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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 agricuitural 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 improve the economic and
social well-being 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 lagical 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 priarity 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
dbjectives:

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

b. To serve as 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.

c. 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
nationat, 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.

iv



ICARDA’s Principal Research Areas
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Extrapolatmg between sites wnhin the zona et é#one between caun-

tries, was rather- fruitless’ because results wei‘e seldom repeated. If.
you cannot ifrigate, do not experiment, he warned.:If you can, you wil-

need results from five years before you can'make valid conclusnons »

From the 1983/84 season results'it became amply evident that even :

- five years: of drykand agricultural research .is not sufficient to ex-
- -frapolate results ‘when such an exceptionally dry season hits the

- research t.rials_-'as well as the fai_'mér_s’ 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 since they. performed well both at

Bt o iR

i
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Tel Hadya and elsewhere in the regional nurseries. Durum wheat
varieties Sebou and Korifla 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 yvields 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.

Effects 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 rainfali. The marginal grazing areas were 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 10 sell a jarge number of sheep for slaughter and move others to
wetter 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

Xi



" programs of Cyprus, Egypt, Iran; Libya, Moroeco, 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
multiplication of NEL (ILL) 358 lentil 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 collaborative 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 soon. 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
Eth:opna as the third participating cauntry. ThlS is indeed a most
positive development.

in the 1983/84 season, a Pllot Production Demonstratlon Program
was organized under the auspices of the Nile: Valley Project in the
Zeidab Mhrigation Scheme in the Sudan. The. Program covered 77
farmers with 21 production plots spread over 140 hectares. The mean
seed y:eld incredse 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

: ylelds The ceremony was attended by over 100 farmers, the Minister
- of Agriculture and other high-ranking officiats, 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 available.

Active collaborative research contmued in Paklstan with the Arid
Zone Research Institute, Quetta, and the Provincial Agricultural
- Research Institute, Sariab. The objective of this research is to develop
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germplasm and production technology for the high- elevation areas of
Baluchistan. On- farm trials were conducted in Baluchistan with FAO
support to evaluate and demonstrate the improved cereal cultivars
and production parctices.

The agreement on 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 Implementing Agency. In
December 1984 ICARDA received the Statement of Work tor 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 Iraq 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 of 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 heginning 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. lt is hoped that this will help readers who want
more information on a particular topic to contact the appropriate
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-.-‘__’haVe been possible without the pamstakmg ‘efforts.of a large number
.+ of 'support staff in each program who-are not- named here but whose
: ; valuable contnbutlons are gratefuliy acknowledged

. I conclusion, | would liketo express our deep sense of gratitude to
all the donors 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.
| also wish to acknowledge the enthusiastic cooperation from national
programs and research institutions in the region, as well as many in-
stitutions in developed countries, and our sister international centers.
ICARDA owes a special word of thanks to its host country, the Syrian
Arab Republic, for. its contlnumg whole- hearted support and coopera-
tion.

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

e

r

Mohamed A. Nour
Director General

X1V

researchers at tCAFlDA The work reported hefe however would not |

1:»..»‘1'.....“_‘”_m:;.. i .



The Weather During
the 1983/84

Season

The 1983/84 season in northwestern Syria was
characterized by rainfall far below the long-term
avarage (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 dgistnbuted and well above the
long-term avaerage. This, together with
temperatures aimost 2° C warmer than usual,
ensured rapid germination and emergence at
these three sites. Conversely, at Khanasser,
November rainfall was slightly below normal and
nat sufficient to induce germination.

December was extremely dry at all four sites.
Similar or lesser amounts of rginfall in December
are not likely to occur more frequently than once
in about 30 vyears. Each of the sites received
40-60 mm rainfall in January (Tables 2 tc 5),

which finally enabled crops to germinate and
emerge at Khanasser.

In February, rainfall again was way below
average. By the end of the month crops were
under extreme maisture stress at all sites except
Jindiress. This resulted in a severe depression of
vield, even though rainfall threughout March and
April was favorable. At Jindiress, the overall
seasonal rainfall was comparable to that received
at Tel Hadya during a normal season. The last
rain of the season fell unusually earfy in the last
waek of April.

Temperatures were shightly warmer than usual
untii March and there was only an average
number of frost days {Table 7}, in contrast with
the previous twa seasons, which were markedly
cooler.

Table 1. Monthly precipitation during the 1983/84 season as percentages of the long-term averages.

: Sept QOct-  Nov Dec Jan Feb Mar Apr May June July Aug Seascn
'E'e{!..Hadva 169 33 234 26 84 25 64 101 0 0 0 0 69
Jirkdiress 82 88 2856 22 58 52 99 142 0 0 0 o 82
Breda 0 61 138 24 a3 40 119 98 ) 0 G 0 72

23 156 112 55 128 66 o 0 o] O 68

Khanasser 0 5

XV
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" Tet Hedyy 1964/84: Minthly meteorclogical tata,
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Table 3. Jindiress 1983/84: Monthly metearological data.
Max Min Avr Rel Rain Evap Sol Wind
Month temp emp temp hum [mm)* imm/d) rad® run
tecrp °cre {°C) %) km/d)

September

Mean or total 3z2.8 16.7 248 - b4 5 1.4 9.9 172.7 286

(Abs.) Max 378 207 2B.0 €49 1.4 16.4 229 B7B

(Abs.) Min 27.2 9.3 196 27.6 oo 4.0 11.2 1156
Qctober

Mean or total 26.5 103 18.4 b5 9 21.8 5.4 16.2 184

1Abs. | Max 31.3 L 23.2 784 8.2 36 2%.1 495

lAbs.} Min 205 5.0 1386 28.8 Q.0 2.2 4.2 101
November

Mean or total 1956 97 146 73.7 127 25 8.7 143

{Ab3.} Max _27.7 138 191 910 304 8.4 149 292

{Abs.} Min 15.0 3.5 9.9 43.4 0.0 0.z 27 17
December

Mean or total 141 3.8 B9 738 22.8 1.8 B 1 185

(Abs.) Max 187 128 142 900 a4 5.4 LR 516

{Abs.) Min 7.6 -2.2 4.3 53.3 0.0 0.3 1.0 7B
January

Meaan or total 12.4 3.8 8.1 78.8 513 2.5 6.6 176

1Abs.) Max 16.5 9.0 11.2 91.4 218 53 4.1 433

{Abs.} Min g4 -1.8 5.9 Gi.8 0.9 a3 P2 73
Febfuary

Mean or total 15.6 32 2.4 65.3 39.2 3.1 13.3 108

(Abs.} Max 18.3 7.4 128 956.8 226 B.O 188 569

{Abs } Min 84 -2.3 7.3 43.2 0.0 0.1 27 100
March

Maan or total 17.9 6.5 122 69 4 60C.4 4.1 15.2 218

(Abs.} Max 254 11.0 16.0 845 17.0 8.8 2540 487

(Abs.| Min 11.8 -0.4 5.7 50.4 0.0 0.6 5.5 103
April

Mean or total 21.2 88 15.0 e 68.8 4.7 20.3 214

1Abs ) Max 29.0 12.5 208 871 172 1048 29.7 428

1Abs.} Min 15.0 5.6 11.9 54.0 a.0 04 5.6 127
May

Mean or total 29.9 128 213 54.0 Do B4 27.3 240

(Abs.} Max 350 185 250 71.0 Q.0 137 ne 487

(Als.) Min 235 6.0 148 340 0.0 1.8 147 118
June

Mean or 1o1at 33.2 17.2 252 518 0.0 12.0 297 343

(AbS.) Max 37.0 248 304 68.8 0.G 203 32.9 523

1Abs.) Min 27.7 12.4 22.0 31.3 0.0 8.0 14.3 147
July

Mean or total 34.2 21.2 27.7 50.8 00 14.4 28.9 444

{Abs ) Max 38.2 243 296 81.5 0.0 212 350 7m

[Abs ) Min 28.1 18.7 23.8 378 0.0 B4 24 .4 257
August

Mean or total 34.1 202 271 49.2 0.0 132.7 26.6 419

{Abs.| Max 37.5 228 28.4 60.4 0.0 16.4 314 828

1Abs.1 Min 21.5 16.0 286 17.3 oo 7.9 19.8 128
Mean or total 24.3 11.2 17.8 62.4 392 6.8 18.2 2B65
{Abs.) Max 38.2 223 30.4 95 6 304 21.2 35.0 7N
(Abs.} Min 7.6 -2.3 4.3 173 20 0.4 1.0 73
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184, Monthly rstacrologicat. datd,”
. | Max M’m_" ‘.
Mékth. ‘ Cootemp o tamp

' - e}’ . PCR..

Table 4, | -Breds 198

‘Rel-. " Raw - . Evep Sol Wing
ham. b {mm/d} rad® run
AP . tkmn/d

September ke : ) . S ) : :
Mean or total 334 0 ¢ 148 24:0 _4BZT DD 10.0 23.3 265 "
1Abs.) Max C380. 0 203 T o288 698 00 15.0 25.2 486 -
1Abs.} Min 280 ¢:8 e 228 S 00 6.2 19.1 1186

Qctober o L
#aan or total : vTR . B4 18:3 a7 80 5.8 17.6 186
(Abs.) Max 327 - . 150 2256 - 64.4 . BQ- 9.3 21.8 377
(Abs.) Min ‘202 . 57 136 18.9 .00 2.7 6.8 108

November T - R : . : ’

Mean or folat 202 ;0 - B3 14.5 720 450 29 10.0 152
{Abs.) Max © 273 BRLEE: o183 91,2 1t2 6.6 16.9 2786
{Abs.) Min : 15.0 4.3 RN A ..33.8 0.0 : 0.4 3.2 68

Decembar C : . ) . :

Masn oF total L. 144 0 20 0 - .B27 - 7T 14.4 1.8 9.4 230
(Abs.) Max _ 1856 - UI108 D A48 §9.0 . 5.4 4.9 1.8 632
(Abs.) Min ‘ ST B X IERURRERE- - S -+ X< I Q.0 0.8 3.0 83

January . - T i
Mean or total 121 CoaR
{Abs.) Max 15,7 R 41 - B
iAbs. ) Min 82 A

February, e : :

. Miaan pr total 153 - v ez 852 5 14.8 2.7
IABs. Y Wax 184 68 12 96.0 . 56 6.9

(Abs.) Min~ - 9.6 © BB 5,2 . a47 0.0 1.1
Mean or total 184 74T
1AbS. | Max ) 117
(Atis.} bin BN

Apl :
Maan or total
1Abs. ) Max
1ADS.S Min
May
Mean or toial
(Abs.) Max
{Abs.) Min

June
Mean or total
{Abs.) Max
[Abs.) Min.

Juby o
Mean br o1t -

" fAbs T Max o s

[ AR EMn s

827 - AzE- 1.6 a.1 174
Joton T80 7.1 16.0 570
RN-T ¥ 0.0 0.2 12 53

432
8.4
1.8

4.7
‘8.4
1.8

7.4

10.6
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Fable 5. Khanassar 1983/84: Monthly meteorological data.
Max Min Avr Ral Rain Evap Sol Wind
Month temp tamp wmp fusrn. {mea) {mnidy cad’ ™wn
ecp (°CR (°Cj %P (kmyd}
September
Mean or total 33.7 id.6 24.2 36.5 0.0 i4.2 22.6 329
{Abs.) Max- 39.8 19.8 28.4 50.2 a0 208 24.5 573
{Abs.) Min 28.8 5.4 1741 194 c.0 943 14.2 96
October
Mean or total 271 4.6 17.8 39.4 G.2 8.4 17.1 223
1Abs.) Max 32.8 13.6 22.4 598.6 G2 13.7 28.7 478
lAbs.} Min 19.8 3.6 13.3 6.3 Q.0 4.9 9.9 89
Movember
Mean ar total 206 7.2 13.9 66.7 18.8 33 0.4 184
lAbs.} Max 273 15.0 182 79.8 6.0 6.6 35.0 az29
{Abs.} Min 16.1 1.8 9.1 40.8 0.0 ga 8.4 - 79
Becarnbar
Mgan ¢r tatal 14.6 0.6 7.8 70.9 5.4 2.4 a5 248
{Abs.) Max 200 7.8 13.8 B8.0 2.6 71 11.6 498
lAbs.} Min 8.0 7.0 20 58.5 Q.0 a.7 25 82
January
Mean or total 12.2 1.9 7.0 79.3 42.4 1.4 8.3 199
1Abs.} Max 18.0 7.0 10.6 97.5 13.8 3.1 13.6 423
{Abs.} Min 9.2 -3.9 3.9 60.8 a0 03 2.8 103
February
Mean or wal 148 09 7.8 656.5 21.2 35 13.7 230
{Abs.) Max 17.9 6.4 1.5 97 5 10.6 7.5 18.5 597
. tABS.} Min 9.2 4.3 5.4 a0.7 0.0 0.4 3.8 80
March
* Mean or total 19.3 5.4 12.3 54.1 43.6 5.4 16.2 270
* 1Abs.) Max 26.7 t2.0 18.5 79.2 18.8 10.2 23.3 8491
1Abs.} Min 12.0 0.6 71 46.4 a.0 11 €3 136
April
~Mean or total 22.4 7.2 14.8 57.1 18.6 7.7 211 2786
. {Abs.) Max 29.7 1.0 19.0 68.3 6.2 1.9 26.8 461
-1Abs.} Min 17.2 3.5 11.4 40.8 a0 37 9.9 99
My
Mean or total 30.8 13.3 220 35.8 a.0 15.6 26.1 336
1Abs.) Max 37.2 18.7 27.0 60.3 8.0 225 29.2 649
{Abs.) Min 23.4 5.8 14.6 22.5 0.0 848 15.9 135
June
: Mean or total 351 16.9 26.0 38.5 Q.0 2%.0 311 467
AAbs.} Max 396 20.2 291 51.3 0.0 27.4 36.C 705
© [Abs.} Min 3056 125 216 25.5 Q.0 18.0 226 297
Qo
I Mean or toal 378 1943 28.6 34.2 o.c 21.4 32.9 460
+ {AbS.) Max 41.5 258 327 47.4 (1K 29.2 35.9 837
325 14.8 245 17.4 g 15.9 29.4 330
351 17.3 26.2 337 0.0 18.0 30.1 456
38.6 21.4 29.4 44.8 0.0 24.8 328 604
32.2 13.2 22.7 18.0 a.0 15.9 26.9 342
253 9.5 17.4 51.6 162 10.3 19.9 306
41.5 258 327 97.5 19.8 29.2 36.0 708
B.O 7.0 20 16.3 00 0.3 2.5 79




Table §.. Seasonal rainfall at ICARDA research sites in Syria, 1983/84.

Long-term 1983/84 |
: . average asonal |
Site Latitude Longitude Altitude rainfall rainfall
. {m) ) {mm) {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°°F 300 279 146
Homs '34°45°N 38°43'E 487 ) 480 320
ldleb 35°66'°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 36°47'L 7 784 713
Qamishly’ 37°03'N 41°13'E 467 480 240
Raqgqa 36°57'N 39°00'E 251 207 93
Salamieh 35°00’'N 37°02'E 480 309 202
Sweida 32%42°N 36°3B'E 987 364 285
Tel Hadya 36°66'N 36°b5'E 362 342 228
Table 7. Frost evenis at the FSP research sites (1980-1984).
1980/81 1981/82 1982/83 1983/84
season season season - season Mean
Khanasser
Nurnber of frost days 47 47 66 31 48
Absol. min. temp. (°CI -7.5 - -7.0 -9.3 -7.0
Breda ' i
Number of frost days 37 40 62 32 43
Abscl. min. temp. {°C) 6.5 -8.0 -9.8 -5.0 3
Tel Hadya e
Number of frost days 23 39 52 - 25 35
Absel. min. temp. (°Cl -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 -85 -2.3

Table 8., Agroecological zonation of Syria

Zone 1a Average rainfall over 600 mm. A wide range of crops can be 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 Ietst
two crops cah be grown every 3 years. The main crops are wheat, pulses, and summer crops. ; i

Zone 2 Average rainfall between 250 and 350 mm and not less than 260 mm in two-thirds of the years surveyed. T‘ivvo
crops are normally planted every 3 years. Barley, wheat, pulses, and summer crops are grown. ;

Zone 3 Average rainfall over 260 mm and not less than this in half the years surveyed. One or two crops wil y|e|d in everv 3
years. Barley is the principal crop Dut some pulses can be grown. ;

Zone 4 Average rainfall between 200 and 250 mm and not less than 200 mm during half the years survgyed Barlnyi
grown. The area is also used as grazing land. !

In general terms, zones 1a and 1b can be referred to as zone A, zone 2 as zone B, and zones 3 and 4 as zona 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 abjectives, and
a continuing realignment and refining of both
short and long-term objectives as both our
knowtedge of current constraints to agricultural
production and our experience in evaluating
potential solutions increase. The 1983/84
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 vyears as FSP Leader, and © years at
ICARDA as an agroeconomist, Dr. Dawvid
Nygaard left to join the Agricultural 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 wili 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-
tlity research and has been replaced by Dr. Ab-
dulla Matar from Tishreen University, Syria. Dr.
Eugene Perrier, from ICRISAT, has also joined
the Program as a Water Management Specialist
to develop and lead our new field of research into
the role and impact of small-scale supplementary

irrigation in rainfed agricuitural systems. Dr.
Fares Asfary, Postdoctoral Fellow Agronomist,
left the Prograrm 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. Goebe! will be
developing FCARDA’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 Feliows, Dr. Habib Amamou
(Economist) and Dr. Aida Kawouk (Sociologist},
and three postgraduate students — Miss Eglal
Rashed {Agronomistl, 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 ocn 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 Moneirm also joined the Pro-
gram to work for a Ph. D. in Nitrogen Dynamics
of Urea Fertilizer. Lastly, we were joined by two
colleagues from the Sudan, Dr. Awad el Karim
Ahmed and Mr. Salah Abdel Magid. Dr. Awad is
with us for T year as a Postdoctoral Fellow
engaged in Livestock Economic Research and
Mr. Magid for 8 months studying for his M.Sc. in
Forage and Livestock Surveys. In Tunis, our
Farming Systems Project officially started in
January 1984, and Dr. Tom Stilwell joined as
agronomist. '



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, namety:

{1) Productivity of Cereals

{2} Nitrogen Fixation and Productivity of
. Legumes

{3) . Crop Rotations and Cropping Systems

{4} Livestock (transferred to PFLP)

{5) Environmental Zoning

{6) Farming Systerns 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
barleyflivestock farming system predominates
and yet 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 multidisciplinary and
systems-orientated approach which is the
essence of Farming Systems Research.

Our new project 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: Barley/Livestock Systems Research

Project 2: Wheat-Based Systems Research

Project 3: Inter-Systems Research

Project 3, although of direct relevance to both
Projects 1 and 2, in fact spans across all farming
systems. Such research is conducted within, or
is refated 1o, the complete range of environmen-

tal and socioeconomic conditions within {CARDA
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 probiem of exten-
sion of results through agroecological zonation
are presented. Project 2 is not reported this year,
but the results will be made avaitable 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
Nationat Program in Project 4, Cereal/Livestock
Systems in Tunisia. Next year we hope to report
progress in Project 5, High-Elevation Farming
Systems in  Baluchistan, and Project 8,
Barley/Livestack Farming Systems in Narthwest
Egypt.

1983/84 Meteorolagical
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
more striking was the distribution of rainfall. At
the three wetiest locations, Jindiress, Tel Hadya,
and Breda, the eariy rains in Novernber were
above the long-term average (LTAL, and good
crap establishment was observed, both in our
trials and in farmers’ fielids. However, rainfall in
December and February was well below average,
and monthly totals as low as these are vety
unusual, ocecurring about once in 30 years. %t
Khanasser, the November and December rains
were insufficient for crop germination, which
was delayed until January.
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Farming Systems
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Research Highlights 7

Telo 1. Frost events &t the FSP research sites (1980-1984).

o~ T e 1980/81

1981/82 1982/83  1983/84 Maan

KHANASSER

Number of frast days’ e 47

Absol. min. temp. 1°C) ; ~7.5
BREDA . :

Number of frost days 37

Absol. min. temp. {°C) -6.5
TEL HADYA -

Number of frost days 23

Absol. min. tamp. (°C) -4.0
JINDIRESS

Number of frost days - 19

Absol. min, tefnp, (°C) - - —4.0

47 66 N

-7.0 ~-9.3 -7.0

40 62 32 a3
-8.0 -9.8 -5.0

39 52 25 35
-7.8 -8.8 -3.8

39 51 20 32,
-7.0 -85 -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 lang-
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
a salient feature of the Mediterranean environ-
ment, and any potential improvement in farming
practice will have to stand the test of such vears.
In this respect, the 1983/84 season provided
invaluable information in many of our research
projects. Some of the most striking resulis are
highlighted below:

1. 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 targely fail-
ed or were grazed. {see Project 1,
Agronomy within Fallow/Barley Rotations,
and Effect of Crop Rotation on Fertilizer
Responses.}

2. 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 bariey growing
areas of Syria was established to
reevaluate existing fertilizer policy which
does not, at present, encourage fertilizer
use in such areas.

3. 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



8  Farming Systems

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
Barley/Livestock Systems} continued to
examine the feasibility of introducing
forage legumes and confirmed that high
production costs could be a constraint %o
adoption unless vields can be raised.

5. Studies of Biological Nitrogen Fixation
(BNF) (Project 1, Agronomic Studies of
BNF by Forage Legumes, and
Microbiclogical Studies of BNF by Forage
Legumes!) of forage legumes showed that
an improved management package had a
significant effect on increasing BNF. in
addition, studies again indicated that
damage to root nedules by the larvae of
sitona weevil may be causing large losses
of BNF potential in many farmers’ fietds.

Another important aspect of the 1383/84
season was the rapid progress achieved in the
first full season of our FSA 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 WCARDA. 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/Livestock
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 majar 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
respurces 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 sblu-
tions which we are researching and testing are
relevant to simiar environments in other coun-
tries.

Severai diagnostic surveys of these systems in
Syria have heen undertaken and reported, The
trends observed are summarized. During the last
30-50 years important changes have occutred
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 for one or mare years, but in mpny
areas this is being replaced by continuous cefeal
cropping. But the increased exploitation of |the
land has not been matched by increased inputs,
resulting in poor soil fertility and therefore low
yields. Although economic responses to fertilizer



have been demonstrated in research fieids, 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 dees not provide
an incentive for investment to either party.

Associated with the low levels of productivity,
severe seascnal 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 dechning
productivity will threaten to continue to a level at
which farming will no tonger be a viable proposi-
tion. Faced with the issues of low productivity,
low rural incomes, and 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
ratations, 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 husbandry technigues can anly
be fully evaluated when intagrated with livestock
management research.

Bariey/ Livestock Systems 9

Improvements in Current Crop-
ping Rotations

Qur results over the last five seasons have con-
sistently shown that substantiat economic in-
creases in barley vields can be obtained through
improved crop management, largely 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 farge 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 spil 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 iong-term
rotation trials have shown that fertilizer
responses are considerably modified within a
continuous barley rotation. The resuits for the
1983/84 season, the driest in our experience,
support those from previous seasons, and also
examing in more detail the effect of crop rotation
on fertilizer response. The potentiat role of im-
proved varieties was also assessed for the se-
cond year.

Agronomy within Fallow/Bariey Rota.
tion

The main effects and interactions of important
management factors were again studied in a 25
factoria) design giving 32 combinations of five
factors (phosphate fertilizer, nitrcgen fertilizer,
variety, weed control, and sowing method!) at
two levels. The trial was conducted at four loca-
tions spanning the 200-350C mm rainfali gra-
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dient. The treatment details and results 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
kgiha, with the phosphate and 20 kg Nfha 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. Pooled regression analyses of barley
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Even in the dry 1983/84 season, phosphate application enhanced early growth rates and grain vields 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 interaction is so strong that it
cannot be eliminated by other interactions of
rainfall, nitrogen, and cther variables. {For more
details, see Project 3 in this report).

The improved barley variety, Harmel,
outyielded the local variety at the wettest loca-
tion {Tel Hadya), was not different at the in-
termediate site (Bredal, 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 is reported in
the next section.

Weed control effects decreased with rainfall
which is again consistent with results reported in
the 1883 Annual Report. This reflects the in-
herently lower levels of weed infestation at dry
locations, 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 vield 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 conglusion, the results obtained this year
support those of previous seasons, and clearly
indicate that, even in very dry years, there is
considerable potential for improvement in barley
yields, particutarty 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 guality. ICARDA has the
global responsibiiity for barley improverment, and
therefore has a strong barley breeding project
within the Cereal Crops Improvement Program
{CP). FSP has been cooperating with CP in
evaluating the performance of some of the most
promising lings 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/hal was
added.

This trial was repeated in 1983i84 at four
focations 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 {hromaoxynilt + 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.

Highty significant responses {at P < 0.01} to
fertilizer were obtained at all three locations,
although the responses were not economical at
Khanasser where yields were very small. Thers

were no variety x fertilizer interactions. Of the
improved varieties, ER/Apam and Rihane pipr-
formed consistently well at all locations, but| at
only Tel Hadya did an improved varigty
(ER/Apam) significantly outyield the local cheek,
and this was only significant when fertilizer was
applied.

In general, the improved varieties performed
better at the wettest location, Tel Hadya.
Howvever, it is interesting 1o 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, 5oil type,
soil fertility, ternperature, 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 weather
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 Hadva. — F. J. M. Cooper.

Effect of Crop Rotation on Fertilizer
Response

As already said, most of our research on fertili#er
responses in barley has been conducted witl';hin
the fallow/barley rotation which still predominates

in northwest Syria. However, there ig evidence
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Ti)le 3. Grain yields (kg/ha) in barley variety trials at Tel Hadya, Breda, and Khanasser, 1983/84.

Lacation: Tel Hadya Breda ~Khanasser .

Seasdnal _ e e

Raénfail: 230 mm 204 mm 5o ORI

Variety - . NePo M2oPeo  Variety NoFo NzoPso  Variety NoPs NzaPeg

ERIAPM 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 450p
Harmel 1650 2140b  ER/Apam 830. 1180b  AJAswad 210 430h
i {Control) _
Aurore 1650 2040 wi 860 1090abk Wi 240 380
Badia 1870 1990 Aurore 760 1070ab  Aurore 170 3708
C 63 1620~ 2020b  Arar 770 1060ab  Badia 180 . "35bb
Arar _ 1490 1820 €63 730 980ab  Matnam 100 2603
AfAswad 1370 1820 Harmel 700 990ab  Arar 70 200a

{Control} i
Matnam 1330 12908  Antares 580a 710a  C#83 70 200a
Amares 7108 1220ab  Matnam 580a 610a Antares {Failed! -

LSD (0.05) for eomparison of any two
mgans is 500 kg/ha

LSD {0.05} is 210 kgfha

LSD (0.05} is 170 kg/ha

a.-Indicates variety significantly better or worse than control.

b.slndicates significant fertilizer response within variety.

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

A b x b factorial design was used (N O, 30,
60, 90, 120 kgiha; P20s O, 60, 120, 180,
240 kgihal. The 25 N x P combinations were
replicated three times within each rotation.

Barley {Arabi Aswad) 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 (bromoxynil + MCPA) at stem
elongation. Three treatment combinations
{N2Po, MNaoPsa and NeoP1sel, were selected for

detailed comparative crop growth and soil-
maisture 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 1984/8b, after which a more
detailed report will be presented.

Table 4 shows the available nitrogen (am-
monia plus nitrate} and the moisture distribution
in the soil profile at the start of the season under
the two rotations. The amount of available
mtrogen and moisture was 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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- Available nitrogen pr'rri}

1327

Table 6. Totat dry-mat

gerfiien
2114831

ted treatients in tivo barley rotations, Breda: 1

Fallow/barley - T

became apparent at an early stage of growth.
The effect of rotation was evident even in the
presence of high levels of fertilizer application
{NeoP4s0) and siarted to show during the winter
months whan the soil profile was recharging with
water and no moisture stress was occurring.
Thus the improved fertility and maisture status of

fand following a falfow do not alone account for
the observed differancaes in growth and subse-
guent vield.

Components of yield, water use, and water-
use efficiency data for the selected 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 smaller in the
barley/barley rotation.

Evapotranspiration (E,) between germination
and maturity was only marginaily affected by
fertilizer application, largely because of the very
dry season which imposed severe 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
fatlow. The extra moisture was stored between
30 and 75 ¢m, below the depth of wetting by
the current season’s rainfall (Fig. 3) and was

Barley/barley rotation

cm HZO:’15 cm depth interval

B

4
J

15

30

45 —

60 — . .
s (nitial profite

= emm Maximum recharge
75 7]

ssees Crop maturity

Fallow/barley

Soil depth {cm}

15

30

45 ~

60 -~

75

80 -~

L]
f— (2
£

L H

-

rotation

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 moisture stored from previous season).
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utilized by the crop during the grain-filling period.
This additional supply of moisture, and hence
reduced stress, resulted in larger 1000-grain
weight of barley following fallow (Table 6). Asin
previous seasons, fertilizer application resulted in
a dramatic increase in water-use efficiency
(WUE) in both rotations, but WUE was con-
sistently less in the bariey/barley rotation for a
given fertilizer treatment.
. Extractable maisture, defined as the difference
between the maximum observed within & giver
depth interval and that recorded at maturity, is
determined 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

on available moisture, and the effect of fertilizer
an the crop's ability to extract that moisture, Cur
studies have clearly shown that improved nutri-
tion of a barley crop results in more prolific
rooting, 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. 41}.

At harvest, data on vield 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

%3.0 [~
E *
£ N *
= . . .
(]
*E’zo - e " e
o - 3
5 .y . Root length tem/fem™)
o . . 0 1 2 3
% ) 1
E . '.. _ T
e | S
2 of =
210 E
g * 3
o
- I
o] on * - —
: 1.0 2.0 30

Root length 1cm/cm3l

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

3-‘ F = failow

B = barley
’5 -
£
-
= [ SR,
=]
g F/B
3 -
=
g
G 5
b 2 B/B
E ] e
£
-
g
g
2 4

/l ~——— Phosphorus
/ —-=— Nitrogen
1~ &
iy L I 1 N

N 0 30 50 a0 120
P205 o 60 120 180 240

{kg/ha) :

Fig. 5. The main effects of nitrogen and phosphoruls fer-
tilizers on total dry-matter production of barley in two
contrasting rotations {F/B, B/B), 1983/84.



Barley/ Livestock Systems 17

Tﬂe 8. FRegression equations for barley grain and straw yields (kg/hal in two rotations at Breda, 1983/84.

Constant N P NxP N2 _ ' - Pz

Faliow/Barley R

Grain yield 760 -0.3g8 5.6 0.96 x 102 -0.10x 102 ~Q10x 19

8ig. level NS i . NS .

Straw yield 590 c.18 4.4 ~-0.10x 10 ~0.63x 107 —~0.58x 102

Sig. level NS e NS NS '
Bagley!Barley

Grain yield 390 1.0 3. —-0.27 x 107 ~0.57 x 107 —-0.74 x 1072

$ig. level : nee i NS e St

Btraw yield 370 8.3 2.3 0.10x 107 ~0.48 x 10! -0.78x 102 -

§|g leval ‘e " - “ne L3 e

1.wStg ievelst* Bo%); (" ", T%J {*** sig, at 0.0005% or higher).

2. The Null hypothesis that there were no significant differences between the two response surfaces in FfB and B/B was sub-

- jected to an F-test according to the equation:

F = {ASSp — LRSSiMk + 1
ERSSdn + m — 2k - 2

i
o
&

B

.where RSSp = residual sum of squares of pooled regression.
: RSSi = residual sum of squares for individual rotations,
. -k = number of variables in regression equation.
mand m = number of cbservations in fallowibarley and barley/barley regression equat-on

533-i|ghly g mfucant F-values (52,2 for grain; 34.8 for straw) were obtained and the Nuli hypothesis was re;ected (F&, 138 at

31%

phesphorus fertilizer on total dry matter (grain
plus straw) are presented for both rotations in
Fig. b, and the regression equations relating
grain and straw vyields 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/barley 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 cbserved
in both rotations, but the response per kg P20s
applied was much less in the barley/barley rota-
tion, and this is reflected in the linear terms of the
regression equations. The economic implications

of these resulis 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-
farences observed in nitrogen responses can be
largely accounted for by the different initial
nitrogen status of the soils, but the differences in
response 1o phosphorus are not so easy 10 &x%-
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 of toxic root exudates
within the continuous barley rotation cannot be
ignored and should be examined in more detail.
— P LM Cooper and K. Some/.
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Research
Rotations

in Alternative Crop

Research has shown that there is considerable
scope for the introduction of annuallty-sown
forage legumes into dryland barley rotations,
either 10 replace falow, 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 winterfearly spring, or as a hay crop
harvested in late spring, or as a mature crop
harvested for grain and straw.

Barley vields 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
moaisture. 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 10 be
replaced by a forage legume without reducing
subsequent barley yields, 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 fallow 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
Hadya, and Breda, both as pure stands and as

80:20 legume/cereal mixtures. At all three loca-
tions, forages followed a uniform unfertili#ed
cereal crop. Two levels of management, «tradi-

tionak and «improved», were employed {Talble

9). A nonnodulating ceral crop (barley) was also
planted. BNF was estimated both by the 13N
dilution technique using low levels !of
SN-enriched ammonium sulphate (20 kg NiHa),
and by examining the difference in total nitrogen
uptake between the nodulating and non-
nodulating crops. In 1983/84, a uniform barley
crop was sown on alt plots to assess the residual
effects of the forage lequmes 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
phasphate 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 1282/83 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 inclusion 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 «m-
proved» practice treatments, where en-
viranmental constraints other than moisture
supply had been minimized, there was a clear
pasitive 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 nitragen uptake
but there was a significant crop x management
interaction in which peas appeared to respond
better to improved management than wvetch.
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 eflective differehce
between pure stand legume crops and 80:20
mixtures with barley in terms of nitrogen uptake.



Table 9. Treatment details of “improved’’ and “‘tradi-
’ tional” management of forage legumes.!

Treatment Traditional Improved
Tihe of sowing l.ate winter Early winter
Raw spacing. fom) 45 22.5
ln@cu!ation - No ¥es
Phosphate (kg P20sfha)- ¢] 60

1:;§'Seed rate and hand weeding were uniform across
'%inanagement.
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In 2 comparison between enviranments there
was a significant site x crop interaction. Nitrogen
uptake was lowest at the driest site, Breda, and
differences in N uptake bhetween the legume
crops and barley were not significant (Table 11).
At Tel Hadya {intermediate rainfalll, N uptake
was higher than at Jindiress {the wettest site)
and N uptake in the lequme crops was con-
sistenly greater than in barley. At Jindiress,
where soil N levels were higher, as indicated by

T%Ie 10. Dry-mattér production {kg/ha)} of forage legumes at three locations, 1982/83.

Jindiress Tel Hadya Breda Msan across
Farage Management {417 mm) {340 mm) {285 mm} sites
Pags (Trad.} 580* 2060° 510" 1060*

{imp.} 5700 4650 2220 4190
Paa/Barley {Trad.} 780" 3260° 200" 1650* .

& _ timp.) 5820 5390 2430 4580
Veich - (Trad.} 1270 2860ns 660Ns 1690*

s {ienpl) 4100 3580 1070 2810
V%&:h{Bar_lev S (Trad.} 1530°* 3730us 930° 2060*

R {imp.} 5220 4440 1470 . 3710
19D (0.05F. 764 812 485 668
. fﬁigniﬁcaét_ at P{0.0ﬁ.

Table 11, Total crop nitrogen uptake (kg/ha) by forage legumes in a legume/bariey rotation, 1982/83.
(af}_lnteractiqn: fnanagement x crop

Peas Vetch
Mahagemeant Crop: Peas Vetch mhix. ! mix. Barley
[rmiproved 78.3 57.0 80.3 61.3 34.8°
Tragitional 25.0 32.9 29.2 36.5 34.8

$E + =3.6

Lsp 10.05) = 8.4
[bl.i Interaction: site x crop

Seasonal

¢ Rainfall Peas Vetch
Site (mm} Crop: Poas Vetch mix. ! mix. Barley
Breda 286 27.4 211 28.7 24.8 32.6
Tk Hadya 340 76.9 66.2 76.3 65.7 28.0
Jindiress 417 50.8 "39.9 59.2 56.4 44.0

SE £ = 4.4 LT )

LSD.{0.05) =103

1. Mixture with barley as an 80:20 proportion.
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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 traditionatly-
manged legume crops grew very unsatisfactorily
(Table 10) and were much poorgr in N uptake
than those crops with improved management.
This remains unexplained but may have heen
associated with ineffective inoculation by logal
rhizohia 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 fram those
preceded by fallow. 1t must be noted that the
fallow plots did not receive the 20 kg/ha of
labelled nitrogen in 1982/83.

ta rdphiifdgér_;"‘pﬁti‘i e kg
egume/batley rotatiom, 191

6 main efféct following:

There were no significant diﬁ‘erencesL in
residual N uptake by barley following pure stahds
or mixtures, nor was there any significant eftect
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 craps under im-
proved management was similar to that under
traditionally managed crops. The expected
higher levels of residual symbiotic N under im-
proved management conditiocns may have been
offset by available residual 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
caomparison of the N dilution technigue 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
aver two experimental years and at eight sites
there was a close relationship between the two
methads of measurement. The methods of
measurement ware linearly related as described
by the equation:

N by difference methed = -13.22 + 1.087 N
by ¥N method (rz = 0.904)

The slope of this dine is approximately
equivalent to a 1:1 relationship. However, there
is a substantial negative intercept because
negative values do not accur in the 8N method,
and thare were opccasional 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 legumes can contribute substantially to
the nitrogen budget of two-course rotations.
However, it is important to determine an order of
priarity of the components of this package to ar-
rive at practical and economic recommenda-
tions. This work was started in 1983/84 at Tel
Hadya and Breda. Four management factors
(phosphate fertilizer,. inoculation, row spacing,
and weed contrgll 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 vears' data
are available. — 0. Keatinge,

Microbiological Studies of BNF by
Forage Legumes

Studies reported in the 1983 Annual Report in-
dicated that most legume crops (faha been,
chickpea, ientils, vetch, and pisum) produced the
bulk of their dry matter after nitrogendse 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 faliow 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 Bol/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 B0 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
1980/8% using a phased-entry design, and thus
by the 1983/84 ssason, the four rotations had
received O, 120, 120, and 240 kg P20s/ha,
respectivaly.
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Fig. 6. Histograms of acetylene reduction activity {Cz He production) and mean plant dry weight (g} with time for vetch

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

The results {Fig. 8} 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 that soil nitrogen
reserves were being utilized. A comparisan of
seaspnal mean ARA wvalues for the four
treatments showed that all rotations receiving

phosphate fertiizer 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 and 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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n

blo 1'3.'Finai yield data and ARA vaiues recorded for forage vetch at Breda, 1983/84.

Final yield Max, ARA® Seasonal mean® Ratio of yieid
(kg/ha) value 22 Feb ARA value to mean ARA
576 0.33 0.138 414 % 193
B50 . 0.66 0.208 4.09 103
1048 0.80 0.234
1007 0.8% 0.228
106 '

taken at harvest (5 m2/piotl. The mean
seasonal ARA values appeared clasely 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 Rhizobium spp. activity.

The dramatic decline in ARA, now observed
over twa seasons for many legume craps, 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 aduit ar tarval
stages may have striking effects on the BNF of
legume crops,. soil nitrogen dynamics, and
nitrogen uptake and vield of subsequent cereal
crops. This will be more fuily investigated for
forage legumes in the 1984/85 season.

The second trial monitored at Breds was a 25
design which examined the main effects 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 15N dilution
technigue in all 32 treatment combinations, and
ARA was monitored in selected plots. The
residual effect of these wveatments 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 companson of

seasonai variabon in ARA with BNF as assessed
by the 5N dilution technigue. A summary of the
results obtained in the seasonal monitoring of
ARA is presented.

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

Table 14. Main effects and interactions of four menage-
ment factors on the seasonal meéan ARA values
{z mol /ml/ plant/hr} of forage legumes, Breda,

1984/86.

Main Effects Seasonal mean ARA
Peas 0.404**
Vetch ' 0.261
Inog. + ’ 0.404**
Inoc. — 0.281
P20s* [0.355.
P20s" 0.310"

WC 4 0.427%"
WC - T0:238
SE + - © 0.033
Interactions
P20s* Pz0s

fnoc. + 0.489 0.320*
inoc. — 0.222 0.299

WC -+ WC -~
Inoc. + 0.548 0.261*
Inoc. - 0.305 0.214

WC + W -
Peas 0.660 0.246* .

Vetch 0.294 . 0230 .0

"t P<0.0%; * 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
phasphate effect on ARA in the presence of seed
inoculation. These results can be related to the
responses observed 1o 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 controlted.

This is the first year that such studies in fac-
torial trials have been conducted, and further
supporting data are required before firm conclu-
siohs 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 rmask important interactions. Farmers
growing legumes employ a range of husbandry
practices, and will seldom adopt an improved
package of recommendations, but they wili
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. — JH. Srephens.

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 falloew/barley, bariey/barley, and forage
legume/barley rotations. The first trial was

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

The trial at Khanasser had to be abandoned
due to consistent and severe bird damage to
forage legume seedlings, put the site will be used
in the next two seasons to evaluate the residual
effects of different levels of phosphate applica-
tion. The triat at Breda has bgen 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 pdas
and vetch as forage legumes, in pure stands and
in 80:20 seed-weight ratio mixtures with barley.
Different 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 II'

BofF Barley ( O, O Fallow { O, O}
Bnp!F Barley (20, 60) Fallow { O, O}
BaiBo Barley { O, 0) Barley { O, Ol
BaiBnp Barley { O, O} Barley (20, 60)
Bnp/Bo Barley {20, 60} Barley { O, Ol
BrpiBrp Barley {20, 60} Barley {20, 60}
BQNU Barley{ O, Q) Vetch{ 0, O}
BnpiVo, Barley (20, 60} Vetch ( O, O}
Bﬂ_{p . . Barl_ey (20, Oy Vetch { O, 60)
Bryp/Vp Barley (20, 30} Vetch { O, 304
BojV:Bo Barley { O, Q) Vetch/Barley { 0, Q)
8np/V:Bo Barley 120, 60} Vetch/Barley [ O, 0)
Boiv:Bp Barley 120, Q) Vetch/Bariey | O, 60)
Bop/V:Bp - Barley (20, 30) Vetch/Bartey ( O, 30)
BotPo - Bareyl 0, 0) Peas ( 0, O)
BrpiPo . . Barley (20, 60} Peas ( O, O
BrPp . o -Barley (20, 0) Peas ( O, 60)
Brp/Pp--"-" Barley 120, 30) Peas ( 0, 30)
BaiP:Bo Barley ( O, 0) Peas/Barey({ O, O
Br{'pJP:BU Barley 120, 80) = Peas/Bariey | O, B0}
Bng:P:Bp Barley (20, Q) Peas/Barley ( O, 60!}
B@EP:B;} Barlay (20, 30] Peas/Baiey ( 0, 30)

1.%§Figures in parentheses indicate levels of N and P20s ap-
. ‘Iplied (kgfhal.
2 At Tel Hadya, 40 kg N/ha was applied.

Bartey yield and water-use data for 2 years
from the first trial (established 1980/81) are
presented 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 vields following vetch are in-
termediate between those following fallow and
those following barley. There was no difference
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in yeld 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
utiized more moisture. This reflecis 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 17.71 kg/ha per
mm. Vetch hay vields 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.

Thase results were subjected to economic
anatysis using the cost and price assumptions
given in Table 18. Since each of the rotations
requires 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 land in the other phase. The
results for two seasons are shown in Fig. 7, with
arrows in each case indicating the direction of
change from the first season to the second.
These data and the calculated ratios of net (after
cuost) revenue to cost for the eight rotations are
summarized in Table 19.

Crop yields in the 1382/83 season were
greater than those in the drier season of
1383/84 for all of the tested rotations. This was
also generally true for much of the nonirrigated
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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 1284. This increased net revenues of all
but two of the eight rotations in 1284, in spite of
the lower vields.

All rotations in both years appeared to have
covered their costs, some by smalf margins and
others by interestingly large margins. Two
groups of rotations are evident: the low-yielding
group, Bo/F, Bo/Be, and Bo/Vo, which received
no fertilizer, in contrast to the higher vielding
group of fertilized rotations. Another criterien to
define groups of rotations is the ratio of gross
revenuas to costs. The mast 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 yield seed. If mature vetch is
harvested the seed which may be collected from

Table 19. Summary of gross revenue, total costs, net revanues, and simple rates of return for eight rotations in two

seasons at Breda, Aleppo province.

Bo/F Bnp/F Bo/Bo Bnp/Bnp Bo/Vo Bnp/Vo Bo/Vp Bnp/Vp

1982/83 season
Gross revenue  (SLIZ2 ha) 1148 2897 1436 4128 1817 3794 2898 4538
Total costs (SL/2ha) 570 1213 910 2016 1537 2386 2144 2834
Net revenue {SLihal 288 842 263 1056 140 704 302 862
Rate of

Net revenuelha
return={______ _"N.01 1.39 0.58 1.05 0.18 0.69 037 Q.60

Tatal Cost/ha
1983/84 seasaon
Grossrevenue {SL/2 ha) 1823 3433 1648 4176 2024 3219 3423 3594
Total costs (SL/2 hal 592 1067 888 1712 1423 1862 1908 2140
Netrevenue {SLihal 616 1183 380 1232 301 679 757 727
Rate of szet revenue/hd ‘ :
retura  Tom costing 208 2.22 Q.B& 1.44 0.42 0.73 0.79 .68
Average rate of return
for two seasons 1.65 1.81 0.72 1.256 Q.30 0.686 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 soil profile is important in the evaluation of current
and alternative cropping systems.

it will have an opportunity vaiue 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 1o

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

Results from the expanded rotation trial at Tel
Hadya and Breda {see Tabte 16} will provide ad-
ditional detailed results as the effects become

- established. The results of the second vear of the

trial on the effect of forage species and pure
forage versus mixtures on subsequent barley
vields for both locations are given in Tables 20a,
and 20b. There was no difference in barley welds
following vetch or peas at either location, and at




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 vields: mirror those
reported in Table 17, and these will be reporied
in more detail next year when 2 years 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, £. 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 «testing» phase of Farming Systemns
Research is vital if we are to identify solutions to
problems which are acceptable and profitable.
The feedback from such work is proving in-
valuable, and keeps our research focused on the
problems facing the farming community.

The very dry season in 1983/84 resulted in
very poor crop performance 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 result
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 vyears 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 1ake farmers 1o
recover from the economic hardship and reduc-
tions of flock size.

As a result of the decisions made by farmers,
much ot the crop and sheep monitoring which
was planned had to be abandoned. Never-
theless, some important results obtained ase
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 secand section, «The
Feasibility of Annual-Sown Forage Legumes in
Barley/Livestock Systems» reports on a village
survey conducted in the at-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 Triats» and «Qn-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 ¢an 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 1980s, fallow areas have decreased from
60 to 30% of the cultivated area. Wheat used to
be the principal crop (80% of cropped area)l, 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 expsctation and increased manual
harvesting costs.

Sheep numbers have declined, and the large
transhumant 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 18982/83 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 land-use pattern of the 19 farmers selected
for study in 1883/84 in the Bueda area.

Flock sizes in the 1982/83 survey varied from
3 to B00 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
popuiation.

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
1283/84 was designed to monitor all 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 componentg of the

Tabie 21 Mean land -use patterns of 20 wllagas in the 250-300 mm ramfa&l zone campared wnth maan T

of 19 sefected farmers ln Bueds: area

% of rainfad r:ultwatad area

R Summaf
‘Berley " . Wheat Legumes -grop’
Mean of 20 villages 45 2 S N
6 1.6

Mean of .19 Bueda farmers 42
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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
cakel. The actual levels of supplementary feed
recorded in the sample flocks are given in Table
22. The amount of feed given 1o sheep in Bueda
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is very high (average 1.9 kg/ewe per day) com-
pared with the economically optimum value of
1.1 kgfewe 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 achigved at Tel
Hadya which ranged between 161 and
234gllamb per day over a 3-year period. All
these values are bhelow the breed potential of
about 300g and 250g per day for male and
fermnale lambs, respectively.

in more normal years, suppfementary feeding
is stopped in February, and sheep become an-
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 Aprif (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 November, 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

Hovembe
-December
Janudry
‘Febrary




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
naormal 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 out of the
village to the wetter wheat-growing areas, again,
a practice which is not foliowed 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 good
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 monitoring ended in June,
and since all barley crops in the study area had
been grazed, the planned monitoring of crop
production coukd 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
atlowed 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 1984/856
season.

Fig. 8 indicates the crop calendar for various
options of annual forage production. An integral
part of this study 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 aptions on the sheep feeding cycle are
discussed. — A. Jaubert and E. Thomson
{PFLF),
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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 ICARDA’s Pasture, Forage, and
Livestock Program as well as the Farming
Systems Program for some time (FSP 19823,
1982b, 1983: PFIP 1982). The principle is
simple. A legume crop uses land which would
otherwise be fallow or breaks continucus 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 aimost as beneficial as
fallow with respect to a subsequent cereal crop,
partly because they fix a proportion of the
nitrogen they- use, and partly because maisture
conservation in fallow years is minimal in these
dry areas. Finally, if the farmer i3 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 maore
economic package than either by itself.
On-station and on-farm trials with cereal-
forage rotation have been promising. However, a
number of potential problems have been raised
by farmers participating in on-tarm 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 farge area of fallow in the
200-350 mm rainfall range where we hope
forages can be introduced. Although small, al-
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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 land 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
other, issues related to legume cultivation. Con-
siderable attention was given to livestock feeding
practices, because the demand by farmers to

® Khanasser

®
Ayn Al-Arab

Jerablus

grow torages for their own use will depend upon
the ability of forage legumes to meet the deficits
in the feeding cycles.
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A total of 443 ha or 3% of rainfed land is
sown to legumaes in the 24 villages. Areas of len-
tils and lathyrus are equal, while the vetch area is
about 25% smaller. Almost all of the legumaes
{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 cereais. However, legumes. were

1 ’;Deép = gver 80 cm; madium = 40-80 cm; shallow = less than 40 cm. Summar crop figures are those reported for an

ome totals do not add up to 100% due to rounding off the decimal places.

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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and stony. Of the total, 63% is reported (o be
less than 40 cm deep, while only 21% is more
than 80 cm deep (Table 26}). On the better s0ils
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 gurrently
the case.

In spite of the small areas planted to forage
legumas, farmers were familiar with them. Many
farmers said that food and forage legume areas
had formerly been g/reater. Areas are limited by
two closely related factors: yields and profitabili-
ty. Farmers did not plant legumes in the drier
areas or on shallower soils because they ex-
pected yields 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 so0ils will almost certainly
face evan lower profitability, unless productivity
can be improved.

The Jegumes also have relatively high-initial
costs compared with cereals (Fig. 10). This is
due 1o 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.

D Prafit
m Harvest costs

Startup costs
Wheat
30061 2926
Barley
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Fig. 10. Costs and benefits by crop and soil type.
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Hand harvesting of barley is a common practice in Syria, but the cost of hand harvesting forage iegumes could be a con-
straint to adoption by farmers unless large yields are obtained.

Current practice in al-Bab, as elsewhere, is to
harvest these crops, thresh them, save some
seed for sowing in the subsequent year, and use
the remaining seed and straw for feed. This
maximizes the value of the crop to the farmer,
providing both scarce winter feed and also seed
to reduce the next season’s start-up costs.
However, this practice incurs a high harvesting
cost. Jaubert {1984) has called attention to the
cost of harvesting as the main factor limiting
legume cultivation in the Breda/Bueda area.

It is important to note that the harvest labor
problem is primarily one of cost. In al-Bab,
cereats are usuatly hand harvested, and the same

labor could be available for the legume
harvesting season. Even in areas with con-
siderable legume cultivation now, available labar
is more than sufficient, but the price is high
{Rassam 1984). However, costs and benefits
are relative. Currently, harvest costs are seen as
prohibitive because of the low economic value of
the yield. With increased vyields or higher prices,
it is probable that higher labor costs could be
tolerated.

Harvest labor need not be hired. In Rassam’s
sample, 34% of legume harvest labor was pro-
vided by the household. In a survey of lentil 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-shaitering varieties of forage
tegumes. These options would permit more of a
legume crop 1o be harvested by family labor.

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
tegume growing households in the coming
season.

Thus there are two main questions concerning
hand harvesting of legume crops. First, what is
the availgbility and cost of 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
maobilization? To address these issues in the next
season, two approaches are suggested. On the
one hand, a supplementary survey of legume
farmers in marginal lagume zones will add useful
information 1o the present survey. The survey will
focus on current practices, profitability, and labor
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 mabilizatian. 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,
communat grazing and stubble are freely
available, and purchasing feed is rarely
necessary for most flocks {Table 28). This i4 in-
spite of the fact that al-Bab has relatively little
grazing land.

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 make 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 1884/85.

In conclusion, survey results suggest that the
forage legume area could be expanded, but only
if vyields can be economically increased.
Agronomy research for dry areas and poor soils is
required to increase vields. Practices to reduce
initial costs are also needed. Labor appears to be
sufficient for cultivation of larger areas than are
currently growr:, but improved vields are needed
to make it worthwhile. Further studies next
season will assess la) 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 subseguent 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 vields will be
assessed in 1984/85,

In the first set of trials, three farmers’ fields
were salected 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 sampiing
date, the samples were analyzed for crude pro-
tein content and percent Jn wiro digestibility
(Table 29). :

QOn the first sampling date, dry-matter produc-
tion was small. Phosphorus significantly in-
creased praduction 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 vields of protein per hectare. By
the second harvest date, vields 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 vields in both peas and vetch. Crude
protein values were again highest in lathyrus giv-
ing it an apparent protein vield advantage. Vetch
had the lowest in vitro digestibility at the first
harvest, but by the second harvest all species
were similar.

These on-farm results are encouraging in that

?%éf’za.fi:&rsgéyiélm (kg/ha) and nutritive value on (A) 1 Mar and (B) 3 Apr, 1984.

T‘g o : In vitro el R
Tegwiment Total DM digestibility % Crude Protein yield
% B tkg/ha) of DM protein (kg/ha} .
(ARPisum — PaOs 370 73.8 14.4 53.3 -
o + P20s 617 67.6 12.2 76.3
¥etch — P:0s 457 59.8 6.4 70.4
+ P20s 674 595 14.7 -99.0
ff.athyrus — P20s 343 73.3 23.2 79.6
- + P20s 447 72.1 2%.7 87.0
“1.8D (0.08) g9 S
{B)Pisum ~ P20s 900 54.4 8.8 S 79
+ P20s 1220 59.1 9.6 : 117
Vetch ~ PeQs 843 545 10.4 B8 .
+ P20s 1090 56.6 12.6 137
Lathyrus -~ P20s 823 58.3 13.0 120
' + P20s 1053 8.4 15.6 164

LSD (0.0B} 225
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Both meat and milk are important end-products in barley/livestock dominated farming systems in West Asia and North '
Africa. '

vields were similar to those obtained on research
stations. Work will continue on the agronomy of
these forage 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 tc 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
barleyilivestock systems and are criteria by
which farmers will judge the value of introduced
forage crops.

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

1982/83. In the second set of trials in the
1983/84 season the mik-production potential
of these forages (with and without phosphate
fertilizer) was measured using lactating Awassi
ewes. Milk production was chosen because itis a
more tangible commodity than liveweight gain.
Such grazing trials inevitably require large plots
and maodified flock management. Although it was
intended to conduct three such trials, only one
farmer in the study area gould be found who
would provide sufficient fand 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 raintall of the



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

On 21 March dry-matter vieids of the vetch,
with and without 50 kg P20s/ha, were 459 and
307 kgtha, respectively. During the 35 days of
the grazing trial, the 0.76 ha totat plot area sus-
tained five ewes each of which produced 731 g
milk/day and gained 52.9 g liveweight daify.
These pefformance levels convert into a stocking
rate of 6.6 ewes/ha, 168 kg milk/ha, and 12.2
kg liveweight gainfha. 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
10 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 cutputs of milk and livewsight
which exceed the levels attained when ewes
graze communal 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 fivestock research aims to address some of
these issues by menitoring the milk and
liveweight production 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 be
rested in spring. — A. Jaubert, T. Nordblorn, 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 fertilizer, and
in wetter years, but to a lesser extent, nitrogen
fertitizer. Even in the very dry 1883/84 season,
such responses were again observed (see
Agronomy within Fallow/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 availabie 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
O and 60 kg/ha) was sown on 20 farmers’ 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 lacations in each fieid, 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 kgfha) and fertilizer, and covered
the saed either by splitting the ridges with the
cultivator, or through the use of a rabban, a
heavy metal pole which is pulled over the ridges.
Sowing was completed between 19 Jot and 19
Nov 1983.

The very dry season and poor distribution of
rainfall had a marked effect on this trigl. At some
locations, germination was poor, and the very
dry month of February subsequently killed 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
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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
year (see Effect of Crop Rotation on Fertilizer
Response]. Soil phasphorus levels were (ow at alt
locations. Calibration of the Olsen soil test with
cereal responses to applied phosphate has
shown that responses would be expected in
drytand 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 bariey-
producing areas in Syria. A survey of 168
farmers’ fields in NW and NE Syria in 1982
showed that in 85% of the fields, P-Olsen values
were below 2 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 resulis.

With data from only two locations, firm con-
clusions cannot be drawn. The residual effects of
ihe trealments 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 vyear in succession. — FSP and
Ministry of Agricufture and Agrarian Reform,
Soifs Bureau, Syria,
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Conclusions

Encouraging results were obtained in an
unusually dry vear, The following conciusions
can be drawn.

1. Even in dry years, substantial responses of
barley vields to phosphate ¢an 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 maore atiractive.

2. Crop rotation x fertilizer-response interac-
tions occur. in fallowfbarley 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 sumimer, and in dry years, a
greater supply 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, can-
tinue 1o 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 vield 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,
principally sitona weevil larvae and
nematodes.

6. The introduction of forage legumes 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 yield 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 1o be
carefully assessed in order to establish
research priorities and increase  the
likelihood of farmer adoption.
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Project 3: Intersystems

Research

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

diverse, it is important to understand the effect of
vanability 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 ¢an 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 usetul
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 phasphorus, 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 and spatial extrapolation of
observed responses to other environments
where the same parameters control harley yields,
This approach, in which rainfall 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 nitregen fertilizer
strategy for contrasting locations can be
evaluated in the light of analyses of long-term
rainfall records is presented befow.

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 soit
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-Multipte
Season Trials

A cost-effective way of conducting research in
variable environments is to conduct «Multipte
Site-Multiple Season» [MS-MS} trials,

To be effective, MS-MS trials require a
research area that is fairty homogensous 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-
virgnments 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
«manageablers; the effects of too many factors
will confound the analysis. Furthermore, there
will be some measurement problems; while there
will be many plat values from each site-season,
some environmental variables will have only one
value per site per season (e.g. total seasonal
rainfall).

Environmental factors are treated as variables
aglong with experimental factors in the regres-
si0Ns analysis.

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

A functional relationship was spscified incor-
porating the environmental variables of rainfall
{R, mm/year], available soil nitrate-nitrogen (NA,
ppm), and available soil phosphorus (PA, ppm}
and the experimental variables of seed rate (S,
kg/hal, nitrogen fertlizer (N, kgthal, 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 ¢an abserve how these op-
timal recommendations would fare given the
distribution of rainfall around the mean. This was
done for the relatively typical barley production
area of Breda, using a seed rate of 100 kg/ha,
and using 200 kglha grain vields far 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 vields when current «optimal»
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
spacifically 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 focations, Jindiress and Kafr
Antocn, 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 vields obtained at
high rainfall levels which are not accounted for in
the model. Second, various imbalances in the
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Table 32. Pooled regression results for barley {1 = 872}
_ cv Beacher grain yields {kg/ha}. . : :

Ganaralmodal o

-~ Coefficient .-

Variables

Constant
§
N
p
SN

sp
-

PAN 153 :
PAP. . 0. 56
NA
PA Q.
NAR - .77 O
PAR 0
‘Resquara 0.7234
Adjusted Rz 0.7136 : :
F : 73.3 .0
SEE . 5B4 '

Note: sl{%) = Significance level in percent. O :meéns. the
: significance level is higher than 0.05%.
-+~GEE = standard error of estimate. :

‘number of cbservations between sites and years

would affect the results. 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 response 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 Ngo Pec was
obtained with a rainfall total of 200 mm, and
vields 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 iac-
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. Subseguently, 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
vields for given recommendatians 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 calcutated. 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,

Met returns {kg/ha)

Grain yields (kg/ha)

Current Current

Rainfall Frequency General «optimal» No Generai aoptimal» No

{mm) % model input lavels fertilizer model input levels fertilizer
112.6 5.3 -307 -17 200 200 200 200
137.6 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
2625 21.1 1617 1504 1049 2124 1721 1049
2875 26.3 1966 1750 1378 2473 2007 1378
3128 6.3 2272 2033 1664 2779 2250 1664
337.5 5.3 2536 2234 1908 3043 2451 1908
362.5 5.3 2757 2393 2108 3264 2810 2109
412.5 10.5 3074 2584 2386 35681 2801 2386
462.5 5.3 3222 26086 2494 3729 2823 2494
Average 1684 1544 1307 2191 1761 1307

Note: The optimalt fetilizer rates for the General Model are N = 81, P20s = 68 kg/ha.
The current «optimals input levels are approximately those used on rials on farmers’ fields; N = 20 kg/ha, P20s = 46
kg/ha. The input levels are substituted into the general modei to derive distribution.

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

The details of these results can be found in
Somel {(1984). However, one point needs some
glaboration. The economically optimal fertilizer
levels as determined from the general model are
guite high {Table 33). The nitrogen level that has
been found necessary to achieve the biologicsl
potential is close to 85 kgl/ha {(ICARDA, Soil Fer-
tility Research, Progress Report 1983/84). The
P20s level of 86 kg/ha is more reasonable but,
given the current practices, stilt high.

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

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

b. It i5 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 1o the existence
of other more profitable activities, inflation or in-
terest and risk premiums, the farmer may reguire
a positive marginal rate of return. This can easily
be incorparated into the analysis. Instead of
equating marginal products o (relative) market
prices, they are eguated to (relativel 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 O, 50, 100,
and 150% were conducted. Optimal input rates,
costs, returns, and vields are given in Table 34
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for these MRR. |t 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 Pz Os = 45 kg/ha.

The approach developed here is considerably
less 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 techniques is adequate. However, it is highly
possible that the approach may tax the memaory
limits of small computers. The model is
somewhat mare 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
Tesull in inadegquate solutions.

In spite of the limitations inherent in this ap-
proach, it clearty 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 bariey growing region in Syrig us-
ing a 4 x 4 factorial design. Soil analysis for
available sgil nitrate and Olsen extractable
phosphate will be done for each location, and
waekly rainfalt 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 rainfal! 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
1884).

These results were further evaluated in the
1983/84 season in terms of the manner in
which the differences in precipitation regime,
highlighted 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
managément 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 phasphate conditions
are non-limiting and weeds are controlled.
However, this response will be in some degree
tempered, particularly in terms of the economic
aptimum amount of N to apply, by the current
season’s rainfall. As already reported in the
1883 Annual Report, there is gross in-
terseasonal variability in rainfall at the sites
studied in this gcological zone. Far example, in
10% of years at Jindiress totals of less than 350
and more than 600 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
10 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
coverning 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

é:;_35; The probability of receiving more than specific
" amounts of rainfall between October 1 and the

,\‘ - date shown at three locations in northern Syria.
:??S’Arnouhtfr
{mm) 1 Feb 14 Feb 1 Mar 15 Mar
., v Jindiress
- 200 0.70 0.84 0.93 0.97
4 225 0.56  0.73 0.86 0.94
“ 250 0.43 0.61 0.77 0.88
4 275 0.30 0.48 0.67 0.83
£ 300 0.20 0.36 0.55 0.72
% 350 0.08 0.18 0.32 0.50
2 A’azaz
1 200 0.58 0.74 0.87 0.93
1225 0.46 0.63 0.77 0.87
o 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 0.11 0.22 0.33
Saraqueb
200 0.40 0.59 0.74 0.83
. 228 0.25 0.43 0.60 0.70
- 250 0.15 0.29 0.45 0.58
i 278 0.09 0.18 0.32 0.45
;300 0.04 0.10 0.20 0.31
jé_sso- 2,001 003 0:07 013
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at Jindiress, 6 out of 10 at A'azaz, but only 4
vears out of 10 at Saraqueb.

Fertilizer practices can be adjusted to mest 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 alse 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-
siderablte variability between years at each site
but the differences between sites are also large;

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

% Years Jindiress A'azaz 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 5% of years at
Jindiress. These, of-course, are general predic-
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. — 0. 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 [CAR-
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 rainfali gradient
(Table 37), but experience similar temperatures

Optimal Maturity Type

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 vields for three
cultivars of differing maturity type (early =
Sonalika, medium = Mexipak, late = Novi Sad)
sown in garly November.

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

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

the early maturing one, whereas at Jindiress, ithe
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. Cumulative 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
the late cuitivar at this site in 6 years out of 10,

The ranking of the cultivars at each location
does not vary significantly 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
subseguent 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 angther 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 seascon can be distinguished on the basis of
the reiationship between wetting depth and
rooting depth:

— Seasons in which rooting depth is not
restnicted by shaiiow 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, usually about the
middie of April, and are able to penetrate it
and make 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 dynamics is
necessary to evaluate improved practices in dryland

areas.

seasons (approximately one season out of
two), 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 10 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 levels. Between sowing
and germination, the root zone is taken as sow-
ing depth plus:3 ¢cm.

The ditferences 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 at Aleppo.

the break of season from year to year. If crops
can be considered free from moisture stress as
long as the extractatle moisture in the root zane
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 c¢m and the wetting front
reached at least 70 ¢m 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 alsc allows productivity of wheat/fallow and
continuous wheat-cropping rotations to he
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
available moisture during the subsequent
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 encugh to allow a response to
stored moisture, but encugh rain falls to permit
the roots to penetrate the wetting front and
utilize the soil moisture stored during the
preceding fallow period.

Based on maisture 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 be emphasized that the simulated
predictions of vields in continuous wheat and
fallow/wheat rotations do not take into accoum
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 generahization of
focation-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 vanability.

The envisaged methodology for agrogcological
zoning {Fig. 13), therefore, starts with an
analysis of the temporal variability of climatic
variables. Any series of weather data is con-
densed into @ manageable set of parameters,
which allows the generation of series of any
length of all relevant climatic variables, ade-
gquately representing their interdependence and
the site-specific distribution of ciimatic 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
variabie soil
propertigs and
crop growth

v

Delimitation of agro-
ecolagical 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-
pholegy 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 enviranmental variables.

Agroecological zones are ‘then defined by
clustering a spatial matrix of probabilistic crop
response data created by the simulation of the
weather-soil-crop system for a sufficient number
of vears 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
related, crops have heen 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 produced within 2 years. — W. Goebsl.

Project 4: Cereal/Live-
stock Systems in Tunisia

Research on cerealflivestock systems in Tunisia
is a coltaborative effort betwsen Institut National
de la Recherche Agronomique de Tunisie (IN-
RAT), Institut Nationa! Agronomique de Tunisie
(INAT}Y, and ICARDA. Staff of the Office des
Cereales and the Ministry of Agricuiture 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 intc 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 : st
moyen) zone, and receives 443 mm average
annual precipitation according to the records of
the nearest metecrological station in Medjez al-
Bab (1860-1980)]. 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 ancther on 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 plans were drawn for
the 1984/1985 season. Project implementation
began in October 1284.

This report focuses primarily on the field
survey activities and the research plans for
1884/1885. 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 aver 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 Goubeéllat, farmers live on their farms and have small flocks of livestock.

the effects of the trials on their fields. Their
evaluation of the trials is hence invaluable,
However, the results of the INRAT/INAT/ICARDA
FSR project will be generalized to farger 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 1284 a workshop on FSR methods was
held in Aleppo between ICARDA and Tunisian
scientists  which assigned high priority to
«diagnosticr wark as a preliminary activity of a

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

An intensive formal sample survey. was carried
out in Goubellat. This was preferred to the in-
formal survey or «sondeors approach, since, while
this latter approach is claimed to be cost-
effective, it would not meet the needs of this
project. «Several years of extensive 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 surveysy {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 groups
and the sample was drawn proportionate to this
stratification (Table 38). The information socught

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

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




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

Information on use of purchased inputs is most
complete for cereals (Tabte 42). The proportion
of farmers who use fertilizer 1s quite high.
Average vyields, however, even allowing for
under-reporiing, appear o be considerably
befow potential yislds. According to infarmation
from wvarious variety and agronomy trials, the
biological potential appears to be around 2000
kgfha (grain yields) for cereals, with yields over
3000 kg/ha not being uncommaon.

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 allocated 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 marketed
for meat but milk is used almost exclusively on
the farm. Among the food legumes, faba beans
are mostly marketed, whife 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 guestionnaire. |t appears that 45% of the
farms have a person on the farm involved in off-

T@ie a1 - Uistribution of average crop arees (hal, Goubellat, Tunisia, 1984 (n = 240).

Size (ha)

0-10 10-20 20-50 50+ Total
Dgrum wheat 1.2 34 7.7 68.2 4.5
Bread wheat 0.1 0.8 1.8 43.3 1.8
Bériey 0.8 3.0 43 37.0 2.8
Total cereals 2.1 7.1 13.6 1485 9.2
Fagege crops 0.5 1.0 0.9 13.9 1.1
Fopd legumes a.2 0.5 0.8 2.2 0.3
Olive trees 0.8 1.7 2.9 9.5 1.4
Aﬂgy cropping 0.4 0.6 1.8 0.4 0.8

Table 42, Fertilizer and herbicide use in cersals (% of farmers planting the crop) and average yields (kg/ha), Goubellat,

Tunisia, 1984.

Both
Pz0s N P20s and N Herbicide Yield {kg/ha}
Durum wheat 82 84 71 16 812
Bread wheat 92 89 84 32 479
76 7¢ 57
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Table 48, Machinery and equipment ownership (% of tarmers in each farm size} in each group, Gmhai!m Tumsm 1984

Farm size (ha)

0-10 10-20 20-50 50+ - 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 5
Threshers 0 0 11 78 _ 3

than common land implies that the farm has to
meet all animal nputrition 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 bath resources and some of
their manifestations in practices were con-
sidered.
1. Farms were first classified into two groups
by size; less than, and mare than 30 ha.
This appears to be a natural 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 that 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 138 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 twa groups of farmers.
The first, «big farms» is defined as having
tand 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 hal and without a
tractor were classified further as follows:
i. Having a fallow-cereal rotation vs any

other rotation. This criterion not only
reflects differences in the basic practice
of rotation but is also indicative of the
quality 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 hkely to influence the choice
of crops and practices.

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

This grouping of farmers into eight subgroups
of smail 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. Hance, the following adjustments
were made.

In 1984/85, around 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 livestock,
will be divided approximately as follows:

a. Big farmers (n = 4).

b. Small farmers who practice a fallow-cereal

ratation (n = 15).

c. A subgroup of the farmers who practice a
fallow-cereal-barley- and/or forage crop
rotation (n = 1b).

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 detail,
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 will
be analyzed. '

The choice of a subgroup of farmers from
those who practiced other rotations sterns from
the agronomists’ dissatisfaction with the
nebutous concept of «other rotations. This
group was divided into those who practiced the
3-year rotation of fallow-cereal-barley andfor
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 & 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 packages. The trials build upon farmers' -
practices and aim at developing technology
components or practices which can be adopted
in & 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 aon feeding
and rearing practices as well as monitoring
weight gains, sales, purchases, etc.

e

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 yieldn, However, the
matters are more complicated with livestock
monitoring. The farmers are sensitive about
allowing their livestock asseis 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 pians 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. Product utilization, dispesal, 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 ofi-farm ac-
tivities on the farm will be initiated. In this
raspect, a broader and dynamic definition
of the concept of the family was adopted.
instead of the narrow and static approach
of identifying a family with cohabitation in 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
1985. The focus will be on changss 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/IICARDA FSR Project, efforis
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: Tunjsian national program: Ms. A.
Khaldi, Habib Halila, G. Khaidi, A. Ghayada, H.
Amamou, A. Dahmane, B. Haddad, M. Harrabi,
A. Majdoub, M. Hassan, S. Shukry, A. Tounsi,
and M. Mejri; ICARDA: P. Cooper, A, Kamel, A.
Mazid, K. Somel, T. Stilwell, £E. Thomson, and
M. Halfajian.
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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, prodic-
tion of training modules and handbooks, and
regional travel. These activities will be outlined in
more detail in subseguent sections. FSP staff
also spent considerable time in meetings and
discussions with the large number of visitors who
came ta ICARDA last year. It is difficuit 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
1883/84, intensive eéfforts were made 1o iden-
tify a suitable candidate for this position, and an
appropriate candidate has been identified and
will join us in early 1985, FSP therefore tocks
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 technigues

f. On-farm trial methodology

g. Recommendation domains

Short Courses

Six short courses were held during 1283/34,
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
Rhizobium{legume 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
agricultural 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.

Finaly, in response 10 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 socioceconomic and
envirenmental aspects of the barley 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 ¢ol-
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 twe scientists  from
overseas, one from Cyprus and one from
England. Stemming from the workshop, we have
initiated a joint Soils Bureau/ICARDA cooperative
rgsearch 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 collabaration with IDRC, we
held a workshop on food legume economics.
This workshop was attended by 10 scientists, 6
from Egypt, 1 from the Sudan, and 3 from Syria.
The main objectives were to examine, country by
country, the results and economic implications of
on-farm research on lentil and chickpea, and to
assess the on-farm trial methodology utilized in
each country and produce a manual describing
successful on-farm trial techniques. This
workshop, with its practical ohjectives, was
considered very useful indeed by the participants
and could serve as a model for the future.

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

Postgraduate Students

FSP continues to encourage the involvermnent of
postgraduate students in our research program.
We feel that this type of individual training is very
beneficial for several reasons. We endeavor,
wherever possible, to select topics for the
research thesis which form an integral compo-
rent of our core research program. By doing so,
the student has access 1o 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
wha 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 supervising 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
othet colleagues in the region.

Degree Assoc'iated

Name level University Thesis topic
E. Rashed Ph. D. McGill, Canada Crop rotations
' {barley!
A. Wehba Ph. D. Reading, UK Barley root
development
Y. Sabet Ph. D. Rainfall intensity/

Paris, France

s0il erosion

M. Mokbel Ph. D. Massachusetts, Hurnan nutrition
USA

M.A. Mongim Ph. D. Colorado State, N dynamics of urea

o USA fertilizer
S. Dozom M. Sc. Aleppo, Syria Crop rotations

- {wheat}
M, Wahoud M. Sc. Aleppo, Syria Forage barley
agronomy

S. Magid M. Sc. Gezira, Sudan Agricultural economics

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 technigues, 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.

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

In- conclusion, FSP has been involved in a
diverse range of TAT activities during the
1983/84 season. As we become increasingly
confident of our roie in the region, these ex-
periences are likely to expand and become even
more rewarding. With the arrival of a sehior
training officer in 1885, to coordinate and tead
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 vield potential, resistance 1o disease and
insect pests, and vyield stability. Agronomic
research in the program was primarily in
cooperation with nationat 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 1984, the CP conducted an extensive
review of its program objectives, priorities,
strategies, and research methodologies which
involved program scientists, outside cansuitants,
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 barley together with sheep is
the main farming system and therefore a major
objective of this project will be to increase total
biological vield {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 gramn
will receive less attention as the practice of green
grazing is limited oniy to wetter areas. The Pro-
gram moved forward to fulfill its global respon-
stbility for barley impravement and posted a
senior barley breeder at CIMMYT to jointly con-
duct barley research primarily in Central and
Sputh America.

ICARDA and CIMMYT jointly developed a work
ptan 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 io ICARDA to further strengthen
durum improvement activities in this region,
Priorities are: improvement of grain vyield and
stability of yield in rainfed areas, incorporation of
resistance to Stripe rust, stem rust, leaf rust,
Seproria tritici, common bunt, and other diseases
causing vield reductions, improvement of
resistance to major insects, e.g. stern sawily,
aphids, suni bug, and Hessian fly, and im-
proverment of grain and straw quality.

The ICARDAI/ICIMMYT bread wheat improve-
ment project continued 1o 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 characlers
such as resistance to the bacterial blights and
other diseases and insects as well as on iden-
tification of lines exhibiting avoidance/tolerance
to factors such as drought, heat, cold, and sait.
All adgvanced breeding lines were subjected to
industrial and nutritional grain-quality tests in the
laboratary,

The triticale improvernent project was also
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critically reviewed. During 1884, the research
focus sharpened to concentrate on improving
genotypes for low-rainfaill areas, high-elevation
areas, adaptability in the region, better grain
guality, and consumer acceptability,

A report on cereal research in high-alevation
areas was praduced, highlighting the need for
the development and digtribution 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.

Cereal pathology aims at further improving
resistance in ICARDA’s breeding material. In-
creased emphasis was given 1o international
multilocation testing far disease resistance to
generate information on the performance of lines
against a wider spectrum of pathogens. Seedling
tests were also started in greenhouses o screen
against foreign isolates of scald and septoria Jeaf
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 1984/86 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 centers will study the virulence
spectrum of one or more important diseases.and
screen ICARDA's and natignal 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 saenior physiologist/agronomist, a postdoctoral
fellow, and research suppart staff will be formed.
They will conduct c¢rop 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 davelop
their own recommendations for agronomic prac-
tices, developing  basic understanding of the
management practices for new potential
varieties, identifying specific plant characlers
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-
viranmental 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 vear, CERINT, the database
management system for the Ceresl Program,
was further improved. This helped in processing
data from the base program and internaticnal
nurseries, and enabled the CP to advise national
programs about the most pramising 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
wall received throughout the region. Efforts are
continuing to produce BACHIS in Arabic.

Staff Changes

The following staff members feft the program in
1984

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



red to CIMMYT but posted at ICARDA),

3. Dr. Rients Niks, postdocteral fellow (durum
breeding).

4. Ms. Eva Weltzien, Ph. D. student, salt
tolerance.

5. Dr. Mark Winslow, cereal physiologist.

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, postdoctoral fellow (barley
breeding).

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 significant achievements of the
Cereal Program are listed below.

- Project |: Barley

1. New genetic material developed 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
Soufaral.

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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Tablé 1. Barley and wheat varieties released in the

region.
Barley
Cyprus Kantara = Roho
fran Val Fajr
Morocco Asni
Qatar Gulf = Arivat x Athenais

Harma = 54/Traf/2*(Cer/Toll/3/2*
AvtiKil/Bz!4IV1/5/Pro
Durum Wheat
Egypt Sohag = Stork'S’
Cyprus Mesaoria = Anshinga'S’ x Volunteer
Karpacia = Sham 1

Marocco ACSAD 65 = Stork’S’
Syria * Sham 1 =
Ple’S /Ruff’S'//Gta’'S'/Rotte
Portugal Celta. = Sham 1
Bread Wheat :
iran Azadi
Moraceo Jouda = Kal x Bb
Pakistan Zargoon = C¢ - IniafTob-Cfn x Bb/7C
Sudan Debeira = HD 2172
Syria Sham 2 = 7C x Tob-Cno/Kal
Peoples Dem. Rep.
of Yemen Ahgat = 5311 x Norteno

Table 2. Potential candidates for release.

Tunisia Barley ER/Apam

Roho

Wil 2198

Thailand Bread wheat SW 9=Tob 66-Cno’S’ x P162/SK8

Morocco Bread wheat Pvn (Pato {R) Cal!3/7C//Bb/Cno
Pavon'S’
Maya 74-Pvn’'S’

Durum wheat Belikh = Cr'§'151k’S’

Porzana = 21663 - Cr'S" x Fg'S’
Toubkal = {Yamen-Cr x Plc/Tebo) Mex
Grebe'S’ = Gs-Crf21563 - AA x Cit
Erpel/Ruso’S’

Barley ER/Apam
Triticale Beagle
Juanillo 95

Drira - Qutcross

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 refease to farmers in Tunisia.
Here a national program scientist evaluates the perfor-
mance of one of these lines, Roho, proposed to be releas-
ed under the narre Taj.

ing less than 300 mm/fseason 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. Considerabie effarts were
devoted to develop appropriate methodology,
and two new test sites {Tel Dhaman and
Bouider) were identified (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 parallel with the pedigree
procedure at Tel Hadys.

5. A thorough documentation 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 information
can be retrieved easily for scientists in the
regicn. Inearly 1983/84, an additional 5000
entries were evaluated and cataloged with
support from the International Board for Plant
Genetic Resources.

Project II: Durum Wheat

1. A number of countries  reguested nucleus

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

. Mareceo identified new durum linas Porzana,

Toubakal, Grebe, Erpel/Rusn, and Cr/Stk .as
promising candidates for release as néw
varieties . f

.1t was interesting to note that Cumrabia,

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

. Screening for drought and heat tolerance, and

resistance to Septoria tritici and sawily was
strengthened.

. Sebou and Xorifia 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 wvitreousness and grain ap-
pearance for advanced vield trials.

Project Ill: Bread Wheat

1. Two promising advanced bread wheat lines,

FLK'S/HORK'S" and HD 2206/HOR’S’, wara
selected by 17 countries in the ICARDA
region. These lines produced large yields
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.

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

. 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

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

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

. There has been increasing interast in triticale
in the region. Nucleus seed of Beagle, Drira
outcross, and Juanillo 95 was provided to
Morocco for multiplication,

. Our future efforts will concentrate on
evaluating triticale for its overaill biologicat
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-yielding 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
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at elevations above 1000 m. Ling Ot
4081-Pwth/3* Candor was also selected in
Morocco due to its consistently high yield. .

2. Cooperating researchers in Pakistan are
testing high-yiefding, cold-tolerant, and
disease-resistant durum lines. Agronomic
trials once again indicated large responses in
yield to nitrogen in Baluchistan.

3. Triticum dicoccoides lines were screened for
cold tolerance, disease resistance, and guali-
ty, and two lines possessing the genes for
these traits were identified. Crosses of 7.
dicoccoides and T, durum were made 1o
widen the genetic base and transfer the genes
to durum wheat.

4. Productiveness of higher yielding varieties and
suitable production technology are now being
demonstrated in the highlands of Baluchistan
in PARC (Pakistan Agricultural Research
CouncilHCARDA and FAO projects.

Project VI: International Cooperation

1. Close interaction with national programs is a
key component in the program’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 VIHI: International Nurseries

1. 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.

2. 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 VIII: 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 shorl courses on germplasm and
genetic resources, seed production,
mechanization of research plots, and field
experimentation. '

3. Twenty Moroccan cereal 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 t0 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 stuvents and others visited the
program durihg 1983/84.

5. CP scientists tectured in national 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 improvemnent 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 |:
provement

Barley Im-

Wheat and barley account for a large percentage

of food crop preduction 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 & 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 al ICARDA since 1977,
Whenever possible, one of the parents in these
crosses was a good performer in the local en-
vironment, 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 strass
tolerance {drought, heat, and cold}, vield 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 achieve 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. I[CARDA is therefore
attempting to improve the total biological productivity of
bartey, 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 responsibility to create lines for
their own environments while ICARDA will
move inta newer research frontiers, though
retaining a supportive role ta national pro-
grams.

2. We screen and select (mainly in the Fz
generation) in several dry locations 1o
identify parental lines and cultivars for the
agroclimatic conditions of barley-growing
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areas. To screen a darge 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
adaptability of the matenial. -

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, inciuding local|land-
races and ciose relatives of barley.

5. We accumulate and combine genes for
stress tolerance from various sources with
help from (CARDA's agronomists and
physiologists.

8. By selective crossing we improve the
disease resistance of the high-vyielding
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 far
barley-growing areas.

Component |: Breeding

Breeding Procedures

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

The scheme of ICARDA’s barley breeding and
testing procedures is shown in Fig. 1. Salection
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 generatian. 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, foliowed by selaction 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
rmethod 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
simultaneously at Tel Hadya on identified
superior crosses. Single-plant selection at all dry
sites will be in Fs generation if sufficient rainfall
permits differential expression of the plant
characters. Replicated vield 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 years 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 cultivars are promoted
to advanced vyield 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 promaoted to international nurseries.

Barley 77

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
(1878-80). The large collections tested in the
earlier years have provided a few promising lines
which are being examined more intensively for
specific characters, mainly 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 Dharman and Bouider
in Syria) is expected to bring about a new surgs
in segregating populations.

Segregating populations targeted for specific
environments have started to prove their
usefulness. During 1983/84 three sets of Fa
segregating populations (for dry areas, moderats
rainfall areas, and high-elevation areas] were
evaluated both at Tel -Hadya (230 mm) and
Breda (160 mmi. The number of populations
selected within each set {Fig. 3) shows that,
because of the dry year, a higher proportion of F2
was selected from the Fz2 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 Annual Report 1983,
p.78). Results for 1983/84, 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 vield trials is usually sown 3
months late (around mid-February) at Tel Hadya.

* The purpose of late planting 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 31; or, vice versa, lines that pro-
duced smaller vyields when planted late had
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 1 (¢} Yield triais
— ] ] ] r—
1000 ; —
500
o I W JJ L L] L
78/79 79/80 80/81 B1/82 82/83 83/84 84/85

Season

Fig. 2. Number of lines in (a) screening nurseries, (b) segregating populations, and (¢) yield trials in the barley breeding
program from 1978/79 to 1984/85 (international nurseries included).
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Fig. 3. Number and percentage of lines selected at Breda and Tel Hadya, and those common to both locations, from three
groups of Fa populations targeted for dry areas, higher rainfall areas, or high-elevation areas, 1983/84.
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Rihane ‘$", Sel 2L-1AP-3AP-OAP r—-——J 155%
As46/Pra >—q 151%
Ritene ‘S, Seb 12L-2AP-DAP —1 149%
1982/83

Cerise »j 168%

Pro/Avt CMB72-A.0-2L.-1AP-DAP
Rihane 'S°, Sel 12L-2APDAP

— 156%
I—J 155%

1983/84
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Gerbel —] 159% {5% )
—
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Bonus )—Iiﬂ%
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1000 3000 5000 7000

Grain yield ** {kg/ha)

*  Yieid expressed as % of longterm check, Beecher, in
each experiment separately.
** Yields are averages of 3 replications.

Fig. 4. Highest yielding entries in the advanced yield trials
at Tel Hadya from 1980/81 to 1983/84.

kernels smatler, but protein percentage increased
as expected. It can be seen, however, that the
decrease in kernel weight was much less than in
grain yield, suggesting that in higher yielding
genotypes kernel weight is much less affected
under adverse conditions than other vield 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 genotypes
which can provide both large yields of forage for
early grazing and large yields 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). Ferty-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 vield,
and therefore are promising as duai-purpose
barley. The performance of some of these
genotypes in comparison with those of the

forage and grain types is shown in Fig. 6. The
dual-purpose type had large green-forage pro-
duction at the time of cutting as well as large
grain vield after cutting. They also had
reasonably large grain yield without green-stage
cutting and large 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 1o
maturity and heading {without green-stage cut-

--Aratn Abxadz

1N = Nnrmal L = Late Maan cwar three
2. Mean QvBT Seven experiments.
3. Mean over six experiments..
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Fig. 5. Performance of dual-purpose type barley in comparison with forage and grain types. Yields of the different

genotypes were, expressed as percentages of the check, Arabi Abiad.
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ting) were significantly 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-
promise for large dry-matter yield at grazing and

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

'Tame 4,,
1983{84 fUpp&i‘ nss

Caefﬁeuants nf near enrrelatian be:ween dffferent chafacters four_n_d in the dual purpase barlsy tnal
-mw bariw, Inwef lihes, 8- -row. barlev &

Wlth gfeen stage cuttmg

. Grain viald

Dry-rhatter ylel

Straw yield
- _ at éotting
i t graen—stage cuttmg - R
}ys o headmg 0.62*+ 0.58*"
Q620" 0.74%"
ss?s to matunty 0.68** 0.63%"
) 0.76* "% - 0.84**
Plant hesght 0.01 -0.08
' N 017 -0.06
. ’I‘_=iua.r--r;umber_' -0.05 0.03
S ..0.18 013

: Bses for the gix= row gmup



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

International Nurseries

The emphasis on international nurseries con-
tinued, and in 1982/83 we began sending
diverse sets of segregating populations to the
different bartey-growing areas. Three different
observation nurseries will be distributed in
1984/85 for the first time: one for dry areas,
one for high-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 couniries such as Tunisia where
ICARDA was able to maintain closar cooperation.
This indicates the need to improve contacts
where they are at present inadeguate.

Observation Nurseries

Promising advanced fines developed at ICARDA
are provided tc 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 fines were alsc included to
compare their performance with barley lines in
different environmaents. Data were received from
19 focations. Ten lines were selected at 11 or
more of these locations, six of which were

Barley 83

developed at |ICARDA (Table B}, Moreaver, a
number of lines were found to have good

Table 5. Lines selected at 11 or more of 18 locations in
the 1982/83 Barley Observation Nursery.

Sel,

freq. Crossfline Pedigree

13 Harmal 'S’ Sel, 12L-2AP-0AP?

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

11 Athos (B}
1M Remal
11 Asgsala’'S’ Sel, 4L-3AP-0APY

Sel, 1AP-2AP-4AP-OAPY
CMB77A-0352-3AP-0AP?
*ICB77-0169-4AP-2ZAP-0AP1

11 Matnan'S*
11 Wl 2198/Emir
11 Rohol/Masurka

1. ICARDA - developed 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 poWderv 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.

Regional Yield Trials

The 1982/83 Regional Barley Yield Trial (RBYT)
consisted of 21 improved barlay 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 vield (Table 6) as well as good
stability across different envirgnments. [t was
among the top 10 lines at 16 out of the 20 loca-
tions from which vyield data were available, and
vielded 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 content,
and kernet 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 2b locations is

available in the 1982/83 ICARDA Cereal 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 vear, starting
from 1979/80, 8 1o 13 newly developed lines
yielded better than Beecher, the long-term check
in these trials. Beecher was the third highest
yielding variety in 1377/78 and the top yielder in
1978/79, but its rank dropped to 14th, 9th,
14th, and 10th, in the following four seasons,
respectively.

57 B tongderm barley check {Beecher) (4
Best five barley lines

B Best bartey lines (2}
8

(5)

4 LSD (5%)
|

3

o}

81/82 B2/8

o i o s et ol
1977/78 78/79 79/80 BO/81
Season1

1. Means are over 23, 20,23, 24,28,and 16
jocations for the seasons 1977/78 to 1882/83,
respectively, Complete data for 1983/84 were
not available at the time of writing the repart,

2. Locations were considered as fixed, When
jocations were considered as random, L.SD far
1982/83 was 428 kg/ha.

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

Fig. 7. Mean grain yield {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 yield, but its ranking dropped to
second and fourth place in 1981/82 and
1982/83, respectively. In 18981/82 and
1982/83, the newly developed lines, Rthane
and its sib, were the best yielders. incidentaily,
despite the seasonal fluctuations, an improve-
ment in the yield of Beecher is discernible aver
the six seasons. Such a trend probably reflects
an improvement in management practices by the
national programs. — M. 8. Mekni, S. Ceccarelli,
and S. K. Yau.
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Table 6. Performance of the highest yielding lines in the 1982/83 Regional Barley Yield Trial.

Mean
Cress/ grain yield! .
pegigree {kg/ha} Rank CHK? SEL?
Rivisre °S'

Sal, 2L-1AP-3AP-DAP 4906 1 11 16
Ribane® : 4887 2 10 15
Mari/CMB7

€MB72-0140-8Y-1B-3Y-3B-0Y 4796 3 ' 10 11
ER‘Apam* 4728 4 9 12
Begcher {long-term check) 4497 10 9 11
Drira/M2A (triticale) 3997 20 7 -8

¥-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 yielding entries,

4 Bihane was the top yielder in the 1981/82 RBYT. ER/Apam was the highest yielder in the 1978/80 and 1980/81 RBYT and

itg ranking dropped to the 2nd in 1981/82.

Laeations were considered as fixed. When locations were considered as random, LSD = 428 kg/ha.

Teble 7. Ranking of selected harley entries in the regional yield trials from 1977/78 to 1982{83.

Aank and name of entry

Year First Second Third Fourth Fifth

1977178 Cr. 366-13-2 Comp. Cr. 89 Beecher? Cr. 366-16-2 H251 3Y-1B-OY
1978179 Beecher! Cr. 368-4-1 wi 2291 Comp. Cr. 89 Cr. 366-13-2
1978/80 ERIApam? Wi 2198 CMB7/5V.Mari Minnl 26/CM&7 Comp. Cr, 89
1980/81 - ER/Apam? Ky 63-12942 Canina Minnl 26/CME7 Ernir/Nordgard
1981/82 Rihane? ER/Apam? Khouzama'S'2 Rihane'S"? As 54/Tra?
1982/83 Rihane’S” -22 Rihane? Mari/CME 7 ER/Apam? Khouzama’S'?

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

Screening Advanced Breeding Material

The 1284 Key Location Disease Nursery (KLDN}
wasg planted in 20 «hot spot» locations mainly in
West Asia and North Africa. This nursery com-
prised the advanced vield trial lifies and some
more lines c¢onsidered - to be sources of
resistance, of which 313 lines ware tested in the
1883 KLDN. Barley lines in the Observation
Nurseries and Crossing Biocks were also planied
in most of the KLDN' locations to test their
resistance.

Useful information from the 1983 and 1984
KLDN was obtained on the following diseases:
vellow rust (Puccinig strifformis), leaf rust (P.
horder), powdery mildew (Erysiphe graminis),
scald (Rhynchosporium secalis), and Barley
Yellow Dwarf Virus (BYDV) from Syria, Lebanon,
Yemen, Egypt, Tunisia, Morocco, Portugal,
Pakistan, and Mexico [(Table 8).

In both years, 16, 20, and 31 lines showed
resistance to vellow rust at Tel Hadya {Syrial,
Terbol {Lebanon), and Islamabad (Pakistan),
respectively, However, only eight lines were
resistant in all three locations tested over the 2
years, These results indicate the hecessity for the
repeated multilocation testing.

Promising lines from the breeding program are evaluated at the Key Laocation Digsease Nurseries (KLDN} for their genetic
resistance to important diseases, Most advanced lines are evaluated at several «disease hot spots» in many countries for
durahle resistance.



Barley 87
Table 8. Number' of barley lines resistant? to yellow rust (YR), leaf rust (LR}, powdery mildew {PM}, scald (SC}, and
Barley Yeliow Dwarf Virus (BYDV!} in different 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.

Digease Year Q1 51 B3 01 Ot 01 03 o} o1 01 01 0t No. %
1983 25 281 43 20 5.6
YR 1984 28 106 22 217 13 3.6
1983 +84 16 20 3 8 22
1983 6 196 36 19 0 0.0
LR 1984 77 193 111 26 7.2
1983+ 84 103 o 0.0
1983 132 a1 17t 36 9.8
PM 1984 289 3 101 B9 2 0.8
1983 +84 1 69 1 0.3
1983 210 210 b8.a
sC 1984 218 314 246 165 43.0
1983+84 157 120 3358
BYDV 1984 89 288 77 220

1. Number of lines planted in 1984 = 360, 313 of which ware also planted in KLDN 1983.
2. Selection criteria: Rust, = 5% severity; Powdery mildew and scald, = 3 on Q-9 scale; Barley Yellow Dwarf Virus, = on 0-4

scale.

3. 8YR 01 = Tel Hadya, SYR 51 = Lattakia, SYR 53 = Al Ghab, LEB = Lebanon, YEM = Yemen, EGY = Egypt, TUN =
Tunisia, MGR = Moracco, POR = Portugal, PAK = Pakistan, MEX = Mexico.

Data on leaf rust for 1284 were available from
Lattakia {Syria), Beja (Tunisial, 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). Over 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 288 resistant lines, respectively. At
both locations 77 lines were resistant. For fur-
ther qualitative screening the KLDN-84 was sent
this year to Quebec, Canada. The results are not
yet available.

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

This will be cansidered in our screening pro-
gram for the 1284/85 season. — Omar Mamfuk
and J. Van Leur.



88 Cereal Crops Improvement

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 sfficiency
- of different barley genotypes. The season was
very dry {230 mm in the whole season at Tel
Hadya), so care should be taken in interpretation
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 8) were tested for the first time in
1983/84, while the other three {Saida, Windsor,

Bco. Mr/Mzg) had been tested during the

1982/83 season. In the case of dual-purpose
genotypes, six were tested for the first time and

HDT < Days'to hesding; MDT. =
1. Mean of thrae redlications: - -




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'§’
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 2}, 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, 1882, 1883). The height of most
varieties was reduced by grazing while the
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Fig. 8. Effect of sowing date and seed rate on dry-matter
production a1 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 tillering was positive {Fig. 8). For
both sowing dates, mean dry-matter vields in-
creased significantly up to a seed rate of 240
kgfha. The maximum dry matter at grazing for
bath 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 kgiha
for both genotypes (Fig. 9). In general, early

2.217 #O—= = — 5. CB3 {Normal sowing
so 0’, '-___----
E "-.-_\-
- -""-Q
18 . i .
/ Arabi Abiad (Normal
- 164 * sowing)
m
S
5 1442
= 107
-
c i ¥ 3
S 08 e
g a——b Arabi Abiad (Early
06 A sowing)
- \"'--.___
A/ A .
045 C63 (Early sowingl 2
ariy sowing
00 (— T T T T T 1
30 60 120 240
Sesd rate (kg/ha)
LSD (5%}:

Seeding rate = 281 kg/ha,
Variety x Seeding rate = 398 kg/ha.
Variety x Seeding rate in sowing date = 662 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 yield 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 83 under early sowing.

These data indicate that there is a large dif-
ference between the optimal seed rate required
for dry-matter production at tillering and 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 50/50 (sowing/tiller-
ing) on dry-matter yield at tillering and on grain
yield in the grazed and ungrazed conditions for
two varieties of batley.

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
varieties responded positively to a nitrogen rate
of 50 kg N/ha. This limited response to nitrogen
after grazing probably was due to the lack of sail
moisture after grazing. The mean grain yield dif-
ference between the two varigties 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 grain yield
except for grazed Arabi Abiad, where splitting
200 kg N/ha at sowing and ftillering induced a
significant yield reduction. As a result, the factor
was not considered in the above presentation. —
/. Naji.

4
— Arabi Abiad
SEBEN 063
3
Grain yield {ungrazed}
o
.--0"“..""'-----n"..
E L ]
z 21
2
>-
Ly .-c-lli"“ Sssagguanuetn?
'L
bl-
Dry-matter yield at
grazing
0 T T T 1 1
0 50 100 150 200

Rate of N applicatian (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 bariey
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 alse 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
purpases) are reported in Table 10.

An additional test was established to deter-
mine lysine percentage in barley. This is deter-
mined by wusing the near-infrared reflectance
spectroscopy. The instrument was calibrated
against standard ton exchange chromatography

Barley 91

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
6898 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.

10. Barley lines with the best grain quality, 1982/83.

% of kernels over

2.8 25+2.8 1000-kernel  Protein
Lime/pedigree mm mm wt. (g) (%) Rank?!
- Pofd Sask 1 78G/(RM 1508/3/Apm

AB 65//A16

CMB 74A-6602-A-1B-1Y-1B-1Y-1B 78 9356 48.7 14.4 7
11012.2fimpatal{Birence

GMB 74A-1697-D-2B-2Y-600B-500Y 70.9 94.6 48 .4 13.3 6
Badia * 64.4 927 51.6 131 9
Harmat ‘S"*

iCB 76-38-12L-2AP-0AP 65 9 8g9.8 46.2 12.2 14
(FB;1015 h4.2 88.6 45.1 12 15
2782/Beecher*

L.-2Y-0AP 886.3 87.3 53.5 11.5 1
WE2291{Bussel”

ICB 78-603-5AP-0AP 81.9 43.3 485 11.9 3
CC.89//BCO-MR/D2G2-391 "

IER 78-750-6AP-0AP 62 938 43 12.7 12
WI-2291//IMzq/DL 7"

ICB 78-637-2AP-0AP 78.1 96.4 52.8 10.4 1
Camp. 28/C 83*

ICB 78-173-8AP-0AP 53.7 92 46.5 121 13
Rihane 'S’ "

Sel 2L-1AP-3AP-OAP 61 92.9 47 10.6 8
Wl 2269 57.7 92 47 10.8 10
Rihane ‘3" *

ICB 76-11-12L-2AP-0AP 57.5 a 47.3 10.4 10
Lignee 131 {Montpeliier) 57.8 g95.4 46.3 10,2 5
Kervana/Masul 72*

ICB 78-379-1AP-0AP 62.7 93.8 46.6 9.5 3

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

* ICARDA - developed germplasm.
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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 resmtance to wheat stem sawfly and
aphids.

Resistance to Wheat Stem Sawfly

Screening far resistance to this insect was con-
ducted at Suran under naturai 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 sawfly resistance under natural in-
festation. The percentage of infestation was
calculated on 80 stems taken at random from
each line, A significant correfation {Fig. 1) 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
ware much more susceptible than late-maturing
lines because their heading caoincided with the
time of sawfly appearance. — C. Cardona and A.
Rashwani.

Table 12 Most it

“lnfestatron during twé.

8 /and during 1983/84 &t

: % lnfestation o

'Linafpcdfgrse - 1983 . 1984 1984
80°5116". A0 06
Lignée 1242 R B AR BRSNS W a8
TH. UNK. 32 R B S - IR
TH. UNK' 48 1.7 00
Clioya/MB4:76. - o

CMB73- 225-1Y-18- ay- TB«H‘ 06 " 1.1
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Fig. 11. Cormrelation between days to heading {DH) and
days to maturity (DM} with percentage wheat stem sawfly
infestation, Suran, 1984.



Project |I: Durum Wheat
Improvement

In 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

genetic materials and to place emphasis 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 countrigs
under rainfed conditions. The main respon-
sibilities are to:

- improve yield and stability in the rainfed areas,

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

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

- maintain and improve grain quality aspects,
and

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

The durum wheat area in the Noarth 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 West 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 these averages are
about 30% less than the yield of bread wheat in
the region.
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Component [: Breeding

Germptasm Development

In order to meet the germplasm needs of the
rainfed areas in the Middle East and North Africa,
a project has been established to develop durum
wheat germpiasm capable of coping with en-
vironmental stresses, diseases, and insects. In
addition, this project aims at developing germ-
plasm with a relatively satisfactory performance
in favorable years.

Plant breeders and physiologists are looking for the
desirahle plant types that will adapt 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. géne combinations
under the following conditions:

- Rainfed, 230-370 mm annual precipitation,
40 kg N/ha and 60 kg P20s/ha.

- Early ‘planting and supplementary irrigation,
approximately 450 mm precipitation
simulated, 100 kg N/ha and 60 kg P20s/ha.

- Breda, 160-270 mm annual precipitation,
20 kg N/ha and 30 kg P20s/ha.

- Late planting, 40 kg N/ha, 60 kg P20s/ha.
The purpose and the number of crosses made

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

many of these crosses was planted in an off-

: Dtlmm whsmmssﬁf_ progmﬁn in the k3 983!&4
seamr; with putpuse and et ‘of crcsses

R anber nf
Purpose _ C:rosses*
1. Commercial Vaﬁeties x*f-hgh Yield % Yeltow 36_& .
“v.Rust Resistance el SR
2, ‘High Yield x Earfiness -~ " At Lt .1 15
3. Earhness x Multiple Disease Rescstance x SRR 293=-1
- - Eariiness S RS
4.'Migh Yield x Seprosia tritici Res:stance . - _394
E. Cold Tolerance x Earlingss - 0 -» . T 355.= :
6. Drought Tolerance x Earlingss . -~ - .- 363
7. Grain Quality x High Yreid and Di&aase o jﬁ"ﬂf: :
... Resistance o P
&..Bunt Resistance x Hrgh Yteid ' : S _105 o
9: Xanthomonas Resistance. x High “Yield R

10, Tan Spot Resistance x: ngh Yneld - S 102 B
11 BYDV Resistance x High Yield Sy
T2. Aphid Resistance x High Yield ~ - g
13, Sunibug Resistance x High Yield .23
14. Hessiar Fly Resistance x High Yield 51"
15. Stem Sawfly Resistance x High Yield 20"

16. Landraces x High Yield B0

season nursery in Shawbak (Jordan}, to provide
the seed for the Fz2 which will be evaluated in
1984/8b.

Segregating Populations

Each segregating family, developed from the
crosses, is planted under two environments 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 rasistance and agronomic performance
under mere favorable conditions.

The selection under relatively high-input en-
virenment (early planting and irrigation} in
1983/84 was affected by a high incidence of
vellow 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
narthern 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 vield 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 m?. 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, Sahl,
and Haurani}. Based on their vield performance



under both environments and disease resistance,
grain quality, and crop 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 outyielding

B Stork
400 Sah!
[0 Haurani
3
&2
-1}
5
g 3004 ADYT
=
-
-]
@
= frre—
=
oy
3 200+ r
2 —
$
=
s 100 ‘
g
Z
0
Rainfed Irrigated Early planting’ Terbol
Tel Hacddya  Tel Hadya Tel Hadya
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of each check. Stork was the best check in
1983/84 and this was mainly due to its earliness
and vielding capacity.

Table 14 shows the highest yislding lines in
PDYT 1983/84, with their yield percentage over
Stork and Sahl in both growing conditions.

2007
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Tel Hadvya Tel Hadya

Fig. 12. Number of durum wheat lines that significantly outyielded the check varieties, Stork, Sahl, and Haurani,

in 1983/84,

Tqble 14. Durum wheat lines in the PDYT that outyielded Stork under rainfed conditions and Sahl undst high input

management, Tel Hadya, 1983/1984.

Rainfed Irrigated

Yield % Yield %

Cross/pedigres {kg/ha} LSD Stork (kg/ha) LSD Sahl

Pglich!21563/3/Scarcies 4477* 1050 129 5422 934 110
KD78-0362-4AP-3AP-6AP-OAP

Stk//Ch/Bit 4366" 891 122 5283 782 116
ICD78-0415-2AP-2AP-2AP-0AP

PleiCIN JolRD119/3/0Qvyca 4288"* 891 120 5450" 782 121
ICD78-0823-4AP-4AP-2AP-0AP

RabifFglfadovzb7 9/3/Bit 4033" 505 119 5077 1097 98

CD26109-0AP-2TR-1AP-1AP-DAP

* Significant a1 P<L0.05.
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Advanced Yield Testing

The lines found promising in the prefiminary
testing are included in the advanced testing pro-
gram, which involves vield testing under more
contrasting environments, diseases and insect
screening at hot spots in the region, screening
for tolerance to frost, drought, heat, and quality
analysis. :

Fig. 12 shows that, as in the PDYT, Stork was
an excellent check for rainfed as well as high-
input envircnments in 1983/84,

Fig. 13 shows the performance of some
durum wheat linas which produced a relatively
large grain vield under different environments.
They are compared to the high vielding check,
Stork. These lines could perform well across dif-
ferent environments perhaps due to their being
relatively early maturing.

The average vield of the durum wheat lines
tested in the ADYT at Tel Hadya is shown in Fig.
14. Early planting favored large grain production
per unit area, followed by the supplementary ir-
rigation and the rainfed conditions. The dif-
ferances hetween early planting and rainfed, and
between supplementary irrigation and rainfed

were significant. The coeflicient 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 Stress Testing

The objective of this project is to develop and-
distribute genotypes combining good vyield
potential, vield stability, and tolerance to en-
vironmental stresses, such as drought, frost,
heat, and salt.

Drought tolerance. The 339 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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1* = Shwa//21563/AA/3/Bit
2 = 0vi/Cp//Cando
3 = Shwa/Mexi756//Bit

** % ingrease or decrease over Stork,

Fig. 13. Performance of three advanced durum wheat
lines with high yielding ability and stability acros$ four
environments in 1983/84.

environments: Tel Hadya under supplementary
irrigation {approximately 450 mmi; Tel Hadya
rainfed (230 mm}; Breda (approximately 160
mm}; early planting (450 mm), late planting
{February); and Terbol (approximately 500 mm}.
Forty-five lines were selected at Breda. There
was a large variation among the selecied lines in
heading time (Fig. 15).
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Fig. 14. Mean grain yield of durum wheat entries and
coefficient of variation (CV} of the experiments in three
growing conditions at Tel Hadya, 1983/84.

From the 399 advanced fines, 17 were
classified as early 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 simitar 10 Hauran 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, particuiarly during
the vegetative growth Sstage, which favors the
selection of medium-late to late genotypes
similar to Haurani and Gezira 17. More attention
has 10 be given 1o the early lines with tolerance 1o
drought to meet the needs of other envircnmen-
tal conditions in the region where earliness ts an
important factor for securing high and consistent
yield and where the effect of low temperature
during the vegetative stage is insignificant. Fig.
15 shows the average yield of different heading
date ranges.
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O Highest
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ﬂTotal no. of s Laowest

entries
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200 - at Bredsa 44
-
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I
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/

4] 0 Z

a b ¢ d a b c d

Groups with different heading
dates *

* Heading date {days after sowing); a = 135 - 138 (Stork};
b =139 - 147 (Waha); ¢ = 148 - 155 (Haurani};d = 1566 -
163 (Gezira 17].

Fig. 15. 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 toilerance. Relating grain yield to precipita-
tion and temperature in different growth stages
for the last b years 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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New durum whesat varigties have been identified that fill
grains and produce reasonably good yield in spite of
moisture deficiency and heat stress at the time of grain
filling.

The mean temperature was correlated
negatively with. vield, especially during the
grain-filling stage. The higher the temperature,

the lower was the vyield. However, the minimum
temperature during the early stages of plant
establishment and development had a posatwe
effect on final grain yield.

The influence of drought in 1883/84 season
caused a general reduction on all yield com-
ponents, especially on the number of heads per
unit area and the number of kernels per head
(Figs 16 and 171
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Fig. 18. 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. Frequency 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
combining grain vield potential and stability,
adaptation to different envircnmental conditions,
resistance to diseases and insects, and accep-
table technaological and nutritional quality. The
lines are tested at different sites and over several
years, and the best ones are advanced for

distribution to national programs. The national

programs provide us with information on the
performance of these lines. The combined
resuits from all sites are reported back to the na-
tional programs.

Observation nursery. The regional Durum
Wheat Observation Nursery (DON) provides a
vehicle far 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-
tam factors for selection in the region. This is
shown in the phenotypic correlations between
frequency of selection and number of days to
heading (r = -0.195, P = 0.014]) and the
number of days to maturity (r = -0.25, P =
0.003). This indicates the importance of
earliness of durum wheat germplasm intended
for North Africa and the Middle East. The cor-
relation between the number of days to heading
and to rnaturity was the highest ir = +0.81, P
= 0.001}, followed by the frequency of selec-
tion and actual grain yield {r = +0.62, P =
0.001).

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 = (Q.026]), selection frequency and
BYDV (r = -0.28, P = 0.002), and grain yield
andtanspot (r = -0.19, P = 0.015). However,
in most of our advanced germplasm we also
need to incorporate additional resistance to
Fuccinia striiformis, P. recondita and P. grarminis.

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-
pariscn between early and late heading durum
wheat lines, the early lines were found to be
more damaged than the late ones by powdery
mildew, Septoria tritic/ and Helminthosporium
tritici-repentis.

Regional vyield trials. Two types of Regional
Durum Yield Trials, each camprising 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 Regiocnal 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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characteristics of the best two lines are sum-
marized in Tables 17 and 18.

From BODYT, two durum wheat lines, Mallard
and Oum Rabia, were selected for their yield
performance for 2 years consecutively. Both en-
iries are early heading and maturing.

The results from RFDYT show that out of the
24 entries tested, two lings Cr'§$'/5tk’S" =
Belikh and Rabi/P1-94687//Cit/3/Mex/4/Valn =
Po were the highest yielding entries in 1982/83.

A negative correlation r = -3.65, P =
0.007) between grain yield and nurnber of days
10 heading in RDYT is found for 1982/83 season
(Table 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 = -0.59, P =
0.005). But when the climatic conditions were
favorable during the grain-filling stage, several
fines were able to increase their yield potentia)
through better kernel filling. This is shown in the
correlations between the number of days to
maturity and the 1000-kerne! weight. Most of
the entries with large kernel weight were late
heading, as demonstrated by the correlations
between the 1000-kernel weight and number of
days 1o maturity {r = +0.85, P = 0.001)} as
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Table 17. Perfarmance of the largest yielding entries and Sham 1 in the Regional Durum Yield Trial in 1981/82 and

1882/83.
1981/822 1982/83°
1000-
% Days Days . Vitreous- kernel
Yield Yield of 1o to - Protein ness weight
Entry {kg/ha} Rank (ka/ha) Rank check  heading maturity (%) {9) (g}
HB505-7 1AIBGL2 1638 1 104 116 162 131 34.9
{triticale}
Stk*S'fchap/ 4627 3 4600 2 103 119 163 14.5 89 36.6
21663 = Mallard
Qurm-Rabia 4697 2 4544 3 102 118 163 14.7 99 381
Sham 1 4772 1 4456 7 100 120 164 14.8 99 37.0
[Reg.check) ’
Nursery Mean 4377 4261 a5
LS50 (5%! 200 237
CV (%) 16 17
Observation per
mean = 4

a. 23 locations,
b. 17 locations,

Table 18. Performance of the largest vielding entries and Sahl in the Regional Durum Yield Trial-Rainfed in 1981/82 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}
JIQB W Triticale) 4386* 1 116 115 169 15.1 40.6
Cr'8'IStk'S’ 3768 2 4222+ 2 111 119 160 14.1 98 38.8
-= Beilikh
Rabi/P-94587# 3710 4 4192* 3 111 126 161 14.2 99 40.8
Citi3/Mex/4/
Valn=Po
Sahl 3579 11 3791 15 100 118 158 13.6 100 38.9
{Reg.check)
Nursery Mean 3662 3852
LSD (5%} 192 209
CV (%) 37 15
Observation per
mean = 4

a. 23 locations.
b. 17 locations.

* p<0.05
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well as the number of days to heading and the
1000-kernel weight ir = +0.34, P = 0.010).
— M.M. Nachrt.

Component 2: Pathology

Screening for Resistance to Common
Bunt

In the Common Bunt Nursery |, 870 lines {520
from KLDN-84) were planted in 1983/84. The
seed was inoculated before planting with
chlamydaospores of the pathogens, Tiletia
foetida and T. caries, collected from bunted
heads at different locations within Syria. From
the KLDN, 10 lines showed resistance {(<5%
infected heads) to the disease {Table 20). These
lines will be retested next ssason.

In the Common Bunt Nursery I, 11 advanced
lines and commercial varieties were tested for
their resistance to 12 different bunt isolates: 3
from Syria, 2 from Turkey, 1 each from
Lebanon, Tunisia, and Iran, and 4 isolates with
identified virulences. The nursery was harvested
by hand and evaluation was dong in the
laboratory. Two entries showed resistance
(< 5% infected heads) to common 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 1283/84, included 150
durum lines selected from a preliminary screen-
ing the yaar before at Afrin in Syria. The nursery
was planted at Tel Hadya and Lattakia {Syria),
Beja {Tunisia), and Elvas (Portugal). At all sites
artificial inoculation with isolates of Septoria
tritici prevailing 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, and Syria. 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 yield trials, out of
which 243 had been tested in the 1983 KLDN.
This nursery was planted in 20 «<hot spot» oca-
tions and data on vyellow rust fPuccinia striifor-
rmis}, teaf rust (P. recorndital, septoria leaf blotch
{Septoria tritici), and Barley Yellow Dwarf Virus
(BYDV} were obtained from Syria {Tel Hadya,
Lattakia, and El Ghab}l, Lebanon (Terbol),



Table 20. Cultivérallifies sf dirum wheat with resistance
. {< 5% Infected heads) to common bunt,
Tilletia foetida and T. caries, in two screening

‘nurseries at Tael Hadya, 1983/84.

%

Cultivar/cross/pedigree infected heads

Common Bunt Nursety 1
(Average infection 29.4%)

Ch21563//Cr'S'/3/Gediz 1
ICE- 77-0085-2AP-1 AP-QOAP

CR'$'/3/21563//61-130/Ldi4/Ente’S’ 5
ICD7 8-0029-2AP-4AP-0AP

Gedig 75/8it'S’ 5
CD286820-1AP-1 AP-QAP

Shwa!Pt1'S’ 5
CD20632-2AP-2AP-3AP-OAP

OVIfCPHCando 5
1CO78-0001-7AP-2AP-2AP-0AP

W-2057 5

Gdovz 469/P1¢'5 11do 5
ICD77-0027-4AP-25H-1 AP-OAP

Ato'S"ID-10 0
ICD77-0080-8AP-6SH-2 TL-OAP

TS #Gdovz 579 5
ICD74-0105-4L-1AP-2 AP-1AP-DSH-CAP

Haurani 1

Common Bunt Nursery |l
{Average infection 16.4%!}

Haurani
Stork

o=
-5

inoculum density: 2.2 x 105 spores/seed.
Spore germination /i vitro: 23.6-48. 5% in Nursery |
55.7% in Nursery ||

F.foetida : {.cares
1 04 in Nursery 1
1 : 0.1-25  in Nursery Il

Yemen (Taiz), Tunisia (Beja), Portugal (Elvas),
and Canacda (Quebec).

Table 22 presents the number of lines resis-
tant to these diseases in different locations and
years. In both 1983 and 1984, almost the same
number of lines (68, 68} were resistant to yellow
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rust at two locations, Tel Hadya and Terbol;
however, at all locations tested and over both
yvears, 34 lines {1 4% of the lines scored) proved
1o be resistant 1o vellow rust.

A large number of lines were resistant 1o leaf
rust in 1984 at Tel Hadya, Lattakia, Terboi, 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 &
better screening, late planting of a set of this
nursery at Tel Hadya and Terbol is planned for
the next seasan.

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 of screening,
not a single line showed compiete resistance. To
improve the level of resistance 1o septona bloteh,
a special nursery (Durum Septoria Nursery) was
initiated in the 1983/84 season and planted in
three «hot spots» for septoria blotch.

Information on Barley Yellow Dwarf Virus was
available from Beja and Elvas. One hundred and
fifty-eight lines showed resistance to the disease
in both locations. — Omar Mamiuk 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 vield response to
applied mitrogen 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 vields has been estimated to
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range from 53 to 74% for durum wheat. The tilizers, and poor weed contral are among the
use of unimproved varieties, low inputs of fer- main reasons.
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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 tkg/ha) at tillering 4] 30 60 90 120 Mean
0 2044 2359 2089 1945 2404 2170
_30 1791 2276 2252 2322 2220 2172
60 2257 2375 2022 2264 2088 2201
90 20899 22886 2058 2283 2202 2186
120 2070 2063 2245 20086 2138 2104
Mean 2052 2272 21358 2164 2210

———

LSD (5%} = 397.
GV (%} = 13.

Tabile 24. Heading date of Sham 1 durum wheaat as influenced by nitrogen rate and ratio at Tel Hadya, 1983/84,

N rates [(kg/ha)} at sowing

N rates (kg/ha) at tillering 0 30 80 80 120 Mean
o] 111 114 116 115 116 114
30 113 114 116 1156 116 115
60 114 115 115 115 117 "115
90 114 1156 115 115 118 1156
120 114 1156 116 116 117 116
Mean 113 115 115 115 116

LSD (5%) = 1.2,
CVi{%) = 0.71.

Apart from the problermns of low capital
availapility for purchasing improved inputs and
sometimes  the unavailabitity of the inputs
themselves, the problem of risk associated with
climatic uncertainty is often paramount in
farmers’ decisions. Various strategies may he
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 is applied in spring during the
tillering stage, when seasonal 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

wheat of applying N at different rates at the sow-
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. Mareover, the grain yield 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 1o 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.

Durum wheat quality is affected by both loca-
tion and rainfall. During the 1983/84 season,
the protein content was the most location-
dependent parameter, and kernel weight and
sedimentation test showed insignificant variation
across sites. Fig, 18 shows the variation in four
guality parametars across rainfall zones. (n the

wetter zones, the protein content and
vitreousness perceniage were lower, as ex-
pected. There was a positive association bet-
ween protein content and kernel weight but a
negative association between protein content
and SDS sedimentation. {The SDS sedimentation
test gives an estimate of strength of the wheat
and is an alternative iest o the wheat meal
fermentation test.) Differences in quality
parameters were also noticeable from location to
location even under irrigation, which suggested
that some other factors such as temperature may
have been affecting the quality. _

Table 286 shows the distribution of SDS
sedimentation score for entries in ditferent
nurseries under different managsment.
Sedimentation score 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 S8DS sedimentation and

0 irrigated zane (Mean rainfail/irrigation= 682 mm)
@ Zone A (Mean rainfall = 348 mm)

B Zone B {Mesn rainfa)l = 212 mm)

16
3 100 -
§ 10~ ‘EE 80+
c ]
8 £ 60+
£ >
g 5 § 40
& >
20
0 0
401
— 50
[y ]
E 30+
: 5wl []
L £
£ 204 b 30
g ¥ 20-
g 104 8
E 2 104
0 0

Fig. 18. Differences in four quality parameters of durum
wheat over three different rainfall zones, 1983/84.

farinograph stability far durum wheat (rdnge
fromr = 0.69 tor = 0.97) are better than
between wheat. meal fermentation time and
farinograph stability.

The color of durum wheat is more or lless
vellow or amber and is caused by the presence of
carotenoid pigments, mainty 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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idimentation score for durum wheat .§ntﬁes in different nurseries under diffarent

8DS Sedimentation Score

Management 0-20 20-30 7 30-40 40-50 50-60
Rainfed 2 g8 13
Irrigated 9 4 8 1
Rainfed sarty 4 g 9 1
planting
" rrigated early 3 ] 7 5
planting :
Gn farm trials: :
Imighited ~ irrigated 12 16 3 1
Zang Athigh rainfaill Rainfed 23 27 20 7 1
Zopl:Bimoderate rainfalll  Rainfed 2 14 19 25
Tota ro. of lines 55 87 79 a0 i
% af grand total 20.99 33.2 30.15 15.26 0.38
Des&ription Exceptionally Very Weak Fairly Medium
: weak weak weak strength

Ta% 27. Distribution of transmission percent {yellow pigment content) for entrias in different nurseries under different:
management. : :

Transmigsion (%)

Nu&ry Management 20-30 30-40 40-50 50-80 60-70 70-80_ S
AD‘;é;}" . Irrigated, early planting 2 18 51 49 20 2 '
RFOYT  Rainfed, ealy planting 2 8 12 1 1

RDYT Irrigated, early planting 4] 8 10 1
RFDYT  Rainfed 10 8 4 1

RDYT  irrigated 4 7 12 1

Tot# 2 20 78 84 -47 6

Out 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 Bu
Component 5: Entomology J

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 28). — C. Cardona and A. Rashwani.
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Tabie 2' . Scrsemng of dumm wheat unas for resistance to. wheat stam sawfly at Suran and Tel Hadya, 1983/84.

RO I No of lines tested: %infestation No. of resistant lines
_Lopa':tidﬁ_. N - “.and range of it the check and range of -
BN _ " -%:infestation {Hammari) % infestation
Suran e 6010-46.7) 153 32(0-1.7)
Tel Hadya - ' ' 8.3 32(0-1.7)

99(0-13:3)

Table 29, Screenmg of durum imes i‘or resistance to sum bug at Tel Hadya and-A! azaz, 1883/84.

;':_of lines. te&ted
and-rangeof..” -
% infestation .

Location .

"No. of resistant lines
and range of
% infastation

- _. - i

~416-111

Project IlI: Bread Wheat
Improvement

Bread wheat ranks first among cereals grown in
the ICARDA region. About 10% (approximately
47.8 mitlion tonnes! of the total world wheat in
1983 was produced in West Asia and North
Africa. Of this, 77.7% was bread wheat and
22.3% durum wheat (Fig. 19)..Bread wheat
production in the region increased by 13.8
million tonnes during 1269 to 1983. This was
largely due to the use of better agronomic prac-
tices and the adoption of high-yielding varieties.

The great majority of the area in the ICARDA
region planted with bread wheat is without r-
rigation. It has been estimated that over 50% of
the bread wheat crop is grown in areas receiving
less than 400 mm annual rainfall. Stress factors
such as drought, heat, cold, and salt as well as
diseases, insect pests, and poor management
are responsible for poor yields and therefore need
attention.

e,

The {CARDA/CIMMYT cooperative bread
wheat improvement program aims to develop
high-yielding, disease and insect resistant as well
as management responsive varieties suitable for
the lower rainfall zones.

Component 1: Breeding

Germplasm Development and Evalia-
tion

Six hundred and twenty-two crosses {simple and

topeross typet were made during 1983/84 (Fig.
20). Special emphasis was placed on incorpora-
tion of specitic traits such as resistance to the
three rusts, bunt, loose smut, bacterial blights
and Septoria tritici, resistance to insects such as
sawfly, Hassian fly, suni bug, and aphids as well
as tolerance to stress factors such as drought,
heat, cold, and sait into widcly-adapted, gdod
nutritional and industrial guality, high-vyielding
lines and varieties.
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(26,3%) {22.8%}
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* Estimated, FAO Monthly Bulletin of Statistics, Vol 7, March 84,

Fig. 19. Production (million tonnes! of bread wheat and durum wheat (shaded portion] in the ICARDA region for the

periods 1969-71, 1979-8B1, and 1983.

Wild progenitors of barley and wheat are being studied
with a view to transfer some of the desirable
characteristics, such as resistance to diseases and in-
sects, earliness, and nutritional quality, to cormmercial
varieties,

12007] ’__ Top crosses

1000+ %é
oo i

Simgle crosses

Mo, of crosses

400 %

200

1978/79 79/80 BO/81 81/82 82/83 83/84
Year

Fig. 20. Number of crosses made in the bread wheat pro-
gram from 1978/79 to 1283/84.
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During the 1883/84 crop season, 10,133
segregating crosses and advanced lines were
tested {Table 30). Of this, 8002 lines {78%)
- were I[CARDA developed, the rest (21%) of the
material was received from . international
cooperators such as USA, Turkey, CIMMYT-
Mexico, Egypt, Lebanon, and others. The total
material 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, pro-
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 yield trials of the
program are grown and evaluated at Tel Hadya
experimental station with two forms of
management. The first consists of a rainfed crop
supplied with a small amount of fertilizer; the
second with supplementary irrigation and op-
timal fertilizer conditions. This is done with the
objective of making simultangous selection for
high vield and vield 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 1o
cooperators in West Asia and Nosth Africa
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
565, and the impraved 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 (5% ievel) 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,
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& 31_ Numnber of bread wheat lings that were significantly (5% level} higher yielding than the locai ebac& Mex:pah &5

and thé improved checks Golen and Sham 2 in the 1982/83 and 1983/84 yieid trials.

; . -Average yield No. of lines 'No. of lines sig.
“E = {kgfha) tested higher yielding thm
£ _ Mexipak Golan . Sham 2
2/83 1983/84 1982/83 1983/84 1982/83 1983/84 1982/63 1983/84
“idse2’ 3661 858 528 9 228 8 25
2137 - 41986 176 144 0 45 7 13
S 4928 4713 396 456 9 245 30 89
- 5266 4949 176 144 17 95 - 7 . 48
| s49s5 6282 176 144 o 10 15 50

agraonomic type, and vield applied to the lines
promoted to preliminary and advanced yield trials
in combination with an increase in the yellow rust
susceptibitity suffered by Mexipak 65 during
1883/84. It appeared that a high level of yellow
rust resistance was present across the fines in
preliminary and advanced trials. ln 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 preliminary and
advanced vield trials, respectively. It should be
noted that Sham 2 is an improved high-vielding
variety widely adapted in the area.

Selection for Drought Tolerance

Our efforts continued on the development and
identification of high-vielding lines for the fimited
rainfall areas of the region. From advanced vietd
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 outyielded

- Rainfed; SIR = Supplementary irigation; PWYT = Preliminary wheat yield trials; AWYT = Advanced wheat yistd trials.

the improved check by as much as 41%. These
lines were promoted to crossing block and will be
used as parents in the next ¢rossing seasecn. In
addition to the identification of advanced
drought-tolerant material, Fz-Fes segregating
populations were grown at Tel Hadya under
limited moisture and suboptimal fertilizer condi-
tions, Criteria for selection in these segregating
generations included seedling wvigor, 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 varieties 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. Howaever, it has
been demonstrated that each day of earlier
maturity in bread wheat imparts a yield advan-
tage of approximately b4 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 and

matured earlier by 7 to 10 days than the im-
proved check Sham 2. Most of them had the
same vield level as Sham 2, and some were even
superior. These lines will be used extensively in
the crossing program next year,

Ta'Ela 32. Hughes‘t yneiding lineg under low rainfall conditions (230 rnrn), in compatison to the mprovad check Sham? in
the advanced whieat yleld trial 1983/84, Syna

Yield (kg/ha) N
_ Sham 2 % of 18D - ev .
Cross/pedigree Line {Check) check (5%) (%)
FLK*'s" IHORK'‘s" _ 4211 3522 118 502 8837
CM 39816-15-1AP-OAP . 1
Il 58-57/4/MAYAICGNI3ICCANIA/ICAL 4144 3461 119 6§76 . 10.89.
CM 40742-27M-1Y-2M-3Y-3M-1Y-08 -
CROW'S’ 3894 3208 - 121 673 . 12.8%
CM 40457-5M-3Y-2M-2Y-OM
PVN‘S'/SPRW'S" : _ 3755 2656 141 579 1.5
€M 46702-2AP-OAP-2AP- 1AP-0AP ’
PCOIPYN"s"' 3588 2655 135 579 11,55

CM 4867 10-1AP-1AP-TAP-1AP-QAP _ :

Table 33. Comparison of advanced bread wheat lines that combine earfiness with a high yield potential with the mprgﬂed
check, Sham 2, at Tel Hadya under rainfed conditions {230 mm), 1983/84

Days to Days to ’ Yield kN
_ heading maturity {kgrha)! : Rsrjeaggg'
Cross/pedigree ] Line Shem 2 Lline Sham 2 . Line  Sham- 2 ‘
ARZ/SA 42 126 134 168 176 3144(a) 3522
ICW 77162-K—1AP-1AP-4AP-2AP-0AP o _ : -
CHR/B/TPHCNO/INIAIZISR/A/HORK 129 136 168 . 178  3027(a) 2855 11l
CM 46934-2AP-OAP-1 AP-1 AP-OAP _ R
PVN''s" IOLN 130 136 168 178 3372(b) 2655 - 12
CM 46693-1AP-1AP-4AP-1AP-OAP _ o
PAL"'S" 127 133 170 177  30B0(a) 3277
CM 25988-8Y-3Y-2Y-1M-1Y-08 5 N
CMH 72-428/MRACHFLK"S™ 128 136 170 178  2872(8) 2665 ~ 108
CM 46869-2AP-DAP-2AP- 1AP~DAP : ook
BJY'S” 128 133 170 177 3272(s) 3277 - 10§
CM 5287-J-1Y-2M-2Y-3M-0Y ' Ly
CROW"'S"” 129 - 138 170 176 - 3894(b) 3206 12}

CM 40457-5M-3Y-2M-2Y-OM

. The LSDs (5%]) for comparing rnean yiald of these linas with their respectlve chocks are: 602, 579, 5789, ?*88 579
and 673 kgtha, 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. Because it
is an important component in the diet of the
peaple, nutritional ang grain quality receive
special attention in the program to ensure that
while improving vield, grain gquality 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 sSystern, show a substantial in-
crease in protein content and 1000-kernet
weight over the regional theck Mexipak 85.
They were selected by various national programs
in the region far further testing with the possibili-
ty of being released as varieties. To complement
efforts of identifying and developing widely
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adapied 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 Qbservation
Nursery (WONJ, 19 lines were selected at 9 or
more of 30 locations from which data are
available. The agronomic, disease resistance,
and quality characteristics of the lines are shown
in Table 35. The lines were selected by national

-programs in the region because of their

superiority 1o both local and long-term checks.
They are from different origins, including ICAR-
DA, CIMMYT, Egypt, and Turkey. WON was
evaluaied in a wide range of environments within
and beyond the ICARDA region with the help of
cooperators. The national programs provide data
to ICARDA, then combined results from all loca-
tions are reported back 1o the cooperators. The

Talﬁe 34. Lines that combine high protein content and 1000-kemel weight with good adaptation in the region in the

Wheat Observation Nursery, 1982/83 {20 locations).

H Protein’ 1000-kernst toc.?
Crags/pedigree (%) waight (g} salected
SAKHA 18/ICNO/CALIAISAKHAIZITZPP/ISNBAINAPD 13.6 49.6 ‘ it
5 2896-100-15-35-08

CNOJGLL//BB/INIA 15.1 49.7 )
CM 21840-58-95-08

ANAMON'S*" 15.4 48.9 8
CWM 51743-5-2714-1GM-2GM-0GM

SPRAW' 'S"/BCH''S"" 14.2 48.8 7
CM 35216-36M-1Y-2GM-OGM

L 2451.134.611/PYN"S""IVCMIZICNOI7C 15.2 47.2 - 8
CG 3049-1G6m-1Gm-0Gm

SAKHA 1 415/INtA/TOB/Napo/3/ICNQISI OB3/4/MAB 14.3 47.2 6
$2377-200-15-25-08

MEXIPAK 65 (Regional Chegk) 12.9 40.2 5

1. Bata from two locations.

2. Number of locations whera the entry was selected as promising, based on visual evaluation of agronomic type {and:diseaséa

resistance,
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outstanding lines in this nursery wil be promoted A summary of the highest yielding tines in the
to the regional yield trial and to the crossing block Regional Wheat Yield Trial {(RWYT) 1982/83 is
for further crossing. presented in Table 36. The grain yield and other




agronomic data were compiled from 30 different
locations, including two environments at Tel
Hadya. The overall average yiefd of the entries,
excluding the nationat checks, was 4308 kg/ha,
with individual entry means ranging from 3851
to 4862 kg/ha. The yield of the top entries in this
trial was not significantly superior to the bread
wheat check Mexipak 65. However, the first four
entries presented in Table 36 were significantly
better than the durum check Waha. The triticale
line Drira outcross was the highest yielding line.
The highest yielding bread wheat line, HD
2206/Hork’S’ ranked among the top 10 entries
at 19 locations and was superior 1o the national
check at 15 locations. This line was moderately
susceptibte to leaf and stem rust.
FLK'S'/Hork'S’, an ICARDA-developed line,
ranked third and combined high yield with a good
vield stability. It ranked among the top 10 entries
at 21 locations and yielded better than the na-
tionat check at 17 locations. — G. Ortiz Ferrara.

Component 2: Pathology

Screening for Resistance to Common
Bunt

In the Common Bunt Nursery 1, 180 lines of the
KLDN-84, along with 60 lines selected far bunt
resistance in 1982/83 were planted. The seed
was inoculated before planting with
chlamydospares of both pathogens, Tilletis
foetida and 7. caries, coltected fram bunted
heads at different locations in Syria. The average
number cof infected heads over all entries was
very high (52.2%] and onfy two lines showed
resistance to the disease with 5% or less in-
fected heads {Table 37),

Additionally, 1304 lines were planted in this
nursery for evaluation and multiplication?. They
represent a valuable collection of wheat. Some

1. Furnished by courtesy of Dr.R.J. Metzger, USDA-
Oregon State University, Corvallis.

" Table 37. Varisties/iines
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heads) to oo’
foetida, in two scr
Hadya, 1983/84.

Cultivar or cross/padigres

Common Bunt Mursery |

Average infection 52.2% ST

1. PYN'S" ISIFRIKSBNUNIOEI:BIGV%M} .
SNBA/TZPP* 2/AN. -
CMSZBEB-AM?-QAP—GAP 2AE‘*0AP

Cormmon- Bunt Nursery ﬁ
Average infection 19.8%
1. Nugaines

2. Moldova

3. Kirac 66

4. Sham 2

Inoculum density: 2.2x 10’ sm'si‘sas'd

55 ?‘% in Nursew

7. fostida : 7. caries
? 1 01 mNussery}
LI 0?*2«5!& J

of these lines are known to have resistance to
one or more races of bunt; others are resistant to
highly virulent races of bunt. A farge number of
these lines has been collected from Turkey and
from mountain areas in Yugoslavia. Some of the
Turkish lines {143} have been already screened
for resistance to selected races of bunt at
Pendleton, Oregon. Screening for Syria bunt
isolates in this nursery xevealed that 624 lines
were resistant (<<5% infected heads) and 99
were moderately resistant (<10% infected
heads} to common bunt,

in the Common Bunt Nursery I, 15 advanced
lines and commercial varieties were tasted for
their resistance to 12 different bunt isolates: 3
from Syria, 2 from Turkey, 1 each from
iebanon, Tunisia, and Iran, and 4 isolates with
identified virulences. The nursery was harvested

-
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by hand to avoid any possible dispersal of the
bunt spores; evaluation was done in the
faboratory. Out of the 15 tested entries, 4 were
resistant (<5% infected heads} to common
bunt, with Kirac 86 showing the least infection
{0.2%]) {Table 37).

Multilocation Testing for Disease

Resistance

The KLDN-84 with 171 lines was planted at 20
hot spot locations. Useful information on
resistance to vellow rust (Puccinia Striiformis),
leaf rust (P. recondita), and septoria leaf blotch
{Septaria - triticil was obtained from Syria,
Lebanon, Tunisia, Portugal, and Pakistan. Table
38 lists the lines that showaed resistance to these
diseases.

For yellow rust, 72, 92, B1, and 125 lines
were resistant at Tel Hadya, El Ghab, Terbol, and
Elvas, respectively. Across all locations 47 lines
{= 27%) showed resistance to the disease.
Data on leaf rust from Lattakia, Elvas, and
Islamabad showed that there were 21, 159, and
44 resistant lines, respectively, with 42 lines
resistant to the disease across the three loca-
tions.

The severe epidemic of septoria leaf blotch at
Beja and Elvas resulted in 58 and 24 resistant
lines. At Lattakia, the disease, though well
developed on durum wheat, was negligible on
bread wheat. This could be due to the different
virulences or environment at sach of the two
locations.

Screening for Resistance to Septoria
Leaf Blotch (Septoria tritici)

This nursery, WST-84, initiated in the cropping
season 1983/84, included 50 bread wheat lines
selected from a preliminary screening the
previous year at Afrin in Syria. The nursery was
planted at Tel Hadya and Lattakia (Syria), Beja
(Tunigial, and Elvas (Portugal); however, the
disease development at Tel Hadya and Lattakia
was negligible, so data from Beja and Elvas were
considered. Twelve lines were resistant (<5 on
the 0-9 scale) at both locations. These lines will
be included in the WST-85 to reconfirm their
resistance at different locations. — Omar
Mamiuk and J. Van Leur.




Component 3: Agronomy

Varietal Difference in Response to
Applied Nitrogen

Varietal ditference in grain vyield response of
cereals to applied nitrogen has previously been
demonstrated in the field in a wide range of
conditions by several workers. Differences have
chiefly been found between tall, unimproved or
landrace varieties (unresponsive} and short, im-
proved or high-vielding varieties (responsive). It
is not clear to what extent differences in nitrogen
response are repeatable from season to season
or to what extent they may be modified by other
limiting factors. The possible range of such
responses among winter cereal genotypes has
not yet been fully investigated. If varietal dif-
ferences in grain yield response to nitrogen prove
to be of practical significance and are to be ex-
ploited by plant breeders, appropriate methods
for their measurement are required. Such
methods should be efficient in terms of cost, ac-
curacy, and repeatability.

During 1983/84 crop season, an experiment
on nitrogen efficiency was carried out with the
following objectives:

1. To determine the efficiency of the material in
N utilization and identify lines highly respon-
sive 1o low rates of nitrogen fertilizers.

2. To measure the plant nitrogen uptake and its
relation to grain yield.

3. Examine the associations discussed above to
assess the feasibility of breeding for increased
nitrogen etficiency in cereals.

Fig. 21 shows the lines found to be more effi-
cient in N utilization. The values ranged between
17.9 and 26.5 for the utilization efficiency. Up-
take efficiency was positively related to
agronomic efficiency. This observation supports
the results of other researchers that there is more
scope for increasing agronomic efficiency
through increasing uptake efficiency than
through increasing utilization efficiency. The ex-
perimental data show that rarely were high
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Fig. 21. Nitrogen utilization and uptake efficiencies, and

agronomic efficiency of seven promising bread wheat .
lines, 1983/84. Utilization efficiency = {Grain yield at 60

kg N/ha - grain yield at 0 kg N/ha) /{N uptake at 60 kg N/ha

- N uptake at O kg N/hal.

Uptake efficiency = {N uptake at 60 kg N/ha - N uptake at

0 kg N/ha)/ 60 kg N/ha.

Agronomic efficiency = (Grain yield at 80 kg N/ha - grain
yield at 0 kg N/hak/60 kg N/ha.

utilization and high uptake efficiency found in the
same variety. There is thus scope to attempt to
combine these efficiencies by breeding.

One impartant finding in this experiment was
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that some cultivars are capable of vielding more
wnder low fertility conditions, while others are
capable of responding more to higher levels of
nitrogen fertilizers. There was, in general, a
negative correlation between yield at zero ap-
plied nitrogen and agronomic efficiency. It ig
postulated that cultivars capable of efficient
utilization of soil nitrogen may be less efficient
users of applied nitrogen. — /. Maji

Component 4: Grain Quality

The most important quality characters in bread
wheat are hardness and protein quality
{strength}. The hardness of wheat affects the
flour vield, starch gas production (during
fermentation), and water absorption. For highest
milling yields, wheats of medium hardness are
the best and harder wheats give much more
damaged starch. Protein strength or flour
‘strength’” means the capacity of the flour to
bind the particles of flour into a dough which is
elastic and gives good biting texture to the
finished baked product. The two quality factors
(hardness, and protein strength) are easily

tested: hardness, by near infrared reflectance,
and protein strength by the Palshenke test or
Farinograph. The wheat meal fermentation time
(WMFT} is strongly carrelated to farinograph
stability, thus is a good overall indication of
strength. Some bread wheat lines which have
medium hardness and protein strength are listed
in Table 39. — P. Williams and F.J. E/ Haramein.

Component 5: Entomology

As in previous seasons mast emphasis was
placed upon screening for resistance to wheat
stem sawfly, aphids, and suni bug. Studies on
the economic importance of the suni bug are
proposed to be discontinued.

Resistance to Wheat Stem Sawfly

Sixty-two bread wheat lines were screened for
resistance to wheat stem sawfly at Suran under
natural infestation and at Tel Hadya under ar-
tificial infestation. Twenty-three of the tested
lines were rated as promising (Table 40).

SWM 3142-BL-4AP: OAP-1;
AMHIALD'S' PR
SWM 3142-8L-4AP- OAP-2AP-OAP

PS! potentaal size index {40 is very hard, 70 is vew ‘safth:

WMFT = Wheatmeat fermentation time, in minutes; 30 is very we_ 3y

breaﬁ bakmg
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Table 40. Number of bread wheat lines tested and number of lines found promising for resistance to wheat stem sawfly at,

Suran and Tel Hadya, 1983784,

No. of lines tested

% infestation No. of promising

and range of in the check lines and range of
Location % infestation {Golan} % infestation
Suran 62 (0-26.1) 2.5 23 10-1.7)
Tel Hadya 62 (0-8.3) 8.3 23 {0-1.1)

Resistance to Suni Bug

None of the 62 bread wheat lines tested in
1983/84 ssason was rated as resistant to suni
bug. Lines which had initially been found promis-
ing showed susceptibility to this insect and the
search for resistance t¢ suni bug is to be discon-
tinued.

Economic Importance of Suni Bug

The effect of planting suni bug damaged seeds
was again studied at Tel Hadya. Seeds were
classified in damage grades: O = sound seeds
{check); 1 = 1/3 of each grain affected; 2 =
2/3 of each grain affected; 3 = complete grain
affected. Increasing proportions of affected
seeds of each damage grade were mixed with
sound seeds and then planted. The resuits in-
dicated that planting of suni bug damaged seeds
reduced the final yield (Fig. 221, germination (up
to 85% reduction}, and vigor at different growth

stages of the crop. — C. Cardona and A
Rashwani.
Project IV: Triticale Im-

provement

During the last few years considerable progress
has been made in breeding triticale for good grain
yield, seed type, grain color, and bread making
guality. The vielding ability of triticale in stress

7

30

20 -

Yield foss (%)

0

Damage grade**

* a. 50% seed affected in mixture; b. 100%
affected seed.

** 1 = Laof each grain affected; 2 = V5 of each grain
affected: 3 = Whate grain affected.

%, LSD (5%) between grades.

y. LSD (5%} between mixtures.

Fig. 22. Yield loss (%] in Mexipak bread wheat due to
planting suni bug darnaged seeds.

environment and grain nutritive value have
drawn the attention of researchers in USA,
Cyprus, Tunisia, Morocco, Portugal, Spain, and
italy. The utilization of triticale has been almost .
solely in the livestock and poultry feed industries.
China and Kenya are the only countries known to
utilize a substantial praportion of the crop for
human consumption.
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Until 1979 iriticale received very little atten-
tion in the ICARDA Cereal Program. in the
1979/80 season, heavy selection pressure was
imposed and & crossing program was initiated,
and in 1980/81 germplasm from other sources
was introduced. Since then, emphasis has been
on the identification and development of germ-
plasm for higher vield, good grain quality, and
wide adaptability under stress environment in the
ICARDA region. The triticale breeding material
handled during 1983/84 is listed in Table 41.

Germplasm Development

The acceptance of triticale as a commercial crop
by the farmers and consumers depends on good
grain quality and high yield. Triticale can give
more vield than wheat but is inferior in grain
quality {color and plumpness). Therefare, im-

provement of grain type and guality is of high
priority. '

About 350 crosses of Tcl x Tel, Tcl x wheat,
and Tcl x rye were made this year at Tel Hadya.
Emphasis was placed on using parents of high
combining ability and with desirable characters.
Selected F2 segregating populations are sent to
some locations for family selection and also
pianted at Tel Hadya and Breda for individual
plant selection. Single-head selection in
segregating populations is the common ap-
precach of seiection applled to triticale at [CAR-
DA,

Yield Trials

Severe drought in 1983/84 aliowed selection of
the most drought-tolerant genotypes from the
yigld trials and screening nurseries.




improved bread wheat check Golan and durum
check Sahl, performed poorer than most of the
triticale lines tested in yield trials at Tel Hadya
and Breda. Badia, the best check of barley, per-
formed well at Tal Hadya but poorly at Breda.
Some of the ICARDA crosses, tested for yield for
the first lime, had yields close to the barley check
at Tel Hadya.

Preliminary Trials

Selected lines from initial Screening Nurseries,
Fa-F, bulked populations, and ITSN were tested
for yield potential and for maisture stress in PTYT
at Tel Hadya {350 mm average rainfall) and as
an observation nursery at Breda (250 mm
average rainfatl). A total of 133 lines including
11 lines selected from ICARDA-made crosses,
were tested in 7 yield triais.

Triticale lines in PTYT performed slightly better
than the lines tested in ATYT {Fig. 23, Table
42). Numbers of triticale lines outyielding checks
Bgl, Golan, and Sahl were 1, 47, and 12,
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respectively. Twenty-eight and 15 triticale lines
gave slightly higher yield (nonsignificant) than
Drira Qutcross-7 and Badia. Jillo 234, Jillo 90,
Ars [Pi//Fsi3/IA/Kla//Cal {ICARDA cross) and
S-Rog (ICARDA selection) were the highest
yielding lines and their performance is presented
in Table 43.

Advanced Trials

Advanced lines of high vyield potential were
tested at Tel Hadya and Breda under rainfed

conditions. A total of 114 lines, including those

selected from previous year’'s PTYT, and a few
top vielding ones fram ATYT and ITYN, were
tested in six experiments. Five checks (two
tritcale, one bread wheat, one durum, and one
barley) were used in each experiment. The trials
were conducted with three planting dates: early
planting, normal planting, and fate planting at Tel
Hadya. The results of late planting are not
reported here because of the high coefficient of
variation, which was probably due to nonuniform
and poor germination partly due to bird damage.

Table 42, Yield performance of triticale lines relative to checks.

Trials Highest yielding Selectad All
fines lines lines
No. Average No. Averaée No. Average
yield yield yield
ATYT-NP 1 1361 25 1089 114 894
ATYT-EP 5 2621 21 2306 114 1836
PTYT 1 1641 32 13156 133 1100
Average yield of checks (kg/ha)
ATYT-NP ATYT-EP PTYT
Checks {6 Expts) {6 Exptsh. {7 Expts}
Badia : 1366 1456 1382
Drira outcross-7 1019 1928 1262
Beagle 935 1894 1150
Golan 910 972 936
Sah 742 478 986
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efformance of the hig est

Variety/fline -

Jillo 234 -
Jillo. 86 - .
Acs/PUIESHIAIKICal
- HOAR oss)

Overall performance of triticale lines in com-
parison 1o checks is shown in Fig. 23 and Table
42. The number of triticale lines outyielding
durum check Sahl was the highest in comparison
to other checks. The number of lines outyielding
the checks Bgl, Golan and Sahl in normal plan-
tingwas 2, 1, and 15, respectively; and for Drira
outcross and Badia (nonsignificantly) was 28
and 1, respectively,

Similarly,in case of early planting, 2, 2, 65,
87, and 17 triticale lines significantly outyielded
Drira Qutcross-7, Bgl, Gelan, Sahl, and Badia,
respactively. In general, vield performance of
triticale lines was better in early planting in com-
parison to wheat and barley checks. IRA/Bgl/Jlia
and Iga/lra/iMpe’R’ performed well with ail plan-
ting dates both at Tel Hadya and Breda.

In the regional wheat vield trials for 1982/83,
the triticale lines H505-7 1A/Bgl 2, Jillo 89 and
Drira Outcress 9, were the top yielding lines. In
other words the highest vielder in RDYT, RFDYT,
and BWYT was a triticale line. Multiloeation
testing is impartant in developing lines with wider
adaptability and high vyield potential.

Checks:
100 1 = Drira Outcross-7 (triticale); 2 = Beagle (triticale);
3 = Golan {oread wheat); 4 = Sahl {durum wheast};
6 = Badia (barley}.
75
8
£
‘5 50 —
S
2
25
0 J Tk % i

1 2345 123 45 123 46
ATYT-NP ATYT-EP PTYT
Trial and check*
* ATYT = Advanced triticale yield trial; PTYT =
preliminary triticale yleld trial; NP = normai planting;
EP = early planting,

Fig.-23. Number of triticale lines that yielded significantly
{P<<0.05) more than the checks in three yield trials,
1983/84.



Early maturity was the most important
character for selecting triticale lines suitable for
dry areas. Therefore, necessary steps for
breeding for earliness have been taken up.

Plant height s also important, in consideration
of mechanical harvesting of the crop under low
moisture conditions. General performance of
triticale lines for their plant height in comparison
10 wheat and barley checks is summarized in Fig.
24. A higher precentage of selected lines comes
in the range of 66-70 cm plant height, which ig
more than the height of wheat and barley
checks.

Dual-Purpose Triticale

[t has been shown that triticale may have the
potential as a dual-purpose crop, i.e. for green-
stage grazing and then for grain yield at maturity.
Due to limited rescurces, work on developing
dual-purpose triticale 15 not much expanded.
However, in 1980/81 suitable parents of grain
and forage types were specifically selected and
some crosses were made with the objective of
producing suitable genotypes of dual-purpose
triticale. Selected segregating populations from
this material were planied as bulks at Tel Hadya,
and exposed to grazing at tillering stage. Plants

with high tillering and good regrowth capacity,

ware selected and bulked. This procedure is
followed up to Fs generation. In 1984/85, seed
of selected Fs plants will be planted in separate
rows and selection will be done after grazing.
Work on developing dual-purpose triticale wilt be
continued on a very small scale. — M. Malik and
M. M. MNachit.

Grain Quality

Grain quality is one of the most important factors
considered in the triticale improvement project.
Progress in improving grain quality of triticale is
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Beagle -64, Badia 53, Sahl| - 48, Golan - 46.

Fig. 24. Plant height distribution of triticale lines in the
yield trials, 1983/84.

under way. Cuality analysis has demonstrated
that as good flat bread from pure triticale flour
can be made as from wheat flour.

One hundred and nineteen advanced lines of
triticale were tested for protein content, hard-
ness, 1000-kernel weight, and wheat meal
fermentation time. Some of the high-yielding
lines have been identified for reasonably good
quality suitable for bread making (Table 44). A
wide variability in quality parameters has been
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noted in advanced lines as well as in segregating
populations. — P. Williams and F.J. £l Haramein.

Disease Control

Disease development in triticale is slightly in-
creasing. Therefore, care has been taken for
proper screening against common diseases.
Some good locations have been identified in
ICARDA region where disease development in
triticale is high enough for satisfactory screening.
Last year's disease data in KLDN showed that
most of the high-yielding triticale lines are resis-
tant to all rusts. — Omar Mamiuk and J. Van
Leur.

Insect Control

Eighteen high-yielding lines were included in in-
sect screening nursery last year for studying in-
fection by wheat stem sawfly, suni bug, and
aphid. OQut of these lines, 274/320//CI'R’,
Drira//Kiss/Arm’s*, |A/Kla//Cal/3/Bgl/4/Juanillo,
and IRA/Bgl//Jllo were found to be resistant to
aphid. None of the triticale lines was resistant to
stem sawfly and suni bug. Among the lines,
BVR/Arm was the cne with the least suni bug
damage. — C. Cardona and A. Rashwani.

Project V: High-Elevation
Cereal Research

It i5 an interdisciplinary project encompassing
bread wheat, durum wheat, barley, and triticale.
Due to the complexity of the agroenvironmental
factors, lack of adequate research infrastructure,
and use of indigenous, unimproved varieties and
production practices at the national level in the
high-aititude areas of the region, the approach
followed to improve the cereal production has
been aimed at: {1) strengthening the research
capabilities of the national programs; (2)
development of desired type of germplasm by
using the local cultivars and landrace varieties;
(3) development of a network of satellite testing
and selection sites in the high-altitude areas; and
(4} development of a package of production
practices in collaboration with national pro-
grams,

For on-site testing and selection of desirable
cereal germplasm, six satellite sites, i.e., Quetta,
Fishin, ¥an Mehterzai {(Pakistan), Sarghaya
{Syria), Terbol (Lebanon), and Annoceur
(Morocco) have been successfully used. The ob-
jective is to identify adapted lines and cultivars
from winter x winter or winter x spring types of
local and exotic origin. Selection starts from the
Fz generation. Hopefully, testing sites in Iran and
Turkey will also be used for this work.



For cold and dry high-altitude areas, it is
essential to develop germplasm possessing
tolerance to cold and drought, high tillering cap-
city, and resistance to P. strifformis {yellow rust),
Tilletia caries and 7. foetida, {common bunt),
and H. tritici-repentis (tan spot).

Component 1: Varietal
Improvement

Germplasm Development

Eight hundred and fifty single, double and top
crosses in bread wheat and 250 in durum wheat
were carried out to transfer the required
characteristics {cold tolerance, disease

resistance, good guality and high yietd} into the
new germplasm. The lines/varieties employed in
these crosses originated from 22 ¢ountries in-
cluding iran, Afghanistan, Pakistan, Turkey,
Morocco, and Ethiopia. Whenever possible one
parent is adapted to the target country and
possesses the required adaptability and quality
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characteristics. However, for high vield and
disease resistance (yellow rust especially),
germplasm from other institutions was used.

To incorporate high tillering capacity, cold
tolerance, disease resistance, high protein and
drought tolerance inte durum wheat and bread
wheat from 7. dicoccoides, 120 crosses were
made. The Fis of 7. durum x T. dicoccoides were
backcrossed to durum wheat and bread wheat
varieties for simultaneous transfer of those
characteristics t0 the bread wheat lines also.

Selection in F2 Generation.

Fzs of bread wheat, durum wheat, and barley
specifically developed for high-altitude condi-
tions were supplied to cooperators at Quetta and
Anncceur. Thirty-seven {27%) and 89 {46%)
populations of winter bread wheat were selected
at Quetta and Annoceur, respactively. In durum
wheat, only 16 populations at Quetta and 26 at
Annoceur were selected (Table 45). The low
frequency of selected progenies in durum is due

to the narrow genetic base for disease and cold

iber of selected lines/progenis

Annoceur
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None of the tested entries significantly outyielded
the check varieties at Annoceur but entries 4,
10, 9, and 19, which were similar in their
yielding ‘ability to that of check, possessed
superior disease resistance. These lines also had
the same maturity range as the check varieties.

Entry number 17 was among the top yielding
iines at all sites whereas entry number 9 gave
higher vield at Quetta and Tel Hadya. On the
other hand entry number 1Q which has the same
parentage as number- 9 but with a different
paedigres was selected at Annoceur. The good
performance of entries 18, 19, and 9 suggested
that there are some similarities in the two high-
altitude sites. The good performance of certain
lines at more than one location also indicates
flexibility and stability in performance of those
lines under highly variable envircnments of high-
elevation areas. Durum wheat is considered to
have narrow adaptation and weak genetic base
for disease resistance as compared to bread
wheat, but the good performance of entry
number 9 at all the three sites and that of entry
numbers 18 and 19 at Quetta and Annoceur,
respectively, indicates the possibility of identify-
ing genotypes with wide adaptability. However,
efforts to widen the genetic base for disease
resistance and cold tolerance are still needed. —
M. Tahir.

Component 2: Grain Quality

The development of germplasm with desirable
grain characteristics for a wvariety of en-
vironments is essential. The breeding material is
screened starting from early generations for grain
type and high grain protein. In ICARDA region the
farmers’ preference is for large to medium sized
grain with amber or white color.

During 1983/84, 120 promising bread wheat
lines were bulked. The 1000-kernel weight of
these lines ranged from 25.9 to 55.1 g. The
lines were classified into six weight groups, and
67 % of them were in the range of 35-45 g. The
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distribution of lines in each group is given in Fig.
25. Twenty lines had over 45 g 1000-kernel
weight. The checks, Zargocn and Zamindar, had
29. 1 and 38. 7 g 1000-kernel weight, respec-
tively.

50‘1 39.2% *
40 %—
% 28.3%
34 & 3
8 =3 o
< ald e
= ] =
5 N 16.7%
. 201 5
$ l ?g
oy —
10% g =
~
10 5%
\l 0.8%
0 1
30 35 40 45 50 55

1000-kerne| wt {g)

* Expressed as % of total number (120},

Fig. 25. Distribution of 1000-kernel weight in the ad-
vanced cold-tolerant bread wheat lines.

These lines were further tested for grain pre-
tein and were grouped into six classes on the
basis of their protein content. The distribution
pattern of these lines under different classes is
given in Fig. 26. The average protein content of
the check varieties, Zargoon and Zamindar was
13.7 and 13.1%, respectively, whereas overall
mean protein content of 120 bulked lines was
14.4%. A smali number of lines {5.8%!} had
fower grain protein than the checks. More than
50% of the lines had higher protein than the
checks. Grain protein content very often has
been found to he associated with 1000-kernel
weight, indicating that the two quality
characteristics can be successfully combined. —
P. Williams and F.J. El Haramein. ‘
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Fig. 26. Protein content and 1000-kernel weight
distribution of the advanced cold-tolerant bread wheat
lines.

Component 3: Agronomy

Agronomic experiments on seed rate, fertilizer
application, method of sowing, time of sowing,
etc. at three sites, Kan Mehterzai, Pichin and
Mustung in Baluchistan,were continued. The ob-
jective is 1o develop a package of production
technology. The weather conditions were very
unfavorable in 1983/84 and the total rainfall in
Baluchistan during the crap season was 30 mm.
This type of severe drought was experienced
about 100 years ago in 1878. Due 1o very
severe drought the experiments failed.

On-Farm Demonstration Trials

On-farm demonstration trials, under a col-
taborative FAO/ICARDA/PARC project, involving

varieties, fertilizer use, seed treatment, and weed
control were laid out at Kalat, Mustung, Dasht,
Khanozai, Gwandel, and ARI-Sariab. With the
exception of Mustung and Sariab sites, where
one supplementary irrigation was applied, all
ather experiments failed due to severe drought.
The results of the variety x fertilizer trial at
Mustung site are discussed here.

There were three wheat varieties, Zargoon,
Zamindar, and Local White and two fertilizer
treatments, i.e. no fertilizer and fertilizer at 46 kg
N + 23 kg Pz Os. The experiment was carried out
in a split-plot design with three replications. The
fertilizer application increased yield significantly
for all the three varieties (Fig. 27). The yield dif-

0* =No fertilizer,

4 + =(46kg N +23 ky P205Uha.
LSD {5%}:
Variety means = 297 kg/ha.
~—  Fertilizer means = 564 kg/ha.
Variety x fertilizer = 630 kg/ha,
Variety at a given fert, rate = 420 ka/ha.
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Fig. 27. Grain yield of the different treatments in the
variety x fertilizer trial at Mustung, Baluchistan, 1983/84.



ferences among the three varieties were non-
significant without fertilizer application, but the
application of fertilizer made the differences
significant. Zargoon gave the largest vyield
response, followed by Zamindar and Local
White. Yield differences between Zamindar and
Local White were not significant. — Pakistan na-
tional program scientists, M. Tahir, and |. Naji.

Project VI: International
Cooperation
Syria

Thirty-three variety verification ftrials including
barley, durum wheat, and bread wheat were
conducted jointly by the Syrian Ministry of
Agriculture and Agrarian Reform {through ARC-
Douma) and the Cereal Improvement Program of
ICARDA in 1983/84 throughout the country.
The purpose of these joint trials is to test on
relatively large plots in farmers’ fields 2 number
of cereal varieties that proved to be promising at
Tel Hadya research station. The varieties tested
came from ICARDA, the Syrian National Pro-
gram, and ACSAD. Also, a total of 15 agronomic
trials were conducted on farmers’ fields with the
objective of determining appropriate fertilizer
combinations for cereal crops under different
agricultural conditions. In addition, advanced
yield trials, segregating populations, crossing
blocks, and disease nurseries of wheat and
barley were planted at a number of research sta-
tions in Syria. Joint visits were made to the sites
by ICARDA and Ministry scientists. Selections
were made for high vield, adaptability, disease
and insect resistance, and agronomic traits. The
Ministry staff made crosses to combine desirable
characters. It involved most of the cereal
research workers in Syria. Joint planning, visits,
and discussions proved very useful. Training,
which ranged from short term, intensive courses
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on specific topics, to informal instruction, was an
important feature of the collaborative program.,

Durum and bread wheats were tested under
irrigation and in Zone A; durum and bread wheats
and barley in Zone B; and only barley in Zone C.
Each varietal verification trial was- laid out ac-
cording to randomized complete block design
with three replications. Plots consisted each of
16 rows, 10 mlong and 20 ¢m apart. Seed rate
was 100 kg/ha for barley and bread wheat and
120 kg/ha for durum wheat. Field histories, in-
cluding previous crops and fertilizers, were col-
lected for each site. Soil analysis was carried out
in the soils laboratory of the Farming Systems
Program. The 1983/84 season was dry at most
of the sites. Rainfall was particularly low during
February and plant development was very poor at
all sites in Zone C and relatively poor at most sites
in Zone B. A detailed report of findings from field
verification and agronomic trials is available from
the Cereal Improvement Program.

Sham 1, the newly released durum whaat
variety in Syria, generally showed a yield advan-
tage over the improved check, Gezira 17, under
irrigation and in Zone A, and over Haurani in Zone
B. The most promising new durum lines were
Sebou and Khabur for moderate to higher rainfall
and Korifla and Sebou for moderate rainfall con-
ditians.

In bread wheat, Sham 2, the newly released
variety in Syria, ranked first and significantly
outyielded the improved check, Mexipak, under
irrigation. In Zone A, the best yielding lines were
Seri 82, Pato-Cal/7C x Bb and FLK'S'-Hork’S'.
Sham 2 was better than or equivalent to Mex-
ipak.

Because of good performance in earlier yvears
as well as in 1983/84, varieties Patg-Cal/7C x
Bb and Sebou, Khabur, and Korifla are in initial
seed increase, and will be subjected to verifica-
tion trials in 1984/85.

In barley, Rihane appeared to be promising.
However, due to poor plant development in Zone
C, no yield data could be obtained from the trials.
Disease and insect development was moenitored
by pathologists and entomologists throughout
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ICARDA and national program scientists inspecting the nucleus seed multiplication plots in Syria.

the season and very useful information was col-
lected.

Results of agronomic trials showed responses
to nitrogen and phosphorus. Responses 1o
nitrogen reached 24 kg of grain per kilogram of
nitrogen in Zone A, but were mostly in the range
of 10-20 kg. It was clear that the degree of
response to either N or P could be explained by
soil analysis information and the amount of rain-
fall. Soil tests would be very helpful in determin-
ing the fertilizer application. Availability ot such
tests to farmers will effectivaly contribute to in-
creasing their net income. — National Program
{ARC) Scientists, J.P. Srivastava, S. Ahmed,
Cereal Program Scientists, and M. Michael.

Jordan

Based on & years of experiment station research
and on-farm trials, the Jordanian and ICARDA
scientists tound that with a proper choice of im-
proved technologies, cereal grain as weill: as
straw yields could be increased at feast by 309%,
particuiarly in areas with an average rainfall of
250-400 mm. There are indications of a gradual
adoption of the new technology by farmers and
the possibilities of gains in wheat yields in Jor-
dan.

Based on cumulative results from the & yaars
of research, two broad agroclimatological zones
were identified. One zone represents more



favorable crop growing conditions with an
average annual rainfall of more than 250 mm.
The other zone, with less than 250 mm of an-
nual average rainfall, is characterized by harsh
and dry weather.

in more favorable environments, grain and
straw yield of durum wheat, which represents
the major cereal crop in Jordan, could be
substantially increased through adoption ¢t the
improved technologies including varieties, fer-
tilizer, precision drilling, optimum rate and time
of seeding, and weed contro!. The study also
showed that adoption of improved technology
depends, 10 a great extent, on availability of in-
puts and price incentives. In the unfavorable en-
vironments, cereal production may continue to
be a low-input, high-risk enterprise, with em-
phasis on barley grain and straw for animal feed.
In these areas the improved practices may not be
adopted, except perhaps for fertilizers and her-
bicides.

Results of this cocperative project were tested
in the 1983/84 season by the Ministry of
Agriculture and the University of Jordan scien-
tists with assistance from ICARDA scientists and
a Ford fFoundation supplementary grant. Infor-
mation from the project presents encugh pro-
mise ({ICARDA Research Highlights 1982,
1983) that the improved practices could be
tested on alarge scale in targeted areas with the
objective of encouraging adoption by farmers. A
coltaborative project for demonstration of such
promising findings is under formulation with the
Government of Jordan with outside funding. —
M. Duwayri (Univ. of Jordan), N. Katkhuda
tMinistry of Agric., Jordan), A.M. Tell (Univ. of
Jordan), and J.P. Srivastava.

Lebanon

The program made intensive use of Terbal sta-
tion as a high rainfall {750 mm), colder site with
higher disease incidence. Results from this sta-
tion were used to complement the data from
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ICARDA’s main station at Tet Hadya. Yield trials,
observation nurseries, segregating populations,
crossing blocks, and disease screening nurseries
for barley, durum wheat, bread wheat, and
triticale were planted at Terbol. The most pro-
mising wheat and barley lines were muitiplied
and provided to Lebanese scientists. In spite of
difficulties in Lebanon, a close cooperation exists
between ICARDA and the lebanese National
Program as well as with the American University
of Beirut (AUB). The graduate students of AUB
have visited the cereal program and used the
germplasm and crossing blocks.

An-attempt to grow a summer cereal crop at
Terbol has been encouraging and requires further
evaluation. — N. Rubeiz and A. Aziz.

Morocco

Barley and wheat annually occupy 80% of the
total area under food craps in Morocoo. Fifty
percent of this area is devoted to barley while
durum and bread wheats cccupy 356% and 16%
respectively. Unavailability of improved insect
and pesl resistant varieties, high incidence of
plant pathogens, particuiarly Septoria spp., in-
sects such as Hessian fly, moisture and nutrient
deficiency, and competition from weeds con-
tinue to depress vields.

Close informal research cooperation exists
between the Maoroccan Cereal National Program
and tCARDA. The program continued to provide
germplasm, limited research support, and small
field eguipment to the Moroccan program. An
in-countty Cereal Training Course was con-
ducted in March 1984 at INRA, Rabat, focusing
on experimental design and statistical analysis.
More than 20 research staff from different
research stations participated in ICARDA’s train-
ing courses and this was considered very:
valuable by the participants and the Directorate.
A Cereal Travelling Workshop was organized in
April 1984 jointly by ICARDA and CIMMYT.
Scientists from Portugal, Spain, Tunisia, and
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Morocco, and ICARDA and CIMMYT staff visited
different research stations and helped in note
taking and plant selection. This exercise provided
valuable interaction and exchange of information
and experiences between the participating
scientists.

There have been frequent visits by ICARDA
and CIMMYT scientists to Morocco and Moroc-
can scientists to ICARDA’s base program.
Besides regular international nursery germptasm,
special germplasm was provided for high-
glevation areas of Morocco; disease and insect
screening nurseries, particularly for Segtoria spp.
and Hessian fly. As a result of increased research
activities, Morocco in 1884 released several
barley and wheat varieties {see Table 1). The lines
identified as potential candidates for release are
listed in Table 2,

NasmafPotam 70 and Potam/Nasma were
developed by the Moroccan National Program;
other lines ware from germplasm provided
through ICARDA/CIMMYT nurseries. All these
lines are under seed increase. Seed of several of
these lines was supplied in 1984, on request, to
Moroccan authorities for large-scale increase.
Thus, the close interaction between the Morog-
can National Program, ICARDA, and CIMMYT is
proving its usefulness. A number of lines,
selected at Annoceur Research Station in the
Atlas mountains, appear to be better adapted
and resistant to diseases than the presently
grown cultivars in high-elevation areas. — MNa-
tional Program scientists and [CARDA Cereal
Program Scientists. '

Cyprus

Relatively early maturing barley and wheat lines
selected in Cyprus through this project are prov-
ing useful in other countries in the region. One of
the durum {ines, Sebou, that has given high grain
vields in several countries, was selected by
Cypriot scientists. This collaborative project
continues to provide a valuable testing and

selection site and Cypriot scientists have
benefited from, and contributed to, the overall
program objectives. In the last few years, Cyprus
has released one barley and two durum wheat
varieties for commercial cultivation {see Table
1). — A. Hadjichristodouiu and C. Josephides,
Agric. Res. Inst., Micosia.

Tunisia

The favorable weather conditions as well as
government measures to deal with prices for
wheat and bariey at the beginning of the
18283/84 season and the supply of fertilizers and
herbicides allowed the planting to be done under
good field conditions.

Karim and Ben Bechir, the two durum wheat
varieties released during the last 5 years, now
cover more than 50,000 ha sown with certified
seed sold by the itwo seed multiplication
cooperatives.

in 1982/83, a few lines were promising and
they perfomed well again this year. Their yield
was 2 to 15% superior to the highest check
Karim under favorable conditions at Bgja. The

~most promising line was Erget’'S'i4/Cit71/3/

21563/AB//CPIGz D77-93-6B-5B-68B,

From the 1983/84 international trials a few
lines were found superior to the checks; they
were selected for further testing:

RFDYT: Gdo b12/Cit’S'{/Ruff'S'/Fg'S’

CD 10549-M-7M-2Y-TM-0Y-OKE
RDYT: Cr'Sitdic.Vern/iG11'S’
RDYT: Win’S"/USA 02237//Gad’'S’

CD 16559-C-7M-2Y-2ZM-1Y-OM
EDYT: Shwa'S'-Yav's’

CD 26406-1B-1Y-2Y-1M-1Y-OB
EDYT: 1b = Shwa'S'-Yav'S’

CD 26406-1B-1Y-2Y-OM-9Y-0B

The two recently released varieties, Salambo
and Tanit, and the variety Dougga, released in
1874, covered this yvear nearly 40,000 ha from
a total of 140,000 planted to bread wheat, The
yield superiority of Tanit in microplots was!also
confirmed in farmers’ fields.
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Tallle 48. Yieid of improved and local checks over four locations in Tunisia,
b ok

__ _ Yield (kg/ha)
Valiety/cross/pedigree _ Tedjerouine Boulifa Beja
Rob fimproved check) 2544 4222 ‘ 2889
Wi21398 (improvad check) 3072 4044 2664 i 3562
ERJAparn (improved check) - 2255 36544 3500 3692
Cags {Chéck) - A 2022 1867 2131 1334
Eﬂ%h (Check) . - 211 3106 2378 2976
. - - N .
jonMean 2244 3543 2444 - . 3443
o . 13.6 12.4 11 718
153 220 134 129

From the international yield trials distributed by
ICARDA/CIMMYT and on the basis of the notes
we had taken during the travelling workshop in
Morocco and Spain, as well as on those taken
here in Tunisia, and on the basis of grain guality
characteristics and grain vield, the following five
lines are promising:

ISWYN: Bow 1
ESWYT: Seir 28 (20th ISWYN 22}
ESWYT: Vee’S”
CM 3302A-F-15M-500Y-OM-88B-
oy
RBWYT: {Pato (R)-Cal/7CxTob-Cno) Yd'S’
CM 33115-1L-1AP-OAP
REBWYT: Bow'S’ :
CM 33203-F-4M-4Y-1M-1Y-OM

The barley program was carried out this year in
two different agroclimatic areas in Tunisia: the
semi-arid region represented by Boulifa {350
mm), Tedjerouline {230 mm), and Hindi Zitoun
{220 mm); and the sub-humid area represented
by Beja (600 mm) and Koudiat (400 mm}.

Two local and three improved checks were
used in the advanced vield trials depending on
the area. The varieties Martin, Roho, and W|
2198 were used for the semi-arid areas and
ER/Apam and Ceres for the moderate rainfall
areas.

QOver four stations, the new checks ER/Apam,
Roho, and WI 2198 outyielded the local checks

Ceres and Martin significantly (Table 48). The
results obtained by Office des Céréales indicate
that these three lines (WI 2188, Roho, and
ER/Apam) autyielded Marctin by 60% and 42%,
at Siliana {327 mm) and Quslettia (183 mm),
respectively {Table 49).

To sum up, the high yield potential and stability
of performance of ER/Apam, W{ 2198, and
Roho was confirmed again in 1883/84 by both
INRAT and Office des Céréales. Consequently,
the national program in Tunisia recommended to
release all three lines. Although they are all
adapted to Tunisia, ER/Apam could be released
1o higher rainfalt barley areas, and Roho and WI
2198 for the drier areas.

Grain guality was assessed for 1200 samples
from the national and international barley and
wheat vyield trials. Quality traits included

Table 49. Performance of Roho, WI 2198, and ER/Apam
in the varietal verification and demonstration
trials, Office des Cereales, Tunisis, 198384,

Location and yield (kg/ha}

Line/variaty Sillana Ousiatia -
Roho 3190 1230 ¢
wi 2198 3140 t1go
ERfApam 3040 . 1190 0
Martin (Check} 2030 830 )
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1000-kernel weight (g), test weight (kg/hl), and
grain protein content {% dry matter) for all cereal
crops. tn addition, carotenoids, vitreousness,
and spaghetti making were evaluated for durum
wheat and bread wheat.

The ICARDA cereal scientist posted in Tunisia
will now give increased attention to cereals
pathology. His work is carried out in cooperation
with Institut National de la Recherche
Agronomique (INRAT) and with the Breeding
Department of the Institut National Agronomigue
(INAT}. He is putting more emphasis on septoria
leaf biotch and tan spot of wheat; scald, net
blotch, powdery mildew, and leaf rust of barley.

Other major diseases and insect pests prevail-
ing in the Maghreb countries during the cropping
season 1983/84 were studied. 0[Disease
nurseries of the season 1983/84 were grown at
Beja station with supplementary irrigation to
favor infection and disease development. About
8000 entries of wheat and barley, representing
ICARDA, CIMMYT, and the national program
germplasm, were inoculated artificially with sep-
toria leaf blotch, tan spot, scald, and net blotch
(barley). Other diseases such as BYDV, powdery
mildew, and leaf rust on barley developed well
naturally and enabled a reasonable screening.
Results on the pathology components of each
crop are presented in the report of the
Tunisia/ICARDA Cooperative Project 1983/84.
— A. El Ahmed;, INRAT: A. Maamouri, M.
Deghais, M.L. Faleh; INAT: M. Harrabi, and
A.Daaloul.

Pakistan

The collaboration between ICARDA and PARC in
the Baluchistan Province ‘of Pakistan has made
considerable progress during the past 3 years. A
number of promising lines of bread wheat, such
as Qt 4081 - PWTH/Candor, Lom 23/Cans,
Chambord/5133, and others, have been
selected at Agricultural Research [nstitute,
Sariab, Quetta, from [CARDA-supplied germ-
plasm for further vield testing at a number of

locations in the high-altitude environments of
Baluchistan. There is also a growing interest on
durum wheat and tnes such as AA'S'/3*
Cpe/GZ/II3TC/3/2*Byei/TC/4
IFg'S’' Gdovz 46, |bi'S’//Rabi/31810 have been
selected for adequate disease and cold tolerance
and as high yield as the improved bread wheat
check variety Zargoon.

The work on the development of a package of
production practices is continuing and the results
on the response of wheat to the appiication of
nitrecgen and phosphorus are being
demonstrated to farmers under a collaborative
project "FAQMCARDA/PARC On-Farm
Demonstration Trials in Wheat.”” The assential
equipment such as Oyjord seeder, plot threshers,
and reaper binders, etc. were purchased out of
the project funds to carry out the on-farm
demonstration trials more efficiently. — §.
Mothammed, Sariab, Quetta, and M. Tahir.

ICARDA/CIMMYT Barley Pro-
gram for Latin America

Implementation of working arrangements for
barley research agreed upon between CIMMYT
and ICARDA started in 1984 and the following
workplan was developed;
— An ICARDA-employed barley breeder was
jointly appointed for the Mexico-based program.
Although the reciprocal awareness of the/two
barley projects in Mexico and in Aleppo has &een
considerably upgraded in the last few morniths,
there is still room for further improvement. ‘The
main responsibilities identified for the Mesico-
based project are to:
1. Develop bariey germplasm specifically suited
to meet the needs of Latin America with par-
ticular attention to the Andean Region.
2. Develop germplasm specifically adapted to
wagn winter short-seasen environments.
3. Develop BYDV-resistant germplasm for areas
where it is a constraint and other diseases
mutually agreed upon. ‘



4. Encourage national programs to develop ap-
propriate agronomic practices 1o improve barley
production in Latin America.

In addition, the following items were discuss-
ed:

— CIMMYT support far the joint barley project
will continue at the same level as in the past
years.

— Every effort will be made to initiate a coor-
dinated distribution of materials. This coordina-
tion will be fully implemented as soon as possi-
ble, preferably within a year or so. The informa-
tion collected by cooperators and by national
programs will be fully shared within the project.
— A more intensive exchange of germplasm, in-
formation and visits between the two projects is
recommended.

— The Aleppe-based project will be responsible
for the overall coordination of the research ac-
tivities. The Mexico-based project will be fully in-
tegrated with CYMMYT wheat pragram under the
general direction of the Director of Wheat Im-
provement Program, CIMMYT, Mexico.

Objectives and achievements will be reviewed
and discussed periedically and modified
whenever considered necessary to maintain the
usefulness of the project.

Benefits such as improved breeding material
and technigues arising from this cooperative ef-
fort may be used by either or both parties, with
due acknowledgement of each party’s contribu-
tion. — H. £. Vivar.

Collaboration with the University
of Saskatchewan, Canada

Informal collaborative wark between ICARDA
and the University of Saskatchewan on collec-
tion, evaluation, and conservation of barley and
durum wheat germplasm and their wild relatives
began in 1978 when Dr. S.Jana spent his sab-
batical year at ICARDA. In the first year of the
profect, about 2200 individual plant samples of
wild barley (H. spontaneum Koch) from 28 sites
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were collected from Syria and neighboting
cauntries. These materials have been evaluated
for a variety of characters including 23 isozyme
traits and seedling tolerance of sait stress. Dr.
John Moseman of the USDA, Beltsviile,
Maryland, has been assessing genstic diversity
for barley diseases in these accessions.

The initial collaboration has been extended to
cultivated barley, durum wheat, and wild emmer,
Triticum dicoccoides Desf. Evaluation of these
accessions and identification of useful lines for
possible use in crop improvement has been the
focal theme in the past 3 years and this research
is partly supported by the National Sciences and
Engineering Research Council of Canada. The
objectives of the expanded current project are as
follows:

1. Collection of barley and dururm wheat and
their wild relatives from their primary center of
diversity in the Fertile Crescent.

2. A systematic assessment of accessions
under two contrasting environmental conditions,
short-day Mediterranean and long-day
temperate, to determine adaptive features of
germplasm lines.

3. Identification of germplasm lines with
tolerance to biotic and physical Sstresses,
especially drought and salinity stresses.

4. Utilization of promising lines in germplasm
enhancement of barley and durum wheat.

5. Assessment of spatial and temporal dif-
ferences in genetic diversity in the cultivated and
wild forms to identify sites of high variability and
low genetic erosion,

The project places emphasis an the collection
of landraces and wild species from diverse
ecological conditions to capture a wide spectrum
of genetic variability.

Collection

Altogether 138 locations were sampled in
1983/84. Each sampile included single or
multiple species. The sampling strategy con-
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sisted of collecting a single ear per plant from
30-150C random plants depending on the
population size. 7. dicoccoides was found to be
the least abundant species and deserves serious
attention in future exploration. Aegilops trianciale
and H. spontaneum accessions have been col-
lected from highly saline sites which may have
high degree of salt tolerance. These accessions
will be evaluated in 1984/85,

Evaluation

Three salt-tolerant durum wheat lings have been
identified. About 3500 durum wheat accessions
which were evaluated for agronomic traits at Tel
Hadya in 1278/79 were further evaluated for
drought stress tolerance and 35 morphological
characters in Swift Current, Saskatchewan,
Canada by Drs. P.L.Gautam and J.M.Clarke. Fif-
ty drought-tolerant durum wheat lines have been
tentatively identified.

Temporal changes in genetic variabiity in
ICARDA’s advanced breeding lines (Barley
Observation Nuseries} from 1979 10 1983 were
assessed. Twenty-five morphological descriptors
were employed for the study.

Germplasm Enhancement

Using the evaluation data on available wild ac-
Cessions, an introgressive hybridization program
has peen initiated at Saskatoon. Promising wild
barley and emmer lines have been crossed to
multiple cultivars of barley and durum wheat,
respectively, The introgression populations will
be subjected to transgressive segregation for
saveral desirable traits {e.qg. biotic and physical
stresses, high biomass and grain production,
large grain size and protein content, and slow
senescene). — S. Jana (Univ. of Saskatchewan,
Canada) and J P. Srivastava.

Collaboration with the University
of Reading, UK

Two barley projects are established as col-
laborative investigations between ICARDA and
the University of Reading.

Project |: Root Studies

The aims of the project, established in January
1982, are to study the extent of varietal dif-
ferences in root systems and to determine how
root growth and the utilization of water and
nutrients can be manipulated to improve crop
yields.

The study in 1983/84 was undertaken in two
short-term experiments and one long-term ex-
periment. The main objectives for each of the
three, respectively, are to: determine the effect
of the rooting medium on several barley
genotypes, check the dependency of plant
growth on position in the glasshouse, and
determine the effect of shortage of soit water at
different times on the growth of four varieties of
barley.

The following results were obtained:

1. The glasshouse experiments showed that
varietal variation of root and shoot growth
occurred in young plants of batley.

2. There was an influence of the growing
medium on the varietal differences
observed.

3. Work in Syria showed significant effects of
site and fertilizer on the growth of roots of
three varieties of barley.

4. There were also significant differences
between varieties in their distribution of

roocts in the scil profile., — P. Gregory
(Univ. of Reading, UK) and Cersal and FSP
Screntists. '

Project |l: Photoperiod Study of Barley

The objective of this project, initiated in April



1984, is to study the photothermal respenses
(flowering) of diverse barley genotypes. Ranges
of photoperiod and temperature conditions en-
countered under different barley growing areas
are simulated in controlled environments.
Genotypes comprising 20 early heading, 2
medium-late heading, and 2 late-heading types
{1 two-rowed and 1 six-rowed iype in each
category) are exposed to the follewing
photoperiod-temperature combinations:

Day lengthlhr) Day temp.(°C) Night temp.(°C)

10 18 5
13 28 13
16

— R.J. Summerfield (Univ. of Reading, UK} and
M.S. Mekni.

Collaboration with the University
of London

During 1984, a collaborative project between
Birkbeck College {University of London) and
ICARDA was started with funds from the United
Kingdom Overseas Development Administration
(ODA). The aim of the project is to develop
screening technigues for resistance to drought in
barley and durum wheat. Physiological and
biochemical responses of plants to drought are
studied to assess their importance in drought
tolerance and their possible use in screening for
drought resistance. In particular the use of a
‘Metabolic Index of Stress,” constructed from the
relative concentrations of amino acids, betaine
and secondary metabolites in the plants is being
assessed. An understanding of . the plant
characteristics invoived in drought resistance is
important in developing varieties with increased
resistance to this stress.

In the 1983/84 season the research was
funded by a UK Agricultural and Food Research
Council Wain Fellowship to Dr. N. Smirnoff. Ef-
fect of water stress on nitrate reductase in barley
and durum wheat was investigated. Nitrate
reductase is the first enzyme of the pathway of
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nitrate assimilation into protein and is thought ta
be highly sensitive to environmental stresses
such as drought. The plants were subjected to
irrigation gradients from a line-scurce sprinkler
irrigation in three environments differing n rain-
fall (204 and 230 mm aver the growing season)
and nitrogen fertility. Decreasing irrigation along
the gradients caused increased plant water
deficits as measured by leaf water potential.
Nitrate reductase activity during the heading
stage was either unaffected or, in some cases,
increased towards the drier ends of the gra-
dients. Nitrate reductase activity was highest in
the high nitrcgen environments irrespective of
water regime. However, nitrogen concentration
in the plants at harvest reflected their nitrate
reductase activity. In contrast to field-grown
plants, seediings of the same cultivars subjected
to rapidly developing water stress in soil or
osmotic stress in polyethylene glycol sclutions
had decreases in leaf nitrate reductase activity.
The results show that the plants do not lose
nitrate reductase activity during field-water
deficit suggesting that they have the capacity,
and opportunity, to adapt perhaps by osmaotic
adjustment. It is suggested that maintenance of
nitrate assimilation during water stress allows for
continued synthesis of nitrogenous compatible
solutes while using the excess photochemical
energy available during stomatal closure. The
difference in response between field and
laboratory-stressed plants emphasizes the im-
portance of investigating drought resistance
under field conditions. — N. Smirnoff (Birkbeck
College, Univ. of London) and M.D. Winslow.

Project Vil: International
Nurseries System

The Program continued to provide the national
institutions with superior germplasm for their
breeding programs. Summary and analysis of the
data in the form of preliminary and final reports
were provided to the cooperators.
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in 1983/84, 783 sets from 19 different
nurseries {including the Key Location Disease
Nursery) with a tota! of 2,955 entries were
distributed to 87 cooperators in 46 countries.
This represented an increased distribution of
15%, ar anadditionat 109 sets, over 1982/83.
The pumbers and types of germplasm distributed
in 1983/84 to seven areas (West Asia, North
Africa, Mediterranean Europe, Other Africa, East
Asia, North America, and Other) appear in Table
50. For the purposes of this report, West Asia
includes the countries east of Egypt to Pakistan;
North Africa includes Morocco to Egypt plus
Sudan; East Asia includes the countries in Asia
east of Pakistan; and North America includes
Canada, USA, and Mexico. The countries of the

ICARDA region are thereby included in the West
Asian and North African areas.

Essentially, three different types of germplasm
constituted the international nurseries: parental
genotypes, segregating populations, and ad-
vanced lines.

Computerization of the data of the interna-
tional nurseries and the base prograrm continued
in 1984. Newly developed CERINT modules for
ranking, sorting, transforming, selecting, and
printing the data have enhanced the interpreta-
tion and presentation of the results from the
cooperators in the region. CERINT modules and
the SATURN word processor were used to pro-
duce master copies for printing all the fieldbooks
of the 1984/85 international cereals nurseries.




A preliminary report was sent in December
1984 to cooperators in the region. New, addi-
tionat analyses 1o be considered for the interna-
tional nurseries include phenotypic and
genotypic correlations, combined analyses for
subregions, pattern analyses of genotypes or
environments, and various performance plots. A
final report is scheduled for early 1985, —'D.
Mulitze and other Cereal Program sclentists.

Project VIll: Cereal Train-
ing

{. Long Residential Training
Course

The course started early January and ended
mid-June. During the first month, the trainees
were given an intensive English language course
as well as lectures on genetics, pathology, en-
tomology and statistics. These lectures were
common to all ICARDA trainees and were given
at Aleppo.

In the following month, the trainees started
their specific training at Tel Hadya which lasted
until the end of the training period in June with a
1 week recess in Apnl. Lectures were more
concentrated in February and March while field
activities predominated in April and May. A list of
classroom or field lectures is given in Table 51.
Field activities included practical sessions and
were either common to all cereal trainees or
specific according to trainee’s assigned project,

The cormmon field activities, covering 29% of
all practical sessions, comprised entomology,
pathology, selection of barley, durum and bread
wheat, cereal crops for high elevation, weed
control, agronomy, mechanization, field
verification trials, and cereal and food legumes
field days. As for the specific activities (71 %),
intensive training was provided within each
cereal commodity on various important aspects
of cereal improvernent in accordance with the
project chosen by and assigned to the trainees.
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Table 51. Classroom end field lectures in the 1984
residential cereal training course.

Duration
Topic thr)
Genetics and breeding 54
Physiology and agronomy 36
Pathology and entomology 25

Statistics and field plot techniques 31
Miscsliansous: 41
ICARDA programs 9
Communication 8
Farming systems 6
Germplasm 8
Seed production 4
Computer use 4
Field verification trials 2
Seminar 2

Total s 187

These included hybridization, disease scoring,
agronomic scoring, selection and harvesting. A
list cereal trainees in this course along with
assigned research projects is given in Table 52.
Project reports were written by the trainees a few
days before the end of the course.

When considered in its totality, the long
residential training course emphasized more the
practical sessions than theoretical lectures, the
field activities covered over 60% of the total
schedule,

Il. Short Courses

The Program participated mainly in three short
training courses:

1. A course on germplasm and genetic
resources was jointly organized in Aprii by 1B-
PGR, ACSAD, and ICARDA. Fourteen trainees
fram 11 Arab countries participated in this
course. They spent one day at the Cereal Crops
improvement Program where they attended a
lecture on cereal germplasm at ICARDA and
visited field plots {cereal wild species) and seed
storage facifities.
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Training of young scientists from national programs is one of the important activities of the Cereal Improvement Program.
Here some of the trainees evaluate the performance of advanced lines at the Tel Hadya research farm, L




2. Seed Production Course If - This course was
arganized in May by ICARDA under the spensor-
ship of RPVZ (Netherlands) and GTZ (Germany).
Twenty-two trainees from 12 ‘countries of the
region attended the course. The course coversd
several aspects of seed production including
genetic purity, seed quality, seed-borne
diseases, laboratary tests, and field inspections.
The crops emphasized were cereals, food
legumes, and forages.

3. The Program alsc participated in a training
course at Lattakia on experimental design and
data analysis organized by ICARDA for Syrian
trainees.

IIf. Morocco In-Country Training
Course

A 1-week course was organized in Morocco by
the Cereal Program in collaboration with INRA in
March 1984, Twenty trainges from different
research stations in Morocco benefited from this
gourse. Two scientists from ICARDA and three
from INRA conducted the course which included
classroom lectures, laberatory applications, and
field visits. The major topics of the course con-

centrated on basic experimental designs (com--

pletely random, randomized complete block,
split-plot), factorial experiments, simple linear
correlation and regression, genotype x environ-
ment interaction and varietal stability.

Special attention was paid to ways of avoiding
common errors in field plot techniques including
those related 1o field layout, plot harvesting, and
data collection. Although technigues of data
analysis were given in detail, more time was
devoted to drawing sound conclusions from
analysis results. A special emphasis was placed
in this regard to problems encountered in highly
variable environments typical of rainfed
agriculture.
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IV. Individual Training

Individual training is provided to persons coming
from national programs for a short or long pericd
to learn specific research technigues and
methadologies that would be useful to them back
home. During their stay at ICARDA, the par-
ticipating trainees work closely with the scien-
tists involved in the research activities related to
their field of interest. One trainee from People’s
Republic of China spent 6 1/2 months working
on barley improvement with special emphasis on
agranomy. Another trainee from the Netherlands
spent 7 1/2 months working in triticale im-
provement. Three trainees {one each from Syria,
YAR, and Morocce) pursued a 2-week training in
cereal disease methodology. 7

In addition, several scientists from national
programs visited us to exchange information and
get acquainted with aspects of the cereal im-
pravemant work. These visiting scientists came
from lran, Syria, Tunisia, Yemen Arab Republic,
Sudan, Egypt, Jordan, Libya, Pakistan, and
Bangladesh. — Hahib Ketata and other Cereal
Frograrm scientists.
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Food Legume Improvement

The major objective of the Food Legume Im-
provement Program {FLIP) continued to be to
increase the productivity and vield stability of
faba beans (Vicia faba), lentils {Lens culinaris),
and kabuli-type chickpeas (Cicer arietinum).
These food lequmes are a cheap source of high
quality dietary protein in [CARDA region coun-
tries and elsewhere . Their by-products are also of
significant economic importance to farmers in
these countries. They are particularly important
in the farming systems of many dry areas due to
their ability to symbiotically fix the atmospheric
nitrogen. The cropping systems in such areas are
predominantly cereal-based, but farmers use lit-
tle nitrogen fertilizer because of its high cest and
the inherent risk in dryland agricuiture.
Therefore, increased use of legumes in the
cropping system is a very economical way 10
improve and stabilize the productivity of these
areas.

Productivity of faba beans, lentils, and
chickpeas is currently low and very unstable, due
1o the inherantly fow vield potential of the lan-
draces, their susceptibility to diseases and insect
pests, the vagaries of weather, and the use of
traditional production practices. FLIP's research
emphasis in 1983/84 continued to be on
developing genotypes and production technigues
to overcome these constraints. Work on kabuli-
type chickpea continued to be a joint activity with
ICRISAT l(International Cropns Research Institute
for the Semi-Arid Tropicsi, based in India, which
has a world responsibility for chickpea im-
provement. A chickpea breeder and a chickpea
pathologist from ICRISAT work with FLIP on the

improverment of kabuli-type chickpeas.

Although research on each crop is conducted
by multidisciplinary teams of scientists, the
results are presented here by discipline for the
convenience of the readers. The program’s
research strategy and linkages with national
programs are shown in Fig. 1. The breeding
strategies followed are outlined in the respective
sections of this report.

Staff Changes

The senior staff consisted of the faba bean
breeder, faba bean pathologist, ICRISAT
chickpea breeder, ICRISAT chickpea pathologist,
lentil breeder, legume entomologist, training of-
ficer, fegume breeder in Tunisia, and
agronomist/pragram leader. These were sup-
ported by three postdoctoral fellows; one in faba
bean breeding through the Nile Valley Project
(NVP), one in agronomy/crop physiology, .and
ong in the international testing program; and four
research associates {one each in agronomy, len-
til breeding, faba bean breeding, and the North
African Regional Project (NARP) based in Tunis}.
Dr. K.B.Singh, the chickpea breeder, proceeded
on 1-year sabbatical leave in September 1984,
without any replacement. Dr. R.8. Malhotra
joined the team in January 1984 to take up the
new position of International Trials Officer- Dr.
M.V. Murinda, postdoctoral fellow left the pro-
gram at the end of 1984 upon completion of 3
years. Also, as of end 1984, the four research
associates left the program and these positions
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have been used to provide postdoctoral
assistance to lentil and chickpea breeding sub-
programs, as per recommendations of the first
EPR of ICARDA.

The program also had four visiting research
associates, two from China (in germplasm and
faba bean breeding), one from Spain (faba bean
breeding with emphasis on Orobanche spp.
resistance} and one from Holland {laboratory
technique in screening legumes for Orobanche
spp. resistance), and they provided valuable in-
put in the on-going research projects in the pro-
gram,

Research Highlights

Some of the major achievements of the program
in 1983/84 are listed below.

faba Beans

1. The pure-line accessions were further in-
creased by another cycle of selfing and the
current number stands at 3354. The seed
inventory was partialty computerized. A total
of 2402 lines were distributed to the
cooperators, )

2. Determinate faba beans with high vield, large
seed size, and good field tolerance to com-
mon foliar diseases have been developed. In
the yield tests they vielded as large as the best
indeterminate checks.

3. Nine and seven new sources of resistance to
chocolate spot and ascochyta blight, respec-
tively, were identified,

4. National programs in several countries {in-
cluding Ethiopia and Egypt} have started using
ICARDA-derived faba bean material in their
yield trials and prerelease multiplication,

5. Agronomic studies showed that application of
50 kg P20s/ha along with use of glyphosate tc
control Orobanche sp. and use of Temik to
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control root lesion nematode resulted in more
than 90% increase in yield.

6. The Nile Valley Project in Egypt demonstrated
an economic increase in the vield with the
control of Orobanche sp. and weeds. Giza
402 was made available to the Eayptian
farmers as the first cultivar with high field
1olerance to Orobanche sp. The NVP in Sudan
demonstrated that improved agronomic
package in the on-farm trials increased the
seed vield significantly giving 2 net benefit of
Sudanese £ 6568, 531, and 766/ha, respec-
tively, in Zeidab, Aliab, and Selaim regions. In
the pilot production plots scheme in Zeidab in
which 77 farmers participated and about 140
ha area was covered, the vield increased by
75% with improved package.

7. {FAD carried out the external review of the
NVP project. The review team was highly ap-
preciative of the achievements of the project
and has recommended further extension of
the project. It is proposed that Ethiopia may be
included in the next phase, and Ethicpians
have formally requested for their involvement
n (.

Lentils

1. A lentil germplasm cataiog has been publish-
ed, coniaining passport and evaluation data
on more than 4500 accessions. A total of
1455 accessions were distributed to 12
countries.

2. In the on-farm trials in Syria, the ICARDA-
derived genotypes vielded 26 and 43%
higher vields in the small- and large-seeded
genotype groups, respectively, over their
respective local checks.

3. ICARDA selections are being used in the on-
farm trials and multilocation testing in Egypt,
Ethiopia, India, Jordan, Morocco, Pakistan,
Sudan, Syria, Tunisia, and USA.,

4. Ethiopia has started large-scale multiplication
of ILL 358 lentil which is slated for release as
soon as adequate amount of seed is ready.
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5. A project on lentil harvest mechanization has
been submitted to the IDRC for special fun-
ding and is likely to he approved- within the

- 1985 financial year.

Kabuli Chickpeas

1. Ascochyta blight has been successfully
transferred into. the background of large
kabuli-type seed and early maturity.

2. About nine different national programs have
identified lines from JCARDA material for
prerelease multilocation testing or for release.
Cyprus has released ILC 3279 because of its
tall growth habit and suitability for winter
sowing.

3. Large quantities of breeders’ seed of ILC 195,
482, 484, and 3279 chickpeas have been
provided for on-farm work in  Jordan,
Lebanon, Morocco, Tunisia, and Turkey,

4. A chickpea annotated bibliography of genetics
and plant breeding has been published.

5. An audio-tutorial module was developed for
screening of chickpeas for ascochyta blight.

6.In ICARDA/INRAT cooperative project pro-
gress was made in resolving the identity of the
wilt complex, and genotypes with cambined
resistance to bhght and wilt are being
developed.

International Testing

Nearly 1200 international nurseries and trials
were supplied for the 1984/86 season to about
127 coaperators in 52 different countries.
Report of the 1981/82 season was printed and
distributed.

Training

1. Anin-country training course was organized in

Pakistan on the ascochyta blight of chickpeas.

A manual is being developed from the lectures

and practical exercises given 1o the par-

ticipants.

2. A residential training course was conducted at
Tel Hadya. In this course 12 participants from
seven countries (Syria, Sudan, Egypt, Iran,
Libya, Morocco, and Ethiopia) participated.

3. The second seed production training course
was conducted jointly with the Cereal Im-
provement Program. :

4. Three senior research fellows and four training
research associates, were given individual
training. Also, five research scholars were
associated with the program for their thesis
research, _

5. Two workshops/conferences were held: the
Third International Symposium on Parasitic
Weeds in May, and the First FABIS/LENS
User's Seminar in November. The pro-
ceedings of the first are already published:
those of the second are under preparation.

6. Printing of FABIS, LENS, and Faba Bean and
Lentil Abstracts continued.,

7. The proceedings of the International Con-
ference on.Faba Beans, Lentils, and Kabuli
Chickpeas in the 1980s were submitted to
IDRC for publication.

8. A multiauthor book ““The Chickpeas'” is being
developed.

The program continued to collaborate with
advanced institutes in Canada, France, ltaly, The
Netherlands, UK, and West Germany for basic
research, for which resources at ICARDA are
currently limited. — M.C. Saxena.

Faba Bean Improvement

Research on faba bean improvement continued
to be conducted under the following four pro-
jects: (1) development of improved cultivars amd
production practices for high-rainfallfassured
moisture environment, (2} development of trait-
specific genetic stocks, (3} development of



cultivars and production practices for fow-rainfall
conditicns, and (4) development of alternative
plant types and studies on Dbreeding
methodologies. In addition, work on the germ-
plasm resources continued in collaboration with
the Genetic Resources Unit {GRU). Research on
faba bean improvement carried out i1 the Nile
Valley of Egypt and Sudan and in the North
African Regional Project in Tunisia is reported
under International Cooperation.

Since faba beans are predominantly grown in
the high-rainfall/assured moisture envirenments,
the development of genotypes and production
and plant protection technigues for such en-
vironments received the highest priority.

Germplasm

The ILB collection stood at 3200 accessions in
1983/84. A total of 221 ILB accessions from
China, Canada, Ethiopia, Sudan, India, Colum-
bia, Poland, and Ecuador were multiplied in the
screenhouse for the first cycle of selfing to pro-
duce BPL? accessions (Table 1). Approximately
800 new BPL accessions will be derived from
these ILB accessions. Nearly 3350 BPLs were
grown in 1984 in various stages of pure-line
development. Table 2 shows the number of BPLs
in different selfing generations in 1883. Over
1300 BPl. accessions were at the fourth or
higher cycle selfing. Approximately 1800-1800
BPL accessions should be ready for evaluation in
1985/86.

In 1984 the BPL Seed Stock Inventory was
computerized, including information on BPL, the

1. ILB = ICARDA Legume Faba Beans (open pollinated
populaticens).
2. BPL = Faba Bean Pure Line
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ILB from which the BPL was derived, the selfing
generation, and important seed traits to help
maintain purity of lines. Fig. 2 shows the seed
size distribution scores in the BPL collection as of
18983.

Table 1. Faba bean germplasm lines grown in 1983/84
and planned to be grown in 1984/85.

Stage of Number of lines
development 1983/84 1984/856
increase 107 24
Purification 758 485
Cycle 5 459 376
Cycle 4 328 491
Cycle 3 302 161
Cycle 2 1540
Cycle 1 1400 1849
ILB 221 196
Total 3578 5122

Table 2. Number of BPLs in different selfing generations
at JCARDA up to 1983,

Self No. of Frequency -
generation BPL %
1 588 2.4
2 601 20.4
3 512 20.8
4 535 21.8
5 497 20.3
6 296 t2.1
7 94 2.2
Total 2453

A 1otal of 642 germplasm accessions from
both the ILB and BPL collections were distributed
to 11 countries, and 2402 breeding lines were
distributed to 17 countries. — £L.D. Robertson
and M. El-Sherbeeny.
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Fig. 2. Distribution of seed size it the BPL collection as of
1983,

Development of Cultivars and
Genetic Stocks

Development of Trait-Specific
Genetic Stocks

The demand for genetic stocks with specific
traits such as adaptation to a particular en-
vironment, resistance to one or more commaon
pathogens and pests, was given high priority in
1983/84 due to the increasing demand for such
material, BPL accessions were screened for

resistance to Ascochyta fabae, Botrytis fabae,
and Uromyces fabae at our disease screening
site in Lattakia {Syria), and international nurseries
were distributed.

Germplasm for disease resistance. One hun-
dred BPL accessions were screened for
resistance to chocolate spot (Botrytis fabae) and
nine single-plant selections made. These will be
rescreened in 1984/85. Another 100 BPL ac-
cessions were screened for ascochyta blight
tAscochyta fabae) and rust (Uromyces fabge)
resistance and 169 and 286 single-plant selec-
tions were made, respectively. Screening will
continue with BPL accessions in 1984/85. — §.
Hanounik and L.D. Robertson.

Disease-resistant inbred lines. In 1982/83 the
best lines resistant to chocolate spot, ascochyta
blight, and rust were grown in bee-proof cages,
and the progenies were grown again in bee-proof
cagesin 1983/84. There are now 53 chocolate
spot, 27 ascochyta blight, and 26 rust-resistant
lines purified through two cycles of disease in-
oculation and single-plant selection. This process
will be repeated in 1984/85. This will provide
pure sources of disease resistance and also
material for studying the inheritance of disease
resistance. — S. Hanounik, L.D. Robertson, and
M. Eil-Sherbeeny.

International disease screening nurseries. Seed
of lines resistant to chocolate spot, ascochyta
blight, and rust was distributed to Canada,
Egypt, The Netherlands, Sweden, Syria, and UK
as international disease nurseries in 1283/84,
Four lines {BPL 710, 1179, 1196, and 1278)
were found resistant or moderately resistant o
chocolate spot across all four locations (Egypt,
The Netherlands, Syria, and UK} where the in-
ternational chocolate spot nursery {(FBICSN-84)
was grown. Multilocation resistance of nine new
resistant sources was confirmed.



In the international ascochyta blight nursery
(FBIABN-84], seven out of 30 lines were rated
resistant to moderately resistant in Sweden,
Syria, and UK (Sel.. 8QLAT-14200-1,
14422-2,14434-1,14435-2, 150356-2, Sel.
79LAT-70015-1, and Sel. 79LAT-70015-3}.
In this nursery multiccation resistance was
observed in seven new resistant sources,

Data were returned from only Canada, Syria,
and Egypt for the international rust nursery
(FBIRN-84). Seven lines ware rated resistant or
maderately resistant in all three countries. Four
chocolate spot resistant lines (Sel.
B1LAT-24948-1, 24948-2, 24857-1, and
24694-1) included in this nursery were also
found to be resistant to rust in these countries. —
5. Hanounik and L.D. Robertson.
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Recombination of disease resistance with
local adaptation. Germplasm from Morocco,
Egypt, and Sudan was crossed with disease-
resistant and early and determinate lines at Tel
Hadya. In 1984/85 crosses will be made with
Ethiopian and Chinese germplasm to introduce
disease resistance. — L.0D. Robertson and S.
Hanounik.

Resistance to Orobarnche crenata. in 1983/84,
orobanche-resistant BPL accessions were tested
and 15 lines were found more resistant than
Syrian Local Large (Table 3). These lines will be
tested for multilocational resistance in the 1986
Faba Bean International Orobanche Nursery. —
L.D. Robertsori and 5. Kukula.

%}e 3 Seiection of 15 accessions from rescreening 120 BPLs for Orobanche crenats resistance in 1983/84 at QCAR-
DA.
i Number of Orobanche crenata shoots/faba bean plant
BEL 1983/847 1983/84 1981/82 1979/80
1390 1.6 1.10 112
?34 1.6 1.10 3.10
2.1 1.50 2.39
1924 3.3 2.00
257 3.9 2.20 4.30
1323 4.7 2.90 0.68
456 3.7 3.10
100 4.7 3.20 2.36
1342 3.7 3.20 4.00
879 6.0 -3.30
180 5.4 3.40 2.80
170 4.4 3.60 11.20
7162 54 3.60
1122 5.4 3.60 0.53
124 6.5 2.70 4.80
F402b 3.7 2.99
suc 10.9 8.14
L8SD (5%) 4.2

a.- Highest score in 1983/84.
b. Resistant check.
c. Susceptible check.
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Resistance to Bruchus dentipes. Twenty BPL
accessions that showed resistance to Bruchus
dentioes in the 1982/83 season at Tel Hadya
were rescreened in a replicated trial in 1983/84
(Table 4}, BPL 856 again showed a high level,

and BPL 747 a moderate level of resistance. In
1984/85 the mechanism of resistance will be
studied. — O. Tahan, . Cardona, and L.D.
Robertson.

Variation in vicine and convicine content.
Vicine and convicine have been implicated in
causing favism in susceptible humans upon
consumption of faba beans. In 1000 BPL ac-
cessions tested by the near-infrared spec-
troscopy, vicine content varied between 0.2 and
0.6% and convicine between 0.2 and 0.4%,

_ indicating the possbility of developing pure lines

of faba beans with low favogen contents. — L.D.
Robertson and P. Williams.

Variation in nitrogenase activity. Nitrogenase
activity was evalugted i 100 faba bean
genotypes by the acetylene reduction assay
{ARA) technique at various stages of growth
from 3 March to 6 May 1984, The aim was 1o
identify lines that displayed higher rates of ARA
for the longest time after the onset of flowering,
as this would increase availahility of fixed
nitrogen to the plants during pod filling. Large
variability was observed (Table 5}. The ARA pro-
files of three contrasting genotypes, 39 MB, BPL
770, and ILB 1814 are given in Fig. 3. It is clear
that 39 MB showed a higher level of nitrogenase
activity throughout the season than the best local
check, ILB 1814. Further, 39 MB maintained
this high level over an exiended period of
reproductive growth {1-22 Aprill, whereas the
ARA of BPL 770 fell rapidly over this period. —
L.D. Robertsan and J.G. Stephens.

Development of Improved Cultivars
and Genetic Stocks for Assured
Moisture Environments

Faba beans in most of the ICARDA region are
grown under high rainfall/supplementary irriga-
tion. In order to obtain high and stable yields,
genotypes with high vield potential and
resistance 1o Ascochyta fabae, Botrytis fabae,
Orobanche crepata, and Ditvlenchus dipsac’s are
needed. Emphasis was, therefore, placed on
developing such genotypes. In 1983/84, 209
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B Tel Hadya.

T:%ie 5. Nitrogénhéé ac1 iWﬁf some selacted faba bean genotypes as measured by ARA from 3 March to 6 May 1984,

{ ARA (uM CzHa/ml/plant/hr)
nge Maximum Minimum Mean Ranking out of
2 100 test genotypes
39 MB 58.225 0.258 15.855 1
e Mammoth 47.386 1.060 11.227 5
1814 17.748 0.011 8.535 20
496 30.605 0.023 12.032 4
. 310 20.474 0.337 8.642 , 18
.24 14.604 0.930 6.410 36
8 14.083 0.208 4.856 54
N 170 7.036 0.049 3.085 78
13 5.057 0.404 2.568 85
B 856 3.728 0.070 1.629 95
#4770 1.236 0.224 0.808 100
B1 m—— 39MB
51 O ILB 1814 _
of the 250 crosses made involved at least one
4 coo00o BPL 770 parent resistant to a pest (Table 8}. Three-way

Acetylene reduction activity (i mol CgHy produced/ml/plant/hr}

Date of sampling

Fig. 3. Acetylene reduction activity of three contrasting
faba bean lines after the onset of early flowering, Ted
Hadvya, 1984 {Means of six plants).

and back-crosses 1o disease resistance sources
will be made with seme of the crosses hsted in
Table 6 in the 1984/85 season. This should
increase the frequency of disease-resistant
selections in the segregating populations.

Table 8. Number of crosses made for each trait in the
18983/84 ssason (excluding crosses  for
determinate plant type}.

Trait Number of
crosses
Ascochyta fabae tesistance AQ
Botrytis fabae resistance 95
Bruchus dentipes resistance 10
QOrobanche crenata resistance 45
Uromyces fabae resistance 4
Multiple resistance 15
Low rainfall environments 15
Yield {European germplasm introgression) 26
Totai 250
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Yield potential. The faba bean breeding program
at ICARDA is schematically presented in Fig. 4.
This scheme makes use of an off-season nursery
at Shawhak, Jordan at the F1- and Fs-progeny-
row stage, resulting in a 2-year time saving.
Brassica napus is used to reduce outcrossing in
segregating populations, progeny rows, and
preliminary yield trials. Single-plant selections are
made among and within the Fz2 populations {at

Tel Hadya for yield and at Lattakia for disease
resistance} and Fa and Fa progeny rows grown
where selections are made for preliminary yield
trials {after off-season increase). Selections are
made from progeny raws and seed from accep-
table plants within rows is bulked. Lines are then
advanced through preliminary, advanced, elite,
and international trials using multilocation
testine

Crosses - Tel Hadya

l

Fy

F 9 Tel Hadya

Bressica \

Shawbak
a \F

Lattakia
screelnhouse

2

F 3 Bab Janneh
screenhouse

4»”//”//”

Progeny rows, Tel Hadya

Fa:Fs

- Brassica

I iIncrease Shawbak

SPS
Progeny rows

T.H. .
E H., Lat

4! F5

Brassica

{ncrease Shawbak

PYT
Screen for earliness
Egypt, Sudan

Regional yield ————————p FBISN

triai

e PYT - Brassica

PYT, AYT, EYT

AYT Large seeded
i Tel| Hadvya, Terbal,
Jindiress, Tunisia.
E¥YT
I, Smali seeded
Tel Hadya lrrigated,
l Vel Hadya Rainfed,
Terbol
FBIYT
On-farm
trials

Fig. 4. Faba bean breeding program at ICARDA.



Brassica napus was used for poilination control
for growing Fz populations, Fs progeny rows, and
prefiminary yield trials, and should have reduced
the intermixing of genotypes caused by bee
pollination, This will allow multilocation testing of
genotypes earlier in the selection scheme
because trial seed can be used for seed
multiplication purposes,

Replicated vyield trials of 1009 lines were
conducted at Tel Hadya with irrigation during the
1983184 season {Table 7). The highest vyield
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reported in a replicated trial was 4.9 t/ha. A total
of 204 entries exceeded the best check at the
5% probability level. Of these, 46 were large-
and 158 were small-seeded. At Terbol {Table 8},
1562 lings were tested in 4 replicated trials, with
7 lines exceeding the best check at the 5% pro-
bability level.

Thirty-six entries from the large-seeded faba
bean international nursery and 48 entries from
the small-seeded trial were tested at both Tel
Hadya and Terbol, At Tel Hadya, 4 and 8 lines

Table 7. Summary of results from faba bean yield trials, grown at Tel Hadya, Syria, during 1983/84.

h No.of  No of lines Grain yield (t/ha)
Trié" tested exceeding Best Trial Bast LSD1 Cv Best
S lines  best check line x check (5%} (%) check
? at 5%

FRI¥T-L 22 0 2.1 1.7 2.0£0.24 . N§ 28.2 ILB 1814
FBIYT-S 21 0 2.1 1.5 1.7:x030 NS 38.7 L8 1813
FBFE";’T-I 23 0 4.9 1.2 *1.310.44 NS 56.4 ILB 1814
FBAYT-L 46 Q 3.2 2.1 3.2120.49 0.96 32.5 ILB 1814
FBAYT-S 84 1 3.0 1.4 1.8+0.16 0.43 28.3 Le 1816
FBPYT-L 450 46 4.6 2.8 3.2+£0.09 0.50 14.6 LB 1817
FBPYT-S 279 137 3.9 2.4 2.8+0.08 0.47 19.7 ILB 1814
FBISN-L2 36 0 3.1 2.3 3.0+£0.36 1.00 30.7 ILB 1814
FBISN-52 48 20 2.1 1.5 0.8+0.22 .61 30.2 iLB 1820
1. Line vs. check.
2. Aso replicated.
NS = Not significant.
Table 8. Summary of resuits from faba bean yield trials. Terbol, Lebanen, 1983/84.

No.of Mo of lines Grain vield (t/ha)
Trial tested exceeding Bast Trial Best LSD? cv Best

fines best chack line x check {5%) (%) check

at 5%

FBIYT-L 22 1 2.7 1.9 1.9+0.22 0.62 23.5 ILB 1817
FBIYT-S 21 04 2.1 1.6 26x0.21 0.60 27.4 ILB 1813
FBAYT-L 333 2 4.6 2.9 3.0+0.06 1.04 17.8 ILB 1817
FBAYT-5 63 0 4.0 2.7 3.2+0.06 1.22 22.3 ILB 1818

1. Lines vs. check.

b. Number of lines significantly outyielding best small-seeded check (ILB 1818).
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exceeded the best check in the large- and small-
seeded trials, respectively, and at Terbol 19 and
3 exceeded the best check in large- and small-
seeded trials, respectively.

From 88 small-seeded and 274 large-seeded
lines tested in the preliminary screening
nurseries, 7 and 30 lines, respectively, were
selected for testing in preliminary vyield trials in
1984/85. Fifty-six determinate lnes were
grown in a preliminary screening nursery from
which 8 lines were selected for preliminary yield
trals in 1984/85. Alsc 43 single plants were
selected for increase and further evaluation. —
L.D. Robertson.

Disease resistance. Most disease resistance
work was carried out at Lattakia where en-
vironmental conditions are ¢onducive to the
development of natural epiphytotics. But in order
to ensure proper screening, artificial epiphytotics
were developed.

Ascochyta blight: Various sources of resistance
were used to make 40 crosses for ascochyta
blight in 1983/84 and these will be screened in
1984(85 at Lattakia. Of 22 Fs lines 8 were
found res'istant, with a disease score of 3 or
lower on a 1-9 scale, Of 88 Fs and 59 fs lines
screened, 26 and 36 lines, respectivaly, were
rated 3 or lower. The seed of these lines was in-
creased in off-season and the lines will be yield-
tested in 1984/85.

Chocolate spot: By adopting a two-cycle
screening technigue considerable progress was
made in identifying promising sources of
resistance to Botrytis fabae. Of 56 Fa lines
tested, 46 single-plant selections were made
and from 45 Fs lines, 13 lines were found resis-
tant. Seed from the Fa and Fs selections was in-
creasaed in the off-season and will be yield-tested
in 1884/85. From F2 populations 46 single-
plant selections were made for screening i the

1984/85 season. A total of 95 crosses were
made and the F1 grown in the off-season. These
will be screened at Lattakia in the 1984/85
season.

Multiple disease resistance: Selections were
made in the Fa for crosses combining resistance
to two or more diseases. From 7 Fa lines com-
bining ascochyta blight and chocolate spot
resistance 465 single plants with resistance to
both diseases were selected. Twenty-two
single-plant selections were made from 2 F4 lines
combining chocolate spot and rust resistance
and 18 single-plant selections were made from 2
Fa lines combining ascochyta blight and rust
resistance. These selections will be rescresned
at Lattakia in 1984/85. In addition, 15 crosses
were made in 1984/85 for multiple disease
resistance.

Durable disease resistance: Crosses have been
made between different sources of resistance to
ascochyta blight, chocolate spot, and rust. From
17 Fz2 chocolate spot resistant populations, 31
single-plant selections were made, from 32 Fz
ascechyta  blight resistant populations, 68
single-plant selections were made. From one Fs
popuiation each for ascochyta blight and rust
resistance, 5 and 8 single-plant selections were
made, respectively. These Fz and Fa selections
were increased in the off-season and will be
rescreened for disease resistance in 1984/85.
Their agronomic performance will be evalugted
at Tel Hadya in 1984/85. — S, Manounik and
L.D. Robertson.

Determinate faba bean genetic stocks. The
determinate growth habit is of potential impor-
tance in faba bean production areas which are
either irrigated or highly fertile. By curtailing
vegetative growth, which is currently excessive
under these conditions, a corresponding increase
in harvest index can be obtained.



Faba Bean 161

The determinate mutant from Northern Europe
is poorly adapted to the Mediterranean environ-
ment, and efforts are being made to transfer the
character into an adapted background. In
1983/84, 323 crosses were made involving at
least one determinate parent. Progenies were
increased in the off-seascn and Fz populations
will be screened for determinate plants in the
1984/85 season.

From Fz populations grown in the 1983/84
season, 3000 single plants for Fz progeny rows
were harvested and 66 single-plant selections
were increased in the off-season and will be
tested in yield ftrials in the 1984/85 season.
Seed of 290 determinate single plants from
determinate preliminary yield trials and 43 single
plants from dgterminate preliminary screening
nurseries was increased in the Shawbak off-
season nursery and will be tested at Tel Hadya in
preliminary vyield trials in 1984/8b for deter-
minate lines.

Yield tests of 93 determinate lines were con-
ducted in the 1983/84 season. Table 9 gives
the results for the 10 best determinate lings and
the check. These results are more encouraging
Large seed size and long pod characters are being incor- than in previous years in that yields of the 10
porated into the determinate-type faba beans. best determinate lines were in the same range as

Talie 9. Performance of the 10 best determinate lines and the check in preliminary determinate yield trials, Tel Hadya,
Syria, 1983/84.

Grain yieid 100-seed Flowering Plant height
(t/ha) weight date fcm)

Line gl (days)
S82223-2 2.12 55 92 43
S89226-37 2.50 80 96 33
$82229-38 2.18 85 99 50
$82229-35 2.02 75 94 44
$B2236-4 2.14 65 100 40
$82237-31 2.40 20 96 52
582237-50 2.34 90 95 45
$82238-38 1.98 90 a5 40
$82238-40 257 100 94 41
$82238-45 2.53 90 29 38
ILB 1814 2.79+0.187 230 96+0.6 64+2.0

LSD {6%) 0.645 3.2 6.9
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the indeterminate check. Last year the vield of
the best determinate line was 40% less than that
of the best indeterminate check. This indicates
that continued backcrossing is increasing the
adaptability of the determinate lines and breaking
unfavorable linkages. — L.D. Robertson.

Cultivars for Low-Rainfall
Environments

Efforts were cantinued to develop high and
stable yielding faba bean cultivars and agronomic
practices capable of producing an economic
yield of dry seed in low-rainfall (300-350 mmj
environments so that farmers there may get
another crop option and may diversify their
cropping, The total seasonal rainfall during
1983/84 at Tel Hadya was 23Q mm. Faba
beans are normally grown only with supplemen-
tary irrigation with this amount of rainfall.

A total of 15 crosses were made with lines
selected for low-rainfall conditions. Seed of these
crosses was increased in the off-seascn and will
be screened in 1985/886.

in 1983/84, 289 lines were tested in rainfed
vield trials. Because of very low rainfall, vields
were lower than normal and differences among

lines were less pronounced. A total of 51 lines
outylelded the best check (P = 0.05), and the
highest yield in a replicated trial was 1.17 t/ha
{Table 10). Work now is being concentrated on
small-seeded lines for low-rainfall conditions to
facilitate mechanical seeding and harvest. —
L.D. Robertson,

Breeding Methods
Studies on Qutcrossing

In breeding programs, outcrossing due to insect
poliinatars is undesirable because it makes it dif-
ficult to maintain the genetic identity of different
lines. To prevent oulcrossing, cumbersome and
costly methods of isolation, such as widely
separated plots, insect-proot cages, or individual
bagging of pfants with nylon nets are usually
employed. Inthe 1982/83 season, 9mx 12 m
faba bean plots were surrounded by 8 m wide
strips of Brassica napus or triticale. In another
field the plots were separated by 6 m strips of
bare ground as a check. The results of boe
counts on faba beans showed greatly reduced
bee activity with Brassica napus isolation
{ICARDA Arnual Report 1983). The outcrossing

mdermm?edcﬁndmmsat e!Hadyar}u ing the 1983/84.season, Ly '

- Grain visld tha) -
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rates in these plots were scored in 19284 but did
not relate to bee activity recorded, with no
significant differences among the treaimants.
The average outcrossing was 11.0% £ 4.19%,
regardless of the isolation method.

This discrepancy between bee activity and
outcrossing counts may be because of late plan-
ting of the bare-ground check, which affected
plant growth and perhaps, therefore, bee visits.
Another possibility is that the bee counts con-
sider the number of times bees come in a faba
bean plot and how long they stay, while the out-
crossing marker design used measures only the
number of times bees come into a plot, that is
crossing between different plots of faba beans,
Crossing within the plot wouid not affect the
outcrossing rate measured. Sc if bees came in
the bare-ground plot the same number of times
but stayed longer than with Brassica napus that
would not show. Qutcrossing can be broken
down into intra- and intergenotypic cCrossing.
Simple marker gene method does not permit
measurement of intragenotypic crossing.

in 1984/85, crossing within faba bean plots
under the different isolation methods wiil be
studied by planting rows of white-hilum lines
within a black-hilum plot of faba beans. Crossing
between single and double rows will be studied
on bare ground. This, with the continuation of
the previous study, should give measures of
crossing between and within plots separated by
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bare ground and Brassica napus. Also, the effect
of 1-, 2-, and 4- m wide strips of Brassica napus
will be studied with faba bean plots of different
sizes{bmx12m,12mx12m,and 12mx 18
m). — L.D. Robertson and C. Cardona.

Studies on selection criteria. A subset of the Fz
populations from 15 crosses (b large x large, b
large x small, and 5 small x small-seaded
parents) was grown at Tel Hadya and studied for
yield and yvield components. Table 11 shows the
correlations among the various yield components
and yield. The highest correfation with yield was
number of seeds/plant, while the easiest trait to
select for, number of pods/plant, also had a very
high correlation with number of seeds/plant. The
relation of these traits 10 yield will be studied by
path coefficient analysis to determine direct and
indirect effects. — £.0. Robertson, Lang L/ Juan,
and M. El-Sherbeeny.

Faba Bean Diseases and Their
Control

The most important diseases of faba beans in
West Asia and North Africa are chacolate spot,
ascochyta blight, rust, and stem nematodes. Use
of resistant cuitivars is believed to be the most
practical means of control of these diseases, and

Table 11. Correlations among yield and yield components for 2098 Fa single plants, Tel Hadya, 1983/84,

No. of No. of No. of 100-sead Podded Pod Pods/
Trait pods/piant  seeds/plant  seeds/pod weight nodesjplant length node
Seed vield/plant 0.415** 0.587"* 0.233** 0.293*" 0.288*"* 0.405** 0.144"*
No; of padsiplant 0.834** -p.225** -—-0.419** 0.685"* -—-0.330** - 0.350*"
N of seeds/plant 0.2i8"* ~0.440*" 0.561** -0.126*" 0.302**
No: of seeds/pod -0.044"* -~-0.161"" 0.336"* -0.079

100-seed weight
Potdded nodes/plant
Pod length

-4.287"" 0.5633** -0.185"
-0.267*" -0.311*"

~0.091

* " Correlation ceosfficient significant at P S 0.01.
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efforts in this direction have bean outlined in the
previous section on development of genetic
stocks and cultivars. For developing suitable
protection strategies, studies on epidemiolcgy of
the diseases and scope of chemical control in
combination with host resistance were under-
taken in the 1983/84 season at the Lattakia
subsite.

Epidemiological Studies

Susceptibility of different plant parts to B.
fabae and A. fabae. Information on the suscep-
tibility of different faba bean plant parts 10
Botrytis fabae and Ascochyta fabae was col-

lected to gain a better understanding of the
epidemiology of these diseases, and also to help
improve the current fungicidal control strategies
and screening techniques for hosl resistance.
Healthy feaves, pods, and b cm segments of &
similar physiological stage were taken from the
sixth node of Syrian Local Large {ILB 1814) faba
bean grown in the field, laid flat on moist sponge
sheets in metal plates and inoculated separately
with B, fabae and A. fabae. After 6 days, infec-
tion was rated on a 1-9 scoring scale where 1 =
1-25% necrosis, 3 = 26-b0% necrosis, b =
51-75% negcrosis, 7 = 768-100% necrosis, and
9 = necrosis spreading beyond the inoculating
droplet. Results indicated that plant organs were
in general less susceptible to B. fabse and A.
fabae {(Fig. b) at the 10% podding stage than at

- 10% podding 100% podding
, A’
5 D Batrytis fabae L
a A
A
m’ﬁ] Ascochyta fabae ;
s
B
7 -
8
z
2
2 6
2
2 b’
a] T
i
3 - b é
¢
) z
o - }
Leaf Stem Pod Leaf Stem Pod

Fig. 5. Laboratory test on the susceptihility of different plant organs in faba beans to Fotrytis fabae and Ascoechyts fabae,
Means with different letters are significantly different {P<0.01) according to Duncan’s Multiple Range Test.



the 100% podding stage. At 10% podding
stage, leaf tissue was significantly {P = 0.01)
mare susceptible to these diseases than either
stemn or pod tissues. However, at the full podding
stage, ‘eaf tissue was significantly (P = 0.01]
more susceptible than stem and pod tissugs only
in case of B. fabae, and all the tissues were
equally susceptible to A. fabae (Fig. 5). These
results indicate that plant tissues become in-
creasingly susceptible to these diseases with ajge
and thus early chemical freatment is important to
prevent inoculum build up.

Survival of A.fabae in stored seed and stem
debris. Survival of Ascochyta fabae in stored.
seed and infected stem debris in the field was
studied during the 1981-83 seasons at Latlakia.
Results indicated that the fungus survived for a
significantty {P = 0.01) ienger period in stored
seed (Fig. 6) than in unburied or buried stem
debris in the field (Fig. 7). The viability of A.fabae
was maintained for 12 months in the stored
seed, after which the percentage of seeds that
yielded the pathogen decreased significantly
(Fig. 6). In the unburied debris, the pathogen re-
tained viability for 9 months and by 15 months
the recovery of the pathogen was negligible (Fig.
71, while recovery of the pathogen from buried
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Fig. 8. Langevity of Ascochyta fabae in faba bean seeds
stored under normal ambient conditions at Lattakia.
Means with different letters are significantly different
{P<.0.01) according to Duncan’s Multiple Range Test.
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Fig. 7. Longevity of Ascochyta fabae in faba bean stems
in the field at Lattakia. Means with ditferent letters are
significantly different (P<<0.01} sccording to Duncan’s
Multipie Range Test. Buried debris was not detectable
after 9 months.

stemn debris decreased significantly after 6 mon-
ths. The 4. fabae isolates from stored seeds and
unburied and buried stem debris retained their
pathogenicity for at least 24, 12, and 6 months,
respectively (Fig. 8).

These results indicate that the recurrence oOf
ascochyta blight in faba bean fields is dug mainly
to the survival ot A fabse n infected seeds and
unburied stems. Therefore, plowing infected
plant debris in the soil and the use ot clean seed
shouid reduce the spread of the pathogen.
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Fig. 8. Pathogenicity of Ascochyta fabae from stored
seeds and unburied and buried stems of faba beans as af-
fected by time.
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Chemical Control of A.fabae and
B.fabae

Two experimerts wete conducted to study the
influence of some fungicides on the development
of chocolate spot and ascochyta blight using a
modified detached teaf technique. Healthy leaves
of similar physiological stage were taken from
the sixth node of plants of Syrian Local Large (ILB
1814} faba bean and laid flat on a moist sponge
lining in shallow metal pans. They were sprayed
with a fine mist of eight different fungicides and
inoculated separately for each disease with Q.1
ml droplets of spore suspension coniaining either
5 x 10% or 3 x 105 spores of B.fabae or A fabae,
respectively. The pans were then covered im-
mediately with polyethylene sheets and in-
cubated for & days at room temperature {20 +
2°C}. Infection was scored on a 1-2 scale, as
indicated earlier.

The resuits indicated that Ronilan 50 WP
(vinclozolin) and DCNA {dicloran) ware
significantly more effective against chocolate
spot (Table 12), whereas chlorothalonil and

mancozeb were  significantly more  effective
against ascochyta blight (Table 13), than the
other fungicides tested. All fungicides
significantly reduced disease development
compared with the untreated contraol,

A study was conducied in 1982/83 at Lat-
takia relating time of fungicide apuplication to
various durations of leaf wetness and its effect
on chocolate spot development. This study was
continued in the 1983/84 season but included
additional disease-related parameters that could
easily be seen in the field and used by growers to
determine timing of fungicide appiication. Six
treatments were evaluated: A = chemical spray
started when disease first observed, and sprays
continued at 2-week intervals unitl 4 sprays were
given, B = spray started when disease first
observed, then one application for each increase
of 2 tesions {2 mm diameter) per leaf C = spray
started when disease first observed, then one
application for each increase of 4 lesions per
leaf: D = spray started when disease first
observed, then subsequent .sprays whenever
water film stayed on leaf until @ a.m.; E = first
application at early bloom (10% plants in flower)

traatments on

action was evaluated on ICARDA' 19 rating
mbers - followed: - by dlfferent Jetters’ are
; 'ferent [P =001 laccordmg to Duncan &

Multlpia"ﬂange Testh. -



then one application every 2 weeks until late
pedding; and F = untreated check. Stugy was
carried out with the faba bean genctype ILB
1814 and the fungicide used was Ronilan 50
WFE (vinclozolin} at Zg/liter. QObservations of
disease development on leaves at the fifth and
sixth nodes were collected daily from randomly
selected plants in all treatments. The first spray
was applied on 26 February in treatment E, and
on 1 March in A, B, C, and D, The test was ter-
minated on 30 April 1984, The number of
fungicidal applications and disease severity are
given in Table 14. Although the disease severity

B3 WP {vinclozolin) spray
31814 faba bean at Lattakia,

Trefiment Jurmber. of ‘sprays Disease
nE ‘Ronila severity?
£ 20a
B 3.0b
A 3.6b
C 36b
D BO0c
F (water only) 7.5d

—_

. See text for treatmenivaéséri-ption.

2. Disease ratings were madeg-on ICARDA’s 1-9 rating scale
frumbers followead by _;t:lj‘f,f_érem letters are significantly

- different 1P =.0.01) ‘aceording to Duncan’s Multiple
Range Test). ...

was lowast in treatment E, which received most
sprays, delaying the application untii disease was
observed and following the regime of subsequent
sprays as given in treatments B and Crresu\ted _'m
a reduction of 2 and 3 sprays, respectively, while
maintaining geod disease contiol. The regqhs
highlight the importance of scheduling fungicide
application according 1o disease development
rather than crop phenclogy.
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Survival of Stem Nematode

The stern nematode {Dirylenchus dipsaci) is a
destructive seed- and soil-borne pathogen of
faba bean. Its wide host range makes it of par-
ticutar importance. Knowledge concerning its
survival in faba bean seeds and debris is
fragmentary. Therefore an experiment was in-
itiated in 1981 to study the survival of D.djpsac/
in heavily infested seeds of ILB 1814 faba bean
stored at narmal room temperature (20 + 2°C)
and in infested faba bean stems buried 10 cm
deep in a plastic mesh in the field. Nematode
larvae were extracted at various time intervals
and their pathogenicity tested. The nematode
survived for a significantly (P £ 0.01) longer
time in stored seed than in buried stems (Fig. 93,
The number of nematode larvae which could be
axtracted from seeds and stem tissues declined
slowly aver 24 and 9 months, respectively,
thereafter falling rapidly. The seed-borne larvae
remained pathogenic to faba beans during the
entire 3-year period. Larvae extracted from
burted stems remained pathogenic up ¢ 9 mon-
ths of storage, beyond which pathogenicity tests
were not possible due to lack of recovery of lar-
vae from the buried stems. The results illustrate
the need for clean seed and removal of infested
debris to reduce perpetuation of infection from
one season to the other, — § Hanounik.

Faba Bean Insects and Their

Control

Studies on insect control for different crop
growth stages were continued. The comparative
gconomic importance of sitona weevils and
aphids was evaluated and critical periods and
damage levels for appropriate aphid control_ were
identified. Further studies on the economic Im-
portance of Sitona spp. were conductl_ed a_nd the
relative efficiency of insecticidal combinations to
contral this pest evaluated. The biology of the
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{Fig. 10), although the scattering of the points
suggests that it can still be improved. These
scales are easy 1o use for timing of aphid controt.
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Fig. 10. The regression of aphid visual damage and in-
festation scores on the yields of faba beans, Tel Hadya,
1983/84,

Another important finding from these studies
was that the pod-filling stage seems to be &
critical period for aphid damage. As shown in Fig.
11 single spray late in the flowering period,
prevented insect damage during the pod-filling
stage, and gave a significant increase in vield
{Table 18).

in another triat in which aphigs were controlled
too early, reinfestation occurred during the pod-
filling period. Yield losses in this case were 58%
(Table 17}, whereas when the spray was

Flowering Pod filling

47

No aphid
control

One spray

Aphid visual damage score
Ky

— S —— T
1 6 16 21 31 85 13 20 4
Mar Apr Mayi

Fig. 11. Effect of one critical spray with pirimicarb on the
lavels of damage caused by the faba bean aphid, Aphis
fabae, Tel Hadya, 1983/84,

asrs of 1-4 visbal scale (1=
4. Mmémum yiald incrégse reqmremem

severe damage). :
increase in uesﬂ price of the commodltv
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Table 17. Yield of Syrian Local Medium faba beans under different aphid control regimes, Tel Hadya, 1983/84.

Visual damage scores’ Seed yield
Regime at pod-filling stage kg/ha % loss
Sprayed periodically 1.0 1676 - '
One preflowering spray? 3.8 733 56.2
One postflowering spray? 2.6 1371 18.2
Unsprayed {(check) 4.0 66 896.0
SE+ 0.18 t08.2 -
CV {%) 1.1 225 -
1. Scale: 1 = no damage; 4 = severe darmage.

2, Pirimicarb, 0.15 kg a.i./ha, at the onset of flowering.

3. Pirimicarb, 0.15 kg a.i./ha, at the initial pod-filling stage.

delayed until the beginning of the pod-filling
stage, vield losses were only 18%. Combina-
tions of different insecticidal regimes based upon
visual and infestation scores at different crop
growth stages will be studied next season.

Economic Importance of Sitona spp.

The evaluation of the economic importance of

Sitona spp. {mainly Sitona limosus) continued.
The resuits confirmed our previous findings: even
at the relatively high level of 40% nodule
damage, there was no significant response in
vield {Table 18} to highly efficient larval control
with granular insecticides or to the combination
of larval and adult control, This pattern has been
cansistent throughout the trials and seasons and
it is now proposed to discontinue the study of the
economic importance of Sitona spp.

Table 18. The efficiency of insecticidal combinations to control Sitena spp. weevils in faba bean and their effect on

yields, Tel Hadya, 1983/84.

Aduit Larval % efficiency Seed yield
caontrol’ contcol? against against kg/ha % increase
adults larvae

Yes Heptachior 56 98 2392 22.7
Carbofuran 63 09 2374 21.8
No 37 17 221 16.5

No Heptachlor 18 100 2310 18.5
Carbofuran 54 96 . 2324 19.2
No 1949

F for yields: NS

CV for vields: 25.5%

1. Four sprays with methidathion, 0.5 kg a.i./ha.

2. ‘With heptachlor G, 2.0 kg a.i./ha or carbofuran, 1.0 kg a.i./ha.
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Biology and Phenology of the Stem
Barer

Studies on the biclogy and phenology of Lixus
algirus were completed. Fig. 12 shows a typical
pattern of biological developmeant. Aduits come
out of diapause in late December/early January,
mate, and lay eggs on normally sown
(November) crops. The peak of adult and
ovipositian activity occurs during January and
February. Egg hatching starts in mid-February
and by early March nearly all of the plants will be
infestad with an average of one larvaistem. By
this time chemical control is practically impossi-
ble because the larvae are weli protected inside

—~10 ..., Nov®
® 8 Peak of oviposition L RRCRTTEITITSL LL sowing
'g & 5—,.».4_. Larval and pupal develapment
8 -

= 4 - M

- - Dec 9
w 2 o .

£ o sowing
5,-"-, o7 T T T T

Jan Feb Mar Apr

Fig. 12. Seasonal development and relative abundance of
faba bean stem borer as affected by two sowing dates,
Lattakia, 1983/84,

the sterns. Any control measuras would have to
be taken in January when the adults are feeding,
mating, and laying eggs. Later-sown crops are
‘ess affected (Fig. 12) because they escape the
period of maximum adult activity, — C.Cardona.

Pollinating Insects and Pollination

The survey and identification of faba bean
pollinatars in Syria continued. Eucera cincra and
Synhalonia aff. hungarica were found to visit
faba bean flowers less than honey bees (Apis
melliferal and solitary bees (Anthophora
canescens). As in 1982/83, A.melifera and
A.canescens accounted for approximately 90%

of the visits to faba bean flowers. A.meffifera was
more abundant than A.canescens throughout
the season.

The effect of different widths of Brassica
napus strips on the number of pollinators visiting
faba bean flowers was studied, No significant
differences were found between 4-m, 2-m, and
1-m strips (Table 19), suggesting that the area
planted to Brassica napus can be reduced
without losing its effectiveness. — C. Cardona
and L.D. Robertson.

Weed Control . ;

The vield reduction due to weeds in rainfed faba
beans at Tel Hadya and Terbol was estimateq (o
be 50 and 35.7%, respectively. The domirfant
weed species at both locations were an:pf's
arvensis, Carthamus syriacus, Fhalaris
brachystachys, Avena sterifis, and volunieer
cereals, |

A preemergence spray of terbutryne (Igranii| at
2.b kg a.i./ha along with 0.5 kg a.i./ha of pro-
namide (Kerb) gave good weed control and



significantly increased seed vield (P = 0.01)
over weedy chack at both locations. Al Tel
Hadya, preemergence application of 3.0 kg
a.i./ha of methabenzthiazuron {Tribunil} followed
by postemergence application of 0.6 kg a.i./ha
of fluazifop-butyl (Fusilade) also gave good
broad-spectrum weed control.

Studies were alsg carried out on herbicidal
control of Orobanche crenata. None of the newly
tested chemicals (trifluralin, maleic nydrazide,
mefiuidide, and pronamide! proved effective.
Three glyphosate applications at 0.08 kg a.i./ha
proved goad, and gave a highly significant in-
crease in seed vyield of ILB 1814 faba bean
grown in rainfed conditions at Tel Hadya. —
S.Kukula and M.C. Saxena.

Crop Physiology and Production
Agronomy

Environmental Constraints to Produc.
tion

The cooperative study with the faba bean
research group of the European Economic
Community on “'Growth and development of
faba beans in relation to specific environmentat
conditions'’ was continued during the 1883/84
season, using two European (Minica and Herz
Freya) and two Mediterranean {Aquadulce and
Giza 3) types. The effect of soil moisture supply
as well as major mineral fertilizer nutrients was
studied using the foliowing three treatments:

A, Maximum growth conditions: artificial
roating medium, fertilized four times with
liquid fertilizer {100 kg N + 33 kg P + 33
kg K/ha, each time), assured moisture
supply through supplementzl irrigation,
complete protection against diseases,
pests, and lodging.

B. Normal soil and cultural environment, fer-
tilized with 100 kg triple super-
phosphate/ha, assured moisture supply
through supplemental irigation.
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C. Same as B, but without supplemental ir-

rigation.

The effects of these treatments on productivi-
ty, harvest index, and water-use efficiency of the
four genotypes are shown in Table 20,

The results confirm our last year’s observa-
tions that the Mediterranean genotypes are more
productive and exhibit better water-use efficien-
cy than those of European erigin. Since rainfall in
1983/84 was low (230 mm), supplemental ir-
rigation resulted in large increases in yield. Im-
proved nutrient supply further increased vyield,
without greatly atfecting the harvest index in the
Mediterranean types and only slightly reducing
the harvest index of Minica. Herz Freya was
damaged by a severe infestation of Orobarnche
crenata in treatment B, and hence no yield data
could be cbtained. The Mediterranean genotypes
had higher harvest indexes in all three treatments
than the European genotypes.

The effect of the above treatments on the
nitrate reductase activity (NRA) of faba bean was
also studied, in collaboration with Birkbeck Col-
lege, London. The NRA values are given in Table
21. The genotypes tested had only small dif-
ferences in their NRA, and the values were
relatively lower than those usually recorded for
cereals. As would be expected for an inductive
enzyme, application of large amounts of N fer-
tilizer increased NRA severai-fold. Differences in
moisture supply did not conspicuously affect
NRA. — M.C. Saxena, M.V. Murinda, N. Smir-
noff (Birkback College, London).

Cold Tolerance

Faba beans in parts of West Asia are frequenitly
exposed o periads of low ternperature [(below
0°C). During winter 1981/82 and 1982/83
there were 39 and 51 nights of subzero
temperatures, respectively, and extensive
damage was observed in early-planted crops.
This reduced the yield advantage expected from
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early sowing. Hence in 1983/84 a trial was
conducted to evaluate the cold toterance of 36
genctypes originating from different
agroecological regions fram Sudan to North

Europe, by sowing them in October and
December 1983. The 1983/84 season,
howeaver, was not as cold as previous seasons

and only the very early genotypes Hudeiba 72,
Brimo, Lawi, Jubilee Hysor and Burnyard Exhibi-
tion showed frost damage to flowers and some
mortality was observed in Hudeiba 72 and Baryl.
No effects were observed on the ofher
genotypes, The study will be repeated in
1984/856.



Growth and Flowering Studies on
Determinate Types

The growth, flower- and pod-set, and yield of a
determinate mutant bulk line {DMB)} were com-
pared with those of the indeterminate Syrian
Local Large faba bean {ILB 1814) at normal
{22.2 plants/m?} and high {50 plants/m?} plant
population .levels at Tel Hadya during the
1983/84 season. Dry-matter production of ILB
1814 was double that of the DMB at various
stages of growth (Fig. 13). Interplant competi-
tion, as determined by comparing the dry matter
per plant in the two populations, did not occur
until the early podding stage in ILB 1814 and in
DMB it occurred still later. DMB produced more
flowering stems per plant because of greater
branching, associated with breaking of apical
dominance due to the terminal inflorescence.
The flower- and pod-set in the two genotypes is
shown in Fig. 14. Only a small percentage of
flowers set pods, of which approximately 50%
did not reach maturity. Only 2.2 and 3.7% of
flowers produced mature pods in ILB 1814 and
DMB, respectively, at 22.2 plants/m2, and 2.5
and 5.3%, respectively, at 50 plants/m?, show-
ing the large wastage of flowers. Incorporation of
an independent vascular supply character, may
reduce abortion, and work on this has started in
collaboration with the University of Durham, UK.

Water-Use Efficiency in Faba Beans for
Low-Rainfall Environments

in very low-rainfall environments, the growth of
faba bean is poor. The canopy cover is generally
inadequate, permitting evaporative losses of soil
moisture. At a given plant population, reducing
row spacing by increasing the spacing within
rows mighf result in complete canopy cover early
in the season, which would reduce evaporative
loss from bare ground and permit greater light
interception, and thus increase productivity and

Faba Bean 175

A—ADMB 50 pl/m<

357 s —apme 222 pl/m2
e—»ILB 1814 50 pi/m?
o—=cILB 1814 222 plm?2

30
LSDI

25 4 8%

E
©
3 20
]
T
k]
-
=
2 15
o
o
S
0
=
[e]
- 10 <
5 -
(o

I | 1 T 1 1 1
8Dec 8Jan 7Feb BMar 6Apr 6 May 6 June

Date of sampling

Fig. 13. Total biological yield (g/plant} of ILB 1814 and
DHB sown at 22.2 and 50 plants/m? at Tel Hadya,
1983/84.

water-use efficiency. In 1983/84, a trial was in-
itiated to investigate the yield performance and
water-use efficiency of some faba bean
genotypes known to do well under low rainfall,
grown at two populations {22 and 44 plants/m?)
and two row spacings (22.5 and 45 ¢cm). Soil
moisture was determined for all freatment com-
binations for Syrian Local Large {check
genotype) and in one treatment combination {22
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Fig. 14. Mean number of flowers, young pods, and mature pods per node per stem in ILB 1814 and DMB at 22.2 and 50

plants/mz?, Tel Hadya, 1983/84.

plants/m2 in 45 cm row spacing) of the other
seven test geiotypes, using a neutron probe.
The early root growth of these genotypes was
also studied separately in pot-culture in the
plastic house.

Because the season was very dry {230 mm,
with unsatisfactory distribution), the growth and
vield were extremely poor and the main effects
were nonsignificant, Genotype x plant popula-
tion, genotype x row spacing, and the second-

order interaction were significant but with little
logical trend {Table 22). Data . on
evapotranspiration and water-use efficiency. are
presented in Table 23. Lines 80§ 443568 and
B80S 44367 were more efficient in their water
use than the other genotypes including  ILB
1814. Narrow row spacing resulted in greater
water-use efficiency at both population Ievejs in
LB 1814. 1
Changes in the soil moisture profile for ILB
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Table 22. Seed yiald ;ﬂé;"!h:a'}_ of ILB 1814 and seven other genotypes (identified for rainfed conditions} at 22 and 44
plants/m? and 22.5-and 45.0 cm row spacing, Tel Hadya 1983/84.

Seed yield kg/ha

) 45.0 cm row spacing 22.0 cm row spacing
Ganotype 22 plim? 44 plim? 22 plim2 44 plim?
8085 64214 476 633 499 480
808 43858 462 490 430 596
808 443568 666 369 " 499 481
808 45067 513 365 666 536
805 44815 504 550 638 420
808 44367 656 462 o 425 434
BOL 90121 434 564 518 555
ILB 1814 494 485 559 569
Maan x Population 526 4390 537 510
CVI%) = 19.6

F values LSD (5%}
Genotype G NS Rin G 100
Row spacing R NS
G xR S GinR 100
Population P NS
PxG s PinG 100
P xR NS GinP 100
PxGx R s

Table 23. Seed yield, evapotranspiration (E;). and water-use efficiency of ILB 1844 at 22 and 44 plants/m® and &t 22.5
and 45.0 cm row spacing and for seven other genotypes at 22 plants/m? and 45.0 ¢m row spacing at Tel
Hadya under rainfed conditicns {230 mm), 1983/84.

Population and Seed Ev : Water-use efficiency
row spacing yield frm} {(kg/ba/mm ET)

Genotype combination? {kg/ba)

808 64214 P1 Rz 476 150.2 317

BOS 43856 P1 Rz 462 157.8 2.93

BOS 44358 P1 Rz 666 163.7 A.07

808 45057 P1 Az 513 . 1815 3.18

805 44815 P+ Rz 504 152.6 3.30
B80S 44387 P+ Rz 656 155.4 4.22

BOL 90121 : P1 Rz 434 158.0 ) 2.75

itB 1814 P4 Rz 434 160.1 3.09

LB 1814 . P1 R4 659 166.3 3.38

tB 1814 P2 Rz 485 161.86 3.00

ILB 1814 Pz R1 569 162.4 3.50
Mean 159.0

1. R1and Rz = 22.5 and 45.0 cm row spacing; P1 and Pz = 22 and 44 plants/m?2.
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1814 for different treatment combinations are
shown in Fig. 15. At tow population and wider
row spacing {22 plants/m2 and 45 cm spacing),
ILB 1814 extracted maisture from deeper layers.
At the increased population, extraction was more
from top layers. Visua! chservations revealed that
plots with higher population showed signs of
moisture stress earlier than those with lower
population and perhaps the increased interplant
competition for water early in the season af-
fected the growth so adversely that plants could
not extract maoisture from deeper layers.

Response to Plant Population and Row
Spacing

Response of local faba bean landraces to three
plant populations (30, 45, and 60 plants/m?2)
and four row spacings (30, 40, 50, and 60 cm)
was studied with assured moisture supply at

Terbol and Tel Hadya, and with limitad moisture
supply (rainfed, 230 mm) at Tel Hadya. With
assured moisture supply, there was no signifi-
cant effect of increasing plant population,
afthough the light interception showed a con-
siderable increase {Fig. 16). This reflects the
growth plasticity of the faba bean landraces
used, There was a positive response to reducing
row spacing from 60 to 30 cm at both sitss,
reflecting an advantage from less rectangular
planting geometry, particularly at high population
levels.

In the rainfed environment at Tel Madya, with
prolonged drought in mid-season and a total
seasonal precipitation of only 230 mm, the crop
showed severe moisture stress, particularly at
high plant populations. The overall yield in this
trial which was sown on 4 November was only
261 kg/ha as against about 600 kg/ha obtained
with the same genotype in an adjoining experi-
ment sown on 1 December 1983. The early
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Fig. 15. Soil moisture content in different soil layers (cm water/16 cm soil layer! at highest recharge and at physiologidal
maturity of ILB 1814 at 22 and 44 plants/m? and 45 and 22.5 cm row spacing under rainfed conditions at Tel Hadya,

1984,
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Light interception of faba bean canopy being measured to evaluate the effect of plant density on productivity.
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Fig. 16. Percentage of light interception in irrigated ILB 1814 faba bean at different stages of growth in four row spacings
and four plant populaticn levels, Tel Hadya, 1983/84.
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onset of rain and warm weather sarly in the
season encouraged the vegetative growth of the
crop in November-sown experiments, which
probably exhausted the limited moisture supply
well before the major reproductive growth and
thus resulted in poorer seed vield.

Management Practices

The performance of an irrigated crop of ILB
1814 faba bean was examined at Tel Hadya in a
factorial trial with two levels of four different
rmanagement practices: plant population {22 and
44 plants/m?), phosphate fertilizer, aldicarb
(Temik) to control nematodes, and glyphosate
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{Lancer) to conirol Orobanche crenata. The field
was low in available phosphorus (Oslen’s ex-
tractable P<2 ppm) and was infested with root
lesion nematode {(Pratylenchus thornes) and
Orobanche crenata. The results are shown in Fig.
17. Seed yield was not significantly affected
when any of the managemeant treatments was
applied at improved level singly. Application of
10 kg a.i./ha of aldicarb along with. 50 kg
Pz0s/ha significantly increased seed vyield by
12392 kg/ha over the low-input check, making
the treatment economically viable. The com-
bination of glyphosate (0.08 kg a.i./ha, three
times, starting at 10% flowering and repeated at
15-day intervals), aldicarb, and phosphate fer-
tilization gave the largest increase in seed vieid of
1897 kg/ha over the low-input check.
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Fig. 17. Effect of four management practices {plant population, aldicarb appiicaticn, glyphosate application, and
phosphate fertilization) at two levels on the seed yield of irrigated ILB 1814 faba bean.



This trial clearly shows the importance of
combhining improved management factors in
realizing the high yield potential inherent in faba
beans. -— M.C. Saxena and M. V. Murinda,

Lentil Improvement

The emphasis of lentil improvement work at
ICARDA continued on development of cultivars
and genetic stocks with appropriate phenoclogy
and high and stable yields for each of the three
maijor agroecological regions of lentil production.
Information on the agroecological regions and
their specific needs was given in the 1983
ICARDA Annual Report.

Germplasm
Lentil Germplasm Catalog

A lentil germplasm catalog has been produced
with passport data on 5420 accessions and
evaluation data for.19 characters on 4550 ac-
cessions, The '‘query’ facility on the com-
puterized germplasm data base is particularly
useful in deciding on accessions for distribution.
For example, a request for large-seeded, non-
native lentil germplasm accessions was received

from tran. The ""guery’’ facility provided a list of

the requisite large-seeded, non-lranian acces-
sions for despatch. A total of 1465 accessions
were distributed to 12 countries during the
1983/84 season (Table 24).

Variation Between and Within Lentil

Landraces

The lentil” germplasm collection at ICARDA
comprises some accaessions which are landraces
coltected from farmers’ fields, and others which
are pure lines contributed by plant breeders.
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Table 24 Number of lentil accessions distributed in the
198371984 season together with their country
of destination.

Number of
Country accessions
Bangladesh 200
China . 77
Egypt 2
Ethiopia 173
France 31
fran 100 .
Italy 100
Netherlands 9
Pakistan 17
Sudan .Bao
Turkey 210
UK 36

Each landrace accession of the autogamous len-
tit may be expected to contain genetic variation.
This variation may necessitate different handling
in the germplasm collection from pure-line ac-
cessions. But estimates of the variation between
and within landraces are not available. Accor-
dingly, the variation between and within 31 lentil
landraces collected in the Yemen Arab Republic
by the International Board for Plant Genetic
Resources was studied. Twenty single plants
were selected at random from each landrace,
and muhtiplied individually. The progenies were
grown at Tel Hadya in a replicated trial.
Characters with a known high heritability were
measured. '
The presence or absence of seedling pigmen-
tation was scored, and the frequency of
pigmented maorphs varied across landraces from
0.33 to 0.98. For plant height, the variance
between accessions was three times the
variance within accessions. The mean plant
height for landraces varied from 21.2 to 24.0
cm. For time to flower, the ratioc of between-
landrace and within-landrace variances was
48 .8, emphasizing the greater variability bet-
ween different landrace collections. There was a
range of 94.4 - 104.7 days between the lan-
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draces in time to flower. The results show the
overriding importance of the variation betwesan
landraces and the individuality of separate col-
lections.

These results indicate that landrace collections
should not be subdivided into different germ-
plasm sccessions and that collection from many
different locations, rather than extensive sampi-
ing within an individual location, will be ap-
propriate for lentil germplasm exploration.

Development of Lentil Cultivars
and Genetic Stocks

Development of Genetic Stocks

A total of 356 crosses were made In the
1983/84 season. The objective of the recom-
hinations and their targert regions are shown in
Table 25. Amongst the crosses aimed at the




three major agroecological zones of lentil pro-
duction, 7% were for the high-plateau region,
2 2% for the southern latitudes, and 7 1% for the
Mediterranean, low-elevation region.

[n regional yield trials conducted in Jordan and
Syria, one of the highest vielding entries was a
selection from a cross with ane parent of Lerns
orientafis. In view of the apparent value of
crosses with wild species, six more c¢ross-
cambinations with . orientalis were made during
the 1983/84 season. L. orentalis was used as
the male parent. Expressing the success In
crossing as the percentage of crossed seeds col-
lected per pollination, the wild x cultivated
crosses resulted in 23% success. The cor-
responding success in the cultivated x cultivated
crosses was greater at 32%, illustrating the
lower crossability of L. orentalis with the
culiivated lentil, The wild x cuitivated crosses will
be handled within the main breeding program for
yield improvement,
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The segregating populations are advanced to
the Fs generation by the bulk breeding method
using two generations per year, one at Tef Hadya
in winter, and the othar at Shawbak in Jordan in
summer. An experiment on screening bulk
segregating populations for seed size is reported
in a later section on breeding methods.

Single-ptani selections are made at the Fa
generation on the basis of phenology, growth
habit, and seed characters. An experiment on the
methodology of single-plant selection in lentil
was conducted and is reported in the section on
breeding methods. The breeding scheme in Fig.
18 shows the flow from progeny rows (1 m long!
through unreplicated screening nurseries (1.6
m? plot size} sown in an augmented experimental
design, and into replicated yield wials (4.5 m?2
plot size) at three locations with contrasting rain-
fall. The selection intensity at different genera-
tians is shown by the acuteness of the triangular
diagram [Fig. 181}.

Nursery type and

Season Large-seeded Small-seeded generation
1981/82 / Single-ptant

\ / selections: F4
1082/83 24283 \ 8156 / Progeny rows: F
1983/84 311 1235 Screening nursery: F6
1984/85 80 250 Yield trials: F

7

Fig. 18. Diagram of the selection practiced on 11,000 single-plant selections made at the Fs generation in the 1981/82
season, the Fs progeny raws (1982/83), the Fa screening nursery {1983/84), and into yield trials in the 1984/85 season.
The number of seiections tested are indicated for both large-seeded (>>4.5 g/100 seeds) and small-seeded material.
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Yieid Trials

The lentit vield trials comprise selections made on
the basis of yield in the screening nursery {Fig.
18} in the previous year. The vyield trials are
grown at Tel Hadya and Breda in Syria and at
Terbol in Lebanon. These represent thrae con-
trasting test environments, differing particularly
in precipitation. The annual average rainfall
figures are 338, 282, and > 500 mm, respec-
tively.

A total of 187 entries were tested at Tel
Hadya, 175 of which were also tested at Breda
and Terbal {Table 26}. Twenty percent of the
entries were large-seeded (> 4.5 g/100 seeds),
and the remainder were small-seeded. The very
low vyields at Breda and meager vields at Tel
Hadya (Table 26) reflect the low seasonal rainfall
totals of 204 and 230 mm, respectively. By
contrast, the rainfall total at Terbol was $96

m. Nine vield trials were conducted at each
location and the plot size was 4.5 m2, At Tel
Hadya four replicates were generally used,
whereas at Terbol and Breda only two replica-
tions were sown, A pooled analysis of the nine
yield trials was done at each site.

At Tel Hadya, Terbol, and Breda the percen-

tages of test entries which ranked higher than the
check were 33, 45, and 50, respectively (Table
26). The percentages of the test entries
significantly (P < 0.0b) outyielding the check
were 4, 11, and 14, respectively, at the three
locations. When the means across locations are
considered for the 175 entries repealed across
all the sites, then 45% of test entries ranked
higher than the check mean.

Phenotypic carrelations were calculated bet-
ween characters in each yield trial. The average
correlation was then calculated across trials at
each location. At Tel Hadya, plant height and

lowest pod height were closely correlated (r =

0.93, P < 0.05), but both characters were cor-

‘related to lodging {r = 0.66 and 0.73, P <

0.056, respectively). Clearly tall plants are prone
to lodging, suggesting that a height adequate for
mechanical. harvesting, but not of excessive
stature, should be sought. The correlation bet-
ween lodging and vield was positive but not
strong {r = 0.26}, showing that plants heavy
with pods did not always lodge. In Terbol grain
vield was correlated to straw vyield {r = 0.66, P

< .05}, providing further svidence of the

positive association between these two
economic characters.

iries 'Wél'e 165 od gt each loestion.

xded chesk & ALk 44090 {Syrian Logal Lsrgfe} smafl—seeded chrec:k

ll_.L. 4307 {Syrian Local Smalf).



Two regional yield trials of lentil, one large-
seeded and one small-seeded, were conducted
in Syria with the Research Direciorate of the
Syrian Ministry of Agriculture and Agrarian
Reforrn at five locations. The average seed yield
of the large-seeded trials was 465 kg/ha, which
was lower than the corresponding mean of 549
kg/ha of the small-seeded ftrials. This difference
was greater than in previous years, and probably
resulted from the effect of dry conditions on the
later maturing, large-seeded material. In the
large-seeded trial, all ICARDA selections vielded
more than the two local checks overall. The yield
of the best entry, ILL 842, was 106% more than
the best check.

On-Farm Trials in Syria

On-farm trials of four ICARDA selections and two
local checks were continued for the second
season in cooperation with the Research Direc-
tarate of the Syrian Ministry of Agriculture and
Agrarian Reform. The tested lines comprised one
group of three yellow-cotyledon and large-
seeded entries (two ICARDA selections and a
checkl}, and a second group of small-seeded and
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red-cotyledon entries (two ICARDA selections
and a check}. The on-farm trial was conducted in
40 m? plots with the entries replicated twice in
each location. The ICARDA selections again
outyielded the local checks (Table 27). The
small-seeded line 785 26013 yielded an
average of 22% more than the smaller seeded
check over the two seasons. Similarly, amongst
the larger seeded lines, 785 26002 vyielded
25% more than Kurdi 1, the larger seeded
check. The trial will be continued for another
year,

Use of Genetic Material by National
Programs

A number of ICARDA lines have been selected
frem the international nursery program by na-
tional programs. In Ethiopia ILL (NEL} 358 has
been submitted to the National Seed Release
Committee. On-farm trials are under way in Syria
and are being initiated in both Punjab and
Baluchistan Provinces in Pakistan, and Yemen
Arab Republic. Material from lentil international
trials is in national yield tnals in Argentina, India,
Jordan, Morocco, Sudan, and Tunisia (Table
28). — W. Erskine.

Table 27. Mean lentil seed yields (kg/ha) from on-farm trials in Syria, 1982/83 and 1983/84.

Selection Mean of 6 sites Mean of 7 sites Overall Rank
1982/83 1983/84 mean

Yellow cotyledon, large seeds

78S 26002 1110 1068 1084 1

785 26004 1146 965 1056 2

Kurdi 1 {check) 922 737 865 3

Red cotyledon, small seeds

788 26013 1064 990 1022 1

76TA 66088 877 1076 Q77 2

Haurani 1 (check) 823 855 839 3

SE t 73.3

601
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Cold Tolerance

The ability to survive cold winter conditions is
important for winter sowing of lentils above
1000 m elevation in areas such as the Anatofian
plateau of Turkey, and parts of Afghanistan and
Iran.

Selection for cold tolerance has continued at
Leonessa, ltaly 1925 m elevation) for a second
winter season in cooperation with the University
of Perugia. During the 1982/83 season the
average minimum femperatures during January,
February, and March were -0.8, -3.4, and
-1.3°C, respectively, at Leonessa, with an ab-
solute minimum air temperature of -9.3°C.
Forty-six germplasm &gcessions, previously
found t¢ be cold 1olerant in Turkey, were sown in

October 1882, and single-plant selections from
five promising accessions were made and
resown in the foillowing year ir prageny rows: iLL
32 1{5yna), ILL 45 {Syria}, ILL 669 {Turkey}, ILL
1827 (Chile), and ILL 1878 (Turkey). These
selections will be used in the crossing block as
sources of cold tolerance, In the forthcoming
season further screening for cold tolerance will
be undertaken at Haymana, Turkey, in coopera-
tion with the Turkish naticnal program. — W.
Ersking and F. Bonciarelli (Univ. of Perugia, italy/.

Development of Drought Tolerance in
Lentils

The search continued for drought-avoiding
genoctypes which mature early enough to escape
severe drought and temperature stress during the
reproductive period of growth. In 1383/84 the
rainfall received in Syria was below average
{230 mm as against long-term average of 338
mm). Consequently, drought stress was ap-
parent at maost Syrian test locations. The impor-
tance of drought avoidance through early
maturity was confirmed in a regional yield trial
(large-seeded), grown at five sitesin Syrig,by the
phenotypic correlation of r = -0.63 betwesn
mean time to maturity and mean seed vield. The
corrgsponding  correlation  between time ta
flower and seed yield wasr = -0.57.

Within the breeding program early-maturing
material is being generated with the additional
advantage of a growth habit suited to a
mechanized harvest (Table 29}. The progeny
matured 3 weeks hefore the Syrian Local Large




{ILL 4400) and was also taller. These data are
from an unreplicated trial with a plot size of 2.25
mZ and, thus, must be regarded as preliminary.
As mentioned in the earlier section, the vield
trials of the mainstream breeding program are
now being grown at three sites, with one of thess
locations (Breda) in a dry area with a long-term
average rainfall of only 282 mm, - W. Erskme.

Resistance 1o Ascochyta Blight

Ascochyta blight {Ascochyta fentis) on lentils is a
widespread foliar disease of particular impor-
tance in parts of the Indian subgontinent.
Research on the disease was initiated at Tel
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Hadya during the 1983/84 season. The 76
genotypes in the lentil breeding crossing block
were planted in the plastic house in plots and in-
oculation with a spore suspension of A. lentis
propagated in the laboratory. A preliminary rating
scale (1-9Y of disease severity on lentii seediings
was developed using the percentage of leaf
blight, sterm lesion size, and the extent of
sporulation, to assess the disease reaction of the
lentit genotypes. Tolerant and resistant lines
were then sown in pots in a growth chamber and
inoculated with A. /Jentis to verify our earlier
results. BEight lines were confirmed as tolerant or
resistant sources to ascochyta blight: ILL 857,
4606, 5244, b662, 5582, 5588, 5590, and
65383, — W. Erskine and M, V. Reddy.

Wi

Screening for ascochyta blight resistance in lentil has revealed considerable genotypic differences.
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Resistance to Orobanche crenata

Screening lentil genotypes for resistance 1o
Crobanche crenata was continued during the
1983/84 season, when 176 genotypes were
rescreened in the field at Tel Hadya. Of these, 11
genotypes were found 1o have significantly (P <
0.05) lower infestation than the local large-
seeded check {ILL 4400}. These were ILL
2714, 2843, 2874, 2958, 3115, 31563,
3213,3282,3366,3601,and3611. LineILL
3366 had the lowest lavel of infestation. — W,
Erskine and §. Kuku/la.

Breeding Methodology Studies
Methodology of Single-Piant Selection

The recommended crop density for lentil pro-
duction is around 200 plants/m? in West Asia.
However, the tendrifous habit of the crop,
together with the high seed rate, makes single-
plant selection for vield difficult in bulk
segregating populations. An experiment was
conducted to measure the response to (1) visual
single-plant selection for vield, and (2} random
selection at three different levels of plant popula-
tion: 67, 133, and 200 plants/m?2. Fifteen single
plants at the s generation from each of two bulk
segregating populations were selected from the
six selection environments in 1980, sach with a
selection intensity of less than 1%. The selected
plants from both crosses were increased in the
following year, Thereafter they were grown in
both 1982 and 1983 at Tel Hadya in two
replications with 4-m-long rows.

The mean yield of the plants individually
selected for vield was the same as the mean vield
of the randomly selected plants. There were no
significant differences in mean yield of the plants
selected at different tevels of plant population.
The implications are that visual single-plant
selection for vield is ineffective, and that single-
plant selection in lentiis shouid be carried out on

the basis of more heritable characters such as
growth habit, phenology, and seed characters.
The level of plant population in the selection en-
vironment had no effect on selection response,
and it is easier to assess plants individually for
these characters at a low population of 67 or
133 plants/m? rather than at the higher popula-
tion of 200 plants/m2. Thug, a plant population
level below that for crop production may be
recommended for bulk segregating populations
of lentil wherein single-plant selection is intend-
ed. — W. frskine and J. issawy {Univ. of
Aleppa).

Screening for Seed Size in Bulk

Populations

With the bulk breeding methaod in use at ICARDA,
there is a risk that, in crosses between parents
differing in seed size, larger seeded segregants
may be eliminated from the bulk segregating
populations because of their lower seed number
per unit weight. When large-seeded selections
are needed from these crosses it is necessary to
guard against their loss by some means. Accor-
dingly, the effects of screening for seed size with
a 4 mm sieve on 27 Fz generation, bulk-
harvested, segregating populations from crosses
between parents differing in seed size were
measurad in the Fs and Fa generations. In the Fa
generation the mean 100-seed weight of the
large seed size fractions was 4.34 g, in contrast
to the weight of 3.57 g for the smaller sized
fractions, giving an average difference of 0.77 g.
The difference was 0.92 g in the following
generation. A detailed analysis, by sieving, of the
F3 seed size distribution for two crosses is shown
in Fig. 19, illustrating the effect of sigvimg.
Despite the marked effect of sieving, there are
small seeds in the large seed size fraction and
also large seeds in the smaller seed size fraction,
partly because of segregation for seed size. The
effects of sieving on other morphological
Characters were also investigated. There was a
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positive correlation between seed size and plant
height as shown by the positive indirect response
of plant height to selection for seed size. But no
effect of sieving was found on time to flower, the
lowest pod height, and the number of seeds per
pod.

The experiment established the value of siev-
ing in early generations those bulk segregating
populations with parents differing in seed size in
order to retain larger seeded segregants. The
frequency of larger seeded segreganis in such
bulks could possibly be further increased by siev-
ing again in subsequent generations. — W. &r-
skine and A. Hamdy.

Seed Quality

Seed Size Distribution

Sets of screens were developed, with round
holes, for determination of seed size distribution
in large- and small-seeded lentil cultivars. Screen
sizes wereg 6.0, 5.0, 4.5, and 4.0 mm for
macrosperma lentils and 4.5, 3.5, and 3.0 mm
for microsperma lentils. These will be used for
studying the genetic variability in seed size as
well as for studying the effect of growing condi-
tions on this trait, which is ¢f great economic
importance.

Decortication Studies

A laboratory-scate lentil  decorticator was
designed and developed for decortication of
small-seeded lentils. Using a sample size of 100
g, studies were carried out on the conditions for
decortication, including tempering, hydration,
and temperature of drying before decortication.
Standing time between wetting and drying, the
air temperature for drying, and seed size were
found to be important variables in determining
the recovery of fully-decorticated lentils. Strong
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Sets of screens, developed at ICARDA, are used to study the genetic variability in lentil seed size.

genotypic variation was found to affect the rela-
tionship between the decortication conditions
and recovery. — P. Witliams andg W, Erskine.

Insects and their Control

Studies on the determination of insect control
recommendations for different crop growth
stages were continued. Most emphasis was
placed on the detailed analysis of the economic
importance of the Sitona spp. complex and on
the evaluation of chemical, cultural, and
resistance cantrol alternatives for this pest.

Insect Control Recommendations

Based on 1982/83 results, a trial was designed
to partition vield losses between Sitona spp. and
foliar insects. Sitona spp. (mainly §. fineatus and
S. crinitug) damaged up to 98% of the root
nodules. Among the foliar insects, only the black
aphid (Aphis craccivoral, the green aphid {Acyr-
thosiphon pisum}, and thrips were presemt in
significant numbers. Total insect control,
through a granular insecticide applied at plarting
and one foliar spray in mid-flowering, signifidant-
ly increased yield by 33% (Tabte 30}. Partition
of this simple insecticidal regime indicated that
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=
Takte 30, Effect of different insecticidal regimes on Sitona spp. weevils damage levels, foliar insect-pest populations and
vields of Syrian Local Large lentils, Tel Hadya, 1983/84.

Control of Sitona weevil Foliar insects/50cm? Seed yield

Sitena’ Foliar? %.}eaﬂets % nodules Black Green Thrips ‘kg/ha % increase
spp. insects damaged damaged aphids aphids
Yeg Yes 17.5 4.8 1.1 5.5 2.2 2579 328
No Yes 35.3 87.7 1.0 1.1 2.1 2178 11.9
Yes No 15.5 3.0 191.9 141.7 6€.6 2388 22.8
Nop No 41.0 97.7 2391 132.2 207.5 1845

-
SEix 3.6 4.4 251 21.8 18.3 162.4
CVi%) 25.7 22.3 118.5 89.4 93.6

14.3

%
.- With carbofuran, 1.0 kg a.i./ha at planting.

2. Dne foliar spray with methidathion at 0.5% a.i. by seed weight.

Sitona spp. control significantly increased yield
by 23%, whereas the vield response to foliar in-
sect centrol was only 12%. These results con-
firm our previous findings that Sitona spp. are the
key pest in lentils.

Economic Importance of Sitona spp.

High levels of Sitona spp. infestation (96%
nodule damage in check plots) reduced straw

and seed yield oy 4.0 and 20.6%, respectively.
Both heptachlor and carbofuran applied as
granules at planting were highly effective and
improved vields by 18.0 and 17.4%, respec-
tively (Table 31). More significant increases in
seed yield were obtained when tarval control was
compiemented with aduft contral through foliar
sprays. But as in the previous season, sprays
against adults had a detrimental effect on straw
yields.

o 31. Efficiency of insecticidal combinations to cantrol Sitke spp. weevils in Syrian Local Largelantls snd 1
; fect on straw and seed yiolds, Tel Hadya, 1983/84,

v

Larvat % efficiency Yiekd (kg.fhn') '

c%tro!‘ contral? against againgt straw Seed

.adults larvae '
Yos With heptachlor 63.9 97.1 6848 = 1724 247
Ng, With heptachlor 30.5 94.4 6136 1631 S 18.0
Yol With carbofuran 59.4 93.1 5833 1741 26.0
NQT With carbofuran 55.8 98.6 6411 1622 17.4
Ya& No 50.8 5687 - 1630 17.¢
Ngr No 6135 1382
STZ'E?:t for vields NS 136.4
CE{%) for vields 16.7-

12.8

e

“Four sprays with methidathion, 0.5 kg a.i./ha.

2.3With carbofuran, 1 kg.a.i./ha or heptachlor, 2 kg a.i./ha.
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Control of Sitona spp.

Cheaper, safer, and new alternative insecticides
for Sitona spp. control were tested. Lower
dosages of heptachlor {1.5 and 1.0 kg a.i./ha)
were as efficient as the préviously testad dosage
of 2 kg a.i./ha and significantly increased seed
yield by 21.5 and 17.9%, respectively (Table
32). The effect of seed treatment with
methiocarb at the rate of 0.5% a.i. by seed
weight compared favorably with those of hep-
tachlor at 2 kg a.i./ha and carbofuran at ‘1 kg
a.i.fha, althaugh its rasidual effect lasted 36
days fess. The minimum vield increase require-
ment for methiccarb was calculated at 12 kg/ha,
whereas that for heptachior and carbofuran was
estimated at 290 kg/ha. This suggests that,
pending reconfirmation, methiocarb could pro-
vide a significantly cheaper alternative contro!
measura, ‘

The effect of three sowing dates on Sitona
spp. population and damage levels was studied.
Protected checks for each sowing date were in-
cluded. No significant differences among sowing

dates were detected in terms of adult damage,
percentage leaflets damaged, and number of
neonate adults emerged. Plots sown in late
November showed slightly less nodule damage
{(899%) than those sown in early November gnd
mid-December {97 and 96%, respectively}.
Yield losses ranged from 15% in plots sown in
late November to 23% for those sown in early
November or late December, but no significant
differences (P < 0.05) were detected.

The respense of 23 widely diverse lentil
genotypes to Sitona spp. adult attack was
studied in detail. The genotypes were rated hy a
visual damage score, number of notches/plant,
and percentage leaflets damaged. At different
sample sizes some significant differences were
detected using the visual damage score but none
with the more precise, quantitative estimates of
darage (notches and percent leafiets damaged).
When a final count of nodule damage was taken,
all genotypes were found equally susceptible.
Thase results confirm that resistance to Sitona
spp.‘ does not have as a major scope as a control
alternative. — C. Cardona.




Nitrogenase Activity in Relation to

Sitona spp. Control

Studies in 1 982/83 of the nitrogenase activity of
the root systems of the lentil genotypes included
in the on-farm trial, as assessed by the acetylensa
reduction activity [ARA], showed that the large-
seeded vellow-cotyledon type cultivars had
higher ARA values than the small-seeded red-
cotyledon types. It was also observed that a
disproportionate amount of plant dry weight was
produced after the rapid decline of ARA, sug-
gesting that this accumulation of dry matter oc-
curred without any concurrent input of fixed
nitrogen. The 1983/84 trials were designed to
clarify these observations on the same cultivars
with and without the control of Sitona spp. lar-
vae,

Acetylene reduction activity data in Fig. 20 are
whole-season means for four treatment com-
binations (Ty-Sitona spp. control; Ta-inoculation
with Rhizobium spp. + Sitona spp. control;
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Ta-inocuiation alone, and Ta-no treatment,
check) for each of the six genotypes. Large-
seeded lentils again had higher ARA than the
small-seeded genotypes. Sitona spp. larvae con-
trol significantly increased the ARA, whereas
Rhizobium spp. inoculation had no eftect.

Fig. 21 illustrates a typical comparison of a
high and a low ARA cultivar in terms of ARA,
dry-matter accumulation, and plant protein con-
tent aver an extended period of time. These data
confirm last year's observations that a con-
siderable propaortion of total dry matter is ac-
cumulated in both types of cultivar after the start
of decline of ARA. The protein content showed
large fluctuations over the period of study, with a
clear decline on the last sampling date. This
decline is understandable in view of the large in-
crease in dry-matter production with little ARA.

These results confirm the genotypic dif-
ferences in nitrogenase activity and the impor-
tance of control of Sitona spp. larvae in main-
taining a high level of ARA. — C. Cardona and J.
G. Stephens.

0.5
04 D LSD (5% )2
£
£ o3
&
E —
IV 0.249
o
(&)
%g 0.1 1, 11,
£ 3 3
=2 4 4
0, .
785-26004 Kurdi-1 785-26002 76T A-66088 788-28013 Haurani
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Small+seeded cultivars

a. LSD (6%} between any two cultivars and the same treatment or between differing treatments for the same

cultivar.

b. 1 = Heptachlor treatment (Sitona larvae control), 2 = Inoculation + heptachior treatment, 3 = Jnoculation only,

4 = Control, no treatment.

Fig. 20. Acetylene reduction ac tivity {Cz H4 production) whoie season means for six lentil cultivars grown under differing
Sitona spp. weevil larvae contral and inoculation treatments, Tel Hadya, 1983/84.
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Weed Control

High levels of weed infestation significantly
reduced vyields by 39.7 and 42.1% at lzrg'a
{Syria} and Terbol (Lebanon), respectively,
compared with the weed-free treatment. At Tel
Hadya, weed infestation was low and yield
reduction was about 3% and nonsignificant. in
an International Weed Control Trial conducted at
lzra'a and Terbol a preemergence application of
Fribunil {methabenzthiazuron} at 2.0 kg a.i.fha
or Blade x (cyanazine) at 0.5 kg a.i./ha gave very
good control of weeds and resulted in yields
similar 1o those obtained by handweeding. At
Terbol, where grassy weeds predominated,
combination of Bladex with 0.5 kg a.i./ha of Kerb
{pronamide} or Maloran (chlorbromuront at 1.5
kg a.i./ha with Kerb as a preemergence spray
praved very effective (Fig. 22). — §. Kukuia and
M.C. Saxena.

Crop Physiology and Production
Agronomy

Growth and Yield Relationship

Lentils are generally sown in fate winter in the
low-elevation areas in the ICARDA region. Date-
of-sowing studies at ICARDA have shawn that
total dry-weight production and seed yield can be
increased by advancing the sowing date, thus
extending the growing season. However, it was
also observed that the advantage of early sowing
is nullified if the winter is severe and the
genotypes are not c¢old tolerant. A trial was
started in 1982/83 to study the relationship
between the length of the growing season, early
growth, and vyield in six high-yielding lentil
genotypes developed in the program. The results
of 1982/83 revealed that genotypes that had
fast growth in the early stages and were early
maturing, such as ILL 8, yielded more.

This study was repeated in 1983/84 using the
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Fig. 22. Effect of some selected weed control treatments
on the seed yield of lentils at lzra'a and Terbol, 1983/84.

same six genotypes {ILL 8, 9, 16, 223, 4400,
and 44G1). Two dates of sowing (10 November
1983 and 12 February 1984) were used to ex-
pose the test genotypes to different thermal
regimes. The dry-matter accumulation pattern of
three contrasting genotypes is shown in Fig. 23.
Genotypic differences in early growth were ap-
parent in both Navember and February sawing.
ILL 8 maintained the highest dry weight/plant up
10 13 April in the November-sown crop. In the
February-sown crop, a similar trend was main-
tained almost throughout the growing period.
The advantage of the extended growth period of
the November-sown crop and faster early growth
was not reflected in seed vield {Table 33}, first
because of drought occurring garly in the season
and secondly because of heavier infestation of
Orobanche crenata at the start of reproductive
growth in the November-sown crop. However,
the November-sown crop had higher total dry-
matter yield. Perphaps, besides the effect of
orabanche, the winter-sown crop also ex-
perienced greater drought stress during the
reproductive phase because of early exhaustion
of available moisture by the crop in extended
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Fig. 23. Total dry-rﬁatter production (g/plant) of some promising lentil genotypes sown in November and February at Tel

Hadya, 1983/84.

vegetative phase. This is clearly reflected in the
lower harvest index of the November-sown crop
than in the February-sown crop (Table 33).

The results of this study highlight the
significance of seasonal moaisture supply and in-
festation by Orobanche sp. in affecting the
respanse of lentils to earlier sowing.

Study of Moisture Use and Drought
Tolerance :

Response of 12 diverse genotypes to seasonal
maisture supply was studied by growing them

under rainfed conditions at Tel Hadya {seasonal
rainfall 230 mml and Breda (seasonal rainfali
204 mm) and also with supplemental irrigation
{165 mm total in three irrfgations between
March and May) at Tel Hadya. Intensive soil
rmoisture studies were carried out on nine of
these genotypes to determine evapotranspiration
and water-use efficiency.

Averaged over all the genctypes, the vield was
closely related 1o total seasonal moisture supply
(Table 34). There were significant differences
between genotypes under each moisture sup-
ply/ffocation treatment. The four genotypes
which showed least reduction in total biological
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Table 33. Total biological yield (TBY) and seed yield (SY) in kg/ha and harvest index {Hl} of different fentil genotypes as
affected by sowing date, Tei Hadya, 1983/84.

Date of sowing

Genétype " 10 November ' 12 February

(LL SY TBY Hi sy TBY Hit
8 274 2742 0.100 814 2631 0.309
9 289 2788 0.103 685 2344 0.292
16 457 3026 0.151 545 2242 0.243
223 317 2841 0.112 369 1603 0.230
4400 441 2282 0.193 368 1633 0.219°
4401 537 3145 0.171 409 1868 0.220
Mean 386 2802 0.138 530 2052 0.268
SY TBY

Cv {%) LSD (5%} CV (%) LSD (5%}
Dates (D 65.0 NS 49.3 NS
Genptypes (V) 30.6 143 20.3 511
v iniD 202 723

Table 34. Effect of total seasonal moisture supply on total biclogical vield and seed yield of 12 diverse genotypes of lentil
in northerh Syria, 1983/84.

Seed yield (kg/ha) Total biological yield (kgtha)

_ Breda Tel Hadya Breda Tel Hadya
Genmbtype Origin Rainfed Rainfed Irrigated Rainfed Rainfed irrigated

{204 mm) {230 mm) (3965 mm) (204 mm) (230 mm) {385 mm}
L 8 Jordan 173 547 794 958 2524 3448
ILL 8 Jordan 163 556 703 1029 2451 2846
ILL 16 Jordan 251 590 944 1071 2234 3614
IEL 101 Syria 190 455 BO2 1054 1901 3024
L 223 Iran 148 564 951 788 2155 32a
ILL 470 Syria 213 628 945 842 1974 3313
ILL 793 Egynt 143 396 679 742 1653 2825
ILL 1861 Sudan 232 665 798 904 2387 3297
ILL 4349 USSR 32 303 541 946 1838 2708
ILL 4354 Jordan 187 548 690 971 2304 2770
ILL 4400 Syria 182 487 760 1229 2338 2936
ILL 4401 Syria 213 515 947 833 1957 3542
Mean 177 521 796 47 2143 3138
CV (%) 205 24.3 101 18.9

LSD.{5%} 52 226 137 705 -
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vield under rainfed, as compared with assured
soil moisture conditions, were ILL 9, 4354,
4400, and ILL 8, yield being reduced by 15.4,
16.8, 20.4, and 26.8%, respectively. The four
genotypes whose seed vield was least affected
were ILL 1861, 4354, 9, and ILL 8, with vield
reductions of 16.7, 20.6, 20.9, and 31.1%,
respectively. ,

There was a significant rank correlation (r =
0.594, P=0.05) between the performance of
the genotypes at Breda and under rainfed condi-
tions at Tel Hadya. This may be attributed to the
less-than-average rainfall at Tel Hadya this year.
It appears, therefore, that the genotypic svalua-
tion at Tel Hadya under rain-out shelters to
reduce moisture supply might give results that
would-be applicable to other drier -areas. There
was a significant positive correlation {r = 0.611,
P =0.05) between visual score of tap root
growth early in the season in the plastic house
and total biological yield for different genotypes.
Thus this could serve as another important
parameter in selecting genotypes for low-rainfall
conditions.

The soil ricisture profiles at maximum
recharge and at maturity for nine genotypes are
shewn in Fig. 24. Genotypes ILL 9 and 470 ex-
tracted water from deeper layers than other
genotypes. ILL 8 and 9 extracted more water

than others. ILL 8 and 9 had the highest water-
use efficiency in terms of total biological yield,
whereas in terms of seed vield ILL 470 ranked
first {Table 35).

This study shows that genotypic differences
exist in the ability to extract soil moisture, and in
susceptibility to reduced moisture supply and
that these can be identified by evaluating per-
formance of genotypes at Tel Hadya using rain-
out shelters to limit soil moisture supply. — M. C.
Saxena and M. V. Murinda.

Photothermal Regulation of Flowering

Most lentils originating from northern latitudes
tend to flower late because of their greater “’long
day’’ requirement. When such types are taken to
southern latitudes, where day lengths are
relatively short, they tend to perform poorly
because of excessively delayed flowering, or in
sorme cases they may even fail to set pods if the
season was restricted by excessive rise in
temperature. On the other hand, temperatures
during the growing season in southern latitudes
are higher than in the north. If higher
temperatures could hasten flowering in some
genotypes they could perform well in southern
latitudes. Study of genctypic differences in
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Fig. 24, Soil moisture content in different soil layers (cm water/15 cm soil layer) at the highest recharge and at

physiological maturity of some contrasting lentil genotypes under rainfed conditions at Tel Hadya, 1983/84.
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response to changes in photothermal conditions
is therefore of interest. In 18983/84, 10
genatypes from different geographical regions
(Table 36) were grown under two photoperiod
conditions: extended -day of 16 hr, and normal
photoperiod ranging from 8-11 hr. Under each
photoperiod there were two thermal regimes:
normal ambient conditions (max. temp. 17.1
and min, temp. 5.4 °C) and heated plastic house
(25.1 and 9.9°C max. and min, temperature,
respectively],

Progress to flowering {reciprocal of days to
flowering) was increased by longer days and
warmer temperature in all the genotypes (Table
36). Genotype ILL 4605 originating from
Argentina was the least sensitive to photoperiod
both under low and high temperature regimes.
ILL 2526 originating from India was also
relatively insensitive to changes in the
photopericd under the high temperature regims.

There is a clear trend for the material
originating from northerrn latitudes to respond
more to day length, whereas material originating
from more southernly latitudes shows greater
hastening in flowering due to increase in
temperature (Fig. 25). This reflects the adapta-

tion of the genotypes to the environmant of their
origin. — M.C. Saxena and M. V. Murinda.

The Owverseas Development Administration,
UK, has supported a collaborative project bet-
ween the Plant Envircnment Laboratory at the
University of Reading and ICARDA which aims to
quantify the effects of the photothermal en-
vironment on the growth and reproductive on-
togeny of lentils. After having established
suitable growing media, pot sizes, irrigation
solutions and method of application, spectral
quality of light, and general plant culture and
nusbancry techniques, a large factorial in-
vastigation, comprising 144 treatment com-
binations, was conducted. The huge amount of
data collected is under analysis, and will be
reported in detail later. However, the results have
already shown that the time to flower in tentils is
modulated by vernalization, photoperiod, and
average growing temperature. Further, when
data are considered as rates of progress toward
flowering, these factors do not interact, and thus
rate of progress to flowering could be described
as a linear function of the photoperiod and
average growing temperature. Such equations
for six test genotypes have been developed and a
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Fig. 25. Rate of progress towards flowering of lentil
genotypes originating from diverse latitudes, under pot
culture in Aleppo under two thermal regimes and two
photoperiods.

preliminary examination reveals that the values
predicted by these eguations show wvery high
correlation with field data collected from JCAR-
DA's Lentil Adaptation Trials. An experiment is
planned for the 1984/85 season at Tel Hadya to
further test this model under actual fieid condi-
tions, — A.J. Summerfield and £ H. Roberts
{Univ. of Reading), M.C. Saxena, and W. Er-
skine.

In a preiiminary study on the effect of the
duration of vernalization at 5°C + 2°C on two
genotypes (ILL 4400 and 4401}, it was
observed that vernalization of (LL 44071, for 3,
4, and b weeks significantly (P = 0.05!} reduced
the days to flowering by 6, 12, and 16 days,
respectively.. Vernalizationr, however, had little
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effect on genctype ILL 4400. Possibly, gither the
temperature regime was not appropriate for ILL
4400, or the genotype did not have a vernaliza-
tion reguirement. This aspect will be further in-
vestigated. — M.C. Saxena and M. V. Murinda.

Production Agronomy

Response of lentils to four levels of plant popula-
tion (100, 200, 300, and 400 plants/m?) and
four row spacings (20, 30, 40, and 50 cm) was
studied at Tel Hadya and Terbol. The total
biological yield of ILL 223 lentil increased
significantly (P = 0.05) as the population level
was raised from 100 to 300 or more plants/m2,
but seed yield was not affected. The response of
Lebanese Local lentil landrace was similar at
Terbol, where, because of better moisture supp-
ly, the yield levels were almost double of those at
Tel Hadya. Row spacing effects were non-
significant at both locations. These studies reveal
that a population of about 200 planis/m? is
adequate. — M.C. Saxena and M. V. Murinda.

Kabuli Chickpea
provement

fm-

This is a collaborative activity with the Interna-
tional Crops Research Institute for the Semi-Arid
Tropics (ICRISAT), India.

Kabuli chickpea is grown as a spring-sown
crop on conserved soil moisture in West Asia,
Neorth Africa, and southern Europe, and as a
winter-sown crop in the Indian subcontinent, the
Nile Valley, and Latin America.

Important needs in the former region are for
ascochyta blight resistant cultivars, which can be
winter-sown, and for tall cultivars, which can be
mechanically harvested, thereby reducing labor
costs. For the spring-sown crop, early-maturing
cultivars, which avoid drought during the
reproductive growth phase, are needed; early



202 Food Legume Crops Improvement

maturity will also help the crop to fit into rotations
in winter-sown areas.

These needs, and the consumer’s preference
for large seeds, are addressed by the breeding
program. '

Since wintec sowing of ascochyta blight resis-

tant cultivars has shown the greatest promise for -

increasing yields in the Mediterranean region,
efforts are directed to developing only ascochyta
blight resistant material at Tel Hadya. Plants
which are suscepiible to cold, heat, iron defi-
ciency, Orobanche crenata, and leaf miner are
discarded. Advanced segregating populations
are grown in both winter and spring seasons to
assess their performance. Lines selected are
then evaluated for seed vyield in winter- and
spring-sown trials at threg locations with dif-
ferent agroclimatic conditions and altitudes.
Lines with superior performance are distributed
to national programs for local evaltuation and use
in their breeding work. — K.B8. Singh.

Germplasm

A total of 1797 kabuli chickpea germplasm ac-
cessions were grown during winter. Data were
collected on days to flower, days to maturity,
plant height, pods per plant, pod dehiscence,
biological vyield, seed vyield, harvest index,
resistance to leaf miner, and susceptibility to iron
deficiency. These lines are being evaluated for
protein content and cooking time,

Cold tolerance

A total of 1411 accessions were sown on 25
October 1983, 1 month before the normal
winter sowing date. Early sowing induces more
crop growth and allows greater exposure to cold
and is thus more reliable for screening for cold
tolerance than late sowing. Only 24 nights had
subzero temperatures during 1983/84, com-
- pared with 52 nights in 18982/83, so effective

screening could not be made. To ensure effec-
tive screening for cold tolerance a site at higher
elevation than Tel Hadya is needed. — K.5.
Singh and R.S. Mathotra.

Resistance to Orobanche sp.

Orobanche sp. is not a problem in spring-sown
chickpea but could become a problem in winter-
sown crops. During 1983/84, 193 elite lines
were screened for resistance to Orobanche sp.
and 170 lines were found intermediate or better
in their reaction (Table 37).

Five hundred promising lines were screened in
an Orobanche crenata infested field and 11
resistant lines were identified (Table 38). These
lines will be used in the hybridization program to
incorporate genes for QOrobanche crenata
resistance. — K.8. Singh and 5. Kukula.

Ascochyta Blight Resistant Genetic
Stocks

The original sources of resistance to.ascochyta
blight have. a seed type intermediate between
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kabuli and desi, and are late maturing. As such
they are poor donors for resistance genes.
Therefore, efforts have been made to transfer the
genes for resistance nto a better genetic
background. Eight resistant lines with larger,
kabuli-type seed, and early flowering have been
developed (Table 39}, and will be used in the
hybridization program. — K. 8. Singh and M. V.
Aeddy.
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Improved Kabuli Chickpea
Cultivars and Genetic Stocks

Crossing

During the 1383/84 season, 401 crosses were
made at Tel Hadya: 275 for the development of
genetic stocks and cultivars, 90 for the national
programs of Egypt, laly, Jordan, Morocco, and
Tunisia, and 36 for genetic studies of ascochyta
blight, fusarium wilt, and leaf miner resistance.
Most of the crosses made this vear were bet-
ween lings bred at ICARDA and germplasm ac-
cessions, a significant departure from early years
when aimost ali the crosses were made among
germplasm accessions. Such crosses are ex-
pnected to produce better segregants.

Segregating Populations

The F1 generation was grown at Sarghaya during
the off-season with 24-hour light. The Fz through
Fa generations were grown during winter and the
i-s-F7 progeny rows during both winter and spring
seasons al Tel Hadya. The segregating material

. T?Ie 39. Seed type, 100-seed weight, days to 50% flowering, and reaction to aschochyta blight over three seasons,
1981-84, of eight ascochyta blight resistant kabuli chickpea lines and an intermediate-type ckeck, ILC 3279,

Tel Hadya.

I Seed Type Days to 100-svad
Eritry 1981/82 19682/83 1983/84 flowering 50% weight (g)
FQP 82-93 3 3 3 K 146 27

82-127 3 2 4 K 144 30
82-130 3 2 3 K 146 25
82-144 3 2 3 K 144 26
82-243 3 2 3 K 145 25
83-13 3 3 K 144 3t
83-156 2 3 K 141 29
83-46 2 3 K 145 32
ILC 3279 3 2 3 | 148 28
1 = Highly resistant; 3 = Resistant; 4 = Moderately resistant; K = Kabuii; | = tntermediate.
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grown, single plants selected, and promising
progenies bulked are shown in Table 40. The
number aof progenies grown and plants setected
decline with advancing generation. Nearly 50%
of the total area sown was assigned to Fz
populations and 40% to Fs progenies.

The 1983/84 season was unigue in many
ways. First, in the ascochyta blight screening
nursery the disease development at the
vegetative stage was more severe than in
previous years because of favorable weather
conditions, but much less so at the podding
stage due to poor rainfall and warm weather.
Second, selection for drought tolerance was
possible during spring due to low total seasonal
rainfall (230 mm}. It was for the first time that
tall progenies with true kabuli seed and large-
seeded progenies with 100-seed weights of
more than 50 g could be bulked. One hundred
and ninety newly developed lines were further
evaluated for photoperiod sensitivity for early
maturity.

breed large-seeded, high-yielding, and disease-
resistant cultivars. For the tirst time, 20 lines
have been bred combining these characters and
the 10 best are shown in Table 41. Given ac-
ceptable seed yields these lines with beth large
seed and ascochyta blight resistance will help to
introduce winter sowing of chickpeas in coun-
tries such as Spain.

Tall Chickpeas

Efforts were continued to develop high-yielding,
ascochyta blight resistant, tall chickpeas. Over
20 tall germplasm accessions have been
assembled, mainly from the USSR, but unfor-
tunately these lines have intermediate-type seed.
Previcusly, breeding efforts have failled to pro-
duce lines combining the desired traits, but a
number of such lines were developed during the
1983/84 season. The plant height, seed weight,
seed type, and reaction to ascochyta blight of 10

Large-Seeded Chickpeas

Consumers’ preference has always been for the
large-seeded chickpeas, and it is mastly these
that enter the world trade. But it is difficult to

iines bulked last season are shown in Table b2
These lines will be evaluated for yield and the

best hnes distributed 1o the national programs.
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argy " weight

- LC470 % 1LC 2956 46 _

ILC 2956 x fLC 3279 42 3
ILC 191 % ILC 282 49 '3
ILC 202 x ILC 256 42 3
ILC 112 x ILC 191 42 3
ILC 112 x ILC 191 50 3
ILC 202 x ILC 3355 44 3
ILC 3279 x ILC 3356 44 3
ILC 3279 x ILC 3355 16 3
ILC 72 x ILC 1922 43 3
ILC 464 46 9

Resistant; ¢ = Highly susceptible, killed.

1983/84,

#2. Seed type and weight and reaction to ascochyta blight of 10 newly-bulked tall chickpea lines at Tel Hadya,

. Seed Plant height 100-s0ed Blight?
Pﬁ‘"mgﬁ type {em) weight (g} reaction score
ILE 610 x ILC 72 K 65 33 3
ILg 1920 x ILC 2956 K 66 34 3
ILG 1920 x ILC 2956 K 70 35 4
1§ 1920 x ILC 2956 K 60 32 3
L 72 x ILC 482 K 60 32 3
ILg72 x ILC 482 K 65 32 3
IL§72 x ILC 484 K 60 31 3
L€:72 x ILC 484 K 70 as 3

€72 x ILC 484 K 65 K3 3
IL§ 72 x ILC 73 K 70 38 3

3279 (check} I 67 28 3

= Kabuli; | = intermaediate.
Resistant; 4 = Moderately resistant.
i i i .

5 St Sl i

Yield Trials in Spring Season

The seed yield of 203, 63, and 140 newly-
developed lines was evaluated during the spring
season at Tel Hadya, Jindiress, and Terbol,
respectively. Although a number of lines
outyielded the local check at each site the dif-
ferences were not significant (Table 43). The
coefficients of variation for the trials at Tel Hadya

were very high due to inadequate moisture at
planting and at other critical phases of crop
growth. Yields were extremely poor due to low
rainfall {230 mm}. Chickpeas are seldom grown
tn areas which receive less than 350 mm annual
rainfall. Because of the droughty conditions
many crops failed completely. Yields at Jindiress
and Terbol, though slightly less than usual, were
acceptable,
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Yield Trials for Winter Sowing

The seed yield of the same lines as used for spr-
ing trials was alsa evaluated in winter-sawn trials
at the same three locations. Eleven lines
significantly {P = 0.056) outyielded the check at
Tet Hadya (Table 44), and many others out-
yielded the check at each site, though not
significantly. Coefficients of variation were lower
in the winter-sown than in the spring-sown trials,

The largest yield in the winter-sown trials at Tel
Hadya was 3070 kg/ha, compared with only
331 kg/ha in the spring-sown trials, and the seed
yield of some entries exceeded 3500 kgrha at
Jindiress and Terbol,

On-Farm Trials

On-farm trials at 17 locations were conducted

for the fifth season in 1983/84 in collaboration
with the Ministry of Agriculture and Agrarian
Reform, Syria. The results summarized in Tables
45 and 46 are for 15 locations, two trials having
been destroyed. ILC 482 again gave the heaviest
yield in the winter-sown trials. The Syrian landrace
gave the largest yield in the spring-sown trials, in
contrast to the previous two seasons in which ILC
482 outyielded the Syrian landrace. Seed
weights and vields were, however, less than in
1982/83, due to poorer rainfall in 1983/84.
iLC 482 and ILC 629 appear to be possible
replacements for the Syrian landrace, given their
ascochyta blight tolerance and large seed,
respectively.

The dry conditions in 1983/84 did not favor
ascochyta blight disease development, and the
lines were rated as resistant at all focations ex-
cept one, where ILC 620, ILC 629, and Syrian
landrace (ILC 1929} proved susceptible.
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Ta% 45, Performance ot t:il're:_éi'fg‘lr'et_‘largest yielding chickpea lines in winter-sown on-farm trials, Syria, 1983/84 (Means
* of 16 logations). -

Plant Mean
Co Yield Days to 50% Days to height 100-se8d ascochyta
Entfy {kgrha) Rank flowering maturity icm}) weight {g)  blight score
ILCP2 1161 5 146 183 63 30 1
ILC#95 1180 4 143 182 53 23 1
ILC02 1130 7 145 184 59 27 1
ILCAB4 1410 2 135 176 41 26 1

: 1088 8 148 185 64 30 1

1153 6 144 183 63 31 1

f 1278 3 143 183 54 32 i
ILCA82 (check 1455 1 134 176 41 29 !
Grafd mean 1232 142 182 55 29
CV (%} 20.67 0.49 0.41 1.38 1.5

134.9 2.82 1.98 4.43 0.28

LSD (5%)

Ta@ﬁﬁ. Performance of the six largest yielding chickpea fines in spring-sown on-farm trials, Syria, 1984 {Mesns of 15

& locations).
; Plant Mean
Yield Days to 50% Days to height 100-sesd ascochyta
Entry (kg/ha) Rank flowering maturity fem) weight {g)  blight score
ILC-482 850 3 73 109 31 26 1
ILc620 822 4 78 117 34 37 1
ILc829 871 2 77 116 34 37 1
FLI¥ 82-64 699 6 80 119 41 31 1
FLI%.R2-236 811 5 78 116 35 28 1
Locs (check) 922 1 73 11 30 31 1
Gralwd mean 829 76.6 116 34 316
CV ¥%4) 16.69 0.67 0.71 2.07 1.26
73.78 1.61 1.80 2.03 0.21

LSE15%}

Release of ILC 3279 In Cyprus. Chickpea
cultivar ILC 3279, a selection from an introduc-
tion from the USSR, has produced consistently
high yields over 3 years in winter-sown trials in
Cyprus. It is highly resistant to ascochyta blight,
cold tolerant, and tall and thus can be

Use of ICARDA Material by National
Programs

The national programs