the residues from the ir-
rigated areas, a common practice even in gocd
years. The irrigated area is relatively small, but
the stability of production is an important factor
in the sheep feeding cycle, particularly in years
when the production of the rainfed areas is low.

Because of the movement of the sheep to
wetter areas, the flock manitoring ende ;1 in June,
and since all barley crops in the stucy area had
been giazed, the planned monitoring of crop
production could not take place. This was unfor-
tunate since within the Bueda area, a variety of
barley growing practices had been identified and
fields had been selected which would have
allowed a comparison of phosphate fertilized
versus unfertilized fields, manured versus un-
manured fields, and fallow/barley versus con-
tinuous barley cultivation. Productivity and
economic studies on these fields would have
provided further valuable information. However,
the study will continue during the 1984/85
season.

Fig. 8 indicates the crop calendar for various
options of annual forage production. An integral
part of this stuvy involved the testing of various
annual forages in farmers’ fields in the Bueda
area. The results of this study are reported below
in conjunction with other on-farm forage trials in
nearby Breda village, and the potential impact of
these options on the sheep feeding cycle are
discussed. — AR. Jaubert and E. Thomson
(PFLP).
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The Feasibility of Annual-Sown Forage
Legumes in Barley/Livestock Systems

As discussed earlier in this report, the possibility
of substituting annual forages for fallow has in-
terested |CARDA's Pasture, Forage, and
Livestock Program as well as the Farming
Systems Program for some time (FSP 1982a,
1982b, 1983; PFIP 1982). The principle is
simple. A legume crop uses land whicn would
otherwise be fallow or breaks continuous barley
cultivation. The forage legume produced is
valuable either for sale or as a nutritious feed for
the farmers’ livestock. As shown in this report,
legumes appear to be almost as beneficial as
fallow with respect to a subsequent cereal crop,
partly because they fix a proportion of the
nitrogen they usz, and partly because moisture
conservation in fallow years is minimal in these
dry areas. Finally, if the farmer is applying
phosphate fertilizer to the cereals, the legume
takes advantage of residual phosphate which
might otherwise become unavailable during the
fallow year. Thus, phosphate and a legume crop
in combination make a potentially more
economic package than either by itself.
On-station and on-farm trials with cereal-
forage rotation have been oromising. However, a
number of potential problems have been raised
by farmers participating in on-farm trials and
other research at Breda and Bueda (ICARDA
1984; Jaubert 1984). These include labor pro-
blems, high costs, and risks involved in growing
legumes in dry areas. Therefore, a survey was
undertaken to evaluate the feasibility of introduc-
ing legume crops, and the circumstances under
which they would be attractive to farmers.
Al-Bab mantika of Aleppo Province was
chosen because it has a great potential for forage
introduction, and also because it presents some
interesting contrasts to the Breda/Bueda area
where most of our other forage work is based
(Fig. 9). Al-Bab has a large ar=a of fallow in the
200-350 mm rainfall range where we hope
forages can be introduced. Although small, al-
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% The study area
Areas of al-Bab Mantika

excluded from the sample 200

Fig. 9. Location of the study area in Aleppo Province.

Bab makes up a large part of the cultivable dry
area of Aleppo Province, particulary in
Agricultural Stability Zones 2 and 3. In terms of
farm size and lanid per caput, it is fairly typical of
the province. However, it has relatively little
communal marginal grazing land, which affects
farmer adoption of forages in the Breda/Bueda
area (Table 24).

To assess the feasibility of adoption of annual-
sown forage legumes, a random sample of 24
villages, stratified by position on the rainfall gra-
dient, was surveyed. Information was collected
concerning the current and previous usage of
land, cultivation practices, hiring of labor, relative
costs and benefits of legumes and cereals, and
othet issues related to legume cultivation. Con-
siderable attention was given to livestock feeding
practices, because the demand by farmers to

@ Khanaysar

Ayn Al-Arab

Mantika .

A'azaz

‘Afrin

Al-Bab ,

Menbij f:

Jerablus 642837

‘Ayn al-Arab 273000 o

Jebel Sam’aan 1277724 . 733
Sfirsh 404327 - 66.77.
Total . 1850000 28.7 7

grow fcrages for their own use will depend upon
the ability of forage legumes to meet the deficits
in the feeding cycles.
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2, Some totals do not add up to 100% dus to roundmg off the declmal places

A total of 443 ha or 3% of rainfed land is
sown to legumes in the 24 villages. Areas of len-
tils and lathyrus are equal, while the vetch area is
about 25% smaller. Almost all of the legumes
(407 ha) are grown in the six wettest villages,
where they take up 9% of rainfed land (Table
25). They are usually grown in place of fallow in
rotation with cercals. However, legumes were

grown in rotation with fallow, i.e., in place of
cereals, in two villages, making up 25% of the
total legume area.

Legumes are usually planted on the deeper
soils; about 78% (346 halwere planted on soils
over 80 cm deep, while none were planted on
soils less than 40 cm deep. Unfortunately, most
rainfed land in the sample area is quite shallow
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T‘ablé 23, Depth of rainfed soils under annual crops in

sample villages.

Soll depth " Area {ha) Percentage
Deep (>80 cm) 3124 21
Mrdium {40 - 80 cm) 24256 16
Shaflow {<40 cm} 9323 63
Total 14872 100

and stony. Of the total, 63% is reported to be
less than 40 cm deep, while only 21% is more
than 80 cm deep (Table 26). On the betier soils
of the wetter villages, legume crops compete
with summer crops, which occupy twice as
much area of deep soils. To expand legume
areas substantially, they will have to be grown on
poorer soils and in drier areas than is currently
the case.

In spite of the small =:eas planted to forage
legumes, farmers wer: ramiliar with them. Many
farmers said that fo ! and forage legume areas
had formerly beer. greater. Areas are limited by
two closely relat«:d factors: yields and profitabili-
ty. Farmerz di not plant legumes in the drier
areas or on shallower soils because they ex-
pected vields to be low. Furthermore, costs of
planting and harvesting are high and profitability
is low. Based on estimated costs and returns to
crops currently grown, legumes are less pro-
fitable than cereals grown on deep soils (Fig.
10). Any expansion of legume cultivation into
drier areas and poorer soils will almost certainly
face even lower profitability, unless productivity
can be improved.

The legumes also have relatively high-initial
costs compared with cereals (Fig. 10). This is
due to high rates of costly seed, especially for
lathyrus (Table 27). Tillage practices or seed
treatment, which make more efficient use of
seed, would certainly improve the economics of
legume cultivation. Germination rates and plant
density should be monitored in future trials to
assess the potential of this approach.
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Table 27. Seeding rutes (kg/had for jsgumas In sample

villages.
. Group A

Entira sample {Uppor Zons 2}

flean 8D N Mean  SD N

Lathyrus 181 8511 219 66 B
Veich 149 £4 7 130 38 5
Lentils 119 37 7 126 40 5
Lathyrus/vatch 1.9 1.2 7 22 1.3 5
Lathyrus/lentils 20 1.1 7 23* 1.2 56

* Indicates that differences betwaean the means of matched
pairs ara significart at the 0.05 lavel.



“*\x‘

vﬁ\‘“,\

Nt N

.
.

u\

-

Barlev/ Livestock Svstems 27

V{M %‘

3 \\va \“

Hand harvesting of barley is a common practice in Syria, but the cost of hand harvesting forage legumes could be a con-

straint to adaption by farmers unless large vields are obtained.

Cutrent practce mn al-Bab, as clsewhere, s o
heanvest these crops, thresh

seed for sowmg i the subsequent

thegny, save sorme
and use
fus

tarmer,

vear,

the remamning seed and straw for feed.
miaximizes the value of the crop to the
proviching both scarce winter teed and also seed
to the Start up
However, this practice maeurs a bagh harvesting
cost. Jaubuert 11984) has called attention 1o thi
cost of harvesting as the mam factor loniting
lequme cultivation in the Breda/Boeda area.

It 1s important 1o note thae the harvest fabor
problem is pnimardy one of cost. In al-Bab,

ereals are usually hand harvested, and the same

reduct: next season’s Costs.

labor could be avalable for the legume
harvesting  season. Even in arcas with con-
siderable legume cultivation now, avalable labor
than sufficient, but the prnice s high
(Rassam 1984) However, costs and benefits
are relative. Currently, harvest costs are seen as
profubitive because of the low economic value of
ther vield., With increased yields or tighier prices,
its probable thet tugher labor costs could be

IS mofre

toterated.

Harvest labor nead not be hired. In Rassam’s
sample, 34% ol legume harvest labor was pro-
vided by the household. In a survey of lentl pro-
ducers in Syria 29% of the farmers harvested
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entirely by family labor (Salkini 1984). If in-
troduced forage legumes are limited to a small
part of total area, one would expect that family
labor could provide an even larger part of the
total. It is also possible that the harvest season
could be extended by collection of at least some
of the crop as hay before maturity, or through the
use of non-shattering varieties of forage
legumes. These options would permit more of a
legume crop to be harvested by family fabor.

Since househlod labor is largely provided by
women and children, it is likely that they have a
say in the decision to grow legumes; indeed,
there may be important questions of differing in-
centives for men and women in legume cultiva-
tion. We have no data on this point, but some
insights will be gained through interaction with
legume gyrowing households in the coming
season.

Thus there are two main questions concerning
hand harvesting of legume crops. First, what is
the availability and cost ot hired labor in the
target areas, and how do they affect farmer
decisions? Second, how available is household
labor, and what are the issues pertaining to its
mobilization? To address these issues in the next
season, two approaches are suggested. On the
one hand, a supplementary survey of legume
farmers in marginal lequme zones will add useful
information to the present survey. The survey will
focus on current practices, profitability, and laber
allocation through monitoring of inputs to and
outputs from legume fields. On the other hand,
large-plot on-farm trials in areas not currently
growing legumes will test the availability of labor
and its mobilization. These trials can be combin-
ed with monitoring of agronomic variables, but
will not directly test agronomic practices.

The sheep feeding cycle is a major factor in
determining the feasibility and best possible
usage of forage crops. In general, they will be
less useful at time when there are alternative
feeds available at low cost, and most valuable as
"substitutes for expensive feed. Winter has been
shown to be the time of greatest feed shortage in
previous ICARDA work, and this was confirmed

in the al-Bab survey. In spring and summer,
communal grazing and stubble are freely
available, and purchasing feed is rarely
necessary for most flocks (Table 28). This is in-
spite of the fact that al-Bab has relatively little
grazing land.

Table 28. Incidence of supplemantary fnsdmg in sprlng‘
and summaer, al-Bab, Syria. i

Number of villages -

Feeding practice Spring ‘Summer
Always feed 5 2
Bad years only 13 3
Never feed 6 19
Entive sample ] 24 24

Thus harvesting mature legume crops for
winter feed appears to be the favored option for
the near future. Spring grazing of barley is prac-
ticed to a limited extent, and it is possible that a
grazed legume crop could rnake a contribution to
spring feeding as well. However, due to the high
cost of seed, the resulting increase in livestock
productivity would have to be substantial to
make this practice worthwhile. This will be tested
in the Bueda area in 1984/85.

In conclusion, survey results suggest that the
forage legume area could be expanded, but only
if yelds can be economically in~reased.
Agronomy research for dry areas and poor soils is
required to increase yields. Practices to reduce
initial costs are also neered. Labor appears to be
sufficient for cultivation of larger areas than are
currently grown, but improved yields are needed
to make it worthwhile. Further studies next
season will assess (a) issues affecting the
availability and mobilization of labor, and (b)
whether improved management of the forage
crop in farmers’ fields can raise vields to levels at
which they are economically more attractive.

D. Tully.



On-Farm Forage Trials

In the section «Research in Alternative Crop
Rotations», results reported on the potential for
introducing forage legumes into dryland
barley/livestock systems indicate that fallow can
be replaced or continuous barley cropping
broken by the inclusion of a forage legume.
Phosphate addition is important, both for the
legume and the subsequent barley production.
Two separate sets of trials were undertaken in
1983/84 to evaluate various forage legumes in
the presence and absence of phosphate fertilizer
in farmers’ fields. The residual effects of these
treatments on subsequent barley yields will be
assessed in 1984/85.

In the first set of trials, three farmers’ fields
were selected in the Bueda management unit,
and five plots of 0.1 ha were marked out in each
field. Peas, vetch, and lathyrus were planted by
the farmer at a seed rate of 140 kg/ha with and
without phosphate as a split-plot treatment. Two
of the plots were left fallow. Samples (6
m2/treatment) were taken on 1 March to
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estimate dry matter available for green grazing,
and on 3 April to estimate dry-matter production
of the mature crop (see Fig. 8). At each sampling
date, the samples were analyzed for crude pro-
tein content and percent /n wvitro digestibility
(Table 29).

On the first sampling date, dry-matter produc-
tion was small. Phosphorus significantly in-
creased production in all three crops. Lathyrus
produced less dry matter than vetch or peas, but
due to its much higher crude protein percentage,
it produced good yields of protein per hectare. By
the second harvest date, yields were reasonably
good compared with scientist-managed trials at
Breda research station {see Long-Term Rotation
Trials, discussed earlier). There were no signifi-
cant differences in dry-matter production bet-
ween species, but phosphate significantly in-
creased yields in both peas and vetch. Crude
protein values were again highest in lathyrus giv-
ing it an apparent protein yield advantage. Vetch
had the lowest /n vitro digestibility at the first
harvest, but by the second harvest all species
were similar.

These on-farm results are encouraging in that

Table 29, Forhge yields (kg/ha) and nutritive vs'ue on (A) 1 Mar aﬁd'(B) 3 Apfr. 1984,

. o “In vitro , , »
“Treatment Total DM digestibility % Crude = -’
’ (kgfha) of DM . protein-
{A) Picum . = PaOs . 370 73.8 14.4
: + P20s 617 67.8 12.2
Vetch - Pa20s 457 59.8 15.4
' + P20s ' 674 59.6 14.7
Lathyrus « P20s. 343 - 73.3 23.2
: o+ Pa0s 447 - 721 217
LsD(0.05} = - .’ : 99 s 3
(B) Pis'ym - - ~POs . 900" 54.4 . 8.8
P + P0s - 1220 59.1 . 9.6
~ Vetch - P08 ‘843 54.5 " 10.4
: '+ P20s - 1090 56.6 . 12.6
Lathyrus -.PCy 923 58.3 130
A "+ P1Cs 1053 58.4 - .15.8
LSD.{0.05) . o 225 . : T
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Both meat and milk are important end-products in barley/livestock dominated farming systems in West Asia and North

Africa.

yields were similar to those obtained on research
stations. Work will continue on the agronomy of
these fo age species as it is clear that improved
yields are vital if forage production is to become a
viable and economic proposition. However, little
on-farm research seems to have been conducted
on measuring the conversion of forage dry mat-
ter into animal products such as milk and
liveweight gain. These are major end-products of
barley/livestock systems and are criteria by
which farmers will judge the value of introduced
forage crops.

First attempts to measure the liveweight gain
of lambs grazing forages were made in

1982/83. In the second set of trials in the
1983/84 season the milk-production potential
of these forages (with and without phosphate
fertilizer) was measured using lactating Awassi
ewes. Milk production was chosen because it is a
more tangible commodity than liveweight gain.
Such grazing trials inevitably require large plots
and modified flock management. Although it was
intended to conduct three such trials, only one
farmer in the study area could be found who
would provide sufficient land for the trial. As he
did not own sheep, it was agreed that ICARDA
sheep would be provided and the farmer would
receive the milk and wool. The low rainfall of the



season resulted in poor dry-matter yields from
the vetch crop grazed by the lactating ewes and
thus the plus and minus phosphate areas were
grazed as one. Some of the results from this
grazing trial are outlined velow.

On 21 March dry-matter yields of the vetch,
with and without 50 kg P20s/ha, were 459 and
307 kg/ha, respectively. During the 35 days of
the grazing trial, the 0.76 ha total plot area sus-
tained five ewes each of which produced 731 g
milk/day and gained 52.9 g liveweight daily.
These pefformance levels convert into a stocking
rate of 6.6 ewes/ha, 168 kg milk/ha, and 12.2
kg liveweight gain/ha. In spite of these low out-
puts of milk and liveweight, the approximate
gross revenue of SL 638/ha was only SL 22/ha
less than the crop establishment costs, excluding
a charge for shepherding. This is an encouraging
result in view of the fact that dry-matter yields of
1000 to 1200 kg/ha were attained at the same
location in the previous year, and in Bueda in
1983/84 (Table 28).

In a drought year such as 1983/84 forage
legumes provide valuable extra grazing,
especially since communal village grazing tends
to be poor and in greater demand. Fewer village
flocks go to the steppe, and steppe-based flocks
tend to search for grazing in the cultivated areas
sooner than usual. However, in order to be at-
tractive to farmers, introduced forage crops must
provide economic outputs of milk and liveweight
which exceed the levels attained when ewes
graze commune! village marginal lands or the
steppe. The latter practice incurs no cost to the
individual farmer but represents a loss to the
community due to the degradation of these
native pastures. The 1984/85 on-farm forage
and livestock research aims to address some of
these issues by monitoring the milk and
liveweight proauction of ewes grazing introduced
forage legumes as compared with ewes grazing
communal village areas. As well as being of
benefit to the farmer, this strategy aims to con-
serve the fragile native pastures which need to bz
rested in spring. — A. Jaubert, T. Nordblom, and
E. Thomson (PFLP).
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On-Farm Barley Trials

During the last five growing seasons, our barley
agronomy research has shown consistent and
economic responses to phosphate tertilizer, and
in wetter years, but to a lesser extent, nitrogen
fertilizer. Even in the very dry 1983/84 season,
such responses were again observed (see
Agronomy within Fellow/Barley Rotation and Ef-
fect of Crop Rotation on Fertilizer Response). Fig.
8 shows that barley is the main source of sheep
feed, both as supplementary feed during the
winter months, and as stubble grazing after
harvest. Even in very poor years, barley provides
a major source of feed as a green-grazed crop.
Economic increases in barley grain and straw
production through fertilizer use could have a
large impact on the system in several ways. Less
supplementary feed would have to be purchased
during the winter months, and the early grazing
of the communal marginal areas could be
reduced. In addition, a greater supply of stubble
feed would be available during the summer
months. In drought years, improved soil fertility
would result in more rapid early growth, and thus
even if barley were green-grazed, a greater sup-
ply of feed would be available.

In 1983/84 the impact of fertilizer on barley
production was assessed in a series of farmer-
managed trials in collaboration with the Ministry
of Agriculture and Agrarian Reform, Soils
Bureau, Syria.

A 2 x 2 factorial trial (N O and 30 kg/ha; P20s
0 and 60 kg/ha) was sown on 20 farmerg’ fields
in barley growing areas in Aleppo Province,
Syria. The four treatment combinations were
replicated three times at each location. Prior to
sowing, soil samples (0-40 cm) were taken from
five locations in each field, bulked, and analyzed
for available nitrogen and phosphorus. Rainfall
was recorded at each location weekly.

The land was prepared by the farmer accor-
ding to his usual practice of ridging with a
duckfoot cultivator. After the plots were marked
out, the farmer broadcast the seed (Arabi
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Aswad, 100 kg/ha) and fertilizer, and covered
the seed either by splitting the ridges with the
cultivator, or through the use of a tabban, a
heavy metal pole which is pulled over the ridges.
Sowing was completed between 19 Oct and 19
Nov 1983.

The very dry season and poor distribution of
rainfall had a marked effect on this trial. At some
locations, germination was poor, and the very
dry month of February subsequently kilied the
crop. At locations where the crop germinated
and survived the drought, differences in growth

associated with phosphate application were
clearly apparent in fallow/barley rotations, and
the importance of nitrogen and phosphate was
evident in crops preceded by barley. Due to the
poor rains, most farmers decided to graze off
their barley crops to provide feed for their sheep
which was in very short supply. As a result of
crop death and grazing, crops at only two of the
20 locations reached maturity (Kafr Abeed and
Khanasser} and were harvested.

Details of rotation, soil analyses, and rainfall
are presented for each location in Table 30, and

Table 30. Details of 20 locations in NW Syria at which on-farm barley fertilizer trials were conducted, 1983/84.

Site Rotation NH*+ NO-» P-Olsen Seasonal rainfall
{(ppm) {(ppm) {mm)
Kafr Abeed FiB 1053 2.51 196
Bueda FIB 12.60 2.74 165
Batraneh FiB 4.94 1.73 159
Batraneh BB 3.47 1.86 1569
Kafr el-Mansour 718 13.39 3.48 116
Ergel FiB 5.95 2.02 133
Al-Monbateha FIB "10.13 3.45 147
Tawalesl FIB 8.30 3.61 75
Hanouteh ‘FIB 14.92 2.45 80
Nawwara FIB 49,18 7.24 92
Mezeile B/B 12.80 ' 5.74 96
Qorbatieh ii:] 61.06 4.24 133 -
Qorbatieh B/B 19.98 5.00 133
Kharasser FIB 21.62 4.22 152
Hawaz B/8 5.93 3.81 140
Niszraa : FiB 16.90 5.47 134
Roweheb FiB 13.71 3.93 125
El-Jeneid Fia 9.72 3.95 113
Qobbatein. FiB 19.91 2.76 128
Qobbatein B/B 7.02 2.12 128

Table 31. Total dry-matter (kg/ha) production of barley in two farmers’ fields in NW Syria, 1983/84.

Treatment
Location Rainfall (mm) NoPo N +Po NP+  N+P+  LSD (0.05)
Kafr Abeed 196 870 1640 1680 326
230 350 380 170

- Khanasser 152




the total dry matter obtained at two locations is
reported in Table 31. The soil analyses data are
of interest. At some locations the trial was laid
down in adjacent fields in contrasting rotations
{see Batraneh, Qorbatieh, and Qobbatein). At the
two latter sites, available nitrogen following
fallow was much greater than following barley
and the same trend was apparent at Batraneh.
This supports previous research which showed
an increase in available nitrogen during a fallow
vear (see Effect of Crop Rotation on Fertilizer
Response). Soil phosphorus levels were low at all
locations. Calibration of the Olsen soil test with
cereal responses to applied phosphate has
shown that responses would be expected in
dryland soils (rainfall < 400 mm) where the soil
test gave values less than 9.0 ppm. Data in
Table 30 indicate that responses would have
been expected at all locations, with very pro-
nounced responses at 80% of the locations
where available P-levels were below 4.5 ppm.
This indication of widespread phosphate defi-
ciency supports previous soil analyses of barley-
producing areas in Syria. A survey of 158
farmers’ fields in NW and NE Syria in 1982
showed that in 85% of the fields, P-Olsen values
were below 9 ppm.

Reasonable yields were obtained at Kafr Abeed
(rainfall 196 mm), but were very low at
Khanasser (152 mm) (Table 31). Treatment ef-
fects were highly significant at Kafr Abeed (P <
0.01), but just failed to reach significance at
Khanasser (P < 0.05). At both locations, the
crop was preceded by fallow, and there was no
response to nitrogen fertilizer at either site, but
responses to phosphate were observed, in
agreement with previous results.

With data from only two locations, firm con-
clusions cannot be drawn. The residual effects of
the treatments applied in 1983/84 will be
studied at selected sites in 1984/85, since at
many locations this year's production largely
mimiced a fallow, and farmers will plant barley
for a second year in succession. — FSP and
Ministry of Agriculture and Agrarian Reform,
Soils Bureau, Syria.
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Conclusions

Encouraging results were obtained in an
unusually dry year. The following conclusions
can be drawn.

1. Even in dry years, substantial responses of
barley yields to phosphate can be achieved
in the year of application. The residual ef-
fects of phosphate fertilizer on subsequent
crops will make the economics of its use
even more attractive.

2. Crop rotation x fertilizer-response interac-
tions occur. in fallow/barley rotations the
major response is to phosphate, but in
continuous barley, responses to nitrogen
are also found.

3. Improvements in barley production are
likely to have very beneficial effects on the
economics of sheep feeding through a
reduction in supplementary feed costs dur-
ing winter, greater supply of stubble graz-
ing during the summer, and in dry years, a
greater suprly of green-grazing material
combined with improved chances of grain
production. Higher production per hectare
could also reduce the area of land under
continuous barley.

4. Annual-sown forage legumes, capable of
providing higher quality sheep feed, con-
tinue to show promise as an-alternative to
fallow, or as a break in continuous barley
cultivation.

5. These forages have shown significant
responses in BNF and vyield through im-
proved management, with correct seed
rate, inoculation, and phosphate fertilizer
being important. There are indications that
both BNF and yields may be further im-
proved through the control of soil pests,
principaily sitona weevil larvae and
nematodes. .

6. The introduction of forage tegumes could
have dramatic effects on current sheep
feeding cycles either as green grazing, hay,
or a mature crop. However, high seed and
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harvest costs are economic constraints to
adoption at current vyield levels.

7. The evaluation of the economics and im-
plications of the three possible options for
using legume forages on the sheep feeding
cycle and productivity will need to be
carefully assessed in order to establish
research priorities and increase the
likelihood of farmer adoption.
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Project 3: Intersystems

Research

Our intersystems research spans across a range
of environmental and socioeconomic conditions.
1t also covers a wide range of topics, but in all
cases has a common rationale. In the ICARDA
region, which is climatically and environmentally

diverse, it is important to understand the effect of
variability on the social and biological factors
associated with agricultural production systems.
For a proper evaluation of such interactions we
utilize the temporal and spatial variability
characteristics of ICARDA region.

By conducting our research across a range of
environments, we can in many instances reduce
the time required to characterize season-to-
season variation in response. When the facters
associated with seasonal variation can also be
found across locations in a given year, then site
and season variation can be combined in
analyses. Such an approach is especially useful
when the environmental parameters affecting
response can be clearly identified and measured.
As an example, variations in barley yields across
four seasons and five locations were related to
available soil nitrogen and phosphorus, applied
nitrogen and phosphorus, seasonal rainfall, and
seeding rate. Here, both season and site varia-
tion are attributed to the same critical, but easily
measured environmental parameters. This allows
both temporal ard spatial extrapolation of
observed responses to other environments
where the same parameters control barley yields.
This approach, in which rainfail is one of the
critical variables, is complemented by analysis of
long-term daily rainfall records in terms of pro-
bability of amounts and distribution. Responses
of a whole range of factors will depend on rain-
fall, and an example of how nitrogen fertilizer
strategy for contrasting locations can be
evaluated in the light of analyses of long-term
rainfall records is presented below.

A third important field of research is the pro-
duction of a comprehensive agroecological
zonation scheme. This is a long-term effort and
requires an understanding and integration of a
complex range of crop x soil x environment in-
teractions. We believe that such a scheme re-
quires the combination of a knowledge of soil
conditions, the analyses of long-term weather
data and its use with crop growth simulation
models which will predict crop performance
under the temporal and spatial variations in con-



ditions which occur in our region. Results are
presented below which illustrate potential uses
of such models, and also a more detailed ac-
count of how such models can be used in
agroecological zonation.

Analysis of Multiple Site-Multiple
Season Trials

A cost-effective way of conducting research in
variable environments is to conduct «Multiple
Site-Muitiple Season» {MS-MS) trials.

To be effective, MS-MS trials require a
research area that is fairly homogeneous except
for a few critical environmental parameters.
More precisely, each site in a given season can
be interpreted as «a state of the environment.»
When results from these «states of the en-
vironment» are analyzed in a pooled manner, the
effects of the environmental variables can be
assessed quantitatively. Even if many en-
vironmental ‘conditions cannot be observed in a
given location, information from other locations
with different environmental conditions can be
used to deduce resuits for-that given location.

The choice of the sites is critical. The sites
should be representative of the physical condi-
tions of the area and should also exhibit
manageable environmental differences. Such
differences need to be sought and identified at
the diagnostic stage of FSR and monitored during
the experimental phase.

The environmental differences need to be
«manageable»; the effects of too many factors
will confound the analysis. Furthermore, there
will be some measurement problems; while there
will be many plot values from each site-season,
some environmental variables will have =nly one
value per site per season (e.g. total seasonal
rainfall).

Environmental factors are treated as variables
along with experimental factors in the regres-
sions analysis.

This approach was used to analyze data from
trials which examined barley responses to seed
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rate, nitrogen, and phosphorus at five locations
in northern Syria over four seasons. These data
are used mainly to illustrate the approach rather
than to assess these trials.

A functional relationship was specified incor-
porating the environmental variables of rainfall
(R, mm/year), available soil nitrate-nitrogen (NA,
pprn), and available scil phosphorus (PA, ppm)
and the experimental variables of seed rate (S,
kg/ha), nitrcgen fertilizer (N, kg/ha), and
phosphate fertilizer (P, kg P20s/ha) and relating
them to grain yields. The model involves linear
and quadratic effects as well as interactions.
Complete results and specifications are provided
in Somel (1984). The regression results are
given in Table 32.

The economically optimal fertilizer rates can be
found from the general model for average rainfall
conditions and actual levels of available
nutrients. Then, one can observe how these op-
timal recommendations would fare given the
distribution of rainfall around the mean. This was
done for the relatively typical barley prod.ction
area of Breda, using a seed rate of 100 kg/ha,
and using 200 kg/ha grain vyields for rainfall
under 200 mm (Table 33). (This 200 kg/ha is
the grain equivalent of grazeable dry matter
when harvest is not feasible due to crop failure.)
The predicted yields when current «optimalw
levels, as used in trials on farmers’ fields, are
substituted in the general model are also given in
Table 33.

In assessing the results, two important points
must be borne in mind. First, the trials were not
specifically designed for this type of analysis. In
this case, the utilization of «site» to assess the
effect of rainfall variation is likely to confound the
effects of rainfall and soil type. The soils at Breda
are classified as Calcic Xerosol whereas the soils
at the two wettest locations, Jindiress and Kafr
Antoon, are both Chromic Vertisols, and the soil
at the intermediate site, Tel Hadya, is a Vertic
(Calcic) Luvisol. Thus, there are likely to be ef-
fects associated with barley yields obtained at
high rainfall levels which are not accounted for in
the model. Second, various imbalances in the



46 Farming Systems

Table 32. Pooled regression results for barley (n = 872)

cv Baecher grain yields (kg/ha).
General model
Variables Coefficient sl (%)
Constant -8644.5 0
S 21.8 9
N -14.8 38
P 56.5 0.1
SN 0.158 16
SP -0.086 49
NP 0.072 60
S -0.030 58
N2 0.001 99
pz -0.440 0
RS -0.048 15
RN 0.104 2
RP . -0.144 0.2
RSN -0.00041 16
RSP 0.00029 38 .
RNP -0.00018 81
RS? 0.00005 73
RN? -0.000156 59
RP2 0.00120 o
R 41.7 0
R2 -0.034 0.1
NAS 0.010 87
.MAN -0.111 12
NAP 0.105 12
PAS -0.726 10
PAN -1.631 0.5
PAP -0.306 6556
NA -207.6 0
PA ) 761.3 0
NAR 0.779 0
PAR -2.451 0
R-square 0.7234
Adjusted R? 0.7135
F 73.3 0
SEE 584

Note: sl(%) = Significance level in percent. O means the
significance level is higher than 0.06%.
SEE = standard error of estimate.

number of observations between sites and years
would affect the resuits. Third, during the three
seasons in which the data were collected, we did
not experience a very dry year, and thus the
model is not able to predict crop respense very
accurately under such conditions. This is evident
in Table 33, and as dicussed earlier a grain yield
of 1070 kg/ha with fertilizer levels of Neo Peo was
obtained with a rainfall total of 200 mm, and
yields over 500 kg/ha were obtained ‘at
Khanasser where the rainfall total was only 150
mm. Thus, the actual figures in Tables 32 and
33 should not be critically examined, since they
are presented mainly to illustrate the approach.

The data presented illustrate the following

points:

1. Even though soil types varied considerably
across locations, the general model ac-
counted for over 70% of the variation in
barley grain yields through consideration of
the six parameters.

2. The use of the model allows the prediction
of response surfaces for a range of en-
vironmental conditions.

3. It is possible to find optimal levels of inputs
based on average (or any other) condi-
tions. Subsequently, it is possible to
evaluate how the associated vyields will
perform under different environmental
conditions. This was done for Breda (Table
33).

4. If probability distributions of environmental
conditions are available, probability of
yields for given recommendations of inputs
can be obtained. For Breda, the indications
are that fertilizer use will be profitable 80%
of the time.

5. The value of environmental information
can be calculated. In the present study the
value of both rainfall and available nutrient
information was found to be positive for
the typical barley production area of Breda.
This was equal to the value of 141 kg/ha of
barley for rainfall information and 99 kg/ha
of barley for information on available
nutrients.
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Table 33. Comparison of grain yields of various input levels at Breda according to rainfall distribution.

Net returns (kg/ha)

Grain yields (kg/ha)

Current Current

Rainfall Frequency General «optimal» No General «optimal» No

{mm) % model input levels fertilizer model input levels fertilizer
1125 5.3 -307 -17 200 200 200 200
137.5 5.3 -307 -17 200 200 200 200
162.5 5.3 -307 -17 200 200 200 200
187.5 5.3 -307 -17 200 200 200 200
262.5 21.1 1617 1504 1049 2124 1721 1049
287.5 26.3 1966 1790 1378 2472 2007 1378
312.5 5.3 2272 2033 1664 2779 2250 1664
337.5 5.3 2536 2234 1908 3043 2451 1908
362.5 5.3 2757 2393 2109 3264 2610 2109
412.5 10.5 3074 2584 2386 3581 2801 2386
462.5 5.3 3222 2606 2494 3729 2823 2494
Average 1684 1544 1307 2191 1761 1307

Note: The optimal fetilizer rates for the General Model are N = 81, Pz0s = 66 kg/ha.
The current «optimal» input levels are approximately those used on trials on farmers’ fields; N = 20 kg/ha, P20s = 45
kg/ha. The input levels are substituted into the general model to derive distribution.

6. However, it was also found that positive
marginal rates of return discourage very
quickly the use of fertilizer in typical barley
areas like Breda.

The details of these resuits can be found in
Somel {1984). However, one point needs some
elaboration. The economically optimal fertilizer
levels as determined from the general model are
quite high (Table 33). The nitrogen level that has
been found necessary to achieve the biological
potential is close to 85 kg/ha (ICARDA, Soil Fer-
tility Research, Progress Report 1983/84). The
P20s leve! of 66 kg/ha is more reasonable but,
given the current practices, still high.

These optimal input rates for the average en-
vironmental conditions are based on two
assumptions:

a. The prices used are government prices.
The actual prices to farmers may be dif-
ferent and probabty higher due to incor-
poration of transport costs. This would
reduce optimal input rates.

p. It is assumed that the farmers maximize
profits with a zero marginal rate of return.
As such, the analysis is limited to the specific
case of barley and excludes other interacting or
independent activities of the farm household.
However, it is possible that due to the existence
of uther more profitable activities, inflation or in-
teraat and risk premiums, the farmer may require
a positive marginal rate of return. This can easily
be incorporated into the analysis. Instead of
eguating marginal products to (relative) market
prices, they are equated to (relative} market
prices times a factor of one plus a positive
marginal rate of return:

dyldx = (1 + MRRIP,

where x is an input and P, is the relative price
of the input.

Sensitivity analyses using MRR of 0, 50, 100,
and 150% were conducted. Optimal input rates,
costs, returns, and yields are giver in Table 34



48 Farming Systems

Table 34. Economically optimal input rates, costs,
returns, and yields in Breds under different
margins! rates of return.

Marginal rate of return %:
0 50 100 150

N tkg/ha) 81 55 20 5
P:0s (kg/ha) 66 55 45 34
Cost (kg/ha) 507 377 2563 127
Net returns (kg/ha) 1684 1667 1582 14565

Graing vield (kg/ha) 2191 2034 1835 1582

Note:  Costs and returns have been converted to grain-yield
units. The economically optimum input levels are
calculated according to average environmental
conditions.

for these MRR. It can be seen that increasing
MRR implies a decrease in input use due to in-
creasing declines in average net returns.
However, one must acknowledge risk factors as
well as other factors which do affect input use.
As such, the lower optimal input rates, especially
those for MRR = 100%, appear to be more
realistic: N = 30 kg/ha and P2 Os = 45 kg/ha.

The approach developed here is considerably
iess sophisticated than a crop modeling effort
(see The SIMTAG Wheat Growth Model, below).
Hence, it does not require the skills necessary for
crop modeling. Knowledge of standard regres-
sion technigues is adequate. However, it is highly
possible that the approach may tax the memory
limits of small computers. The model is
somewhat more complex than estimating simple
regressions for each site in each year. However,
the environmental variation in the rainfed areas
poses complex problems for agricultural produc-
tion and research. Seeking simple answers to
complex problems in such environments may
result in inadequate solutions.

In spite of the lifitations inherent in this ap-
proach, it clearly has useful implications. We in-
tend to test this technique further in the coming
seasons, utilizing a data set from a series of trials
specifically designed for this purpose. The trials
examine phosphorus and nitrogen responses of
barley at 15 representative dryland locations

throughout the barley growing region in Syria us-
ing a 4 x 4 factorial design. Soil analysis for
available soil nitrate and Olsen extractable
phosphate will be done for each location, and
weekly rainfall will be recorded. In addition, these
trials will be located in a more homogeneous
research area than was the case for the data set
used to illustrate this approach. — K. Somel.

Probability Analyses of Long-
Term Rainfall Data

The initial analysis of daily rainfall data from six
stations in northern Syria outlined in the 1983
Annual Report was completed in cooperation
with the University of Reading (Dennett et al.
1984).

These results were further evaluated in the
1983/84 season in terms of the manner in
which the differences in precipitation regime,
highlighied between the six sites, potentially in-
fluence the management of crop rotations in
northern Syria. The major conclusion of this
study is that recommendations for improved
management in the broad ecological zones in
which barley- and wheat-dominated rotations
are found need to be carefully tailored, within
these zones, to long-term expectations of
precipitation regime. For example, in the case of
the wheat-dominated, 350-600 mm seasonal
precipitation cropping zone, there is generally a
substantial response in cereal crops to applied
nitrogen fertilizer when soil phosphate conditions
are non-limiting and weeds are controlled.
However, this response will be in some degree
tempered, particularly in terms of the economic
optimum amount of N to apply, by the current
season’s rainfall. As already reported in the
1983 Annual Rerort, there is gross in-
terseasonal variabilty in rainfall at the sites
studied in this ecoiogical zone. For example, in
10% of years at Jindiress totals of less than 350
and more than 60 mm of seasonal rainfall can
be expected.



A uniform nitrogen fertilizer application
strategy is therefore a suboptimal economic
solution. The preferred alternative is for farmers
to assess the likelihood of a season’s productivity
being either rainfall or nitrogen limited on the
basis of rainfall already received, and to adjust
their management accordingly.

The probabilities of having received more than
specified amounts of rain, by particular dates
covering the period when decisions on topdress-
ing are made, are given in Table 35. These data
emphasize the variability in precipitation regime
evident between the sites. For example, 200
mm of rain by 1 Feb probably approximates to
the lower limit justifying a topdressing at this
time. This would occur about 7 years out of 10

Table 36. The probability of receiving more than specific
amounts of rainfall between October 1 and the
date shown at three locations in northern Syria.

Amountv
{mm) 1 Feb 14 Feb 1 Mar- 15 Mar
Jindiress
200 0.70 0.84 0.93 0.97
. 226 0.66 0.73 0.86 0.94
250 0.43 0.61 0.77 0.89

275 0.30 0.48 0.67 0.83
' 300 0.20 0.36 0.55 0.72
350 0.08 0.18 n.32 0.50

A’azaz

200 0.68 0.74 0.87 0.93

225  0.46 0.63 0.77 0.87
250 0.31 0.49 0.67 0.79

275 0.18 0.38 0.55 0.70
300 0.1 0.25 0.43 0.57
350 0.05 0.1 0.22 0.33

Saragueb

1200 0.40 0.59 0.74 0.83
.225. 0.25 0.43 0.60 0.70

* 250 0.16 0.29 0.45 . 058 -
- 275 10.09° 0.18 0.32

/300 . 0.04 C.10 0.20

38070 001 003 007 : .0

Intersystems Research 49

at Jindiress, 6 out of 10 at A'azaz, but only 4
years out of 10 at Saraqueb.

Fertilizer practices can be adjusted to meet the
environmental conditions of the current season.
If, for example at Jindiress, 300 mm of rain is
received by 1 Feb, then that year would be
among the wettest 20% of years and a heavy
nitrogen topdressing would be sensible (Table
35). However, a more conservative dressing,
such as 50 kg N/ha could be applied at this time
and a second assessment for a possible further
application could be made in mid-March. This
judgement would be superior to examining crop
growth only, as it helps to predict future growth
potential from stored soil moisture rather than
merely growing conditions up to the date of
observation.

Expectation of future rainfall also can be a
useful guide to fertilizer practices. Amounts of
rain expected between 14 Feb and the end of the
season are given in Table 36. There is con-
siderable variability between years at each site
but the differences between sites ere also large;

Table 36. Amounts of rain {mm) between 14 Feb and 31
May exceeded in various percentages of years.

% Years Jindiress A'azez Saraqueb
80 135 112 83
50 176 156 116
20 227 206 154

for example more than 150 mm rainfall in this
period will occur in only the wettest 20% of
years at Saraqueb but in about 65% of years at
Jindiress. These, of-course, are general prediic-
tions rather than for specific years but provide
estimates of risk. This example clearly suggests
that fertilizer recommendations should be
carefully assessed between sites within broad
environmental zones and, where possible, in-
dicate the need for a flexible response to the cur-
rent season’s precipitation, which would assist in
economically optimizing fertilizer application
strategies. — D. Keatinge.
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The SIMTAG Wheat Growth
Model

The SIMTAG (Simulation of Triticum Aestivum
Genotypes) wheat growth model, which is the
result of a cooperative program between ICAR-
DA and the University of New England, Australia,
was installed at ICARDA’'s Harry S. Darling
computer center in August 1984. Some of the
initial  results obtained from simulating the
response of wheat to environmental variability for
four sites in Aleppo province are outlined below.

The sites are spread across the rainfall gradient
(Table 37), but experience similar temperatures

Optimal Maturity Tvpe

Use of the model permits us to examine which of
the wheat-maturity types — early, medium, or
late — would be the most productive in the en-
vironment of northern Syria.

Fig. 11 shows the cumulative probability
distributions of simulated grain vyields for three
cultivars of differing maturity type (carly
Sonalika, medium = Mexipak, late = Novi Sad)
sown in carly November.

For the drier sites, Aleppo and Breda, the ob-
vious choice among the three cultivars would be

‘Ta‘}il'é '37. Mean monthly rainfall and temperature for four siiss in Alepro Province,

Sept Oct Nov U= Jam Feb  Mar  Apr Moy Juse  July Ang Sroao -
Jindiress : o
Avar. max temp. (°C) 321 264 203 132 1.0 137 178 227 283 5323 E30 330 238
Aver. min temp. (°C) 17.2 123 80 47 57 42 86 92 133 175 208 206 1.5
Monthly LTA rainfall (mm) 1.7 28,1 48.9 1020 887 751 6€1.0° 483 201 508 00 097 476
Kafr Antoon
Aver. max teivip. {°C) 327 2569 167 112 85 104 149 208 261 325 344 340 223
Aver. min icp. (°C) 176 108 26 08 02 06 25 7.4 111 189 207 203 9.2
~ Monthly LiArainfall (mm) 2.1 238 41.1 886 852 8549 661 464 223 17 00 03 435
{for A'azaz)
. Aver. max temp. (°C) 332z 270 191 121 98 124 167 220 284 335 369 368 238
_ Aver. min tamp. (°C) 174 126 66 36 1.8 30 54 91 133 180 208 206 i1.0
Monthly LTA rainfall (mm) 313 21.0 346 70.75 71.2 53.3 447 334 163 183 009 037 350
Breda :
Aver. max iemp. {°C) 347 280 170 126 102 118 16.7 22. 251 338 3556 352 239
Aver. min temp. {°C) 163 104 34 22 19 10 39 69 11.3 157 197 166 9.2
- Monthly LTA rainfall (mm)  1.68 13.08 52.57 60.5 46.9 37.24 36.62 36.99 16.92 155 027 0.J 283

during the growing season. The ¢nly exception is
Kafr Antoon, which receives rainfall totals close
to those of Jindiress but has approximately 2.5
°C lower winter temperatures.

the early maturing one, whereas at Jindiress, the
wettest site studied, there is virtually no dif-
ference between the medium and late cultivars,
both of which outyield the early cultivar there.
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Fig. 11. Cumuiaiive probability distributions of grain yields for three cultivars of differing maturity type sown early

November.

At Kafr Antoon, because of the lower winter
temperature, only the early cultivar flowers early
enough to avoid severe water stress during the
grain-filling period in most years, and it outyields
:he late cultivar at this site in 6 years out of 10.

The ranking of the cultivars at each location
does not vary sianificantly if the sowing date is
changed.

Wetting Depth and Rooting Depth

The SIMTAG model can be used to examine the
depth of the wetting front in the soil profile and
subsequent crop rooting depth.

Fig. 12a shows the simulated development of
wetting depth and rooting depth at three pro-
bability levels for the cultivar Mexipak at Aleppo.

The median wetting depth occurs in five seasons
out of 10. Conversely, in another 20% of
seasons the wetting front does not penetrate
deeper than 35 cm into the soil.

In the model, rooting depth means depth of
water extraction. Three different types of grow-
ing season can be distinguisi.ed on the basis of
the relationship between wetting depth and
rooting depth:

— Seasons in which rooting depth is not
restricted by shallow wetting depth and
roots reach the bottom of the profile {this
happens approximately in one season out
of five).

— Seasons in which the roots reach the depth
of the wetting front, usualiy about the
middle of April, and are able to penetrate it
and rnake use of moisture stored in the
lower part of the profile during previous
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Soil moisture status is measured with a neutron probe. An
understanding of soil and crop moisture dy. amics is
necessary to evaluate improved practices in dryland
areas.

seasons (approximately one seascn out of
twol, and

Seasons in which root growth is severely
restricted since the roots are unable to
penetrate the wetting front at shallow
depth because the soil layer underlying it is
too dry to permit root growth (approx-
imately one season out of four).

Fig. 12b shows the simulated extractable
soil-moisture content in the rooting zone at the
same three probability ievels. Between sowing
and germination, the root zone is taken as sow-
ing depth plus:3 cm.

The differences between the curves early in
the season are due to differences in the timing of
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Fig. 12. Simulated depths of wetting and water extraction
and simulated percentage of extractable moisture in the
root zone for the cultivar Mexipak it Aleppo.

the break of season from year to year. If crops
can be considered free from moisture stress as
long as the extractable moisture in the root zone
exceeds 40% to 50%, this is the case from the
middle of October until early May in the wettest
20% of seasons. In the driest 20% of seasons,
however, crops are free of water stress from ear-
ly December to the middle of March at most.

The results for Breda are very similar to those
for Aleppo. At Jindiress and Kafr Antoon,
however, the median depth of wetting was ap-
proximately 120 cm and the wetting front
reached at least 70 cm in 4 years out of 5. Root
growth at these locations was never restricted in
the simulation by dry soil layers.



The Effect of Fallow on Soil Moisture
and Grain Yield

Using the SIMTAG model! over a historical run of
data also aliows pioductivity of wheat/fallow and
continuous wheat-cropping rotations to be
compared. Simulated yield totals over 20 years
for continuous wheat were significantly higher
than those for a wheat/fallow rotation at Jin-
diress, Kafr Antoon, Aleppo, and Breda. This is
because only under certain infrequent conditions
does fallowing have a significant effect on
avaiiable moisture during the subseguent
season. This occurs only when rainfall during the
fallow season is sufficient to allow deep moisture
storage in the profile which can be conserved to
the following cropping season, and the cropping
season is dry enough to allow a response to
stored moisture, but enough rain falls to permit
the roots to penetrate the wetting front and
utilize the soil moisture stored during the
preceding fallow perind.

Based on moisture considerations alone, it can
be concluded that this combination of events
does not occur frequently enough in the study
area to warrant fallowing to conserve moisture
for a subsequent wheat crop.

It must b. emphasized that the simulated
predictions of yields in continuous whgat and
fallow/wheat rotations do not take into account
other important aspects of fallowing such as
nutrient availability or the buildup of soil pests
and diseases. These are discussed under Im-
provement in Current Cropping Rotations and
Research in Alternative Crop Rotations above.
M. Stapper and W Goebel.

An Integrated Approach to
Agroecological Zoning

A major effort has been put into drawing up a
comprehensive methodology for agroecological
zoning with the aim of bringing together
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previously isolated endeavors in this field. The
proposed methodology is expected to meet a
majority of demands within the center in the
context of agrotechnology adaptation, iden-
tification and quantification of research and
breeding targets, and effective generalization of
location-specific research.

The ICARDA region has a highly variable en-
vironment, and it is evident that the methodology
must take a probabilistic approach and be sen-
sitive to intervarietal differences in response to
environmental variability.

The envisaged methodology for agroecological
zoning (Fig. 13), therefore, starts with an
analysis of the temporal variability of climatic
variables. Any series of weather data is con-
densed into a manageable set of parameters,
which allows the generation of series of any
length of all relevant climatic variables, ade-
quately representing their interdependence and
the site-specific distribution of climatic events.
These parameters are amenable to mathematical

Temporal and

spatial analysis

and simulation
of climate

Information on

geomorphology and
time-invariant
soil properties

/

Simulation of
variable soil
properties and
crop growth

v

Delimitation of agro-
ecological zones based
on crop responses to
environmental variability

Fig. 13. Simplified flowchart of the discussed approach to
agroecological zoning.
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spatial modeling, which makes it possible to
generate similar series of daily weather data of
any length for any location. The results of this
process of analysis and simulation of climate can
be combined ‘with information on geomor-
phology and time-invariant soil properties. These
combined data sets can then be used to simulate
those soil properties which do change with time,
and crop growth. Crop growth models which are
sensitive to intervarietal differences thus serve as
the tool for integrating environmental variables.

Agroecological zones are then defined by
clustering a spatial matrix of probabiiistic crop
response data created by the simulation of the
weather-soil-crop system for a sufficient number
of years and locations to give representative
results for the study area.

The scope of this approach can be widened by
attaching monetary values to the physical inputs
and outputs of the simulation processes or by in-
troducing livestock models.

Several crop growth models and several
models concentrating on soil factors have been
collected, in addition to SIMTAG, and are being
installed at ICARDA’'s computer center. Other
models of ICARDA’s mandated, or closely
relatéd, crops have been requested. It is ex-
pected that the first zoning results will be
generated during 1984/85 and maps for areas
with high priority within the ICARDA region will
be producad within 2 years. — W. Goebel.

Project 4: Cereal/Live-
stock Systems in Tunisia

Research on cerealllivestock systems in Tunisia
is a collaborative effort between Institut National
de la Recherche Agronomique de Tunisie (IN-
RAT), Institut National Agronomique de Tunisie
(INAT), and ICARDA. Staff of the Office des
Cereales and the Ministry of Agriculture person-
nel in Goubellat also contribute. A list of person-
nel is provided at the end of this section. The

project is funded by the International Develop-
ment Research Center (IDRC), Canada, and
ICARDA.

The objectives of the project are to introduce
economically, socially, and technically viable
improvements into an agricultural area and to
facilitate on-the-job training in farming systems
research. The project implementatjon area is the
Goubellat delegation of the Beja Governorate.
Beja lies in the middle of fertile plains and is the
capital of the Tunisian cereals trade. Goubellat,
60 km SW of Tunis, consists of a fertile plain
surrounded by hills. The total agricultural area in
Goubellat is around 40,000 of which approx-
imately 32,000 ha can be cultivated.

Climatically, Goubellat lies in the higher and
medium semi-arid (semi-aride superieur et
moyen) zone, and receives 443 mm average
annual precipitation according to the records of
the nearest meteorological station in Medjez al-
Bab (1960-1980). Seasonal rainfall averages
are 132, 169, 107, and 35 mm for autumn,
winter, spring, and summer, respectively. An-
nual rainfall varies substantially around the
average. '

Project activities started in spring 1984 with a
field survey in April and May followed by analysis
in June. Two surveys of the research literature,
one on agronomy and another o livestock, were
also prepared in the summer of 1984. The
results of the field and literature surveys were
discussed at the coordination meeting in
September, and research pians were drawn for
the 1984/1985 season. Project implementation
began in October 1984.

This report focuses primarily on the field
survey activities and the research plans for
1984/1985. The project area is fairly small,
although ease of access to all areas is not
uniform. The farming enivronment contrasts with
those in Syria and Jordan in that all farms are like
homesteads, with each family living on the farm
instead of in a village. Farms are spread fairly
uniformly over the terrain. On-farm research is
desirable in such an environment, since farmers
become more involved and observe virtually daily
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In Goubellat, farmers live on their farms and have smal! flocks of livestock.

the effects of the trials on their ficlds. Their
evaluation of the tnals is hence invaluable.
However, the results of the INRAT/INAT/ICARDA
FSR project will be generalized to larger areas. It
is important that the methods used in this project
be scrutinized and adapted for.use in other areas.

Preliminary Survey-Spring 1984

In spring 1984 a workshop on FSR methods was
held in Aleppo belween ICARDA and Tunisian
scientists  which assigned high priority to
«diagnostic» work as a preliminary activity of a

project. It was emphasized that this diagnostic
work should be preferably done through a struz-
tured sample survey.

An intensive formal sample survey was carried
out in Goubellat. This was preferred to the in-
formal survey or «sondeo» approach, since, while
this latter approach is claimed to be cost-
effactive, it would not meet the needs of this
project. «Several years of e::tensive research may
be devoted to studying the agronomic features,
yet the social system itself is presumed to be
sufficiently understood after a few weeks of cur-
sory surveys» (Kerven 1984). Social science
research is integral to the project, and as such, a
thorough survey was desirable.
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Of the 1221 farmers in Goubellat, 240 (20%
sample} were surveyed in May 1984. The farms
were stratified according to size into four yroups
and the sample was drawn proportionate to this
stratification (Table 38). The information sought
was kept simple and confined to the less sen-
sitive aspects of farming. The basic purpose was
to identify target groups of farmers that exhibited
similarities within groups.

Data were analyzed at the ICARDA computer
center by the Tunisian project staff assisted by

Tatite 3B. Distribution of farm size in Goubellat, Tunisia.

Farm size (ha) '

0-10 10-20 20-50 50+ Total

‘Population n 900 189 90 42 1221

% 73.7 155 7.4 3.4 100.0
Sempie  n 174 39 18 9 240
o % 725 162 7.5 3.8 100.0

ICARDA/FSP staff. Analysis was completed in
June 1984 and the principal results reported by
September 1984. Thus, information from formal
surveys can be processed quickly and the by-
product of training in analytical methods is of
great value in itself.

Goubellat is characterized by a skewed land
distribution and most operators are small
farmers. Almost two-thirds of the land is farmed
by 11% of the farmers. While the concept of
«big» and «small» farms is relative, a considerable
number of farmers are small, relatively and ab-
solutely. On-farm research is thus an effective
way of ensuring that research results reach these
small farmers.

Nearly half the fand lies in hilly areas and part
of the land is in fallow each year (Table 39).
About half the farmers in Goubeilat practice a
fallow-cereal rotation, while about a third prac-
tice a three-year rotation, mostly fallow-cereal-
barley and/or a forage crop (Table 40).

,Tabie 39. Farm size parameters (ba) of sampled farms, Goubellat, Tunisia; Tl 984. (n = 240).

Size (ha)
0-10 ~10-20 20-60 50+ Total
Average farm size 4.9 14.7 34.5 260.1 18.3
Average cultivated area 3.6(73) 16.5(71) 20.3(59) 174.2(67) 12.4(68)
Average fallow area 1.0(20) 3.4(23) 10.4(30) 80.1(31) 5.1(28)
Averags hilly area 2.1(43) 7.5(51}) 11.9(34) 141.3(54) 9.2{60)
Average flat area . 2.5(51) 7.2{49) 22.6(65) 118.7(46). 9.1(50)
Figures in parentheses indicate % of average farm size.
Table 40. Principal rotations (% of farmers),' Goubellat, Tunisia, 1984.
' Farm size (ha)
. | 0-10 10-20 20-50 50 + Total
Two-year rotation : 43.8 5.4 5.3 30.8
. {Fallow-ceraal rotation) " - {36.3) (5.4) (2.9) {62.7)
‘Three-year rotation o220 S 7.1 29 1.7 33.8
Other rotations , 9.2 ' 12.9

.1, "Adds up to more than 100% due to the existence of more than one rotation on some farms.



In terms of area, cereals are the most impor-
tant crop group, with durum wheat and barley
dominant. Bread wheat is produced mostly on
large farms, while olives and forage crops are
relatively more important on the small farms
{Table 41).

information on use of purchased inputs is most
complete for cereals (Table 42). The proportion
of farmers who use fertilizer is quite high.
Average vyields, however, even allowing for
under-reporting, appear to be considerably
below potential yields. According to information
from various variety and agronomy trials, the
biological potential appears tc be around 2000
kg/ha (grain yields) for cereals, with yields over
3000 kg/ha not being uncommon.

In contrast to the high proportion of farmers
using fertilizer, herbicide use is not widespread.
Considering the potential positive effects of her-
bicide, as well as the interaction effects with fer-
tilizer (more effective use of fertilizer by the crops
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rather than by the weeds), herbicide use will be
included in the on-farm research.

Durum wheat and barley production is more or
less equally ailocated to on-farm uses and sales
{Table 43). While not very apparent from the
figures, bread wheat is produced more for sale.
Forage crops are produced primarily for
marketing. Most livestock are primarily marketud
for meat but milk is used aimost exclusively on
the farm. Among the food legumes, faba beans
are mostly marketed, while peas are consumed
on the farm. Some of these consumption and
marketing phenomena may be transitory and
may only reflect a given relative price environ-
ment.

in the design of the preliminary survey, it was
hypothesized that the proximity of Tunis would
provide off-farm employment opportunities and
questions about such activities were included in
the questionnaire. It appears that 45% of the
farms have a person on the farm involved in off-

Table 41. Distribution of average crop areas (ha), Goubellat, Tunisia, 1984 (n = 240).

Size (ha) :
0-10 10-20 20-50 60+ Totel ¢
Durum wheat 1.2 3.4 7.7 68.2 45
Bread wheat 0.1 0.8 1.6 43.3 1.9 . =
Barley 0.8 3.0 4.3 - 37.0 28 -
Total cereals 2.1 7.1 13.6 148.5 9.2
Forage crops 0.8 1.0 0.9 13.9 19
Food legumes 0.2 0.5 0.8 2.2 "03 ¢
Olive trees 0.8 1.7 2.9 9.5 1.4
Alley cropping 0.4 0.6 1.8 0.4 0.6

Table 42. Fertilizer and herbicide use in cereals (% of farmers plantlna the crop) and averm yloldl (kglhl), Goubolht, :

Tunisia, 1984,

- Both ' IR

P20s N "P10s and N Herbicide Yield ikg/ha).
Durum wheat 82 84 71 16 812
Bread wheat 92 89 84 32 979 :
Barlay 76 79 L9872

57 11
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Table 43. Uses of principal crops and livestock products (% of farmers producing each commodity), Goubellst, Tunisis,

1984.
Farm Gales and farm
n Sales consumption consumption
Durum wheat 174 49 2 48
Bread wheat 37 16 11 73
Barley 159 53 4 42
Vetch and oats 21 67 28 5
Oats 62 71 8 19
Faba beans 48 56 17 27
Peas 30 20 63 17
Goats 32 78 13 9
Sheep 118 99 1 0
Milk 118 4 96 0
Cattie 118 98 1 1
Table 44. Off-farm activities (% of farmers), Goubellat, Tunisia, 1984.
Farm size (ha)

0-10 10-20 20-50 50+ Total
No off-farm activity 33.3 12.9 5.8 3.3 55.4
Permanent worker 24.2 1.7 25.8
Seasonal worker 4.6 4.6
Employer 0.8 1.3 0.4 2.5
Other 9.6 1.7 0.4 11.7

farm activities and most of these people are
employed in permanent jobs (Table 44).

Further research is needed to analyze how
off-farm employment affects the farm,
Preliminary results, not presented here, indicate
that on average, farms with some members in-
volved in off-farm activities appear to have a
greater productivity, but this needs further in-
vestigation before definite conclusions can be
reached.

Most farmers own livestock (Table 45), but
the figures are probably misleading and low. The
data, supported by field observations, indicate
that farms which have livestock have small
numbers mostly of sheep and one or two cows
{Table 45). The absence of common grazing
land plus treatment of fallow as private rather

Table 45. Livestock ownership {3 of farmers in each farm
size) and average nurabers of livestock (n),
Goubellat, Tunisia, 1984.

Farm size {ha)

0-10 10-20 20-60 50+ Total

Cows % 47 49 56 78 49
n 1.5 1.9 3.1 8.7 2.1

Ewes % 67 56 78 67 66
n 8.7 10.8 146 700 119

Goats % 13 10 1 33 13
n 4.7 1.8 3.5 4.7 4.3

Donkeys % 68 46 55 22 66
n 1.1 1.2 1.1 1.0 1.1

Mules % 24 36 33 33 27
n 1.1 1.1 1.0 1.3 1.1

Horses % 12 20 33 22 11
n 1.1 1.0 1.0 1.0 1.0
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Table 46. Machinery end equipment ownership (% of farmers in each farm size) in each group, Goubellat, Tunisia, 1984,

Farm size (ha)

0-19 10-20 20-50 650 + Total
Tractors 0 8 50 100 9
Seed drills 1 0 17 88 5
Fertilizer hoppers 0 0 6 78 3
Sprayers 1 5 0 78 6
Threshers 0 0 1 78 3

than common land implies that the farm has to
meet all animal nutrition needs from its own
resources. The small flock size may be a reflec-
tion of this.

Finally, tractors and other equipment are
owned mostly by big farmers (Table 46). Custom
tractor services offered by these farmers seem to
be widely used, but the extent of custom ser-
vices was not assessed. This will be focused on
in future research.

On-Farm Research for 1984/85

Identification of Target Groups

Data from the preliminary survey were used to
separate farmers into manageable target groups.
The basic assumption in this grouping was that
the farmers’ resources would influence their
practices, and hence both resources and some of
their manifestations in practices were con-
sidered.
1. Farms were first classified into two groups
by size; less than, and more than 30 ha.
This appears to be a hatural cutoff point in
that larger farms form a group with areas
considerably more than 30 ha. in the
20-50 ha group, farms over 30 ha had an
average farm size of 49 ha. Hence, it was
assumed tkat a farm size greater than 30
ha would not fall within the characteriza-
tion of @ small farm. The average farm size
for the group having less than 30 hais 7.3
ha while it is 139 ha for big farms.

2. The second criterion used was tractor
ownership. As discussed above, the survey
did not cover information on tractor use
through custom services. However, the
existence of custom services implies that
tractor owners would be able to command
resources over and above the resources of
the farm.

3. The first and the second criteria were
combined to define two groups of farmers.
The first, «big farms» is defined as having
land of 30 ha or more or owning a tractor.
This group comprises 10% of the sampled
farms in Goubellat {n = 24). The average
farm size is 119 ha.

4. Other farms, i.e., farms less than 30 ha of
land (average farm size 7 ha) and without a
tractor were classified further as follows:
i. Having a fallow-cereal rotation vs any

other rotatiori. This criterion not only
reflects differences in the basic practice
of rotation but is also indicative of the
guality of land.

ii. Having livestock vs not having livestock.
As a significant proportion of feed re-
guirements is met from farm produc-
tion, this is likely to influence the choice
of crops and practices.

iii. The existence of off-farm employment.
As discussed above, this may influence
farm activities.

This grouping of farmers into eight subgroups
cf small farmers and one of big farmers was
discussed by project participants in November
1984. It became clear that nine groups provided
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an unmanageable number for generalizable on-
farm research. Hence, the following adjustments
were made.
In 1984/85, aiound 50 farmers will be
monitored. Agronomy trials and livestock
monitoring will be conducted on 34 of these
farms.
The 34 farmers, all of whom have fivestock,
will be divided approximately as follows:
a. Big farmers (n = 4).
b. Small farmers who practice a fallow-cereal
rotation (n = 15).

¢. A subgroup of the farmers who practice a
fallow-cereal-bailey andjor forage crop
rotation (n = 15).

Such a grouping accounts for approximately
55% of the farmers in Goubellat.

The exclusion of farmers who do not have
livestock is justified primarily by logistical
reasons. In the preliminary survey, livestock in-
formation was deliberately not gathered in detall,
as we did not want to unnecessarily jeopardize
long-term plans by asking detailed questions
about the sensitive subject of livestock. Hence,
in 1984/85 intensive monitoring of livestock
practices will take place on the 34 farms. Some
farms which do not have livestock will be
monitored outside the set of on-farm trial farmers
to represent the 29% of farmers who do not
have livestock, so that this group can be focused
on in the future.

In each group, particularly of the small
farmers, the effects of off-farm employment wil
be analyzed.

The choice of a subgroup of farmers from
those who practiced other rotations stems from
the agronomists’ dissatisfaction with the
nebulous concept of «other» rotations. This
group was divided into those who practiced the
3-year rotation of fallow-cereal-barley and/or
forage crop, with the remainder being a very
diverse group.

On-Farm Trial Details

The decision to hold on-farm trials for these three
groups is expedient in that it allows a concerted
effort to be focused effectively on a sample
representative of about half the farmers in
Goubellat. Monitoring about 15 farmers from
outside the trials would facilitate a planned ex-
pansion of the trials in the future as well as pro-
viding a basis for comparison.

The trials are not aimed at developing complex
and rigid technology packages, because there is
ample evidence that farmers do not adopt com-
plete nackages. The trials build upon farmers’
practices and aim at developing technology
components or practices which can be adopted
in a piecemeal fashion by farmers.

The trials planned for 1984/85 are 2 x 2
herbicide-nitrogen fertilizer trials superimposed
on farmer practices on a 0.4 ha area, large-scale
medicago trials on big farms, and barley variety
trials on farmers’ fields. The variety trials were
cancelled due to unavailability of barley seed
from local sources.

The livestock monitoring will focus on feeding
and rearing practices as well as monitoring
weight gains, sales, purchases, etc.

In on-farm research, information from farmers is as
valuable as information from trials on their fields.



In agronomic research, which involves a small
area of 0.4 ha, the farmer is assured by agree-
ment of at least his average vieldn, However, the
matters are more complicated with livestock
monitoring. The farmers are sensitive about
allowing their livestock assets to be made
known. It appears that certain incentives may be
necessary to ensure farmer participation; this
may bias results. Further discussion will take
place between Tunisian and ICARDA livestock
researchers in December 1984 before plans are
finalized.

The FSR approach adopted in this project
considers the social aspect of the system to be
crucial. Social and economic research are not
confined to baseline assessment in the beginning
and an impact evaluation at the end of the pro-
ject, but are fully integrated in all phases of
research. Monitoring farmers’ reactions to the
on-farm trials, as well as research focused on
specific socioeconomic matters, will continue
through the life of the project.

In 1984/85 several activities will be con-
ducted:

1. A study of the historical development of the
present farming system in Goubellat will
focus on the development of cropping
systems, land tenure, process of adoption
of improved practices and inputs,
marketing, and the relations between dif-
ferent groups in Goubellat. Preliminary to
an  historical assessment of system
development, information will be collected
on demographic characteristics and
chronology of input use. The actual study
will be done in the future after preliminary
methodological studies.

2. Crop-livestock interactions and the role of
livestock in the farm and for the farm family
nutrition will be monitored in conjunction
with the livestock monitoring activities.

3. Preduct utilization, disposal, marketing,
and farm/market relations will be analyzed.
This study will ultimately constitute the
doctoral research dissertation of one of the
Tunisian scientists.
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4. In conjunction with the collection of in-
formation on demographic characteristics,
the study of the effects of off-farm ac-
tivities on the farm will be initiated. In this
respect, a hroader and dynamic definition
of the concept of the family was adopted.
Instead of the narrow and static approach
of identifying a family with cohabitationin a
physical domicile, it was decided that a
farm household is comprised of families
which share income and resources. This
way, the contribution of family members
living off the farm, as well as the benefits
they derive from the farm, can be assess-
ed.

5. Independent of the field work, a study on
recent developments in agricultural policy,
especially with reference to the VI
Development Plan, will be conducted in
19856. The focus will be on changes in
macroeconomic policies with respect to
priorities, relative prices, supports, and
subsidies.

The field activities started in November 1984

with choosing collaborative farmers for the on-
farm trials.

Conclusions

In the INRAT/INAT/ICARDA FSR Project, efforts
are being made to identify the objectives of
farmers and the constraints that they face. The
trials are designed so that certain technical
questions are answered and viable alternatives
can be offered to farmers. The social and
economic research focuses on the farmer and his
family with the purpose of understanding the
process of allocation of resources.

Farmers’ involvement is integral to the on-farm
trials. Their impressions of the trials will be
sought continuously so that we can understand
why some things do work while others do not,
and identify constraints that are not necessarily
technical in nature. It is clear that, in on-farm
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trials, the information elicited from farmers about
the trials is as valuable as the technical informa-
tion from the trials.

The following persons contributed to Project 4
in 1984: Tunisian national program: Ms. R.
Khaldi, Habib Halila, G. Khaldi, A. Ghayada, H.
Amamou, A. Dahmane, B. Haddad, M. Harrabi,
A. Majdoub, M. Hassan, S. Ghukry, A. Tounsi,
and M. Mejri; ICARDA: P. Cooper, A. Kamel, A.
Mazid, K. Somel, T. Stilwell, E. Thomson, and
M. Hallajian.
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Training and Agro-
technology Transfer
During 1983/84, FSP staff were involved in a

range of Training and Agrotechnology Transfer
activities (TAT). These activities included lectur-

ing, organization of short courses, supervision of
postgraduate students, organization of and at-
tendance at workshops and field days, produc-
tion of training modules and handbooks, and
regional travel. These activities will be outlined in
more detail in subsequent sections. FSP staff
also spent considerable time in meetings and
discussions with the targe number of visitors who
came to ICARDA last year. It is difficult to quan-
tify the impact of this latter activity with regard to
TAT, but in many cases the time spent is un-
doubtedly worthwhile and the contacts made are
very rewarding for both parties.

Our TAT activities have been substantial, even
in the absence of a senior training officer. During
1983/84, intensive efforts were made to iden-
tify a suitable candidate for this position, and an
appropriate candidate has been identified and
will join us in early 1985. FSP therefore looks
forward to increased coordination and expansion
of TAT activities in the coming years.

ICARDA Residential Course

Trainees for this course are identified by FLIP,
CP, and PFLP. As in previous years, FSP has
contributed to this course through lectures on a
range of topics. This year, staff gave lectures on:

a. Agricultural microbiology

b. Weed control in ICARDA crops

c. Principles of FSR

d. Economic analyses of agronomy trials

e. Farm survey techniques

f. On-farm trial methodology

g. Recommendation domains

Short Courses

Six short courses were held during 1983/84,
three of which were on microbiology. Two
Sudanese colleagues spent one week with us to
become familiarized with the use of gas
chromatography in microbiological research.



Another two colleagues from Cyprus also spent a
week with us as part of our cooperative research
with the Cyprus Ministry of Agriculture on the
Rhizobiumllegume complex. Sixteen food
legume trainees spent over two weeks with the
staff of the microbiology section and received
both laboratory and field training in general
agricuitural microbiology.

Also, 12 scientists from Tunisia spent 4 days
with us in Syria. During this period the philosophy
and implementation of FSR was discussed. In
this discussion our Barley/Livestock Systems
project was used as a working example, and the
group travelled to Breda to see the environment
under discussion and to comment on our field
research plots.

Three Sudanese scientists spent a week with
us. During this period the course focused on
livestock on-farm trials and included discussions
with ICARDA staff, seminars, and field visits to
the Livestock Unit at Tel Hadya and on-farm
trials in the Breda/Bueda area.

Finally, in response to an invitation from the
Desert Research Institute of China, one of our
staff was funded for a two-week training visit to
China to learn about the reestablishment of
dryland agriculture in areas currently threatened
by desertification.

Workshops

Two important workshops were held. The first,
held in March, addressed the topic of «Fertilizer
Use in Dry Barley Producing Areas», and was
jointly organized by the Syrian Soils Bureau, who
are responsible for formulating fertilizer
recomendations, and ICARDA. Eleven papers
were presented covering socioeconomic and
environmental aspects of the harley producing
areas of Syria, the responses obtained to fertilizer
{principally phosphate), its effect on crop growth
and water-use patterns, and the economic im-
plications of fertilizer use. Proceedings of this
workshop are available from ICARDA.

The workshop was attended by 14 Syrian col-
leagues from the Soils Bureau, ARC, Aleppo
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University, Directorate of Agricultural Affairs, the
Ministry of Planning, and ACSAD. We were also
pleased to welcome two scientists from
overseas, one from Cyprus and one from
England. Stemming from the workshop, we have
initiated a joint Soils Bureau/ICARDA cooperative
research program to investigate the economic
potential for fertilizer use throughout the barley
producing regions in Syria. In future years this
program will be expanded to include research on
alternative crop rotations in barley growing
areas.

In the summer, in collaboration with IDRC, we
held a workshop on food legume economics.
This workshop was attended by 10 scientists, 6
from Egypt, i from the Sudan, and 3 from Syria.
The main objectives vwere to examine, country by
country, the results and ecuincimic implications of
on-farm research on lentil and chickpea, and to
assess the on-farm trial methedology utilized in
each country and produce a manual describing
successful on-farm trial techniques. This
workshop, with its practical objectives, was
considered very useful indeed by the participants
and could serve as a model for the future.

A third workshop was planned for the seasonr
on «Livestock and Forage Husbandry Systems in
Dryland Environments», but had to be delayed
until December 1984.

Postgraduate Students

FSP continues to encourage the involvement of
postgraduate students in our research program.
We fee, nat this type of individual training is very
beneficial for several reasons. We endeavor,
wherever possitle, to select topics for the
research thesis which form an integral compo-
nent of our core research program. By doing so,
the student has access to a substantial set of
research results which relate to his own work,
and our own program is enhanced by his
research. By being with us for 2 to 3 years, the
student is continuously exposed to the concept
of FSR, and at the same time we establish solid
contacts for the future. During the 1983/84
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season we enjoyed the support of the following
postgraduates.

In addition to these, we will be joined by two
M.Sc. students from Yemen in December 1984
who are registered with Aleppo University. They
will be involved in on-farm trial research with
forage legumes in Project 1, and herbicide x fer-
tilizer trials in Project 2. We will also be
associated with funding and ‘.upervising two
M.Sc. students at the University of Jordan.

As indicated under Research Highlights, we
visited many scientists and research instituions in
the region for discussions, seminars, field trips,
and conferences. This outreach is invaluable.
Not only are we being exposed to a wider spec-
trum of agricultural systems and research pro-
blems, but as our own experience increases, we
are able to discuss our current program of
research in relation to the problems faced by
other colleagues in the region.

Thesis topic
Crop rotations
{barley)

Barley root
development
Rainfall intensity/
soil erosion
Human nutrition

N dynamics of urea

fertilizer
Crop rotations
(wheat)
Forage barley

Degrae Associated
Name level University
E. Rashed Ph. D. McGill, Canada
A. Wehbe Ph. D. Reading, UK
Y. Sabet Ph. D. Paris, France
M. Mokbhel Ph. D. Massachusetts,
USA
M.A. Moneim Ph. D. Colorado State,
: USA
S. Dozom M. Sc. Aleppo, Syria
M. Wahoud M. Sc. Aleppo, Syria
S. Magid M. Sc. Gezira, Sudan

Miscellaneous Activities

Staff were also involved in other TAT orientated
activities. Two slide-show training modules are
being produced on Rhizobium spp. inoculation
and the N-cycle in agriculture. A laboratory
training manual has also been prepared for im-
portant soil chemical ‘analysis techniques, with
special reference to soil nitrogen and
phosphorus. Staff also participated in 12 field
days for farmers, Syrian Ministry officials, and
groups of visitors. These field days were held at
the contrasting locations of Tel Hadya, Breda,
and Bueda, and enabled us to discuss some of
our crop rotation agronomy and on-farm trial
research,

agronomy
Agricuitural economics

We continue to publish the Farming Systems
Newsletter, and are receiving a pleasing
response to its circulation. Already, we are
receiving outside contributions, and we hope
that this trend will continue. Many other publica-
tions, listed below, have alse been produced by
staff during the 1983/84 scason.

In conclusion, FSP has been involw.d in a
diverse range of TAT aciivities during the
1983/84 season. As we become increasingly
confident of our role in the region, these ex-
periences are likely to expand and become even
more rewarding. With the arrival of a senior
training tficer in 1985, to coordinate and lead
our efforts, we believe that the full potential of
our flexible approach will become realized.
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Cereal Improvement Program

The major objective of the Cereal improvement
Program {CP) continued to be to increase the
productivity and yield stability of barley, durum
wheat, and bread wheat, particularly in the
rainfed areas in West Asia and North Africa.
Priority was given to the development and
distribution of broad-based germplasm with
higher yield potentizi, resistance to disease and
insect pesis, and vyield stability. Agronomic
research in the program was primarily in
cooperation with national programs to develop
production practices that make the most effec-
tive use of the limited environmental and other
resources available to farmers. To meet specific
needs of farmers in the region, priority was given
to improving genetic resistance to major diseases
and insects, drought avoidance/tolerance, and
grain and straw quality.

During 1284, the CP conducted an extensive
review of its program objectives, priorities,
strategies, and research methodologies which
involved program scientists, outside consultants,
scientists from national programs, and the
Deputy Director General (Research). Taken into
account were recommendations from ICARDA's
external review held in 1983 and the agreement
on the division of responsibilities between
ICARDA and CIMMYT with respect to barley and
wheat research.

Barley research for dry areas {< 300 mm
rainfall) will receive more attention than in the
past. In these areas bariey together with sheep is
the main farming system and therefore a major
objective of this project will be to increase total
biological yield (grain plus straw) and straw
quality of barley to help improve the sheep pro-
duction ‘component of the system. Work on

dual-purpose barley for green forage and grain
will receive less attention as the practice of green
grazing is limited only to wetter areas. The Pro-
gram moved forward to fuifill its global respon-
sibility for barley improvement and posted a
senior barley breeder at CIMMYT to jointly con-
duct barley resea.ch primarily in Central and
South America.

ICARDA and CIMMYT jointly developed a work
plan in 1984 for durum wheat improvement in
the 350-500 mm rainfall areas of the Middle
East and North Africa, and CIMMYT seconded a
durum breeder to ICARDA. to further strengthen
durum improvement activities in this region.
Priorities are: improvement of grain yield and
stability of yield in rainfed arcas, incorporation of
resistance to stripe rust, stem rust, leaf rust,
Septoria tritici, cornmon bunt, and other diseases
causing vyield reductions, improvement of
resistance to major insects, e.g. stem sawfly,
aphids, suni bug, and Hessian fly, and im-
provement of grain and straw quality.

The ICARDA/CIMMYT bread wheat improve-
ment project continued to focus on developing
high-yielding, disease- and insect-resistant, and
management-responsive varieties suitable for
the 350-500 mm rainfall areas of the Middle
East and North Africa. The project placed em-
phasis.on incorporation of specific characters
such as resistance to the bacterial blights and
other diseases and insects as well as on iden-
tification of lines exhibiting avoidanceitolerance
to factors such as drought, heat, cold, and salt.
All advanced breeding lines were subjected to
industrial and nutritional grain-quality tests in the
laboratory.

The triticale improvement project was also
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critically reviewed. During 1984, the research
focus sharpened to concentrate on improving
genotypes for low-rainfall areas, high-elevation
areas, adaptability in the region, better grain
quality, and consumer acceptability.

A report on cereal research in high-elevation
areas was produced, highlighting the need for
the development and distribution of appropriate
germplasm to meet the needs of farmers in
high-elevation areas. Despite limited resources
and testing facilities, significant advances have
been made in developing germplasm and pro-
duction practices in collaboration with national
programs. In 1984, germplasm was made
available also to Iran and Turkey.

Cere. " pathology aims at further improving
resisiance in ICARDA's breeding material. In-
creased emphasis was given to international
multilocation testing for disease resistance to
generate information on the performance of lines
against a wider spectrum of pathogens. Seealing
tests were also started in greenhouses to screen
against foreign isolates of scald and septoria leaf
blotch. An ICARDA cereal scientist posted in
Tunisia is focusing on the specific problems in
pathology in North Africa, and the Montana State
University cooperates closely with the Cereal
Program by screening barley germplasm and by
providing training opportunities for national pro-
gram scientists. A major goal for 1984/85 is to
start a collaborative project in which national
programs will be encouraged to accept respon-
sibility for research on specific diseases. Each
«national diseases center» will study the virulence
spectrum of one or more important diseases and
screen ICARDA's and national programs’ germ-
plasm for resistance.

During 1984, physiology/agronomy research
in the CP was reviewed and, based on the fin-
dings, a physiology/agronomy team consisting of
a senior physiologist/agronomist, a postdoctoral
fellow, and research suppart staff will be formed.
They will conduct crop management and
physiology research to improve and stabilize
barley and wheat yields in the semi-arid areas of
the Middle East and North Africa. Research will

be multidisciplinary and concentrate on; enhanc-
ing capacities of national programs to develop
their own recommendations for agronomic prac-
tices, developing basic understanding of the
management practices for new potential
varieties, identifying specific plant characters
associated with drought avoidance/tolerance
and developing practical screening techniques
for these characters, developing the research
capacity and expertise to study and understand
the mechanisms of tolerance to prevalent en-
vironmental stresses to assist breeders in tailor-
ing the selection of genotypes to overcome these
stresses, and training researchers from national
programs.

Initial emphasis will be on drought
avoidance/tolerance in barley and durum wheat,
and subsequently other stresses associated with
drought, such as heat, cold, and salinity, may be
included.

During the vyear, CERINT, the database
management system for the Cereal Frogram,
was further improved. This helped in processing
data from the base program and international
nurseries, and enabled the CP to advise national
programs about the most promising lines and
resistance levels in the material. The Cereal Pro-
gram plans to improve networking activities with
the national collaborators by a more systematic
and continuous flow of scientific information,
visits, and sponsoring workshops and con-
ferences.

RACHIS, ICARDA's cereal newsletter, entered
into its fourth year of publication and has been
well received throughout the region. Efforts are
continuing to produce RACHIS in Arabic.

Staff Changes

The following staff members left the program in
1984:

1. Mr. Christian Jung, Ph. D. student, triticale.
2. Dr. Miloudi Nachit, durum breeder (transfer-



red to CIMMYT but posted at ICARDA).

3. Dr. Rients Niks, postdoctoral fellow {durum
breeding).

4. Ms. Eva Weltzien,
tolerance.

5. Dr. Mark Winslow, cereal physiologist.

Ph. D. student, salt

The following staff members joined the Cereal

Program in 1984

1. Dr. Salvatore Ceccarelli, barley breeder.

2. Dr. Dieter Mulitze, postdoctoral fellow (inter-
national nurseries).

3. Dr. Hugo Vivar, barley breeder, seconded by
CIMMYT.

4 Dr. Sui Yau,
breeding).

postdoctoral fellow (barley

Research Highlights

Using improved germplasm, provided through
the International Nursery system of Cereal Pro-
gram, the national programs in the region iden-
tified and released a number of new cereal
varieties (Table 1}. Some more lines are ex-
pected to be released soon as new varieties
(Table 2).

The other cignificant achievements of the
Cereal Program are listed below.

Project |: Barley

1. New genetic material develnoped from ICAR-
DA’s barley germplasm pool and tested in the
international nurseries showed large vyield
potential and wide adaptability in the region
{e.g. the Rihane sister lines and ER/Apam)} and
promise of specific adaptation {Harmal and
Soufara).

2. Seed was provided by ICARDA to Arab
Republic of Yemen, Egypt, Jordan, Morocco,
People's Democratic Republic of Yemen,
Syria, Tunisia, and Turkey for large-scale farm
trials.
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Table 1. Barley and wheat varicties released in the
region.

Barley

Cyprus Kantya = Roho

Iran Val Fajr

Morocco Asni

Qatar Gulf = Arivat x Athenais

Durum Wheat

Egypt - .~ Sohag = Stork’S’.
Cyprus Mesaoria = Anshlnga‘S' X Volunteer .
: “Karpacia:= Sham 1. ,
Morocco ‘ACSAD 65 = Stork'S’
Syria N Sham 1= ‘
U Ple'S? IRuff S’ lIGta'S'IRone
Ponugal , - Cetta = Sham 1
Bread Whoat S
Iran AZBdl § :
Morocco Jouda = Kal x Bb .
Pakistan - 2argoon = Cc'- Inla/Tob Cfn x Bb/7C'
Sudan . Debeira = HD 2172
Syna Sham 2 =7Cx Tob—Cno/KaI
Peoples Dam Rep .
of Yamen Ahgaf{: $311 x Norten_o* )

Harma = 54/Tral/2* (Cer/Tolll3/2*
AKIBEI£VUS1Pro

Table'2.  Potential candidates for release.

Tunisia - Barley-

" ER/Apam
Roho
Wi 2198

Thauland Bread wheat SW 9=Tob 86-Cno’S’ x P162/SK9
Morocco Bread wheat Pyn {Pato (R) Cal/3/7C//Bb/Cno

Pavon’S’
Maya 74-Pvn’'S’

Durum wheat Belikh = Cr’'S’/Stk’S’

Porzana = 215663 - Cr'S’' x Fg'S’
Toubkal = {Yamen-Cr x Pic/Tebo) Mex
Grebe’S’ = Gs-Cr/21563 - AA x Cit
Erpel/Ruso’S’ ‘

Barley ER/Apam -

Triticale Beagle
Juanillo 95

Drira - Outcross

3. Greater emphasis was given to total dry-
matter yield and straw quality rather than to
grain yield alone, particularly for areas receiv-
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Three barley lines from the material provided by ICARDA
are potential candidates for release to tarmers in Tunisia.
Here a national program scientist evaluates the perfor-
mance of one of these lines, Roho, proposed to be releas-
ed under the name Taj.

ing less than 300 mm/season of rain, to
develop barleys which will integrate suc-
cessfully into a sheep-barley farming system.

4. Increased emphasis was given to breeding for
the driest areas. Considerable efforts were
devoted to develop appropriate methodology,
and two new test sites (Tel Dhaman and
Bouider) were identitied (long-term average
precipitation rates of 220 mm and 175 mm,
respectively). A modified bulk system was
applied to' segregating populations grown at
four to five sites in paralle] with the pedigree
procedure at Tel Hadya.

5. A thorough documnantation of 5000 barley
entries was completed in collaboration with
the Genetic Resources Unit (GRU) of ICARDA
and a catalog is under preparation for

publication. Field and laboratory data have
been computerized, and specific inforrnation
can be retrieved easily for scientists in the
region. In early 1983/84, an additional 5000
entries were evaluated and cataloged with
support from the International Board for Plant
Genetic Resources.

Project Il: Durum Wheat

1. A number of countries requested nucleus

seed of new promising varieties. Seed of
Sham |, Korifla, Sebou, Oumrabia, and Belikh
was supplied to Turkey, Jordan, Pakistan,
Morocco, Syria, ana Lebanon.

. Morocco identified new durum lines Porzana,

Toubakal, Grebe, Frpel/Ruso, and Cr/Stk as
promising candidates for release as new
varieties.

It was interesting to note that Qumrabia,

Belikh, and Chen performed very well in the
dry 1983/84 season.

. Screening for drought and heat tolerance, and

resistance to Septoria tritic/ and sawfly was
strengthened.

. Sebou and Korifla significantly outyielded the

locally adapted Haurani for the second season
in the Syrian farm trials. They are again being
tested and are potential candidates for
release

. Our work on grain quality helped in identifying

lines with good vitreousness and grain ap-
pearance for advanced vyield trials.

Project I!I: Bread Wheat

1. Two promising advanced bread wheat lines,

FLK'S*/HORK'S" and HD 2206/HOR'S’, were
selected by 17 countries in the ICARDA
region. These lines produced large vyields
under moderate rainfall (230-400 mm) and
showed good disease resistance; they are be-



ing extensively tested by the national pro-
grams for possible release.

2. Many bread wheat lines performing well under
drought conditions of 1983/84 were iden-
tified.

3. International cooperation with national pro-
grams in the region increased. Cooperating
countries for specific nurseries included Egypt
(for aphid tolerance), Jordan (for drought
tolerance), Morocco (for Hessian fly
resistance), Sudan (for stem rust resistance
and heat tolerance}, and Tunisia (for drought
tolerance).

Project IV: Triticale

1. Progress was made in improving grain yield,
kernel plumpness and color, and bread-
making quality of triticale.

2. Suitability of triticale as a poultry feed was in-
vestigated in a joint ICARDA/University of
Aleppo experimer *

3. There has been inr.. s sing interest in triticale
in the region. Nuc eus seed of Beagle, Drira
outcross, and Juanillo 95 was provided to
Morocco for multiplication.

4. Our future efforts wili concentrate on
evaluating triticale for its overall biological
productivity (grain plus straw), particularly in
dry areas, and on investigating its potential as
a dual-purpose (grain and animal feed) crop.

Project V: High-Elevation Cereal
Research

1. High-vielding disease-resistant bread wheat
varieties/lines Lom 23/Can, Katya A-1, Qt
4081-Pwth/3* Candor, and 'Vratza' are be-
ing extensively tested in Baluchistan, Pakistan

Research Highlights 73

at elevations above 1000 m. Line Qt
4081-Pwth/3* Candor was also selected in
Morocco due to its consistently high yield.

. Cooperating researchers in Pakistan are

testing high-yielding, cold-tolerant, and
disease-resistant durum lires. Agronomic
trials once again indicated larga responses in
yield to nitrogen in Baluchistan.

. Triticurmi dicoccoides lines were screened for

cold tolerance, disease resistance, and quali-
ty, and two lines possessing the genes for
these traits were identified. Crosses of T.
dicoccoides and T. durum were made to
widen the genetic base and transfer the genes
to durum wheat.

. Productiveness of higher yielding varieties and

suitable production technology are now being
demonstrated in the highlands of Baluchistan
in PARC (Pakistan Agricultural Research
Council)/ICARDA and FAO projects.

Project VI:. International Cooperation

. Close interaction with national programs is a

key component in the prograin’s efforts to
provide more effective backup to col-
laborating scientists in national programs.
New collaborative projects were started with
Egypt, Ethiopia, Iran, Sudan, and Turkey.

Project VII: International Nurseries

. International nurseries links were strengthen-

ed by increased use of computer software and
extraction of more information from interna-
tional nursery data. A draft of a brochure pro-
viding general information on the International
Cereal Nurseries System has been prepared.

. All data from nursery cooperators were stored

and summarized under CRISP, CERINT, and
SPSS-X software on the computer, and in-
formation from regional and ICARDA vyield
trials was grouped by areas.
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Project VIlI: Training

1. Eight research assistants from national pro-
grams participated in a 6-month residential
training course which emphasized practical
aspects of breeding cereals under rainfed
conditions, agronomy, disease and insect
resistance, and field verification trials.

2. The Program in collaboration with other
ICARDA programs, trained over 50 par-
ticipants in short courses on germplasm and
genetic resources, seed production,
mechanization of research plots, and field
experimentation.

3. Twenty Moroccan cercal researchers were
trained in experimental design and data
analysis and interpretation in an in-country
course which was greatly appreciated by the
national program.

4. Sixteen trainees from!12 countries spent from
1 week to 7 months visiting, discussing, and
working with ICARDA scientists at Tel Hadya
on specific topics of cereal improvement
under rainfed conditions. Also, 131 scientists
from national programs, developed countries,
and international institutions, as well as many
university stuuents and others visited the
program durihg 1983/84.

5. CP scientists lectured in naticn~: universities
of Syria and Tunisia and supervised five
postgraduate students (two M.Sc. and three
Ph.D.).

6. ICARDA and CIMMYT jointly sponsored a
workshop on cereal improvement which was
held in North Africa and the Iberian Peninsula
to discuss methodologies for varietal
development, disease resistance, and stress
tolerance. — J.P. Srivastava.

Project |: Barley Im-
provement

Wheat and barley account for a large percentage

of food crop production in West Asia and North
Africa. Although wheat ranks first in terms of
acreage, production, and economic importance,
barley in conjunction with sheep often is the
predominant farming activity in the dry areas
(200-300 mm annual rainfall). The unpredic-
table environmental conditions in the dry areas
pose a problem of stability of barley production
and make it difficult to develop appropriate
selection strategies to identify genotypes that
would provide larger yields and greater stability.
In 1983/84 we continued our efforts to breed
genotypes which can perform well across a
range of seasonal and environmental conditions
and still possess capability for high yields in good
years.

To create an appropriate broad-based germ-
plasm pool, utilizing the genetic diversity in the
world germplasm collection, over 10,000
crosses have been made at ICARDA since 1977.
Whenever possible, one of the parents in these
crosses was e good performer in the local en-
vircnment. Local landraces have been used in
760 of these crosses. Plant characters con-
sidered in these crosses were: yield performance
of the local parent, phenotype of the parents for
other important characters, combining ability,
breeding record and pedigree of the introduced
parent.

Germplasm from crosses between introduc-
tions and adapted types is provided to national
programs in the form of segregating populations
and advanced lines for selection for stress
tolerance (drought, heat, and cold), yield and
yield stability, disease resistance, agronomic
type, and grain and straw quality. The strategy is
to quickly distribute early-generation segregating
populations identified at a few representative
screening sites for further selection in en-
vironments where they are to be grown. These
populations are designed to provide cooperators
with sources of useful gene combinations and
germplasm with the required plant characters.
To meet this objective and to achiave larger
yields in drier areas, we use the following
strategy:



In the very low-rainfall areas, barley and sheep are the
backbone of the farming systems. !CARDA is therefoye
attempting to improve the total biological productivity of
barley, including both grain and straw.

1. We work closely with national programs.
Results from the international nurseries
clearly show that ICARDA’s germplasm
was better utilized in countries where the
cereal program staff have kept close con-
tact. A continuing goal is to improve na-
tional research capabilities with the long-
term objectives to leave the national pro-
grams the resbonsibility to create lines for
their own environments while ICARDA will
rnove into newer research frontiers, though
retaining a supportive role to national pro-
grams.

2. We screen and select {mainly in the Fz
generation} in several dry locations to
identify parental lines and cultivars for the
agroclimatic conditions of barley-growing
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areas. To screen a large number of
populations for stress tolerance, replicated
selection in three to five environments is
needed in any one year to identify superior
gene combinations and determine the
acaptability of the material.

3. We have started employing a modified bulk
selection system at several sites, to replace
the expensive pedigree system.

4. We are constantly expanding the barley
germplasm pool by utilizing the genetic
diversity available in the world barley
germplasm banks, including locallland-
races and close relatives of barley.

5. We accumulate and combine genes for
stress tolerance from various sources with
help from ICARDA’s agronomists and
physiologists.

6. By selective crossing we improve the
disease resistance of the high-yielding
germplasm developed at ICARDA.

7. We screen and select materials in the main
reason, and then advance the generation at
a summer nursery site.

8. Develop cultivars with a large yield of straw
and cultivars for grazing, for areas where
straw and grazing are relatively more im-
portant than grain.

9. Develop improved agronomic practices for
barley-growing areas.

Component I: Breeding

Breeding Procedures

The aim of the breeding program is to develop
barley genotypes adapted to dryland condmons
and with large stable yields.

The scheme of ICARDA's barley breeding and
testing procedures is shown in Fig. 1. Selection
at the main station at Tel Hadya is different from
that carried out at the drier sites. The main pro-
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cedure used at Tel Hadya was a modified
pedigree system in which selection was based on
single plants combining the desirable characters
from both parents in the Fz generation. This pro-
cedure will be continued in all those en-
vironments where expression of plant characters
allows single-plant selection. In later genera-
tions, selection of the best families was em-
phasized, followed by selection of the best plants
within those families. Two generations were
grown per year unless space in the summer
nursery did not permit growing the later genera-
tions. Bulking and yield testing were practiced as
early as the Fs generation. Early segregating
populations for drought tolerance, however, will
be advanced differently using a modified bulk
method with emphasis on replicated selection at
several dry sites in any one season. The objective
is to identify superior gene combinations under
dry conditions. Single-plant selection as early as
Fz generation, when desirable, will be carried out
sirnultaneously at Tel Hadya on identified
superior crosses. Singla-plant selection at all dry
sites will be in Fe generation if sufficient rainfall
permits differential expression of the plant
characters. Replicated yield testing of bulks will
start with Fa generation.

Prior to distribution to national programs the
most promising bulks and cultivars are yield
tested in preliminary trials over 2 vears and four
environments in Syria: Tel Dhaman, Bouider,
Breda, and Tel Hadya with average annual rain-
fall ranging from less than 200 to above 350
mm. The most promising cuiitivars are promoted
to advanced yield trials over eight environments
for 1 or 2 years. These, in addition to the four
environments in Syria, are: Ousseltia (230 mm)
and El Kef {450 mm) in Tunisia, Terbol (650
mm) in Lebanon, and Athalassa in Cyprus (250
mm).

Information on disease resistance is collected
as soon as lines are bulked for preliminary yield
testing and thereafter when the lines are pro-
moted to advanced testing in the Key Location
Disease Nursery (KLDN); the promising lines are
then prornoted to international nurseries.
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Germplasm Development and Evalua-
tion

Information on breeding material tested in this
project is presented in Fig. 2. Screening activities
were decreased after the two initial seasons
{1978-80). The large collections tested in the
earlier years have provided a few promising lines
which are being examined more intensively for
specific ~haracters, maitu, disease resistance
and stress tolerance.

The number of segregating populations in-
creased until 1980/81, because a large number
of crosses was made earlier to create the germ-
plasm pool. Then the number started to decline.
We now propose to limit the number of crosses
to 1000 per year. However, the replicated
selection at five sites in Syria and Lebanon (in-
cluding two new sites, Tel Dhaman and Bouider
in Syria} is expected to bring about a new surge
in segregating populations.

Segregating populations targeted for specific
environments have started to prove their
usefulness. During 1983/84 three sets of F2
segregating populations (for dry areas, moderate
rainfall areas, and high-elevation areas} were
evaluated both at Tel Hadya {230 mm) and
Breda {160 mm}. The number of populations
selected within sach set (Fig. 3) shows that,
because of the dry year, a higher proportion of Fa
was selecied from the Fz populations specifically
developed for dry areas.

Advanced Yield Trials

The yield improvements of the best performing
entries in advanced vyield trials at Tel Hadya since
the 1980/81 season are shown in Fig. 4. It ap-
pears possible to improve yields in the region
over the 1000 kg/ha long-term regional average
using the newer varieties and appropriate pro-
duction technologies. The Rihane sister lines, in
particular, have maintained a consistently high
yield over three cropping seasons. They were
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promoted to international nurseries and were
reported to be performing well over a wide range
of environments (ICARDA Arinual Report 1983,
p.78). Results for 1983/8<, a very dry year,
show significant yield increase of promising
genotypes over Arabi Abiad, the adapted local
check (Fig. 4). The yield increases shown for the
germplasm tested by ICARDA closely match
those obtained by cooperating national programs
(see section on Regional Yield Trials).

To supplement the information obtained from
dry sites in Tunisia, Syria, and Cyprus and to
select for drought resistance in advanced lines, a
set of advanced vyield trials is usually sown 3
months late (around mid-February) at Tel Hadya.
The purpose of late pianting is to expose the lines
to heat and drought stress during kernel filling,
and to assess their resistance to these stresses.
Cultivars that yielded well when sown late were
generally those that had higher 1000-kernel
weight (Table 3); or. vice versa, lines that pro-
duced smaller vyields when planted late hag
smaller kernels. The production of large kernels
with late sowing seems therefore a good indica-
tion of stress resistance. During 1983/84, late
planting received less than 30 mm rainfall after
sowing. Yields were therefore much lower, and

1500 ) {c) Yield trials
r— [
™

£10004 [] ’_ | [
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Z 500
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Season

Fig. 2. Number of lines in (a) screening nurseries, (b) segregating populations, and (c) yleld trials in the barley breeding
program from 1978/79 to 1984/85 {(international nurseries included).
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I 4. Highest yielding entries in the advanced yield trials
s ;dya from 1980/81 to 1983/84.

kernels smaller, but protein percentage increased
as expected. It can be swen, however, that the
decrease in kernel weight was much less than in
grain vyield, suggesting that in higher yielding
genotypes kernel weight is much less affected
under adverse conditions than other yield com-
ponents.

Dual-Purpose Barley Yield Trial

In the North African and West Asian regions,
barley is often left to be grazed during the early
stage of growth, and is then allowed to regrow to
obtain grain and straw. Therefore, the aim of this
project is to develop dual-purpose geriotypes
which can provide both large yields of forage for
early grazing and large yie!ds of grain and straw
after grazing. Efforts have also been directed to
the identification of morphological and
physiological characters useful as criteria for
early-generation selection of dual-purpose barley
genotypes.
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In the 1983/84 season, 210 genotypes were
evaluated at Tel Hadya following essentially the
procedures used the previous year (ICARDA An-
nual Report 1983}). Forty-two promising
genotypes identified in the previous seasons
were also tested at Breda, a dry site.

Forty-one of the 210 genotypes tested at Tel
Hadya were found to have high dry-matter yield
at grazing as well as good grain and straw yield,
and therefore are promising as dual-purpose
barley. The performance of some of these
genotypes in comparison with those of the

forage and grain types is shown in Fig. 5. The
dual-purpose type had large green-forage pro-
duction at the time of cutting as well as large
grain vyield after cutting. They also had
reasonably large grain yield without green-stage
cutting and iarge straw yield after cutting. No
results were obtained from the trial at Breda
because of the drought encountered.

The time of heading or maturity appeared to be
the most important criterion for selecting dual-
purpose type of barley. The numbers of days to
maturity and heading (without green-stage cut-

.ﬁbge's; * Variation in maan yield, protein percentage, and kernel weight of barley lines in advanced yield trials under two

" different planting dates at Tel Hadya, 1983/84.

Yield (kg/ha)! Protein 1000-kernel wt.
o {%) , {g)
Lire/cross/pedigree %of %of
N L N N b N L N
Jerusalem a barbes lissas/

Ci 10838 :

IC_B77-3 19-lAP-OSH-2AP-IAP-OAP 4341 1136 26 9.4 15.4 37.9 26.2 69
Bonus 4277 1233 28 8.5 17.0 36.1 19.3 63
Legia ‘ 4200 '686. 16 8.4 154 ~ 335 24.3 72
WI 21987/Cam o .

ICB77-19-1AP-5AP-IAP-QAP 4077 1375 33 8.1 14.8 38.2 24.9 65
NK 85 4061 1650 40 7.3 14.3 41.9 273 66
Roho/Masurka : ‘

ICB77-170-4AP-4AP-2AP-0AP 3986 1505 37 8.5 15.2 42.3 31.0 73
Pitayo/Cam ,

.CMB74A-84-78B-1Y-1B-0Y507 3819 1500 39 10.0 1741 41.8 27.0 64
Bantim/Gva
: CMB74A-236-4S-OAP 3658 1436 39 6.9 13.1 37.1 26.6 71
Checks
Rihane 'S'?

Sel 2L-1AP-3AP-OAP 3237 955 30 7.5 12.6 39.6 246 62
Beecher? 2939 1324 45 7.3 12.9 43.5 28.6 46
ER/Apam? 3789 1364 36 7.5 12.4 41.4 32.3 78
Harmal? 3217 1G30 32 8.3 15.9 38.9 29.8 77
Arabi Abiad? 3293 931 28 7.5 15.9 411 31.6 77_

1. N = Normal, L = Late. Mean over three replications in sach sxperiment.

2. Mean over seven experiments.
3. Mean over six sxperiments.
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ting) were significanily and positively correlated
with grain yield and straw yield after green-stage
cutting (Table 4). On the other hand, days to
heading and maturity had moderate but negative
linear correlations with dry-matter vyield at
green-stage cutting. Thus, genotypes of in-
termediate maturity could be the best com-
premise for large dry-matter yield at grazing and

large grain yield after grazing. it must be em-
phasized, however, that this seasen favored
production of higher dry-matter yield at grazing
by early genotypes and therefore mediun to later
maturing types were much less affected by graz-
ing. The latter genotypes recovered quicker and
produced larger final dry-matter yield. The linear
correlation coefficients between grain or straw

Teble 4. Coefficients of linear correlation between different characters found in the dual-purpose barley trials of
1982/84. (Upper lines, 2-row barley; lower lines, 6-row barley.)t

With green-stage cutting

Grain yield Straw vyield Dry-matter yield
, at cutting
{a) Withieut green-stage cutting
Days to heading 0.62*° 0.58"° -0.40°°
0.62°** 0.74** -0.33**
Days to maturity 0.68*° 0.63°° -0.561°**
0.76°* 0.84°" -0.62°°
Plant height 0.01 -0.08 0.12
-0.17 -0.06 0.22°°
Tiller number -0.05 0.03 0.13
0.19 0.13 -0.03
Head number -0.19 -0.13 0.21
0.06 0.07 0.06
Tiller mortality 0.02 0.06 -0.03
0.15 0.06 -0.09
Hzad score 0.23° 0.29°* -0.33°°
' -0.08 -0.06 -0.15
Plant score 0.04 0.11 0.00
-0.11 -0.05 -0.05
Grain yield -0.17 -0.38°*° 0.32°
0.36°°* 0.13 0.05
Straw yield -0.12 -0.38*° -0.11
0.32°°* 0.00 -0.20
{b} With green-stage cutting
Grain yield 0.80°° -0.45**
0.86°* -0.50°*
Straw yield -0.31°*°
-0.44°*

* P<0.01, ** P<0.001.

1. Data for each genotype were computed as percent of the mean of the three checks in each experiment. Information was
pooled from the i 0 experiments but with the checks and mixed lines excluded from calculation. There were 72 cases for the
two-row group and 125-126 cases for the six-row group.



yield after green-stage cutting with the other
characters: plant height, head score, j:!ant score,
tiller number, head number, and tiller mortality
(all without green-stage cutting) were either
small or not significant. It should also be noted
that grain and straw yield after green-stage cut-
ting were significantly correlated each other, but
both of them were negatively correlated with
dry-matter yield at cutting. Similar results had
been obtained in the previous seasons ({CARDA
Annval Report 1982, 1983).

Inte-national Nurseries

Tre emphasis on international nurseries con-
tinued, and in 1982/83 we began sending
diverso sets of segregating populations to the
different barley-growing areas. Three different
observation nurseries will be distributed in
1984/85 far the first time: one for dry areas,
one for higii-elevation areas, and one for
moderate rainfall areas.

From the breeding materials provided by
ICARDA's barley germplasm, a large number of
promising lines were selected by national pro-
grams from 1978 to 1984 (Fig. 6). More were
selected in countries such as Tunisia where
ICARDA was able to maintair. closer cooperation.
This indicates the need to improve contacts
where they are at present inadequate.

Observation Nurseries

Promising advanced lines developed at ICARDA
are provided to cooperating national programs
for initial screening from Barley Observation
Nursery (BON). The 1982/83 nursery consisted
of 150 entries, with Badia as check every 20th
entry. Eight triticale lines were also included to
compare their performance with barley lines in
different environments. Data were received from
19 locations. Ten lines were selected at 11 or
more of these 'ocations, six of which were

Barley 83

developed at ICARDA {Table 5). Moreover, a
number of lines were found to have good

Table §. Lines selected at 11 or more of 19 locations in
the 1982/83 Barley Observation Nursery.

Sel.

freq. Cross/line Pedigrea

13 Harmal 'S’ Sel, 12L-2AP-OAP!

12 WI 2197/Ct 13520 ICB78-0014-3AP-0AP!
12 Kervana/Prior ICB77-0372-1AP-OAP!
1 Duks Sejet

11 Athos (B)

11 Remal

1 Assala'S’ Sel, 4L-3AP-0AP!

1 Matnan'S’ Sel, 1AP-2AP-4AP-OAP!

CMB77A-0352-3AP-0AP?
*ICB77-0169-4AP-2AP-OAP!

1 WI 2198/Emir
11 Roho/Masurka

1. ICARDA - develoned genotypes.
2. ICARDA selection.
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Fig. 6. Total number of promising barley lines, selected by
each of 12 countries from ICARDA's improved germplasm
from 1978 to 1983 in the ICARDA region.
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resistance to powdery mildew, scald, net blotch,
yellow rust, and leaf rust. A detailed description
of the agronomic traits and disease reactions of
these lines is presented in the 1982/83 iCARDA
Cereal International Nurseries Report.

Regiona!l Yield Trials

The 1982/83 Regional Barley Yield Trial {(RBYT)
consisted of 21 improved bariey lines, with one
national check, one triticale, and one durum
wheat line included for comparison and grown in
a randomized complete block design, replicated
three times. Data were received from 25 loca-
tions. Rihane’S’, which was a new entry, had the
largest mean yield (Table 6) as well as good
stability across different environments. It was
among the top 10 lines at 16 out of the 20 loca-
tions from which yield data were available, and
yielded better than the local checks at 11 loca-
tions. Rihane, which ranked first in the 1981/82
RBYT, dropped to the second position. The
triticale and durum entries ranked 20th and
22nd, respectively. There was a large genotypic
variation in the agronomic characters, such as
days to maturity, plant height, protein conter.
and kernel weight. Moreover, each entry in the
RBYT was resistant or moderately resistant to
two or more diseases. A detailed presentation of
the results obtained at the 25 locations is
available in the 1982/83 ICARDA Cerea! Inter-
national Nurseries Report.

Results of the regional barley yield trials from
the last six seasons showed that the perfor-
mance of ICARDA-developed barley lines has
improved (Table 7, Fig. 7). Every year, starting
from 1979/80, 8 to 13 newly developed lines
yielded better than Beecher, the long-term check
in these trials. Beecher was the third highest
yielding variety in 1977/78 and the top yielder in
1978/79, but its rank dropped to 14th, 9th,
14th, and 10th, in the following four seasons,
respectively.

57 [ Longterm barley check (Beecher) (4)
Best five bariey lines

B Best barley lines (2)
8)

(5)

4 1.SD (5% )

{0)

1977/78 78/79 79/80 80/81 82/83
1

81/82
Season

1, Means are over 23, 20, 23, 24,28, and 16
lucations for the seasons 1877/78 to 1982/83,
respectively, Complete ilata for 1983/84 were
not available at the time of writing the report,

2. Locations were considered as fixed, When
locations were considered as random, LSD for
1982/83 was 428 kg/ha.

3. Figures in parentheses indicate the
number of barley lines that significantly
outyielded Beecher.

Fig. 7. Mean grain vield (kg/ha) of the most promising
barley genotypes tested in the Regional Barley Yield Trial
during 1977-1983 in the ICARDA region.

Other high-vielding lines were also con-
tinuously being replaced by newer lines with
even greater yielding ability. For example, in
1979/80 and 1980/81, the line ER/Apam had
the highest mean vield, but its ranking d¢ropped to
second and fourth place in 1981/82 and
1982/83, respectively. In 1981/82 . 1
1982/83, the newly developed lines, Rihane
and its sib, were the best yielders. Incidentally,
despite the seasonal fluctuations, an improve-
rnent in the yield of Beecher is discernible over
the six seasons. Such a trend probably reflects
an improvement in management practices by the
national programs. — M. S. Mekni, S. Ceccarelli,
and S. K. Yau.
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Table 6. Performance of the highest yielding lines in the 1982/83 Regional 8arley Yield Trial.

Mean
Cross/ grain yield?
pedigree {kg/ha} Rank CHK? SEL?
Rihane ‘S’

Sel, 2L-1AP-3AP-0OAP 4906 1 11 16
Rihane* 4887 2 10 . 15
Mari/CM67

Civie72-0140-8Y-1B-3Y-3B-0Y 4796 3 10 . 1
ER/Apam* 4728 4 9 12.
Beecher {long-term check) 4497 10 9 1
Drira/M2A {tniticale) 3997 20 7 9

X-15893-0AP
Sahl {durum wheat) 3824 22 7 7
Overall mean 4351
LSD {0.05) 244
CV (%) 14

Yield, rank, and CHK out of 16 locations. SEL out of 20 locations.

1. Mean yields are averaged over three replications.

2. CHK = no. of locations where the line yielded better than the national check.

3. SEL = no. of locations where the line was among the 10 highest yieldirg entries.

4. Hihane was the top yielder in the 1981/82 RBYT. ER/Apam was the highest yielder in the 1979/80 and 1980/81 RBYT and
its ranking dropped to tha 2nd in 1981/82.

Locations were considered as fixed. When locations were considered as rardoern, LSD = 428 kg/ha.

Table 7. Ranking of selected barley entries in the regional yield trials from 1377/78 tc 1982/83.

Rank and name of entry

Yeat First Second Third Fourth Fifth

1977178 Cr. 366-13-2 Comp. Cr. 89 Beecher? Cr. 366-16-2 H251 3Y-1B-0Y
1978179 Beecher! Cr. 368-4-1 Wi 2291 Comp. Cr. 89 Cr. 366-13-2
1979/80 ER/Apam? Wi 2198 CM67/SV.Mari Minnl 26/CM€7 Comp. Cr. 89
1980/81 ER/Apam?2 Ky 63-12942 Carina Minnt 26/CM&7 Emir/Nordgard
1981/82 Rihane? ER/Apam? Khouzama'S‘2 Rihane’'S‘2 As 54/Tra?
1962/83 Rihane’S’ -22 Rihane? Mari/CM67 ER/Apam?2 Khouzama'S'?

1. Long-term check variety.
2. ICARDA-developed germplasm.
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Component 2: Pathology

Screening Advanced Breeding Material

The 1984 Key Location Disease Nursery (KLDN)
was planted in 20 «hot spot» locations mainly in
West Asia and North Africa. This nursery com-
prised the advanced vyield trial lines and some
mcre  lines considered to be sources of
resistance, of which 313 lines were tested in the
1983 KLDN. Barley lines in the Observaiion
Nurseries and Crossing Blocks were also planted
in most of the KLDN locations to test their
resistance.

Tt JRELV0.0m 8 Fr, Mo

Useful information from the 1983 and 1984
KLDN was obtained on the following diseases:
yellow rust (Puccinia stritfformis), leaf rust (P.
hordei), powdery mildew (Ervsiphe graminis),
scald (Rhynchosporiurn  secalis), and Barley
Yellow Dwarf Virus (BYDV) frcm Syria, Lebanon,
Yemen, Egypt, Tunisia, Morocco, Portugal,
Pakistan, and Mexicn (Table 3).

In both years, 16, 20, and 31 lines showed
resistance to vyellow rust at Tel Hadya (Syria),
Terbo! (Lebanon), and Islamabad (Pakistan),
respectively. However, oniv eight lines were
resistant in all three locations tested over the 2
years. These results indicate the necessity for the
repeated multilocation testing.

M %, © A, s ‘—u'“'bW“‘q!l:’ﬁ‘
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B ,N' ‘.
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Low % DR “_b “'e\".-; \ ¥,
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Promising lines from the breeding program are evaluated at the Key Location Disease Nurseries (KLDN) for their genetic
resistance to important diseases. Most advanced lines are evaluated at several «disease hot spots» in many countries for

durable resistance.
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Table 8. Number' of barley lines resistant? to yellow rust (YR), leaf rust (LR), powdery mildew (PM}, scald (SC), and
Barley Yellow Dwarf Virus (BYDV) in ditferent locations and years (KLDN 1983 and 1984).

Site?

SYR SYR SYR LEB YEM EGY EGY TUN MOR POR PAK MEX Resistant

Location codes all loc.

Disease Year 01 51 53 01 01 01 03 01 01 01 01 01 No. %
1983 25 281 43 20 5.6
YR 1984 28 106 22 217 13 3.6
1983+ 84 16 20 31 8 2.2
1983 6 196 36 191 0 0.0

LR 1984 77 193 11 26 7.2
1983 + 84 103 0 00
1983 132 81 171 35 9.8
PM 1984 289 3 101 659 2 06
1983 + 84 1 69 1 .3
1983 210 210 658.6
SC 1984 218 314 246 166 43.0
1983+84 157 120 33.5
BYDV 1984 89 288 77 220

1. Number of lings planted in 1.34 = 360, 313 of which were also planted in KLDN 1983,
2. Selection criteria: Rust, S 5% seventy; Powdery mildew and scald, = 3 on 0-9 scale; Barley Yellow Dwarf Virus, & on 0-4

scale.

3.SYR 01 = Tel Hadva, SYR 51 = lattakia, SYR 53 = Al Ghab, LEB = Lebanon, YEM = Yemen, EGY = Egypt, TUN =
Tunisia, MOR = Morocco, POR = Portugal, PAK = Pakistan, MEX = Mexico.

Data on leaf rust for 1984 were available from
Lattakia (Syria), Beja (Tunisia), and Obregon
{Mexico), where 77, 193, and 111 lines,
respectively, were resistant to the disease.
However, not a single line showed resistance
over the 2 years and across all locations, in-
dicating different virulences in different screen-
ing sites.

Resistance to powdery mildew was detected in
one line at Beja {Tunisia) and in 69 lines at Guich
{(Morocco). Cver all locations and over the 2
years only one line showed resistance to the
disease.

Data on scald were obtained in 1984 from Tel
Hadya, Terbol, and Beja, where 218, 314, and
246 lines, respectively, were resistant to the
disease. A large number of lines (120) showed

resistance to scald over the 2 years and in all
locations. However, more testing sites with
possibly different races are needed.

Data on Barley Yellow Dwarf Virus were ob-
tained from Lattakia (Syria) and Beja (Tunisia)
with 89 and 283 resistant lines, respectively. At
both locations 77 lines were resistant. For fur-
ther gqualitative screening the KLDN-84 was sent
this year to Quebec, Canada. The results are not
vet available.

The results of this multilocation testing in-
dicate the efficiency of screening for yellow rust
and scald, and the need for a better screening for
leaf rust and powdery mildew.

This will be considered in our screening pro-
gram for the 1984/85 season. — Omar Mamluk
and J.Van Leur.
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Component 3: Agronomy

During the 1983/84 season, agronomy ac-
tivities included trials to evaluate the response to
grazing, the effect of seed rate, sowing date, and
nitrogen applications, and the nitrogen efficiency
of different barley genotypes. The season was
very dry (230 mm in the whole season at Tel
Hadya), so care should be taken in interpretaticn
of the results.

Response to Grazing

The experiment was carried out using 10 barley
lines classified as forage type and 10 lines
classified as dual-purpose type. Seven forage
types (Table 9) were tested for the first time in
1983/84, while the other three (Saida, Windsor,
Bco. Mr/Mzq) had been tested during the
1982/83 season. In the case of dual-purpose
genotypes, six were tested for the first time and

Tablo 8. Dry-matter and grain yield of forage and dual-purpose barley genotypes at Tel (Hadya, 1983/84,

Grezad Ungrazed
Dry Grain Grain
Cultiver mastter! yleld! yield®
{kg/ha) {(kg/ha) HDT MDT FT {kg/ha) HDT MDT FT
Forage type
Salds . 729 2370 124 153 186 3203 120 150 244
. Wingdor 799 1655 131 156 275 2476 125 153 278
Bco Mr/Mzq 888 1461 117 148 258 2475 11 141 322
Lignee 527 1129 2158 125 155 279 30556 118 149 316
M-76-61 1168 1038 124 154 176 1803 110 142 259
wi2197 1230 1€54 123 150 271 3017 12 141 361
DPYT 210 1137 480 124 163 127 1826 113 143 264
DPYT 303 791 1656 127 154 233 2693 122 148 259
DPYT 318 1203 1888 121 148 310 3406 109 137 427
DPYT 420 1203 1807 131 157 328 3148 117 145 360
Maan 1027.7 16186.7 2741 1
LSD (5%) 260 537 613
CV (%) 14.2 14.7 14,7
Dual purpose
Badia 800. 2091 119 151 201 3304 114 147 226
Alger/Ceros 779 1662 133 156 321 2168 125 163 342
ce3 896 2027 123 154 226 23556 126 148 219
Antares " 760 1777 134 167 273 1655 126 154 266
Arabi Abiad 729 ° 2180 126 i50 379 3145 120 145 419
Rihane 'S’ 830 1896 118 149 179 2774 119 146 240
Matnan 861 203 124 151 302 2218 126 148 286
Harmal'S’ 1109 198¢ 118 146 299 2925 108 138 379
Agsala‘S’ 869 190¢ 122 160 240 3040 114 1456 331
DPYT 221 748 1761 121 162 214 2990 113 141 275
Mean 848.1 1832.0 2657.4
LSD (6%) 276 407 1256
CV (%) 18.9 10.7 10.7

HDT = Days to heading; MDT = Days to maturity; FT ~ Number of fertile tillers.

1. Mean of three replications.



four (Alger/Ceres, C 63, Antares, Arabi Abiad)
for the third consecutive season. There was no
clear difference between dual-purpose and
forage genotypes in their performance. Lignee
527, DPYT 318, DPYT 420, and Harmal'S’
were the highest yielding lines both for dry matter
at grazing and for subsequent grain yield.

In general, grazing resulted in reduced grain
yields: 26-48% in forage types and 8-41% in
the dual-purpose types. Only in one genotype
{Antares) did the grain yield increase after graz-
ing. This result contrasted sharply with those of
previous seasons. The number of fertile tillers in
both forage and dual-purpose types declined
after grazing (Table 9}, which could be due to the
drought period of 22 days after grazing. The
result of this season did not agree with those of
previous years, in which an increase in tillering
after grazing had been found (ICARDA Annual
Report 1981, 1982, 1983). The height of most
varieties was reduced by grazing while the
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Variety x Seeding rate in sowing date = 562 kg/ha.

Fig. 8. Effect of sowing date and seed rate on dry-matter
production at grazing time for two barley genotypes,
1983/84.
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number of days from sowing to maturity was
slightly increased in both maturity groups after
grazing.

Response to Seed Rate and Sowing
Date

The effect of increasing seed rate on dry-matter
production at tiilering was positive (Fig. 8). For
both sowing dates, mean dry-matter yields in-
creased significantly up to a seed rate of 240
kg/ha. The maximum dry matter at grazing for
both dates of sowing was achieved at a seeding
rate of 120 kg/ha for Arabi Abiad and up to 240
kg/ha for C 63. Early sowing produced
significantly more dry matter at tillering than
normal sowing.

The seed rate resulting in maximum grain yield
after grazing at the normal sowing was 60 ko/ha
for both genotypes (Fiy. 9). In general, early
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0” \\\\
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Seed rate (kg/ha)
LSD (5%):

Seeding rate = 281 kg/ha.
Variety x Seeding rate = 398 kg/ha.
Variety x See.'ing rate in sowing date = 562 kg/ha,

Fig. 9. Effect of sowing date and seed rate on grain yield
after grazing of two barley genotypes, 1983/84.
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sowing reduced the vyield sharply at each seed
rate for each genotype. However, there were
significant interactions between cultivars and
sowing dates. In general C 63 outyielded Arabi
Abiad at the normal sowing date, and Arabi
Abiad outyielded C 63 under early sowing.

These data indicate that there is a large dif-
ference between 1he optimal seed rate required
tor dry-matter production at tillering ard for op-
timal grain production after grazing. The best
choice of seed rate will depend upon the pro-
ducer’s relative utility for green grazing com-
pared to grain.

Response to Nitrogen

The objective of this experiment is to determine
the effect of five nitrogen rates: 0, 50, 100,
150, and 200 kg N/ha, and two ratios of split-
ting nitrogen: 100/0 and 50/60 (sowing/tiller-
ing} on dry-matter yield at tillering and on grain
yield in the grazed and ungrazed conditions for
two varieties of barley.

Grazing decreased grain yield for both varieties
(Fig. 10). Applied nitrogen at 50 kg/ha resulted
in significant yield increases on ungrazed plots
for Arabi Abiad but not C 63. When grazed both
varie :s responded positively to a nitrogen rate
of . kg N/ha. This limited response to nitrogen
after grazing probably was due to the lack of soil
moisture after grazing. The mean grain yield dif-
ference between the two varieties was in favor of
Arabi Abiad when ungrazed but not significant
when grazed.

Dry-matter production following grazing (Fig.
10) was significantly affected by nitrogen ap-
plication, with the optimal rate at 50 kg N/ha.

Nitrogen splitting had no effect on giain yield
except for grazed Arabi Abiad, where splitting
200 kg N/ha at sowing and tillering induced a
significant yield reduction. As a result, the factor
was not considered in the above presentation. —
1. Naji.

4
scammm  Arabl Abilad
sesss (63
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Grain yield (ungrazed)
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L TR AL L T L L L L
-
Y
Dry-matter yield at
grazing
0 T T 1 1 1
0 50 100 150 200

Rate of N application {kg/ha)

a. LSD (5% ) for N rates x varieties within
grazing treatment,
b. LSD {5%) for N rates,

Fig. 10. Mean grain and dry-matter yields for two barley
genotypes, Arabi Abiad and C63, at five nitrogen rates
under two grazing treatments at Tel Hadya, 1983/84.

Component 4: Grain Quality

Barley germplasm is evaluated for the following
important seed characteristics: kernel weight,
protein content, seed size, seed size distribution,
and diastatic power.

Kernel weight is important in barley. Larger
grains are preferred since they tend to be
positively correlated with both hot water extract
(malting) and energy production (feed). Unifor-
mity of kernel size is also important in malting.
The diastatic potential of barley indicates the



potential energy production value in the feed in-
dustry, as well as fermentable sugars for the
fermentation industry. Barley lines with the best
grain quality (for both feeding and fermentation
purposes! are reported in Table 10.

An additional test was established to deter-
mine lysine percentage in barley. This is deter-
mined by using the near-infrared reflectance
spectroscopy. The instrument was calibrated
against standard ion exchange chromatography
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data obtained from the Grain Research
Laboratory, Winnipeg, Canada. The lysine
percentage indicates the nutritional value of
barley lines which will be used for feed. A total of
6998 barley lines were analyzed for lysine and
another 3000 are being processed.

Test weight determination was included for
1983/84 season since this is also an important
parameter in barley quality. — P. Williams and
F.J. El Haramein.
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Table 10. Bér,lvoy;ﬂllnes with-the best grain quality, 1982/83.

. %.of kernels over

'2.56+2.8  1000-keme!  Protein

2.8 . :

Line/pedigres’ mm mm wt. (g) (%) ‘Rank!
-Por/U.Sask 1766//RM 1508/3/Apm ' ‘ '
1B 66//IA16 -
" CMB 74A-6502-A-1B-1Y-1B-1Y-18 78 93.6 48.7 ;‘ 14.4 7
11012, 2/Impalal/Birence e ‘

CMp 74A-1697-D-2B-2Y-500B-500Y 70.9 94.6 48.4 . 13.3 6 -
Badia* " 64.4 92.7 51.6 13.1 9
Harmei ‘S"* : o

ICB 76-38-12L-2AP-0AP 55.9 89.8 46.2 12,2 14
IFB 1015 54.2 88.6 45.1 12 15"
2762/Beecher* -

L-2Y-0AP .86.3 97.3 563.5 11.6 I |
WI 2291/Bussel* :

ICB 78-603-6AP-0AP 81.9 93.3 48.6 11.9 3
CC 89//BCO-MRID202-391"* .

ICB 78-750-6AP-0AP 62.1 93.9 43 12.7 12
Wi 2291//Mz2q/DL 7" o .

ICB 78-637-2AP-OAP 78.1 96.4 52.8 10.4 1
Comp. 29/C 63* : ‘

ICB 78-173-6AP-0AP 63.7 92 46.5 12.1 13
Rihane 'S** :

Sel 2L-1AP-3AP-0AP 61 92.9 47 10.6 8
Wi 2269 57.7 92 a7 10.6 10
Rihane 'S’'*

ICB 76-11-12L-2AP-0AP 657.5 91 47.3 10.4 10
Lignee 131 (Montwelliar) 57.8 95.4 46.3 10.2 5
Kervana/Mosul 72°*

ICB 78-379-1AP-OAP 62.7 93.9 46.6 9.6 3

1. Overall ranking, based on ranking of individual parameters.

* ICARDA - developed germnlasm.
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Component 5: Entomology

As in previous seasons most emphasis in barley
entomology in 1983/84 was on the search for
sources of resistance to wheat stem sawfly and
aphids.

Resistance to Wheat Stem Sawfly

Screening for resistance to this insect was con-
ducted at Suran under natural high infestation
and at Tel Hadya under artificial infestation
(Table 11). A number of promising lines were
identified at both testing sites (Table 12).

During 1983/84, 306 barley lines were
screened at Suran in an unreplicated trial for
wheat stem sawily resistance under natural in-
festation. The percentage of infestation was
calculated on 63 stems taken at random from
each line. A significant correlation (Fig. 11} was
found between the percentage of infestation and
both days to heading (r = 0.31} and days to
maturity {r = 0.25). Usually the wheat stem
sawfly females deposited one egg per stem
under the ear. The early-maturing barley lines
were much more susceptible than late-maturing
lines because their heading coincided with the
time of sawfly appearance. — C. Cardona and A.
Rashwani,

Table 11. Screening of barley lines for resistance to wheat stem sawfly at Suran and Tel Hadya, 1983/84,

No. of lines % infestution No. of promising

tested and % in the check -lines and range
Location _ infestation {Arabi Abiad) of infestation
Suran 80 (1.7-70.0) 43.2  610.6-3.9)

18002 (0-83.3) 43.2 164 {0 -0)
Tel Hadya 80 (0-13.3) 11.7 6 (0-0.6)
a. Unreplicated.

60 (DM)

Tabie 12. Most promisiing barley lines and percent of
wheat stem sawfly infestation during two
seasons at Tel Hadya and during 1983/84 at

Suran.
% infestation

Te!l iHadya Suran
Line/pedigree 1883 1984 1984
80-6116 1.1 c 0.6
Lignee 1242 1.7 0 1.7
TH. UNK. 32 1.7 0 1.7
TH. UNK. 48 1.7 0 2.2
Choya/MG4-76
CMB73-225-1Y-1B-3Y-1B-1Y-0B 1.1 0.6 2.2
Deir Alla 106 1.1 0 3.9

Y=228,41**-1,29 x

Infestation (%)
H

o

]
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[ ]
[ ]
(DH) .
Y =14584**--1.04 x
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Days to heading/maturity

Fig. 11. Correlation between days to heading (DH) and
days to maturity {DM) with percentage wheat stem sawfly
infestation, Suran, 1984,



Project Il: Dururn Wheat
Improvement

iIn 1984 a working arrangement between

ICARDA and CIMMYT was reached and a joint

durum wheat project was drawn up with the aim

of developing complementary research between

ICARDA- and CIMMYT-based durum wheat

programs, to initiate coordinated distribution of

¢enetic materials and to place empkhiasis on close
interaction with national programs.

The major objective of the ICARDA-based
program at this stage is to improve durum wheat
in the North African and West Asian countries
under rainfed conditions. The main respon-
sibilities are to:

- improve yicid and stability in the rainfed areas,

- incorporate resistance to stripe rust, stem
rust, leaf rust, Septoria tritici, common bunt,
and other diseases prevalent in the region,

- improve resistance to major insects, such as
stem sawfly, suni bug, Hessian fly, and
aphids,

- maintain and improve grain quality aspects,
and

- encourage national programs to develop ap-
propriate agronomic practices {0 improve
duriin wheat production in North Africa and
West Asia.

The durum wheat area in the North African and
West Asian countries is approximately 8.6
million hectares. About 98% of the total durum
wheat is grown under rainfed conditions in North
Africa and Wzst Asia. Of this, about 3.7 million
hectares are grown in the high-rainfall zones
{over 400 mm), 4.7 million hectares in the low-
rainfall zones (less than 400 mm), and 0.2
million hectares in irrigated areas.

The average yield of durum wheat is 1000
kg/ha in the high-rainfall areas and 600 kg/ha in
the low-rainfall areas; both thcse averages are
about 30% less than the yield of bread wheat in
the region.

Durum Wheat 93

Component |: dreeding

Germplasm Dgavelopment

In order to meet the germplasm needs of the
rainfed areas in the Middle East and North Africa,
a project has bLzen estublished to develop durum
wheat germplzsiv capable of coping wiih en-
vironmental siesses, diseases, and insects. In
addition, this project aims at developing germ-
plasm with a reiatively satisfactory performance
in favorable v=ars.

Plant breeders ar:! physiologisis are looking for the
Jasirable plant types that will sdapt to rainfed areas of the
region. This durum wheat genotype with vigorous early
growth, tillering, and small erect leaves is an example of
such plant types.
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Parental materials for tolerance to stresses
prevalent in the region are evaluated and the
desirable characteristics identified at appropriate
sites in North Africa and the Middle East.
Superior parental lines are then combined and
the early-generation populations are exposed to
stress environments to allow the identification
and selection of superior gene combinations
under the following conditions:

- Rainfed, 230-370 mm annual precipitation,
40 kg N/ha and 60 kg Pz20s/ha.

- Early pianting and sunplementary irrigation,
appriosamately 450 mm precipitaticn
simuiated, 100 kg N/ha and 60 kg P20s/ha.

- Breuz, 160-270 mm annual precipitation,
20 kg N/ha anit 20 kg P20s/ha.

- late planting, 40 kg N/ha, 60 kg P20s/ha.
The purpose arn t:¢ number of crosses made

in 1983/84 are siovwn in Table 13. The seed of

many of these crosses was planted in an off-

Talia 13. Durum wheat crossing program in the 1983/84
5933500 with purpose and number of crosses

made.
Number o’

Purpoge Crosses
1. Commercial Varieties x High Yield x Yellow 368

flust Resistance
2. High Yield x Garliness 116
3. Earliness x Multiple Disease Resistance x 293

Earliness
4. High Yizicd x Septoria tritici Resistance 394
5. Cold Tzierance x Earliness 85
6. Drought Tolerance x Earliness 353
7. Grain Quality x High Yieid and Discasa 56

Resistance
8. Buat Rasictance x High Yieid 106
9. Nainiomenas Resistance x High Yield 23
10. Tan Spot Resistance x High Yield 101
11. BYDV Resistence x High Yield 13
12. Aghid Resistance x High Yield 5
13. Sunibug Resistance x High Yield 23
14 #cssian Fly Resistance x High Yield 51
15. Stem Sawfly Resistance x High Yield 20
16. Landraces x High Yield 60

season nursery in Shawbak (Jordan), to provide
the seed for the Fz which will be evaluated in
1984/85.

Segregating Populations

Each segregating family, develuped from the
crosses, is planted under two envircnments at
Tel Hadya: relatively high input conditions and
rainfed conditions, in order to gain information
about the potential of a family to withstand
rainfed conditions and at the same time about
disease resistance and agronomic performance
under more favorable conditions.

The selection under relatively high-input en-
vironment (early planting and irrigation) in
1983/84 was affected by a high incidence of
yellow rust resulting in a wide range of variability
for heading and maturity dates. The rainfed
selection was influenced by drought, as the
precipitation in the 1983/84 season (230 mm)
was only two-thirds of that of an average year in
northern Syria. Stem sawfly was a serious pro-
blem also this year in the rainfed nurseries.

In addition, single-plant selections were done
for heat tolerance (late planting) and at Breda for
drought tolerance.

Preliminary Yield Testing

Selected lines from Fs and later segregating
generations enter the yield testing phase when
they become homozygous for important
phenotypic characters such as maturity, height,
and chaff color. The first replicated testing is in
Preliminary Durum Yield Trials (PDYT). PDYT is
laid out as a randomized complete block design
with three replications and a plot size of 3 m2. in
the PDYT 1983/84, 14 yield trials were tested
under supplementary irrigation and also under
rainfed conditions at Tel Hadya. Each trial com-
prised 21 entries and three checks (Stork, Sahi,
and Haurani). Based on their yield performance



under both environments and disease resistance,
grain quality, and croap duration, the best lines are
promoted for further evaluation in the Advanced
Durum Yield Trial (ADYT).

Fig. 12 shows the number of lines in PDYT
1983/84 which significantly exceeded the yield

Lines butyielding
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of each check. Stork was the best check in
1983784 and this was mainly due to its earliness
and yielding capacity.

Table 14 shows the highest yielding lines in
PDYT 1983/84, with their yield percentage over
Stork and Sahl in both growing conditions.
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Fig. 12. Number of durum wheat lines that significantly outyielied the check varieties, Stork, Sahl, and Haurani,

in 1983/84.

“Table 14. Duzurr: wheat lines it the PDYT that outyialded Stork under rainfed conditions and Sahl mder hlgh input

muinagement, Tel Hadya, 1963/1984.

Rainfed irtigated -
Yield % Yield %
Cross/pedigree {kg/ha) LSD Stork (kg/ha) LSD - Sshl -
Pgl/ich/21563/3/Scarcies 4477+ 1050 129 5422 934 110
ICD78-0362-4AP-3AP-6AP-0AF ,
Stk//Ch/Bit 4366 891 122 5283 782 116 -
ICD78-0415-2AP-2AP-2AP-0AP ’
PlciCll/1Jo/RD1 19/3/0yca 4288* 891 120 5450° 782 121
- {CD78-0623-1AP-4AP-2AP-0AP
Rabi/Fg//Gdovz579/3/Bit 4033° 505 19 5077 1097 98

CD26109-0AP-2TR-1 AP-1AP-OAP

* Significant at P<0.05,
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Advanced Yield Testing

The lines found promising in the preliminary
testing are included in the advanced testing pro-
gram, which involves yield testing under more
contrasting environments, diseases and insect
screening at hot spots in the region, screening
for tolerance to frost, drought, heat, and guality
analysis.

Fig. 12 shows that, as in the PDYT, Stork was
an excellent check for rainfed as well as high-
input environments in 1983/84.

Fig. 13 shows the performance of some
durum wheat line:; which produced a relatively
large gro v yield under different environments.
They are comparad to the high yielding chack,
Stork. These lines vould perform well across dif-
ferert environments perhaps due to their being
relatvely early maturing.

Tre average yield of the durum wheat lines
tested in the ADYT at Tel Hadya is shown in Fig.
14, Early pianting favored large grain production
per unit area, fciiowed by the supplementary ir-
rigation and tha rainfed conditions. The dit-
ferences betwsan early planting and rainfed, and
between suppiementary irrigaiion and rainfed
were significant. The coefficient of variability
between entries was 14.7 for early planting and
12.8 for rainfed conditions, while for the ir-
rigated conditions it was 9.4 only.

Environmental &tress Testing

The objective of this project is to develop and
distribute genotypes combining good vyield
potential, yield stability, and tolerance to en-
vironmental stresses, such as drought, frost,
heat, and salt.

Drought tolerance. The 399 durum wheat lines
which constituted the advanced durumyield trials
were visually evaluated for their relative drought
tolerance in the 1983/84 season in a series of
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2 =0vi/Cp//Cando
= Shwa/Mexi75//Bit

** 9% iacrease or decrease over Stork,

Fig. 13. Performance of three advanced durum wheat
lines with high yielding ability and stability across four
environments in 1983/84.

environments: Tel Hadya under supplementary
irrigation (approximately 4560 mm); Tel Hadya
rainfed (230 mm); Breda (approximately 160
mm); early planting (45C mmj}, late planting
{Februaryi; and Terbol (approximately 500 mm).
Forty-five lines were selected at Breda. There
was a large variation among the selected lines in
heading timie (Fig. 15).
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Fig. 14. Meziv grain yield of durum wheat entries and
coefficient of variation {CV) of the experiments in three
growing conditinns at Tel Hadya, 1983/84.

From the 399 advanced lines, 17 were
classified as eary heading ones, and out of
these, four were selected at Breda as drought
tolerant. These four lines are similar to Stork in
their heading date. However, the number of
selected lines that were similar to Haurani and
Gezira 17 in heading date was much higher (Fig.
15). These results confirmed that screening for
drought tolerance at Breda is affected by the oc-
currence of low temperatures, particularly during
the vegeiative growth stage, which favors the
selecticn of medium-late to late genciypes
similar to Haurani and Gezira 17. More attention
has to be given to the early lines with trlerance to
drought to meet the needs of ¢ther enviriimen-
tal conditions in the region whurs earlin:ss 1s an
important factor for securing h-gh and consistent
yield and where the effect of low temperature
during the vegetative stage is insignificant. Fig.
156 shows the average yield of different heading
date ranges.
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b =139 - 147 (Waha); ¢ = 148 - 155 (Haurani); d = 156 -
163 (Gezira 17).

Fig. 16. Number of entries selected at Breda and their
mean grain yield and the range of heading dates, out of
four groups of durum wheat lines, 1983/84.

Heat tolerance. Relating grain yield to precipita-
tion and temperature in different growth stages
for the last 5 vears at Tel Hadya demonstrates
(Table 15) clearly the importance of both these
factors. The precipitation during the reproductive
stage was most decisive for yield, followed by
precipitation during the early stages of plant
development; however, the number of rainfall
days during the vegetative stage was also im-
portant.
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Table 15. Correlation between grain yield' of durum wheat lines and rainfall and temperature at difé:rant ... .vth stages
from 1978/79 to 1982/83 (Tel Madya, rainfed yield trials).

Sewdling Vegatutive Reproductive Seasonal
Factor stage stage stage average
Rainfall {mm) +0.75" +10.57 +.96 0 +0.8%
No. of rainy days +0.66 +0.82° L0786 +0.74"
Ternp {°C): {Mean) +0.21 -0.63 {302 -0.68
Min. Ternp. (Mean}) +0.78" -0.69 RRARC D R -0.70
Max. Temp. {(Mean) +0.29 -0.54 --(,.86° -052

New durum wheat varieties have been identified that fill
grains and produce reasonably good yweld in spite of
moisture deficiency and heat stress at the time of grain
filling.

The mean temperature was correlated
negatively with vyield, especially during the
grain-filling stage. The higher the temperature,

the lower was the yield. However, the minimum
temperature during the early stages of plant
establishment and development had a positive
effect on final grain yield.

The influence of drought in 1983/84 season
caused a general reduction on all yield com-
ponents, especially on the number of heads per
umnit area and the number of kernels per head
{Figs 16 and 17).
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Fig. 16. Frequency distribution of number of heads per
unit area in the ADYT 1983/84 in three environments at
Tel Hadya.
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Fig. 17. Frequoncy distribution of kernels per head in the
ADYT 1983/84 in two environments at Tel Hadya.

Regional Testing

The objective of this project is to develop and
distribute advanced lines and genetic stocks
comixning grain vield potential and stability,
adaptation to different environmental conditions,
rasistance to diseases and insects, and accep-
iabie technological and nutritional quality. The
lines arc: tested at different sit3 and over several
years, and the best ones zre advanced for

distribution to national programs. The national’

prograins provide us with :~formation on the
performance of these lines. The combined
results from all sites are reported back .o the na-
tional programs.

Observation nursery. The regional Durum
Wheat Observation Nursery {DON) provides a
vehicle for a preliminary screening of promising
advanced lines at the national program testing
sites by national program researchers. Selected
data from the 31 sites of 1982/83 DON are
reported in Table 16.
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The time to heading and maturity are impor-
tant factors for selection in the rrgion. This is
shown in the phenotypic correlaiions between
frequency of selection and number of days to
heading (r = -0.195, P = 0.Q14) and the
number of days to maturity {r = -0.25, P =
0.003). This indicates the importance of
earliness ot durum wheat germplasm intended
for North Africa and the Middle East. The cor-
relation between the: number of days to heading
and to maturity wa- ine highest {r = +0.81, P
= 0.001), followe: by the frequency of selec-
tion ard actual grain yield (r = +0.62, P =
0.0Q1).

Tan spot and Barley Yellow Dwarf Virus
(BYDV) are the major constraints to grain yield in
the region. This is reflected in the negative cor-
relation between grain yield and BYDV (r =
-0.17, P = 0.026), selecticn frequency and
BYDV (r = -0.28, P = 0.002), and grain yield
and tanspot{r = -0.19, ¥ = 0.015). However,
in most of our advance:! germplasm we also
need to incorporate additional resistance to
Puccinia striiformis, P. recondita and P. graminis.

Earliness was associated not only with higher
yield but also with the avoidance of attacks by
diseases, e.g. P. graminis. However, in a com-
parison between early and late heading cirum
wheat lines, the early lines were found i be
more damaged than the late ones by powdery
mildew, Septoria tritici and Helminthosporium
tritici-repentis.

Regional vield trials. Two types of Regional
Durum Yield Trials, each comprising the best
performing lines from the Regional Durum Wheat
Observation Nurseries, were distributed in
1982/83. The Regional Durum Yield Trial
(RDYT) is intended for favorable environments,
and the Regional Rainfed Durum Yield Trial
(REDYT) for the rainfed areas in the Mediterra-
nean region. Yield data were received from 17
locations for RDYT and 16 for RFDYT. For both
trials the yield performance and other important
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Table 18. Agroenomic and disease data of the most frequently selected lines {14 or more sites) in the Rainfed Durum

Wheat Observation Nursery, 1982/83.

1000-
Pro. Vitr. kernel ACI
Linia FR DH DM Ht (%) (%) weight YR LR SR sT PM TS BYDV
C/'8T D.Vern//GI'S’ 16 122 164 81 120 96 445 23 5 1 5 5 2 1
Vi S rUSAL.0223 71 16 125 164 82 120 98 444 19 4 19 4 5 2 1
nad'S’
Rabi’'S*/3/'.d 390/ 16 126 167 87 126 100 46.2 12 0 0 4 7 1 1
Gelle/Tc60
Fg'S’1Jo’S"11Gu’S" ! 14 119 163 88 138 99 426 6 4 1 5 4 2 1
61-130Kds
Shwal/Magh’S’/Bit 14 120 163 78 123 98 429 10 3 10 3 5 1 2
Duro3/ibis‘S’1/1150/ 14 19 162 81 128 96 49.1 12 3 g 4 7 2 1
KR569
USA.0640/Fg//Fg/Rutf 14 122 164 82 136 98 405 7 1 3 4 7 2 3
Waha? 119 162 83 13.0 100 426 2 3 3 5 5 3 2
(Reg.cinok)
Saht & 121 162 78 114 96 425 1 1 8 5 7 3 1
(Reg crank)

FR = numker ¢t owtions where the entry was selected as nromising, based on visual evaluation of agronomic type and disease

resistance;, DH =

t=ys 10 heading; DM = days to maturity; Ht = plant height {cm); Prot%) = kernel percentage protein;

Vitr.{%) = percentage of karnels that are completely free of vellow-berry; ACI = average coefficient of infection {lower numbers
indicate resistance and low disease severity at the sites us«t, 0-100 scale); YR = yellow rust; LR = leaf rust: SR = stem rust;
ST = Septoria tritici; PM = powdery mildew; TS = tan spot and BYDV = barley yellow dwart virus. For ST, PM, TS, and BYDV,
resistances were scored on a Ofresistant) to 9 (sisceptible) scale.

characteristics of the best two lines are sum-
marized in Tables 17 and 18.

From RDYT, two durum wheat lines, Mallard
and Oum Rabia, were selected for their yield
performance for 2 years consecutively. Both en-
tries are early heading and raturing.

The resuits from RFDYT show that out of the
24 entries tested, two lines Cr'S'/Stk'S’
Belikh and Rabi/P1-94587//Cit/3/Mex/4/Valn
Po were the highest yielding entries in 1982/83.

A negative correlation (r -0.565, P
0.007) betwzen grain yie!ld and number of days
*0 heading in RDY T is found for 1982/83 sz2ason
{Tablz 19). However, durum wheat lines with

larger kernel weight were affected by high
temperature during the grain-filling period. This
is reflected in the negative correlation between
kernel weight and grain yield (r -0.69, P =
0.005). But when the (imatic conditions were
favorable during the grain-filling stage, scveral
lines were able to increase their yield potential
through better kernel filling. This is shown in the
correlations between the number of days to
maturity and the 1000-kernel weight. Most of
the entries with large kernel weight were late
heading, as demunstrated by the correlations
between the 1000-kernel weight and number of
days to maturity (r +0.85, P = 0.001) as
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Table 17. Performance of the largest yielding entries and Sham 1 in the Regional Durum Yield Trial in 1981/2 and

1982/83.
1981/82° 1982/83°
1000-
% Days Days Vitreous-  kernel
Yield Yield of to to Protein ness weight
Entry {kg/ha) Rank (kg/ha) Rank check  heading maturity (%) (%) (g)
H505-71A/BGL2 4638 1 104 116 162 13.1 34.9
{triticale)
Stk’S’/Ichap/ 4627 3 4600 2 103 119 163 14.5 99 36.6
21563 =Mallard
Gum-Ral 4697 2 4544 3 102 118 163 14.7 99 38.1
Sham 1 4772 1 4456 7 100 120 164 14.8 99 37.0
(Reg.clwack)
Nursery *Agan 4377 4261 95
LSD ifi6 200 237
CV (%) 16 17
Observation per
mean = 4

a. 23 locations
b. 17 locations

Table 18. Performance of the iargest yielding entries and Sahi in the Regional Durum Yield 7rial-Rainfed in 1981/82 and

1982/83.
1981/82° 1982/83°
1000-
% Days Days Vitreous- kernel
Yield Yiald of to to Protein ness waeight
Entry {kg/ha) Rank (kg/ha) Rank check hsading maturity (%) {%) (g)
JIOBY(Triticale) 4386 | 116 1158 159 15.1 40.6
Cr'S'IStk's’ 3759 2 4222° 2 111 119 160 141 98 38.6
= Beilikh
Rabi/PI-94587/1 3710 3 4192° 3 111 126 161 14.2 99 40.8
Cit/3/Mex/4/
Valn=Pao
Sahi 3579 1M 3791 15 100 118 158 13.6 100 38.9
(Reg.check)
Nursery Mean 3562 3852
LSD {5%) 192 209
CV (%) 17 15
Ohse. vation per
mean = 4

a. 23 locations.
b 17 locations.

* p<0.05
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Table 19. Correlation between grain yisld, days to heading, days to maturity, and 1000-kernel weight in the RDYT (17

locations) and RFDYT (16 locetions).

Days to Days to
Yieid heading maturity
Days to heading (&) -0.65°°
{b) {-0.45)
Vays to maturity (a) -0.35 +0.78***
(b) (-0.24) {+0.566°)
1000-kerne! {a) -0.59** +0.34 +0.85**""
waeight (b) -0 16) {+0.31) {+0.31)

(a): RDYT, (t): RFDYT.
*, %%, ", P<0.05, 001, 0.001, respectively.

well as the nurnber of days to heading and the
1000-kernel weight {r = +0.34, P = 0.010).
— M.M. Nachit.

Component 2: Pathology

Screening for Resistance to Common
Bunt

In the Comman Bunt Nursery |, 670 linzs (820
from KLDN-84) were planted in 1983/84. The
seed was inoculated before planting with
chlamydospores of the pathogens, Tiletia
foetida and T. caries, collected frorn bunted
heads at difierent locations within Syria. From
the KLDN, 10 lines showed resistance (<5%
infected heads) 1o the disease (Table 20). These
lines will be retested next season.

In the Common Bunt Nursery I, 11 advanced
ines and commercial varieties were tested for
therr resistance to 12 different bunt isolates: 3
from Syria, 2 from Turkey, 1 =ach from
Lebanon, Tunisia, and Iran, and 4 isolates with
identified virulences. The nursery was harvested
by hand and evaluation was done in the
laboratory. Two entries showed resistance
(<5% infected heads) to cornmon bunt and for
all isolates used. These were Haurani and Stork
(Table 20).

Screening for Resistance to Septoria
Leaf Blotch

The Durum Septoria Nursery (DST-84), initiated
in the cropping season 1983/84, included 150
durum lines selected from a preliminary screen-
ing the year before at Afrin in Syria. The nursery
was planted at Tel Hadya and Lattakia (Syria),
Beja (Tunisia), and Eivas Portugal). At all sites
artificial inoculation with isolates of Septoria
tritici prevaifing in the country was applied. Three
sets of the nursery planted in the plastic houses
at Tel Hadya were inoculated with three isolates,
one each from Turkey, Tunisia, anu Syriz. The
resistant lines (Table 21) will be included in the
DST-85 to reconfirm their resistance over many
locations.

Screening Advanced Breeding Material

The 1984 Key Location Disease Nursery (KLDN)
included lines from advanced vield trials, out of
which 243 had been tested in the 1983 KLDN.,
This nursery was planted in 20 «hot spot» loca-
tions and data on vyellow rust (Puccinia striifor-
mis), leaf rust (P. recondita), septoria leaf biotch
(Septoria tritici), and Barley Yellow Dwarf Virus
(BYDV) were obta‘ned from Syria (Tel Hadya,
Lattakia, and E! Ghab), Lebanon {Terbol),



'Tablo 20. Culhv&srai;:-;m ¥ durum wheat with resistance
{< -89 -infsstsd heads) to common bunt,
Tilletis foedids vng §. waries, i1 two screening
nurseries ai 1} Mogdy 13 D384

%

Cultivar/cross/pasigrae intected heeds

Comimon Bund Nursary 1
{Average infection 28.4%)

Ch’21563//Cr'S’'131Gediz 1
ICD 77-0086-2AP-1AP-OAP

CR’S’13/121563//61-130/: 3/4/Ente’S’ 5
ICD78-0029-2AP-4AP-0OAP

Gediz 75/Bit'S’ 5
CD26320-1A1-1AP-OAP

Shwa/Pt1°S’ 5
CD 2i3632-2AP-2AP-3AP-OAP

DVHCP!ICando 5
ICD73-0001-7AP-2AP-2AP-OAP

W-2057 5

Gdovz 469/P1r'S'//Jo 5
ICD77-0027-4AP-2SH-1AP-QAP

Ato'S'ID-10 0
ICD77-0080-BAP-6SH-2TL-OAP

Cit'S’IGdovz 679 5
iICD74-01056-4L-1AP-2AP-1AP-OSH-OAP

Haurani 1

Commoar Bunt Nursery 1
{Averaga inizction 16.4%!)

Haurani 1.4
Stork 2.1

inceulum density: 2.2 x 102 °rores!qned
Spurs germination in witro: 23.45-48. 6% in Nursery |
) £85.7%% in Nursery |l

7. ioetda : T.caries
1 : 041 i Nursery |
1 : 0.1-25  in Mursery i

Yemen (Taiz), Tunisia (Beja), Portugal {Elvas),
and Canada (Quebec).

Table 22 presents the number of lines resis-
tant to these diseases in different locaticns and
years. In both 1983 and 1984, almost the same
number of lines (68, 66) were resistant to yellow
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rust at two locations, Tel Hadya and Terbol;
however, at all locations tested and over both
years, 34 lines (14% of the lines scored) proved
to be resistant to yellow rust.

A large number of lines were resistant to leaf
rust in 1984 at Tel Hadya, Lattakia, Terbol, and
Elvas: 367, 94, 475, and 391, respectively.
Over all locations in the same year, 82 lines were
resistant; however, considering both years’ data,
only one line was resistant to the disease. For a
better screening, late planting of a set of this
nursery at Tel Hadya and Terbol is planned for
the next season.

Data on septoria leaf blotch were obtained
from Tel Hadya, Lattakia, El-Ghab, Beja, and
Elvas, where 63, 30, 34, 57, and 462 lines,
respectively, were resistant to the disease. Con-
sidering all locations and both years ot screening,
not a single line showed complete resistance. To
improve the level of resistance to septoria blotch,
a special nursery {Durum Septoria Nursery) was
initiated in the 198X/84 season and planted in
three «hot spots» for zeptoria blotch.

Information on Barley Yellow Dwarf Virus was
available from Beja and Elvas. One hundred and
fifty-eight lines showed resistance to tne disease
in both locations. — Omar Mamluk and J. Van
Leur.

Component 3: Agronomy
Nitrogen Application: A Strategy

Durum wheat is grown under conditions where
modest amounts of nitrogen fertilizer are applied.
The magnitude of the grain yield response to
applied nitrogen is likely to be variable in Zones A
and B {250-350 mm rainfall), the most impor-
tant growing areas for durum wheat in West Asia
and North Africa. The risk of using N fertilizer for
durum wheat in these areas is quite high.
Productivity of cereals is relatively low in the
region and the gap between farmers’ and
research station yields has been estimated to
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tilizers, and poor weed control are among the
main reasons.

range from 53 to 74% for durum wheat. The
use of unimproved varieties, low inputs of fer-

Table 21. Durum wheat lines rasistant to septoria leaf blotch in the DST-84.

Entry Pudigres Source DST-84
Shwa’S'/Bit'S’ CD 20626-5M-4Y-2Y-0Y 1
Pg’'S'13iGi'S'IIT.D.Vern/GII'S’ L 0532-1L-2AP-1AP-OAP 15
Gs'S'IAA'S1IPIC'S ' 13/Cit7 1 L 0576-2L-1AP-2AP-OAP 19
Snipe’S'!/iAmarele jo/Haynaldia ICD77-0216-1AP-0AP 33

ZFILds/i¥nhak2916/3/61-130/4/

Stk’S'iFg’'S’ ICD77-0233-2AP-2AP-0AF 34
Jo’S*ICr'S*/15/GI'S'14/Br 180/

LK/IGZ220/3i21563/AA'S’ ICD77-0045-4AP-CSH 50
Algerian 83/Mexi75 CD 32954-2TR- 1 AP-OAP-OSH 112
Gde VZ385/GS’'S’/4/D.dwarf S15//

T.D.Vernum/GI'S’13/PIc’'S’ ICD77-0134-4AP-1AP-4AP-OAP-QSH 13
Riczya (Winter)-1149 YE 023-26-1-1-4-OF 136
Pl 25847 141
Ente’S’/Stk’S’ CD 08153-12M-3Y-3M-1Y-OM 146
Reichenbachi/BD 1645 FAO 25.190 147

Table 22. Number! of durum wheat lines resistant? to yellow rust {Yi4), leaf rust (LF1), septoria leaf blotch (ST), and Barley
Yellow Dwarf Virus (BYDV) in different locations snd years (KLDN 1982 and 1984).

Site SYR SYR SYR LEB YEM TUN - POR CAN Resistant

Dis- Location code all loc.
ease Year 01 51 53 No. %
1985 129 204 123 51.0
YR 1984 188 148 387 87 18.0
1983+84 68 66 34 14.0
1983 223 243 7 228 1568 4 2.0
LR 1984 367 94 475 391 82 17.0
1983+84 163 231 | 0.5
1983 22 22 9.0
ST 1984 63 30 34 57 462 1 0.2
1983 +84 8 : 0 0.0
BYDV 1984 492 158 158 32.0

1. Number of lines planted in KLDN 1984 =485 of which 243 were also planted in KLDN 1983.
2. Selection criteria: Rust 5% severity

Septoria =3 on 0-9 scale

BYDV 52 on 0-4 scale.
SYR 01 =Tel Hadya; SYR 51 =Lattakia: SYR 53 =E1 Ghab.
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Table 23. Grain yield (kg/ha) of Sham 1 durum wheat as influenced by nitrogen rate at Tel Hadya, 1983/84.

N rates (kg/ha) at sowing

N rates (kg/ha} at tillering 0 30 60 90 120 Mean
0 2044 23569 2099 1945 2404 2170
_30 1791 2276 22562 2322 2220 2172
60 2257 2375 2022 2264 2086 2201
90 2099 2286 2058 2283 2202 2188
120 2070 2063 2245 2006 2138 2104
Mean 2062 2272 2135 2164 2210
LSD (5%} = 397.
CV (%) == 13.

Table 24. Heading date of Shem 1 durum wheat as influenced by nitrogen rate and ratio at Tel Hadya, 1983/84.

N rates (kg/ha) at sowing

120

N rates (kg/ha) at tillering 0 30 60 90 Mean
0 111 114 115 115 116 114
30 113 114 116 115 116 115
60 114 115 115 116 117 115
90 114 115 115 115 116 115
120 114 115 116 116 117 116
Mean 113 116 1156 115 116
LSD (5%) = 1.2.
CV (%) = 0.71.
Apart from the problems of low capital wheat of applying N at different rates at the sow-

availability for purchasing improved inputs and
sometimes the unavailability of the inputs
themselves, the problem of risk associated with
climatic uncertainty is often paramount in
farmers’ decisions. Various strategies may be
adopted to minimize this risk, one of which is the
use of split nitrogen fertilizer applications. Some
of the nitrogen may be applied at sowing, whilst
the remainder 1s applied in spring during the
tillering stage, when seasona! conditions and
crop growth prospects can be better assessed. In
some cases no N is applied at sowing and the
total amount is then applied at tillering. This
strategy reduces or delays the cash outlay for
what is a relatively expensive and risky input.
During the 1983/84 season an experiment on
nitrogen strategy (rate and ratios of nitrogen use)
was carried out to study the effect on durum

ing and tillering stages, and to determine the op-
timal rate and ratio of application for the newly
released durum wheat variety of Syria, Sham 1.
There was no significant difference in grain yield
between N application at the sowing and tillering
stages. Moreover, the grain vield difference was
not significant between the different N rates
(Table 23). There was no significant interaction
between rate and ratio as well. These results
confirmed the data from the last year's ex-
periments. The absence of response to nitrogen
may be due to the prevalence of drought during
the vegetative growth of the crop in 1983/84
season. However, the heading date of Sham 1
was affected by nitrogen rate and ratio (Table
24). There was a significant delay in heading
date when nitrogen was applied at higher rate,
especially during the tillering stage. — /. Naji.
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Component 4: Grain Quality

The number of durum wheat lines tested by the
cereals quality laboratory during 1983/84 is
presented in Table 25.

Tsble 28, Mumber of guwom lines tesied for different

quality parsmeters 51 Vel Hadya, 1983/845
Tesy o Rumber o]
finus teator
Protain 4704
Vitrecugness S 4330

000 kenel waight , 4330
; : 406

Carolana tes- . 230,

Durum wheat quality is affected by both loca-
tion and rainfall. During the 1983/84 season,
the protein content was thie most location-
dependent parameter, and karnel weight and
sedimentation test showed insignificant variation
across sites. Fig. 18 shows the variation in four
quality parameters across rainfall zones. In the
wetter zones, the protein content &and
vitreousness percentage were lower, as ex-
pected. There was a posit.. * association bet-
wean prowein content and kernel weight but a
riegaive &ssociation between protein content
and SDS sndirnentation. (The SDS sedimentation
test gives an estimate of strength of the wheat
and is ¢n aliernative test to the wheat meal
fermentation test.) Differences in quality
parameters were also noticeable from loc:ation to
location even under irrigation, which suggested
u -t some other factors such as temperature may
h«ve been affecting the quality.

Table 26 shows the distribution of SDS
sedimentation score for entries in different
nurseries under different management.
Sedimentation scoie from 40-55 is best suited
for bread baking and pasta preparation and only
one {out of 262 tests) entry had this value. In
general the potential baking strength can be
measured by the Brabender farinograph. Cor-
relations between SDS sedimentation and

O Irrigated zone {Mean rainfallfirrigation= 682 mm)

M Zone A (Mean reinfall = 348 mm)

@ Zone B (Mean rainfall =212 mm)
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g 10~ ] * 804
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£ 107 S
5 2 104 J
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Fig. 18. Differences in four quality parameters of durum
wheat cver three different rainfall zon2s, 1983/84.

farinograph stability for durum wheat (range
fromr = 0.69 tor = 0.91) are better than
between wheat meal fermentation time and
farinograph stability.

The color of durum wheat is more or less
yellow or amber and is caused by the presence of
carotenoid pigments, mainly xanthophyll. The
darker the color the better is durum suited for
burghul, semolina, and pasta making and for the
export market. For khobz (bread) baking, durum
lines -with lighter color are acceptable. The
distribution of color for entries in different
nurseries under different management is shown
in Table 27. It may be noted from the table that
the lower the transmission the darker is the color.
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Table 26. Distribution of DS sedimentation score for durum wheat entiies in different nurseries under diffcrent

management.
SDS Sedim«=niation Gcore

Nursery Management 0-20 20-30 33490 40-50 Y050
_RFDYT Rainfed 2 8 i3
RDYT {rrigated 9 4 8 1
RFOYT Rainfed early 4 9 9 1

planting
ROYT Irrigated early 3 9 7 5

planting
On farm trials:
Irrigated lrrigated 12 16 3 1 )
Zong Alhigh rainfall) Rainfed 23 27 20 7 1
Zone B{moderate rxinfall) Rainfed 2 14 19 25
Total no. of lines 55 87 7v 49 1
% of grand total 20.99 33.2 30.15 15.26 0.38
Description Exceptionally Very Weak Fairly Medium

weak weak weak strength

Tahle 27. Distribution of transmission percent (y=liow pigment content) for antries in different nursaries under “ifferent

management.
Transmission (%)

Nursery Management 20-30 30-40 40-50 50-80 60-70 70-80
ADYT Irrigated, early planting 2 18 51 49 20 2
F¥OYT  Rainfed, ealy planting 2 8 12 1 1
ROYT Irrigated, early planting 5 8 10 1
RFDYT Rainfec 10 8 4 1
RDYT Irrigate 4 7 12 1
Total 2 20 78 84 -47 6
QOut of 237 tests, two entries gave a transmis- at Tel Hadya under artificial infestation. Thirty-
sion as low as 20-30% — P. Williams and Ms. two lines were rated as resistant (Table 28).
A. Sayegh.

_ Resistance to Suni Bug
Component 5: Entomology

Ninety-nine durum lines were tested for their

Resistance to Wheat Stem Sawfly resistance to suni bug at Tel Hadya under ar-
tificial infestation and at a’Azaz under natural in-
The resistance of 99 durum wheat lines was festation. Four lines were rated as resistant

assessed at Suran under natural infestation and {Table 29). — C. Cardona and A. Rashwany.
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37.1 mt
(77.7%)

.........
--------
-----------

10.7 mt
(22.3%)

8.3 mt 10.3 mt
{26.3%) (22.3%)

1969-71 197981 1983*

* Estimated, FAO Monthly Bulletin of Statistics, Vol 7, March 84,

Fig. 19. Pruduction {million tonnes) of bread wheat ard durum wheat {shaded portion) in the ICARDA region for the
periods 1969-71, 1979-81, and 1983.
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Wild progenitors of barley and whsat are being studied 1978/79 79/80 80/81 81/82 82/83 83/84
with a view to transfer some of the desirabls Year
characteristics, such as resistance to diseases and in- )
sects, earliness, and nutritional quality, to commercial Fig. 20. Number of crosses made in the bread wheat pro-

varieties. gram from 1978/79 to 1983/84.
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During the 1982/84 crep season, 10,133
segregating crosses and advanced lines were
tested (Table 30). Of this, 8002 lines (79%)
were ICARDA developed, the rest (21%) of the
material was received frorn international
cooperators such as USA, Turkey, CIMMYT-
Mexico, Egypt, Lebanon, and others. The total
matarial received from outside Syria has re-
mained more or less constant at 21 % of the en-
tire material tested during the last 4 years. This
material, received in the form of international
observation nurseries or as seed exchange, pio-
vides additional genetic variation needed in the
program to meet the demands of the diverse en-
vironments and problems encountered in the
ICARDA region.

Segregating generations and vyield trials of the
program are grown and evalueted at Tel Hadya
experimental station with two forms of
management. The first consists of a rainfed crop
supplied with a smali amount of fertilizer; the
second with supplementary irrigation and op-
timal fertilizer conditions. This is done with the
objective of making simultaneous selection for
high yield and yield stability. To complement the

breeding effort at Tel Hadya, other stations and
substations inside and outside Syria are used for
multilocation testing and breeding. Genetic
material developed in this way is distributed to
cooperators in West Asia and North Afiica
through ICARDA's international and regional
nurseries.

Selection for Yield Potential and

Stability

Table 31 shows the results from preliminary and
advanced yield trials and the progress achieved
during the last 2 years on developing higher
yielding lines over the regional check, Mexipak
65, and the improved checks, Golan and Sham
2. In the three environments: Tel Hadya rainfed,
Tel Hadya supplementary irrigation, and Terbol
{high rainfall) in Lebanon, where these yield trials
were tested, a few lines yielded significantly
higher (6% level) than Mexipak 65 and Golan in
1982/83. In 1983/84, a much higher number
of lines were superior to Mexipak 65. This was
due to the higher selection pressure for diseases,

Table 30." ummary of the bread wheat germplasm grown at Tel Hadya from 1980/81 to 1983/84,

Number of lincs

Type of nursery 1980/81 1981/82 .1992/83 1973/84
Yield trials 2970 1440 1608 14187
Regional wheat yield trials : 24 24 24 ‘ 28 5
International yield trials 110 186 186 . 134
Hegional nurserias (ICARDA) 1264 1335 1077 134¢. -
Internaticrial nurseries 1700 2269 1286 1187 . 0
‘Seg. populations Fa 2222 2000 1655 1287 .
Seg. populations F-Fs 8370 7420 8317 4211 7
'F1 populations 853 1336 423 526 ¢
Total ICARDA material 14781 11997 11545 - 8002
o ) {82%) {76%) (79%) {79%}

‘Tota! nor-ICARDA material

{from outside Syria) 3232 4003 3023 2131
L (18%) (256%) (21%) {21%)

Grand Total 18013 16000 14568 10133
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Table 31. k

per of breed wheat lines tha* were significantly (5% level} higher yielding than the local check Mexipak 65

ana the improved checks Golan and Sham 2 in the 1982/83 and 1983/84 yield trials.

Average yield No. of lines No. of lines sig.
(kg/ha) tested higher yielding than
Mexipak Golan Sham 2

Location/trial 1982/83 1983/84 1982/83 1983/84 1982/83 1953/84 1882/83 1983/84
Tel Hadya RF

PWYT 3692 3661 858 528 9 228 8 25

AWYT 4137 4196 176 144 0 45 7 13
Tel Hadya SIR

PWYT 4928 4713 396 456 9 245 30 89

AWYT 5266 4949 176 . 144 17 95 7 49
Terbol

AWYT 5495 6282 176 144 0 10 15 50

RF = Rainfed; SIR = Supp!ementary irrigation; PWYT == Preliminary wheat vield trials; AWYT = Advanced wheat vield trials.

agronomic type, and yield applied to the lines
promoted to preliminary and advanced yield trials
in combination with an increase in the yellow rust
susceptibility suffered by Mexipak 65 during
1983/84. It appeared that a high level of yellow
rust resistance was present across the lines in
preliminary and advanced trials. In the same
year, some lines were superior to the improved
check Sham 2, especially in the more favorable
irrigated environments. The number of lines
yielding higher than Sham 2 in the rainfed en-
vironment was 25 and 13 for the prelimirary and
advanced vyield trials, respectively. It should be
noted that Sham 2 is an improved high-yielding
variety widely adapted in the area.

Selection for Drought Tolerance

Our efforts continued o1 the development and
identification of high-yieiding lines for the limited
rainfall areas of the region. From advanced yield
trials planted under low moisture conditions
{230 mm annual precipitation), some lines
superior to the improved check Sham 2 were
identified (Table 32). The highest yield achieved
was 4211 kg/ha, and one of the lines ourvielded

the improved check by as much as 41%. These
lines were promoted to crossing block and will be
used as parents in the next crossing season. In
addition to the identification of advanced
drought-tolerant material, Fa2-Fs segregating
populations were grown at Tel Hadya unaer
limited moisture and suboptimal fertilizer condi-
tions. Criteria for selection in these segregating
generations included seedling vigor, tillering
ability, and large fertile heads. Other locations
such as Breda (approximately 275 mm rainfall),
Khanasser (approximately 240 mm rainfall), and
Tel Hadya-late planting are used to complement
our effort in this regard.

Selection for Earliness in Dry En.

vironments

Early-maturing high-vielding varicties are needed
in lower rainfall zones of the ICARDA region.
Earliness in crop maturity results in an escape of
the effect of drought and as such is not a true
genetic resistance mechanism. However, it has
been demonstrated thiat each day of earlier
maturity in bread wheat imparts a yield advan-
tage of approximately 54 to 120 kg/ha under
limited water conditions. Table 33 shows several
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advanced bread wheat lines that combine
earliness with a high yield potential when com-
pared with the improved check Sham 2 at Tel
Hadya under rainfed conditions (230 mm).
These lines headed earlier by 6 to 8 days ard

matured earlier by 7 to 10 days than the im-
proved check Sham 2. Most of them had the
same yield level as Sham 2, and some were even
superior. These lines will be used extensively in
the crossing program next year.

Table 32, Highest yielding lines under low rainfall conditions (230 mm), in comparison to the improved check Siism 2 in
the advanced wheat yield trial 1983/84, Syria.

Yiald {kg/ha)
Shanm: 2 % of LSD cv
Crocs/padigree Line (Chek) check {(59%) (%)
FLK'*s"'/HORK''s"* 4211 3522 119 502 8.8
Civi 39816-1S-1AP-0AP
it 58-57/4/MAYAICGNI3ICCINIANCAL 4144 3461 119 576 10.8
CM 40742-27M-1Y-2M-3Y-3M-1Y-0B
CROW'S’ , 3894 3205 121 673 12.9
CM 40457-5M-3Y-2M-2Y-OM
PVN'S‘ISPRW'S’ . 3755 2655 141 579 11.6
CM 46702-2AP-0AP-2AP-1AP-OAP L
PCO/PVN''s* 3588 2665 135 579 11.5

CM 46710-1AP-1AP-1AP-1AP-OAP

Teble 33. Comparison of advanced braad wheat lines that combine earlinass w. ha tigh yleld potential with the imoroved
check, Sham 2, at Tel Hadya under rainfed conditions {230 ram), 1987/84. .

Days io Days to Yisld
heading maturity {kg/ha)? Rsilgltéxe
Cross/pedigree ) Line Sham 2 Line Sham 2 Line Sham.2 (%)
ARZISA 42 126 134 168 176  3144(a) 3522 89
ICW 77162-K—1AP-1AP-4AP-2AP-0AP
CHRI5/TP/ICNO/INIAI3/SRI4/HORK 129 136 168 178  3027(a) 2855 114
%1 46934-2AP-0AP-1AP-1AP-OAP
PVN-'s"IOLN 130 136 168 178  3372(b) 2655 127
Chi 46693-1AP-1AP-4AP-1 AP-QAP
PRL"'S" 127 133 170 177 3050{a) 3277 93
CM 25988-8Y-3Y-2Y-1M-1Y-0B ‘
CMH 72-428/MRCIIFLK"'S"" . 128 136 170 178 2872(a) 2665 108
CM 48869-2A OAP-2AP-1 AP-OAP
BJY''S" " 129 133 170 177  3272(s) 3277 100
CM 5287-J-1Y-2M-2Y-3M-0Y
CROW''S" 129 136 170 176  3894(b) 3205 122

CM 40457-5M-3Y-2M-2Y-Q* ¢

1. The LSDs (6%) for comparing mean vield of these lines with their respective checks are: 502,679,579, 748, 679, 788,
and 673 kg/ha, respectively. ' . '

2, Yield of line as a % of Sham 2.

(a) Not significantly different: (b} Significantly different.



Selection for Grain Characteristics and
Wide Adaptation

Bread wheat provides the principal staple for the
majority of the population in the ICARDA region
where the consumption is estimated to be more
than 150 kg wheat/caput per annum. Becauss it
is an important component in the diet of the
people, nutritional and grain quality receive
special attention in the program to ensure that
while improving vyield, grain quality is not
sacrificed. Lines which combined high protein
content and high 1000-kernel weight with good
adaptation in the region are presented in Table
34. These lines, identified through ICARDA's
regional testing system, show a substantial in-
crease in protein content and 1000-kernel
weight over the regional check Mexipak 65.
They were selected by various national programs
in the region for further testing with the possibili-
‘y of being released as varieties. To complement
efforts of identifying and deveioping widely
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adapted material with good grain characteristics,
the program started to evaluate early segregating
material (Fas) for several quality traits.

Performance of Bread Wheat Lines in
the Region

In the 1982/83 Bread Wheat Observation
Nursery (WON), 19 lines were selected at 9 or
more of 30 locations from wilich data are
avaiiable. The agronomic, discase resistance,
and quality characteristics of the lines are shown
in Table 35. The lines were selected by national
programs i the region bacause of their
superiority o both local and long-term checks.
They are from different origins, including ICAR-
DA, CIMMYT, Egypt, and Turkey. WON was
evaluated in a wide range of environments within
and beyond the ICARDA region with the help of
cooperators. The national programs provide 