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tnsxiqht m k e d  many areas of West Asia and North Africa (WNA) 

Wing the 1988/89 season, leading to large grain deficits in several 

countries of the region (e.g. Tunisia, Algeria, Syria, and Wkey).  

The use of dnxqht tolerant cultivars with appropriate cultural 

practices is increasingly perceived by NARS as the sole means of 

sustaining reasonable agricultural production during dry years. 

A significant went which marked the Program's activities was the 

signing in March 1989 of the new CI~%-WT/ICARLYL agreerent specifying the 

t e rms  of collaboration for the inn,ruvment of spring and facultative 

wheats in the WAN?i region. Ihe a g r m t  aims to achieve an efficient 

use of CGIAR resources to increase the benefits from both Centers to 

NARS. Ihe agreement includes the posting of a CIMMYI wheat scientist 

at 1- and the inplementation of a new system of germplasm 

distribution for WNA. Spring-type gemplasm from ICANN, Alepp, and 

CIPMW, Mexico, will be distributed from ICARDA as joint CDPlYP/ICARDA 

nurseries for testing in the mjor aqrcecnlqical zones of WANA. 

In line with the seoo1-13. External Prcqram Review and ICARDA's 

recent strategic plan, both of which recqnize the iqorbrce of barley 

in the dry areas, breeders are concentrating their efforts on 

developing genotypes with high and stable yield in tern of both grain 

and straw. Iamkaces and derived pure lines are su~sfully used in 

crossing prograrrs to transfer w t  tolerance into othemise well 

adapted genotypes. 'Ihe methdolagy of landrace exploitation is being 

transferred to NAILS in Syria, Ethiopia and Nepal. Promising a & d  

barley lines were seleded by NARS in several sites, including the 

lines Deir Alla 106/Strain 205, and Pal. l6/Api//Deir Alla 106, in the 

law-rainfall areas and cr 115/mr//strain 205 and camp. cross 229//As 
46/Pro in the moderate-rainfall areas. Eiqht new barley varieties were 

released in 1989 and late 1988 (Table 1). Barley lines have been 

~eleded from ICANN nurseries or prop3sed for release by NARS in WANA. 

Hull-less and early lines have been developed and included in nurseries 

for further testing and future distribution to NARS. 



Dxum and bread wheat breeders -sized the developrent of 

inproved germplasm for the low-rainfall areas of WANA. Wdtilmational 

testing was instrumental in characterizing wheat germplasm and 

designing targeted crosses for resistance to abiatic (dro-t, cold, 

and heat) and biotic (diseases and insect pests) stresses prevailing in 

the major aqrcemlcgical zones of WANA. A 4-year testing of 11,000 

durum wheat accessions has been qleted and enabled a thorcugh 

evaluation for 25 traits. auUm wheat lines Omrabi 5, Belikh 2, and 

Iahn and bread wheat lines Nesser and Gv/Aldto' performed well and are 

candidates for release in WANA countries. 

Druught and mld tolerant winter and facultative wheat germplasm 

has been identified thraqh screening for drought at Tel Hadya and 

E r d a  and for cold at S-ya, Syria and Ha-, mkey. Work on 

barley for hiqhlands and continental areas has been enhanced following 

the CIMMYT/ICARDA agreement and the consequent apintment of a full- 

time barley breeder to this work. 

Pathologists and entomologists worked in close association with 

breeders to develop resistant material with the goal of achieving 

sustainable cereal production under the farming systems prevailing in 

W?UiA. Germplasm pols for resistance to septoria, wrmmm bunt, wheat 

stem sawfly, aphids, and hessian fly have been assembled and furnished 

to collaborators. Facilities for controlled environments are now used 

to screen barley and what germplasm and carry in-depth studies on 

disease resistance and for aphid tolerance. 

Physiological studies in barley and wheat indicate that specific 

canbinations of desirable mqhological and physiological traits for 

specific envirorrments may be needed to hqrove selection efficiency for 

yield in dry areas. Clj discrimination was related to transpiration 

efficiency and to be a good indicator of superior barley 

perfoll~nce under drougfit. 

Doubled haploid (DH) plants of barley and wheat have been produced 

using anther culture and inteqeneric or interspecific hybridization. 

Wheat culti- having the 1B/1R translocation seem to be particularly 

suitable for M production through anther culture. A wheat-maize 



crossing technique has been developed using an application of 2,4-D to 

wheat spikes follming W t  pollination with maize. The technique was 

effective on 20 tested genotypes and is generally 50 tines more 

effective than the Hordeurn bulbosum technique. 

In the area of germplasm exchange, more seed requests were made by 

NAR3 for finished material and trait-specific (e.g. dnqht, heat, 

etc.) nurseries than for segregating populations. lhis trend is being 

careNly monitored to further inprove the targetting of wheat and 

barley germplasm to met NAFS needs. 

Collaboration with NARS has been s w e n e d  thmugh exchange of 

visits, joint participation in travelling workshops in North Africa and 

Turkey, and planning metirgs in the WiNA cwntries. Training was 
diversified and an enphasis was placed on specialized and in-try 

courses. A total of 171 prsons participated in training courses or 

workshops organized by the Cereal m-ogram and 10 visiting scientists 
f m  the region spent time (2 weeks - 2 months) at IcXUlA to e x m e  

scientific information and beccme acquainted with the Program's 

research methcdologies and findings. 

Details on the various research and training activities are 

presented on the follming pages. 

Individual sections of this report were p r e m  by ICARDA or 

CIEPlYT scientists with contributions fmm NARS scientists. The entire 

manuscript was reviewed by Dr. A. van Schan-hoven, and its prcduction 

was coordinatsd by Dr. R.H. Miller. Samira Maksoud, Najla Nakshbandi 

and Basma Talas typed Sukstantial portions of the m u m i p t ,  and Nahed 

S d  p r e w  the camera ready spy. Warm thanks and gratitude are 

extended to all contributors. 



Table 1. Cereal varieties released by national prcgrams,as of Dec 1989. 

(-m'=Y Year of release variety 

-ley 

Algeria 
Chile 
China 

Emador 
Ethiopia 

Iran 
Jordan 
Mexico 
Morocca 

Nepal 
Pakistan 

S. Arabia 
spain 
Syria 
m i l a n d  

Tunisia 

Vie- 
Yemen AR 

- - 

Kantara 
(Mari/Aths*) 
Shyri 
BSH 15 
BM 42 
Ardu 
Aras 
Rum ( 6 - m )  
Mona/Mzq/DL71 
Asmi 
Tamellalt 
Tissa 
T€?ss3out 
A g l m  
Rihane 
Tiddas 
Bonus 
Jau-83 
Jau-87 
Frontier 87 
UM 87 
Nam 87 
Sereia 
CE 8302 
Gulf 

Gusto 
Rihane 
Furat 1113 
Semangl IBON 48 
Semeng;! IBON 42 
Taj 
Faiz 
Roho 
Rihane 
Api/CM67/B1 
Arafat 
BEecher 



Table 1. (Corrt'd) 

Canrtry year of release Variety  

I u U I O  l&Eat 

Algeria 

Greece 

Jordan 

LebaMn 
Libya 

Pakistan 
FQrtusal 

Saudi Arabia 
spain 

Syria 

SaN 
Waha 
ZB S FG'S1/LIJKS GO 
Tingad 
Mesoaria 
Karpasia 
-g 1 
-g 2 
Beni Suef 
Selas 
sapfo 
Skiti 
sam3s 
syros 
mrif la=&- 
Chaml=Manl 
N-432- 
Stork-ACSAD7 5 
Belikh 2 
Marjawi 
Ghuodwa 
ZO& 
Baraka 
Qara 
Fazan 
Manak 
sebou 
mnn Rabia 
Wadha~k 
Celta 
Timpanas 
Castim 
Heluio 
Cham1 
Mexa 
NUM 
Cham1 
Cham3 
Bohouth 5 
Razzak 
Susf  bird 
Balcili 



Tab le  1. (Corrt'd) 

Canrtry Year of release Var ie ty  

Bread wheat 

Alger ia  

Egypt 

Ethiopia 

Greece 

Iran 

Jordan 

LibLa 

Pakistan 

Sudan 

Syria 

Tanzania 

Tunisia 
ye me^ AR 

Yemen FDR 

S e t i f  82 
HD 1220 
Giza 160 
Giza 162 
Giza 163 
Giza 164 
S&ha 92 
Dashen 
Batu 
Gara 
Iourcs 
P i n i c s  
Arachthos 
Golestan 
Azadi 
Darab 
Saludan 
Quds 
~ = J u b e i . h a  
L88=Rabba 
Zel laf  
Sheba 
Germs 
Jouda 
Merchouche 
Saba 
Kanz 
Sutlej 86 
LIZ 1 
LIZ 2 
Debeira 
Wadi E l  Nee1 
Cham2 
Cham4 
Bohouth 4 
T-VII-Veery's1 
T - m - M 8 1 1 - I n r a t  
69/BD Tunisia release. 
Byrsa 
Marib 1 
-tar 
Aziz 
r n m  
Ahgaf 
W/83/2 



2.1.1. ' ' tim 

The overall objective of the barley improvement project is t o  

contribute tc-kyards bridging the gap between demand and prcduction of 

barley. In the -tries of WANA ( W e s t  Asia and North Africa) the gap 

was 5 million wtric tons in 1983 anl is expckd to raise t o  11.3 

million metric tons by the year 2000 (FAO, 1987. Agriculture: tavard 

2000) . Piis poses a formidable challenge not only because of the size 

of the expded  defic i t  t o  be bridged, but also because barley is 

typically grown in less favorable e n v i r o m t s  both f m  a climatic and 

an agronomic point of view, where genetic i q~memen t s  of crop 

production have historically been more d i f f i d t  to achieve. 

I m ' s  strategy (Sustainable Agriculture for the Dry Lands, 

September 1989) reccgnizes th i s  challenge both i n  its agroecolcgical 

thrust ("ICARDA w i l l  increase its work in the highlands and the lower 

rainfall  areas") as w e l l  as in its connncdity t h r u s t  ("work on barley 

w i l l  be expmded in the WANA region i n  view of the crop's v i ta l  

contribution to livestock production in its drier areas"). 

Precise statistics on barley def ic i ts  are not available outside 

WAML. However in the Andean Region of S o u t h  America, ii India, in the 

Himalyan countries, and in China barley is an i np r t an t  f d  crop, 

especially to the very poor. 

To achieve its overall objective the research and training 

act ivi t ies  of the barley project are organized according t o  four main 

agroecolqical zones (Table 2 ) .  The specific objectives are related t o  

the min yield-limiting factors in each aqroecological zone. 

This section deals w i t h  three agroecolqical zones: low rainfall ,  

moderate rainfall  and subtropical environments. Activities related t o  

the highlands are covered in a separate chapter of this report. 

'IW approaches are followed in both research and training, namely 

1) kvelopment of germplasm 

2 )  Developent of breeding methdolcgies 



Table 2 .  The barley improvement project: main objectives i n  relation 
t o  agroecolqical zones and division of respns ib i l i t i es  
between Icwm and c m  

Agroecological 
zone 

Main 
objectives 

Main act ivi t ies  
carried out from: 

Low rainfall  Yield stabil i ty,  s t r a w  
(250-350 m) quality 

Mcderate rainfall  Yield potential, pests, diseases and A l e p  
(> 350 nun) lodging resistance 

Hiqhlands in WANA Yield stabil i ty,  cold tolerance M ~ P P  

Sub-tropical Disease resistance 
e n v i r o m t s  

Mth- complementary, in that methodologies are being developed 

within the context of the breeding activit ies,  there is more emphasis 

on developing methodologies for the more diff icul t  ernriro-ts (low 

rainfall  areas and highlands i n  WANA), and more emphasis on gemplasm 

development for the climatically more favourable emrirorunents (moderate 

rainfall  and subtropical e r n r i r o m t s )  . This difference in emphasis is 

associated w i t h  the 1- research inputs and the poorer research 

infrastmctwe typical of the more diff icul t  environments. 

The size of the barley breeding project a t  Alepp is illustrated 

i n  Table 3. Four main breeding methods are being used in  the program: 

- a bulk-pedigree methcd is used t o  manipulate segregating populations 

derived fram crosses designed for lw rainfall  areas. With this 

method the F2 populations are grown as 2 rows, 2.5 m long plots a t  

W i d e r  (long tenn average rainfall  = 212 nun) i n  an unreplicated 

design with systematic checks, and the best F2's are identified. On 

the seleded F2's both bulk seed and between 15 and 40 heads are 

Wested. The bulk seed is evaluated for a m i n b  of three cropping 

seasons in the Ini t ia l ,  Preliminary and Advanced Yield R i a l s  wfiere 

selection between m a t i o n s  continues based on grain yield, 

earliness, cold tolerance, plant height etc. Single-head p q e n i e s  of 



the selected bulks are evaluated a t  Tel Hadya for disease resistance 

and only resistant families of sel-ected bulks are retained. 

Table 3. Size of the barley breeding project a t  ICARDA i n  1989. 

Material 
N. of 

entries Locations (1) 

New Crosses 1203* 
F1's 2050 Tel Hadya 
m a t *  polxllations: F2 2300 Tel Hadya (normal and 

l a te (2)  ulantim) . W i d e r  
F3-F, 20000 Tel Hadyi, ~ou ide r  (F3 

In i t i a l  Yield Trials 
FTeliminary Yield Trials 

Advanced Yield Trials 

with _H. s~ontaneum) 
1650 Tel Hadya, Bouider 
760 T e l ~ a d y a ( ~ )  Bouider, 

~reda, ~ t h a l a ~ s a ( 4 )  
300 TelHadya2f3, Breda, 

W i d e 6  -1, Athalassa 

Finished lines: Crossing Blocks 
(4) 

84 Tel Hadya ( 5 ) ,  Bouider, 
A t h a l a s s a  (4) ,  Te?3ml 

observation Nurseries 271 Tel Hadya (5),  W i d e r ,  
A t h a l a s s a  (4) , Tab31 

Regional Yield Trials 57 TelHadya(5), W i d e r ,  
Athalassa (4) ,  Tab31 

1) Excluding the lccations where international nurseries are evaluated 
by ~ t i 0 ~ 1  p v  

2) Planting date: 21 Fgril 1989 
3 )  One set planted in a farmer field 
4) Data collected by D r .  A. Hadjichristtxldou and staff  a t  ARI, 

Nicssia, Cyprus 
5) 'Ihree planting dates (October 15, 1988; December 12, 1988; February 

15, 1989) 
*) 457 for low rainfall ,  406 for moderate rainfall ,  340 for specific 

traits. 

- a p e d i w  and a backcross method are used for moderate rainfall  

areas in WAN+ and for subtropical environments. 

- Wing 1989-90 single seed descent w i l l  be used in the Aleppo-based 

project for a number of specific crosses for both low and moderate 

rainfall  areas. TRis is already used in the Mexico-based project t o  

advance specific crosses t o  hmzygosity. 



- Ttm generations a year are routinely prcduced in the Mexico-based 

project, and for most gemplasm developed for moderate rainfall 

areas by the Alepp-based project. 

2.1.2 Major during 1989 

- Wing late 1988 and 1989 eiat new barley varieties have been 

released in China (I), Vietnam (I), Chile (I), Ekuador (1) and 

Morocco (4) (Table 4). Although the release of a variety does not 

neoessarily inply an impad at the production level, at least in the 

short term, it is a measure of acceptance of the type of gemplasm 

being developed. In addition to the barley varieties already 

released, Rihane-03 has been reammmded for release in Syria and 

Iraq, Roho/Mazurka is being multiplied for possible release in Iran, 

and Abiad is being considered for release in Pakistan. In 

Ch ina ,  fcur lines from the Regional Yield Trials for Werate 

Rainfall Areas 1988-89 have been selected for further testing in 
1990. 

Table 4. Barley varieties released by national programs 
in 1988 and 1989. 

Year of Variety 
Release Released 

China 
Vietnam 
Chile 
Ecuador 
Morocco 
Morocco 
Mo- 
Morocco 

V-24 
Api/CM67//Bl 
Lso/Inia/Cm 
Shyri 
TessaUt 
Aglou 
Rihane 
Tiddas 

- 'Itro national prcqams have become full partners in exploithq locally 

adapted germplasm: the Syrian national program has accepted to 



conduct the preliminary evaluation of pure-lines extracted from the 

two barley landraces grown in Syria, Arabi Abiad and Arabi Aswad (see 

section on low rainfall areas for more details). The Ethiopian 

national pr~gram began a prcgram of selection within the Ethiopian 

barley landraces. In 1989 a preliminary evaluation of pure-lines 

selected within the best populations evaluated in 1988 was conduded 

at three locations in Ethiopia. A similar appmch was discussed with 

Nepalese scientists and we plan to initiate a collaborative work on 

the evaluation of new collections of barley landraces in the near 

future. 

- A collaboration with the national prcgram of Nepal was started with a 

preliminary e x m e  of visits and germplasm. Althcugh the first set 

of nurseries was sent with the sole purpose of identifying suitable 

germplasm for Nepal, seven lines were selected and promoted to the 

national yield trials for the next crowing season. 

- Further progress was made in data analysis and information retrieval. 

WE system wd is linked to the yield trials so that a standard data 

file is prepared for the entries selected for the second and third 

year testing, containing both past years data and selection criteria 

used at each cycle of selection. 

- To i q m e  the targeting of new germplasm to the mjor agroecolqical 

zones, and to decrease the total nunter of lines distributed to each 

national program, the barley observation nursery for low rainfall 

areas (BOL) has been divided into two nurseries, one for low rainfall 

areas with mild winters (83W) and the second for low rainfall areas 

with cold winters (EDLC). This initiative is being implemented in the 

international nurseries distributed for the cropping season 1989-90. 

'Ihe major features of the various 1989-90 observation nurseries are 

surmnarized in Table 5. Average yield across nine environments was 

similar in the four nurseries (only the FCC was significantly lower 

than BOIW), yield under stress was significantly higher in the two 

EDL, while yield potential was higher for the ECM and EDW. The 

genotypes in these two nurseries were also more erect, more cold 

susceptible and earlier than those in the BX and in the BOLC. The 



barley genotypes in the BX were less prcductive under dmqht, less 

vigorous in the early stages of grwth ,  more pmshate and late. 

Minor differences were found for kernel size. H-er, as 1000 

kernel weight was recorxIe3 in 1989 (a very dry year), it was pmbably 

reduced to relatively low values in the majority of genotypes. When 

distributing germplasm thmqh the intermtiom1 nurseries we try to 

ccnsider the row type in relation to traditional preferences in 

different c0untries. As sham in Table 6 there is an overall 

prevalence of *row gemtypes, w h i c h  are generally more tolerant to 

bath drought and cold than six-rw genatypes. Hmever in the nursery 

designed for areas where earliness plays an important role as an 

escape mechanism, such as the low-rainfall areas with mild winter, 

there is a prevalence of six-TOW genotypes where higher levels of 

earliness are more frequent than in two-row genatyps. 

Table 5. Targetting barley germplasm: average yield (9 environments), 
yield under stress (3 environments) yield potential (6 
envimments), gmwth habit Qi (1 = erect; 5 = prostrate), 
days to heading DH, early growth vigcnu GV (l=gccd; W r ) ,  
1000 kerns1 weight IW (g), an2 cold tolerance CT (1 = 
tolerant - 5 = susceptible) of the new ICARW lines pranoted 
to the 1989-90 obsezvation nurseries. 

Observation Avemqe Yield Yield GH DH C T G V  KW 
Musery yield poten- 
(AcronYm) (kg/ha) stress tial 

(ks/ha) (ks/ha) 

Mcderate rain- 2570ab 605b 5717a 2.8a 120.6b 3.6b 2.5a.b 32.0 
fall (a) 
Law rainfall- 2650a 706a 5383a 2.8a 117.5a 3.2b 2.3a 33.1 
mild (mw) 
Law rainfall- 2585ab 801a 437833 3.5b 123.2~ 1.7a 2.4a 33.5 
cold (WE) 
High Elevation 247% 564b 463% 3.8~ 125.7d 1.5a 2.7b 32.2 

Means followed by the same letter(s) are not significantly different 
(F-teSt) (P < 0.05) . 



One of the trait arrhitectures expzkd to be associated with 

h i m  and rmre stable yields in environments with cold wintexs and 

both intermittent and terminal draqht is a ambination of prostrate 

g n x t h  habit and earliness (see Fhysiology/~). 

Table 6. Frequency of -row and six-row barley genotypes m n g  new 
lines distributed in the internatio~l nur;eries 1989/1990. 

Nursery 

Mcderate rainfall (BCPI) 
ku rainfall-mild (B3LW) 
ku rainfall-cold (BE) 
High elevation (BX) 
cSossing block (BCB) 

Total 

taxing 1987/88 scane early gem- with pmtrate grmth habit 

and cold tolerance were identified (Annual Report 1988, pg 17) . While 
those genotypes were used as prents in the crossing program to 

incl.Base the frequency of this canbination of traits, additional 

gamtyps with the same ccmbination of traits were identified in the 

1988/89 cropping season (Table 7). 

Table 7. New genotypes ambining prc6trate grmth habit and earliness 
identified in 1989. 

Trial/M3terial No. of % ~rudth[l) Days I L )  ~oldl-') 
lines habit to heading tolerance 

-1- Yield Trial 16 2.2 3.9 106.9 3.0 
Initla1 Yield Trials 28 1.7 4.2 108.6 2.3 
Harml (early check) - - 2.7 109.4 2.8 
A. Aswad (prostrate and - - 4.8 112.5 1.4 

cold tolerant check) 

(1)1 = erect; 5 = pmstrate. (2)tays frrsn emeqence. 
(3) 1 = tolerant, 5 = susceptible. 



Although the total frequency of genotypes mining prostrate 

grcwth habit and early heading (1.8%) hxeas& conpared with the 

previous cropping season (0.5%), the level of cold tolerance of such 

genotypes (especially those in the preliminary yield trials) is not 

satisfactory. Using the two Syrian landraces (A. Aswad and A. Abiad) 

as .sarcs of both pzustrate gru.&h habit and cold tolerance seems a 
mm praising way to &ine these two traits with early heading 

(Table 8). 

Table 8. Barley genotypes with the best canbination of prostrate 
grclwth habit, cold tolerance and early heading in the Initial 
Yield Trial 1989 

Genotypes ~rowth(lJ r ~ y s l ~ J  cold ( '1 
habit to heading tolerance 

Arabi AswadfIh. Unk.00 4.3 109.1 1.5 
Arabi Aswad/Harmal-02 4.6 110.4 1.8 
PI 38654O/Azabi Abiad 3.9 106.3 1.6 
h o n  Sej  et/=i Aswad 4.2 111.6 1.8 
-1-OI/Arabi Abiad/Fpi/CM67//Nacta 3.7 111.9 2.0 

1 =  erect; 5 =p-trate. (2) ~ a y s  fromemergence. (3) scale: 
1 = tolerant, 5 = susceptible. 

me developoent of specific plant types is an exaIqJ1e of 

incorporating physiolcgical concepts into barley b ~ d i w ,  and of the 

mre general effort to develop breeding stocks with different plant 

types for different envhments. This activity is conducted by 

aplying different selection criteria during all stages of selection. 

The traits more frequently used as selection criteria (excluding 

disease and lodging resistance) are listed in Table 9. The use of 

different selection criteria has several advantages, such as 

maintaining genetic diversity, providing breeding stocks with specific 

traits to national prqram and undershcdhg the relationships betwen 

traits. Data such as those in Table 9 fom the basis for the promotion 

of lines to international nurseries and for the preparation of the 

-ins Program. 



Table 9. Attributes of barley gem- selected fmn the Fdvanced 
Yield Trials 1989 on the basis of different seledion 
criteria (based on three years data). 

Selection 
criteria 

Attributes of selected oeno- 
YP YD Y DH a(2) G V ( ~ )  KW m 

Yield potential (YP) 6452 621 
Yield umkc drmght (YD) 4891 960 
Earliness (El) 5467 658 
Gra r th  habit (a) 4377 689 
Gra r th  vigour (GV) 4937 710 
Plant heiqht under 

w t  (m) 5210 726 
Cold tolerance (CT) 4191 726 
1000 kernel weiqht (KW) 5002 743 

L.S.D. ( -05)  496 101 

Y = grain yield 1 = resistant; 5 = susceptible; (2) 1 = erect; 
5 =pmtrate; (3) 1 =good; 5 =poor; 

Ihe data of Table 9 confirm that: 

- Selection based on yield potential alone is nut an efficient strategy 

to maximize yield under drought. 

- None of mrpholqical traits used individually as selection criteria 

has an efficiency comparable with grain yield under &night 

It is therefore obvious that to increase the precision of 

identifying superior genotypes under dmqht, alternative strategies 

need to be explored. The two min analytical tools used in barley 

breeding are (1) selection based on an architecture of traits and (2) 

selection based on physiological traits. Both analytical tools are 

illustrated in mre detail in the chapter Fhysiolqy/Agmncnny. 



2.1.3. Perf- of barley lines in the regicm 

The Regional Yield Trials are international nurseries where the 

lines selectel by national prcgram scientists f m  the okervatitm 

nurseries are evaluated in replicated trials. Because of the large 

yield variability in different locations, we also used the average rank 

and the standard deviation of rank (Nachit and Ketata, 1986) to mopare 

the different entries in addition to yield. 

Haever, as -, average yield and average rank were strongly 

correlated (F-.98**) and therefore only average yields are presented. 

Across a total of 14 locations the 19 lines tested in the Regional 

Yield Trials for Him Altitude Areas yielded 175 @/ha more than the 
average of the bq~roved checks (yield = 2450 @/ha). The 12 lines 

pxmmtdto the regional yield trials in 1988 performed better (yield = 

2691 @/ha) than the 7 entries p-ted in 1987 and tested for the 

second year (yield 2510 kg/ha), but are slightly less stable. The 

three best lines (sham at the both of Table lo), performed 

consistently well across the 14 locations. The low values of the 

stanjard deviations for the rank is an indication of the consistency of 

good perfonuanoe. HOwever this type of analysis does not necessarily 

Table 10. Standard deviation of ranks (SR) and grain yield (kg/ha) in 
the Regional Yield Trials 1988-89 for Him Altitude Areas 
(based on 14 locations). 

Material N.oflines SR Yield 
(@/ha) 

Lines evaluated for the second year 7 5.91 2510 
Lines evaluated for the first year 12 6.45 2691 
All lines 19 6.25 2625 
ImpTWed checks 4 6.13 2450 

Best lines: 

I.&71/CBB37//U?b7l/CBB29 
WI2291/3/SP(Zh)//Cr. 115/Por 
Rihane - 08 
Best check (Beeher) 



rev& those lines that perform well only in a particular country. 

Table 11 s h w  that m n g  the lines outyielding the national check in 

different countries only one is in amon with the best lines in terns 

of average p e r f o m .  

In the case of the Regional Yield Trials for Moderate Rainfall 

Areas results are from the 26 locations for which data were received 

before writing this report. 

T h e  best inpmved check (Assala 04) ranked better than the 

national check in 15 out of the 26 locations. The secord best inpmved 

check (ER,'&m) ranked better than the national check in 12 locations. 

One line, Cr. 115/Por//Strain 205 perforntd better than the national 

check in 17 locations. Another test line, N-Acc 4001-59-80 was on the 

average as qmd as Assala 04 and ranked better than the natioml check 

in 15 locations. Cmpared to the second best iqmwd check (ER/Apn), 

in addition to the 2 cited lines, one line (Rohopiazurka) was better 

and ranked better than the national check in 13 locations. 'Itro lines 

(M69-77//Shi-r-kci No.87/4/Pro/TolI//Cer*2/TolI/3/5106 and 

~67/Apm//Sv.O2109/Mari) were on the average as qocd as this check and 

ranked better than the national check in 12 locations. About 50% of 

the test lines (9 lines) ranked better than the national check in lo or 

mre locations. 

Table 11. Lines in the 1988/89 Regional Yield Trials for High Altitude 
Areas outyielding significantly the national check in sane 
selected countries. 

Lines Country %over Averaqe 
~ t .  check rank 

- Leb71/CBE337//Leb71/CBB29 Iran 162.9 5.08 
Tunisia 31.6 5.08 

- Kenya/Rewad@elle Morocco 27.3 10.50 
- WI2197/Arabische Greece 23.7 12.00 
- Je?xsalem a km-kes lisses/E!onus runisia 56.9 12.75 - H272/Egs/3/Mzq/cM//PIOO2917 Korea 59.7 12.08 

Pakistan 15.8 11.71 
- Di Jou 3-2-5 Pakistan 28.0 9.29 



Ccanpared to the best iuproved check in a given location (Assala 

04, w&m, BBecher, or WI2991), the national deck ranked better in 8 

out of the 26 locations. One test line (Cr.l15/Rr//Strain 205) also 

ranked better than the best hp-wed check in 8 locations. Another 

test line (Com.Cr.229//As46/aO) ranked better in 7 locations. One 

line (Th.Unk.7) ranked better in 6 locations, and 2 lines (WI2291/3/CI 

03309/Attiki//Hja33 and N-Acc4001-59-80) ranked better in 5 locations. 

In summary, 8 lines seem to be promisirsg for the region. The list of 

these lines is given Table 12. 

With the exception of a few locations (data collected from 20 

locations), all these entries were on the average earlier to head than 

the national check (with lines 6 and 8 being the earliest of all). 

With the exception of line 4, they were all more lodging resistant than 

the national check, wit? line 6 being the most resistant (data on 

lodging collected from 8 locations). 

TIE reaction to powdery mildew (data collected from 7 locations) 

varied from location to location but with the exception of line number 

5, all the entries had an acceptable level of resistance. Lines 2, 5, 

6, 7, and 8 had also a good level of resistance to net blotch (data 

collected from 4 locations), with line 6 being the most resistant. For 

scald, all the lines except 2 and 3 shawed a good level of resistme, 

with line 8 shmbg no reaction in any location (data colleded from 4 

locations). Except for lines 4 and 5, kernel weight was very high (3 

locations only). 

The locations from vihich data w e r e  analyzed were merged into 3 

groups, with group 1 represented by 2 locations from Mo-, 2 from 

Tunisia, 1 from Spain, 1 f m  Brtugal, and 1 from Italy, gr~plp 2 

represented by 2 locations from Libya, 2 from Saudi Arabia, 1 f m  

&tar and 6 f m  Fgypt, and group 3 rep-ted by 3 locations f m  

Syria, 1 from Iebanon, 1 f m  Cyprus, 2 from Iran, and 1 from Greece. 

By examining the different lines in each group of enviroments, the 
following conclusions were drawn: line numker 1 in Table 12 was 

exceptionally good in group 3, line nunher 5 was gccd in group 1, line 

r n r m b e r 6 i n b o t h g r o u p s 2 a n d 3 ,  l i n e r n r m b e r 7 i n g m u p 3 , a n d l i n e  



number 8 in group 2. Line 6, besides being excellent in a wide m q e  

of environments, is also disease resistant, lodging resistant, ard 

early. 

Table 12. The most pranising lines f m  the Regional Yield Trials for 
Malerat& Rainfall Areas (1988/89). 

Line Kmker of locations with 
Rank1 Rank2 Rank3 

1. m.Unk.7 
2. Rahopbsurka 
3. M69-77/Shi-r-Kci No. 87/4/Pro/ 

T0lI//Cer*2/TolI/3/5106 
4. WI2291/3/CI 03309/Attiki/Hja33 
5. CM67/~pro//Sv. 02109/Mari 
6. cr. 115/mr//strain 205 
7. Ccsnp.a. 229/As46/prO 
8. N-Acc 4001-59-80 

In the Regional Yield Trials for Low Rainfall Areas a n W  of 

barley lines outyielded the national check for two consecutive years in 

the same m t r y  (Table 13). 

Table 13. Kmker of barley lines (excluding the checks) in the Regional 
Yield Trials for Low Rainfall Areas which atyielded 
significantly the ~tional check (8 lines tested in both 
1986-87 and 1987-88; 6 lines in both 1987-88 and 1988-89). 

NO. of lines 
country 1986-87 1987-88 Both y- 

Iraq o 2 o 
Iran 3 5 2 
Syria 6 8 6 
Esypt 0 4 0 
Italy 5 3 3 
Pakistan 1 4 0 

Country 
Iraq 
Iran 
Syria 
Egypt 
Italy 
C;reece 



TIE average yield for some of the best performing lines is shown in 
Table 14. 

Table 14. Ferfo?mmm of barley lines in the RBgional Yield Trials for 
Low Rainfall  rea as 1986-87, 1987-88, 1988-89. 

Average yield* 
Line 

- W I  2197/Cam 4095 3885 - 
- Deir Alla 106/Strain 205 4012 4048 - 
- Pld10342//(Ir. 115/Por/3/Bahtim9/4/ 
Ds/Apm/5/WI2291 - 3778 2794 

- Bal. l6/Api//Deir Alla 106 - 4398 3142 

- Long-term check (Beecher) 4045 3912 2938 
- Average of all lines 3953 3627 2801 

*22 locations in 1986-87; 29 in 1987-88 and 26 in 1988-89. 

A n u h x  of lines outyielded the national check in other countries 

e.g. Morccco,  Tonisia, Jordan, Portugal, Spain and China, but data were 

available only for one year. 

Table 15 shows the performme (expressed as nmber of times that 

an entry outyielded the national check) of 6 barley lines evaluated in 

the Regional Yield Trials for Low Rainfall Areas in 29 locations in 

1987-88 and 26 locations in 1988-89. 

Table 15. Mrmber of times that each entry outyielded the national check 
in 29 locations in 1987-88 and 26 locations in 1988-89. 

Line 
NO. of times 

1987-87 1988-89 Total 

Bahtim 9/4/Ds/Pgro/5/WI2291 
- WI 2197/CI 13520 1 3 
- MPYTl69-1Y 1 1 
- Bal.16/Mz~&/3fl67-18/Ml4// 2 2 
Ds/Apro/4/Iris - Bal. l6/Api/pir Alla 106 7 5 



'Ihe main objective of barley b r e d q  for moderate rainfall areas 

is to develop suitable barley germplasm, with the cooperation of 

national prograns, axi for the Mti0Ml prcyrams for areas where the 

barley yields range frcan 2 to 4 t/ha. The barley program deals with 

major constraints limiting barley production in hlANA, d y  diseases, 

11% yield potential, lodging, straw quantity an3 quality, etc. Yield 

stability as affected minly by short term fluctuations in the 

envirormwt is also en@msized. 

Four hundred six crosses were performed during the 1989 season 

(Table 3). Two hundred and two crosses were m n g  2 by 2-med 

g-, 142 crosses among 6 by &rowed genotyFes, d 86 clawes 

m n g  2 by 6 - m d  genotyps. The parents were selected based on their 

perform3nce (disease resistance, lodging resistance, yield potential 

and stability, earliness, bica~ss, etc.) at different locations (minly 

fran the interrationdl nurseries and the advanced yield trials). The 

mjor diseases considered in making the cmsss were powdery mildew, 

net blotch, scald, and BYW. Wen th- specific crosses for other 

d i m  (barley stripe, smuts, rusts, etc.) were not mde for that 

particular p, plants or families W i n g  susceptibility to any 

were elhimted frcan segregating mations or recycled in the 

program. Two lines identified by the entamlcgy program as resistant 

to wheat stem sawfly were also included in the crwsing program to 

intruduce resistance to this pest. Parents were also seleded based on 

their yielding ability, yield stability, lodging resistance, high 

bio~ss, and earliness. 

All the segregating populations, besides being planted at the 

normdl date at Tel Hadya for plant selection, were planted as short 

mws at Lattakia, and with the exception of the F2 generations were 



also planted as short rows at the disease nursery in the patholcgy 
field at Tel Hadya. F6, F7, and F8 generations were also planted in 
lkrbol, Lebanon where they were selected for earliness, disease 

resistance, and good agroncPnic score. 
IXlring 1989, the segregating populations for mderate rainfall 

areas consisted of 280 F2 families, 435 F2 derived F4 families, 1477 F3 

derived F5 families, 254 F4 derived F6 families 447 F5 derived FI 

families, 1890 F6 derived F 7  lines, 262 F6 derived F8 families and 1075 

FI derived F8 lines. All populations, with the exception of F8 were 

planted in the sumoer nursery in lkrbol, Lebanon, for generation 

advance. The use of the surraner nursery has pnnitted us to gain one 

generation per year during the last 3 years. 

Despite the inoculation of segregating papulations by scald in the 

disease nursery at Tel Hadya, infection was not uniform because of 

dmqht and cold tmperature. kta on scald were not reliable and were 

considered only for blocks where the susceptible check was heavily 

attacked. On the other hand, the mildew pressure was very high 

at Iattakia. 

Frequency (%I 
60  

F 8  m~7 0 ~ 6  m~5 D F 4  

., 
0 1 2 3 4  5 6 7  8 9 

Scale of reaction 

0 = NO react ion Q = Fully Susceptible 

Fig. 1. Fkxdery mildew reaction (on a 0-9 scale) of segregating 
populations (F4, F5, F6, F7 and FB) at Iattakia. 



Data on pw3ez-y mildew are reported in Figures 1, 2 ard 3.  Figure 

1 sham the distrMion on a 0 to 9 scale (wi th  0 meaning no reaction 

was ECO~~ES~ and 9 being f u l l y  suscep t ib l e )  for F4, F 5 ,  F6, F7, and F8. 

As indicated by the readion of the susceptible check, disease pressure 

was very intense. Fmn Figure 1 we can see that aver 50% of the F8 

lines shmd no infection wi th  pawdery mildew. A list of the m3st 

pmnising lines f m n  F8 (also early, resistant to s c a l d ,  ard selected 

over 5 different envimrmmb) is given in Table 16. Figure 2 

sumnarizes the pcrrJdery mildew reaction at Iattakia for the same 
pcpilations . 

Resistance classes 

F a  F7 a F6 F5 F4 

Fig .  2. Rwbry mildew reaction (on a 0-9 scale) of barley 
poplations F5, F6, F 7  and F8) grcuped into 
resistarce/ A i l i t y  classes. 

'Ihe disease reaction was anarqed in gmup; (gmup 1 rang- f m  o to 
3 and c l a s s i f i e d  as being resistant, grcup 2 ranging f m  4 to 6 ,  and 



classified as being moderately resistant to moderately susceptible, and 

group 3 ranging f m  7 to 9 and classified as being susceptible). The 

bulk of the mations was classified resistant. 

RLis resulted from selection pressure applied to these populations in 
earlier generations. k i n g  selection, lines with a score of 3 or less 
were taken unless they presented other A such as lateness, 

susceptibility to other diseases, etc. Lines with scores f m  4 to 6 
were not selected unless they p m t e d  an exoeptionalLy good 

performance for other dmract.ers such as resistance to a given disease. 

Lines with srx,res of 7 or atuve were always W e d ,  except for few 

lines fmn the advanced generations (mainly F8) which were recycled in 
the crossing program. Figure 3 shms the selection response for 

powdery mildew. 

Frequency (%) 
3 5 

Rihane 03 (89) 

0 1 2 3 4 5 6 7 8  9 

Disease scale 

o = NO reaction Q = Fully susceptible 

Fig. 3. Respcow to selectim for pawdery mildew resistance during 
1988 and 1989 seasons. 

~t cmpms the readion of F3 families at Tel EEadya in 1988 arrl the 

reaction at L a m a  in 1989 of the E families that were derived fmm 

these F3.s after advancing the material by one generation at lkrbl in 



the surmner of 1988. me disease pressure at LattaJcia in 1989 was 

higher than at Tel Hadya in 1988, as M a t e d  by the reaction of 

Rihane 03 and the susceptible che& (these 2 checks were planted every 

20 mws), yet there was a shift in the F5 resistance as a result 

of selection of resistant genotypes in 1988. 

As a consequence of using the sunnrer nursery in -1, Lebanon, 

the germplasn for the dera t e  rainfall areas was g n ~ p d  into 2 pools. 

c ~ e  with a vernalization requirement, and one withcut. ?he pool with a 

vernalization -t fozmed a special rolrsery planted only at T k l  

Kadya and is mark to serve only specific regions. Figu?s? 4 shaws the 

evolution of the vernalization requirement of material that was planted 

in the slmaner nursery wer the last 3 years. l3-e evolution is linear 

wer the three seasons. 

% of population 
70 1 

1988 

Years 

Fig. 4. Evolution of vernalization nxpimmmt of the barley 
segregating mations as a response to selection in the 
sumner nursery be- 1987 and 1989. 



Table 16. Barley lines (F8) mining  padery mildew resistance 
scald resistame, earliness, an3 good agronmic score. 

h R P E U  SC M 

1. -/4/As/wl-M2/m9-24/3/Pgi*2 6 R 
ICB83-1509-1AP1AP2AF-OTR-lAP-OTR 

2. ~armal-o2//~12291/ag~ 2 R 
ICBB3-1554-VLP1AP1APCTR-2AP-OTR 

3 .  Roho//WI2291/EMO-F3-AC 2 R  
ICBB~-~~~~-~AP~AP~AP-OTR-IAP-GTR 

4. Kv//Alger/Ceres,382-1-1/3/Arr/Esp/ 2 R  
/Alger/Ceres,362-1-1ICB84-0033-1AP4AP 
-~AP-m-~APOTR 

5. WI2291/EMO-F3-AC/Arr/Esp//Alger/Ceres, 2 R 
362-1-1ICB83-0286-15AP-6AP-~001TR-~CTR 

6. Asse/Jaidor 6  R 
ICB83-1189-12AP-IAP-4AP-OO1~-IAP-CTR 

7. Lignee 527/NK1272 6  R  
1~4-0323-4AP-1AP2AP-OO1TR-lAP-OTR 

8. Lignee 527/Aths 6 R  
C Y B - ~ ~ ~ ~ - O P ~ A P ~ A P - O O ~ T R - ~ O T R  

9. Giza/Shiga Hakkoku//Ecpo'S1 6 R  
ICBB4-0828-5AP-OTR-4AP-OOlTR-4Ap-OTR 

Kc: row type; FM = W e r y  mildew; SC = scald; W = earliness; Ea = 
early; MEa = medium early. 

Initial yield trials 

lWo out of 8 barley trials were wetted for moderate rainfall 

areas. In  spite of the drought that prevailed at Tel Hadya during the 

grmirq season, yields over 4.5 t/ha were attained in these two 

experiments (Table 17) . 3.3% of the lines in one experiment had a 

yield higher than the best check, Arabi Aswad (which yielded 3.9 t/ha), 

and 18.8% of the lines had a yield similar to Arabi Aswad. In  the 

second experiment, 3.1% of the lines had a yield significantly higher 

than the yield of the best check, lUrabi Abiad (4.1 t/ha) and 17.2% had 

,a yield similar to this check. 



Table 17. ?he highest yielding lines frcw the initial yield trials for 
mxkmte rainfall areas Tel Hadya, 1988/89. 

Lines Yield HT DH FM SC 
t/ha 

-- 

wm3/Azr/Esp//Alger/W,362-1-1 
ICB83-1467-7AP5AP4APOOl'IX-3AP 
Weeah ll/WI2291/BgS 
IC883-1826-IAP-6AP-4APOOl'IR-4AP 
~ P p n / 3 / A z r / E s p / / A l g e r / ~ , 3 6 2 - 1 - 1  
ICB-1467-7AP5AP-2AP-1APlXR 
ww3/Arr/Esp//Alger/W,362-1-1 
ICB83-1467-7AP5AP2AP2APlXR 
Ore 'Sr//33-4/BahtimlO/3/Fgi/CM67//lao~ 
I C B ~ ~ - O ~ ~ ~ - ~ A P ~ A F - ~ - ~ A P I T R  
Bc//Aw WhiTPJAths/3/WI2198/Enir 
ICBS4-1455-2AP-5AP-MR-1APMR 
Badia/5/Cr. 115/Pm//k/3/Api/CM67/4/ 
Giza 120 
ICB84-1072-3APZAP-001TR-3APMR 
HarlL31-03/80-5013 
ICB85-0462-1AP4Ap3APlXR 
Harma-03/80-5013 
ICB85-0462-1AP4AP-ULplXR 

: row type, DH: earliness, Ed: early, MEa: medium early, FM: wexy 
mildew, SC: scald, R: resistant, S: susceptible, MR: mxkmtely 
resistant, IS: mxlerately susceptible. 

Among the lines tested in the advanced yield trials, nineteen (12 
two-rw and 7 six-row) lines outyielded Rihane-03 in the highest 

yielding envimmwnts during 1988 or 1989 (Tel Hadya, 1988, ard Cypms 

1988 and 1989). m e  pedigree and grain yield for these lines are shown 
in Table 18. 



Table 18. Pdvanoed Barley Lines cut@elding Rihane-03 in two or three 
high yielding errriromts . 

Average yield % wer -type 
(kg/ha) Rihane-03 

--- - 

WWFrr2198 
WI 2269//CI08887/CI05761 
I-/=/* 
Memet/Arabl Abiad//wr2198 
mroc 9-75/m 
Roho*Z/Arabi Abiad 
Mamka//Havila/Coracle Co65 
m. B1337/WI 2291 
CI 08887/CI05761//Cerise 
Esp/l808-4Y/E-/W3/Lignee 

13l//Er/m 
-r//w* 
Hanoal-O2/Bnir 
Rihane-03/3/Bc-//Ky63-1294 
Arar/3/lD/U467//Ase/Nacta 
Lignee 527/Chran-01 
Deir Alla 106//DL70/Pitayo/ 

3,434 1508/4/Arizcola 5908/ 
Ath//AVt/Attiki/3/iqer 

Li- 527m 1272 
Li- 527/Rihane 
Lignee 527/As45 

* Tel Hadya 1988 (average yield = 4388 kq/ha), Cyprus 1988 (average 
yield = 5008 kg/ha), Cyprus 1989 (average yield = 5824 kg/ha) 
() = number of environments where the line outyielded Rihane 03. 

A. z?aXmK 

2.1.5. Barley breeding for law rainfall areas 

!RE mjor cbjective of barley breeding for low Rainfall Areas is 
greater yield stability, stability is defined as a reduction in 
the frequency of crop failures. 

In those areas dmiqht is often asxlciated with tmprature 

st- such as cold during winter and hdat at grain filling period. 



Furthermore, timing, duration and intensity of the d r aqh t  stress are 

hiqhly unpredictable. 

TO identify germplasm with h i a e r  and stable yield under 

conditions, bulk populations derived f m  the crossing program were 

tested in  our driest  fxperimental site (Wide r )  for a m i n k  of three 

years in yield trials w i t h  two ( In i t i a l  Yield Trials) or  three 

replications (Preliminary and Advanced yield Trials) using a l a t t i ce  

design. Tbe sarrre t r i a l s  w e r e  also planted i n  mre favorable conditions 

(Table 2) to assess the i r  response t o  ixpruved climatic and agronomic 

comiitions. 

W i n g  1989 the average grain yield in the yield t r i a l s  was 640 

kq/ha a t  Bouider (184 mn rainfall  ) and 3000 kg- a t  Tel Hadya (234 nun 

ra infal l ) .  A t  W i d e r  (Table 19) the best check w a s  the local 1alxlrac-e 

Arabi Aswad, but even using a relatively mild selection pressure (10%) 

a large nmker  of lines w e r e  identified which outyielded A. Aswad. Tbe 

average yield advantage of the best 10% of the lines was 19.1% in the 

i n i t i a l  yield t r i a l s ,  24.8% in the Preliminary Yield Trials, and 16.4% 

in the Advanced Yield Trials. mere is no evident trend in these 

figures but t h i s  could be associated with the different germplasm in 

the three types of t r i a l s .  In both the Advanced and in the Preliminary 

Yield Trials, 21.3% and 26.2%, respectively, of the germplasm w a s  

conprised of pure lines selected from lax1 landraces. ?hese lines 

represent 83.3% and 78.9%, respedively of the top yielding lines. 

Fure lines selected frcnn landraoes were absent in the In i t i a l  Yield 

Trials because th i s  type of germplasn is n m  evaluated i n  separate 

t r i a l s  by the Syrian Natioml Program. ?he adapted germplasm in the 

Initial Yield Trials was present i n  the form of crosses made i n  1984 

and 1985 between Tadmr and improved lines (1.4%, of the total) and 

crosses between either Arabi Aswad (7.8%) or Arabi Abiad (9.2%) and 

ingroved lines. Althoqh the lraterial derived from these three types 

of mosses was m n g  the highest yielding material (the top yielding 

hilk, w i t h  1651 kg/ha, w a s  Mom 9-75/Arabi Aswad), there was a 

relatively large number of lm yielding crosses due t o  the lack of 

adaptation of the other parent. 



Table 19. G r a i n  yield (kg@) a t  Bouider (184 m rainfall)  of barley 
gemplasm in the In i t i a l ,  Freliminary and Advanced Yield 
Trials (1988/89). 

Material In i t i a l  Preliminary Pdvanced 
(n = 1650) (n = 760) (n = 300) 

G r a n d  mean 653 
Best 10% 1137 

max 1651 
m i l l  1018 

Rihane -03 566 
Kantara 772 
Harmdl 820 
A. Aswad 955 
A. Abiad 872 

A t  Tel Hadya (Table 20) the highest yielding check was again the 

local lambace grawn i n  the area (Arabi Abiad), confirming that 

repeated selection under relatively favourable conditions m i m i z e s  

Table 20. G r a i n  yield (kg/ha) a t  Tel Hadya (234 m rainfall)  of barley 
germplasm in the In i t i a l ,  Preliminary and Fdvanced Yield 
Trials (1988/89). 

Material I n i t i a l  Preliminary Advanoed 
(n = 1650) (n = 760) (n = 300) 

G r a n d  mean 3086 
Best 10% 4299 

min 4019 
maX 4981 

Rihane - 03 3148 
Kantara 3470 
Hanaal 3440 
A. Aswad 3106 
A. Abiad 3531 

yield p t e n t i a l  a t  the expense of stabil i ty.  With the exception of the 

In i t i a l  Yield Trials where the yield advantage of the best 10% of the 

lines over Arabi Abiad (21.8%) was slightly higher than the comparative 

figure in Eouider ( 1 9 1 % )  the yield advantage of the most prcductive 

lines in the Preliminary an3 A d v d  Yield Trials were lower (10.4% 



and 11.2%, nzpctively) than in Bouider. However, data from Advanced 

Yield Trials evaluated in Cyprus by the Pgria&tural Research Institute 

shai no decline in yield potential. ?he average yield in Cyprus was 

5824 kq/ha while the best 10% of the lines yielding an average of 7223 

kg/ha, almost 1000 kq/h mre than the best check (Harm1 = 6354 

kg/ha) - 

Pure line selection within lanlraces has resulted in the 

identification of a nwS3er of pdsing lines for dry areas (Annual 

Reports 1986, 1987 and 1988) thus &cuing the p3wer of this approach in 

the short term. If lardraoes, which are pr-ahcts of natural and 

artificial selection, are mixtures of genotypes, then stability of 

performarce is likely assdated with genetic he-eneity. 

To achieve a better -tarding of the role of genetic 

heterqeneity in stabilizing yield in stress enviromkmts we evaluated 

three mixtures at different levels of ccanplexity (4,8 and 16 lines) 

alongwith the single cmpments for three years in a total of 11 

locations (Table 21). 

Table 21. Total rainfall (m) and average yield at ~ach locatioqlyear 
ambination. 

lDcation Year Rainfall Average Yield 
mn 

mider 1986/87 176.2 61.2 
Breda 1986/87 244.6 451.4 

Hadya 1986/87 357.9 1791.8 
Bouider 1987/88 385.7 2826.7 
Breda 1987/88 414.8 3379.7 
Tel Hadya 1987/88 504.2 3743.8 
QF'=* 1987/88 321.0 4806.1 
Bouider 1988/89 186.4 596.2 
BI-eda 1988/89 193.8 1328.1 
Tel Hadya 1988/89 234.4 3275.0 -** 1988/89 184.5 1028.2 

* data collected by Dr. A. Hadjichristodoulou and his staff at ARI, 
Nicosia, Cyprus. ** data collected by DASR, Hassake, Syria. 



Ttm different techigues have been used to - stability: the 
joint regression analysis and a mmpmm&ric methcd proposed by Nachit 

and Rtata (1986). 

Over 11 emrimments (Table 22) only the mixture of 4 lines had a 

better average rank (12.8) and a 1- standard deviatiun of ranks 

(5.9) than A. Aswad (R = 13.5, S W  = 6.9). 

-re the mixture of 4 lines showed a better response (b = 

0.90) and a higher interoept (a = 168.7) than A. Aswad (b = 0.85, a = 

160.1). 

C u t  of the three best lines (shewn at bottom of Table 22) in ternrj 
of average rank, only two (SLB 42-64 anl SIE 49-93) perfonoed 

corrsistently well across the environents. 

Table 22. A v q e  grain yield GY (11 enviroments), regressim 
coefficient (b), intercept (a), av- rank (R) , and 
standard deviation of ranks (SIX) of 3 murtures and 3 lines. 

Mivture 4 lines (1) 2066.8 .90 168.7 12.8 5.9 
Mivture 8 lines (2) 1937.7 .90 24.1 16.0 6.2 
Mixture 16 lines (b) 2110.7 .99 15.4 11.7 7.8 
SIB 42-64 (1-2-3) 2156.7 .99 64.0 9.0 6.8 
SIB 45-93 (3) 2185.3 .96 146.5 8.8 4.3 
SIE 45-58 (3) 2402.1 1.16 44.1 8.5 7.4 
A. Aswad 1955.3 -85 160.1 13.5 6.9 

In addition to lardraces a seccud type of adapted gemplasm that 

can be of great benefit to breeding prograns for unfavorable 

envimmmnks are wild pnqanitors -or relatives. Hordeurn 

sDontaneum, the wild -tor of cultivated barley, mimt be expected 

to amtribute useful genes in barley b- for dry areas as 
suggested by its distribution in the driest areas of the F e r t i l e  

-. 'Ihe W e s  is extrenely diverse. Different accessions need 



t o  be carefully evaluated under environmental conditions that a l low the 

expression of useful t r a i t s  before prents are selected for a crcssing 

program. ?he activities on H. swntaneum beqan in 1984/85 w i t h  the 

evaluation of a large rnrmber of accessions a t  BaJider and the 

extraction of pure lines. In 1986/87, 59 lines were evaluated a t  

Bouider (176.2 nun rainfall). SQE were able to maintain open stcmata, 

ard thus scane photcqnthetic activity, a t  a very low leaf water 

potential. The local barley, we l l  adapted t o  drmght, had cmpletely 

closed &amti3 (Acevedo, 1987). In addition they cambined earliness 

with acoeptable cold resistance, and they were able to maintain gccd 

plant height mer drought (Table 23). 

Table 23. Lines of _H. swntaneum selected as prents for cresses. 
( a d = ,  1989). 

-/ cold Days to plant Pecfuncle 
variety damage* heading height extrusian 

(an) (a) 

H. sp. 41-1 
H. sp. 41-3 
H. sp. 41-4 
H. sp. 41-5 
H. sp. 38-3 
H. sp. 38-4 
Harlml 
A. Aswad 
T a d r  
Arta 

* Score: 1 =minhdamage ,  5 =maXimnndamage. 

Ihe same lines were planted in Tel Hactya ard were  used in crosses 
w i t h  lines f r w  landraces as well  as with inproved varieties. 

In 1988-89, 1765 F3 families derived fmn crosses between selected 

accessions of a. smntaneum ard cultivated barley were planted a t  

Barider along with the prents and a ccmmcn cb=k (Harmal). 

T h e  F3 families on average were earlier than Tacbn>r and t-lanml, 

mld resistant arrl had medium qraJth vigcur (Table 24). 



Table 24. Cold damage, gmwth vigcur and days to headiq of F3 families 
frau crosses H. saorrtaneum x B. wluare (Wder, 1989). 

n Cold damge* Grcuth vigor* Days to h& 

All F3 1765 2.0 2.8 116.6 
F3 selected 475 1.8 2.1 114.2 
Tadmr 1.6 2.3 117.6 
Harmal 2.3 2.7 118.0 

* Scale: 1-5 (1 = best, 5 = poorest). 
s . m  

m e  major objective of the Mexico-hsd project is the 

irmrparation of disease resistaxe into 1~~ barley germplasm 

w i t h  high yield ptential. 

Yield testing 
In the 1988-89 winter season, 330 advanced lines were yield tested 

under irrigation in the Yaqui Valley in northwestem Mexim. The top 
yielding 139 lines were distributed in the 17th International Barley 

Obsenmtion Nursery ( I m )  for observation llnder different conditions. 

Selectian for nultiple disease resistance 

Prior to yield testirag, advanced lines rrfere evaluated for their 
disease reaction sjmultaiily at three sites in central Mexim 

(Toluca, El Batan Expriment Station, and on a farmer's field in 

Lagmilla) during the sumner of 1988. ?his scheme avoided interference 

and averlapping of disease synptom caused by different pathqens. In 
Toluca, plants were epx& to scald (artificially inoculated) and 

stripe rust. In El Batan, the plants grew under heavy disease 

pressure, a combination of leaf rust (artificially inoculated) and 

stripe rust. In Lagmilla, the plants were screened for resistance to 

net b l d  and stripe rust. 

Only the 139 advanoed lines resistant across the three locations 



with yields superior or equal to the best high yielding checks were 
drsen for international yield testirrj. 

Intermtiad yield testing 

Ihe tcp 12 high yielding lines with rmltiple disease resistance 

were en- in the International Earley Yield Trial (IBYT), a 

replicated yield trial sent around the mrld. Also included were the 

12 noDst recenfly released varieties, mainly f m  aamtries with well 

developed barley breedhq program that suhitted entries for 

international testing. In addition, eacb national axperator included 

in the trial a d-e& entry that generally is the nmt widely grcwn 

variety in that region. 
Results of the 10th IBYT in 10 camtries showed the ICARW-CIMY!C 

lines to have a yield advantage over the local checks (Table 25). In 

all cases reported differences in yield were highly significant. Kenya 

Pakistan used checks BIMA-84 and --87 anl JAU-87 

respectively. These varieties were rel- recently frow selection 

made in previcus I B m .  

Table 25. Yield prfonm-ie (t/ha) of the top IC4RLYL-ClMwI advanced 
lines cgnpared* to national checks during 1988. 

Country Yield of ICARW-CIMMrr kal check Yield 
line 

J@Wa 3.9 Bima 2.8 
Zimbatkie 7.4 3.1 

Japan 5.1 Hcshhsai 3.9 
KO- 5.3 v r i  4.1 
Pakistan ( W A )  6.5 mntler-87 5.7 
Pakistan (Pmjab) 2.2 Jau-87 1.5 
Pakistan (Sird) 2.4 Neelium 1.8 
Italy (MaCeratd) 6.5 Arda 6.1 
Saudi Arabia 7.0  ust toe 4.5 
Syria (m) 5.7 m i  Abiad 4.2 
Wkey (Izmir) 6.0 4.7 
Arqentina 4.1 mimes Pampa 2.5 
ChiM (Heilorrgjiq) 3.2 1.1 

* Yield differences were highly significant. 



As sham in Table 25, the identification of new advanced barley 

lines w i t h  yields superior to BE%, JAU arid FRCWTIER could indicate 

that gains in yield potential have been accxaplished in recent years. 

More testing i n  a d d i t i o ~ l  locations is needed to confirm these 

results. 

?he I C A R W ~  Project depends on a larye nunker of crosses to 

build up a relatively huge numkn=r of lines i n  early segregating 

generations. The nunker and type of crosses made Wing the gn>wing 

breeding cycles is as follows: 

SMlaer 1988 
El Batan 695 single crosses 
Tolu~a 914 th ree-~ay  Qosses 

W m  1988-89 
Obregon 275 single crosses 
Obregon 578 t h r ee l~ay  cr0sses 

The thre-way crcss has proven to be the most useful tool to  

ambine multiple disease resistance in cur breeding effort. In each 

three?uay cross, 10 spikes are emsculated by clipping the green 

anthers. ?his emasculation procedure to avoid self-pll inization is 

fast ,  sinple and reliable. Seed set ranges from 50 to 400 grains 

obtained fnan the 10 spikes. A l l  seed is planted as  an F2 population. 

?he lqest populations in both s s sons  were  the F3 and F4. Mrmbezs 

w e r e  reduced when both populations were subjected t o  disease pressure, 

as described earlier for the advanced lines. The only difference was 
tha t  the F3 m a t i o n s  were planted only in one location (i-e. Toluca 

for screening for scald and s t r ipe  r u s t ) .  The plants resistant t o  both 

diseases were gram as F4 in the Yaqui Valley, where they were selected 

for leaf rust  and stem rus t  resistance. The F5 l ines were screened for 

net blotch, scald and s t r ipe  rust a t  Iagunilla. Disease infection was 

used as a tool to  reduce the size  of the w l y  s e q q a t i n g  generations. 

m t i p l e  disease resistaMz does nd h p l y  that all gemplasm 



p r d ~ ~ ~ &  will carry a uniform disease resistance. For example, 

germplasm destined for Olina is different f m  germplasm sent to South 

America. l be  Yangtze River Basin in China requires resistance to scab 

and barley yellaw -ic virus, coupled with high yield and earliness. 

Gemplasm for China is the only material in which the bulk method is 

used for g-tion advance (it is not screened against the three 

rusts, scald or net blotch). 

Gemplasm pools are being developed to fit specific targets with a 

clear understanding of the major constraints in a particular area. ?he 

Nark r)eparhwlt in Southern Colanbia is ewmple of this strategy. A 

virus (EXDV) and a mycoplas~~ (dwarfing of Narino) are the two major 

diseases, follawed by stripe rust and leaf rust on sgne 12,000 ha of 

barley in this region. In 1988, crosses were made to mine 

resistance to these diseases and early segregating popllations were 

sent f m  Mexico for screening in Colanbia. In the past, most 

gemplasm sent to Narino was affected by the dwarf- of Narino ad 

BYW canplex. 

In the mall Perwian villages of the Andean Zone of South 

America, large grained durum wheat cammn3s a high price. To determire 

if a large hulless barley grain would be acoepted by f-, specific 

rrosses were made in 1984 to d i n e  mltiple disease resistance ad 

large hulless grains. In the F2 generations gram in the Yaqui Valley 

a few plants resistant to leaf rust ard stem rust were selected. 200 

seeds f m  each selected F'2 plant were planted in the greenhouse using 

the single seed descent method to shorten the time of variety 

developnent. ?he F3, F4 and FS generations were grown in the 

greenhouse in a relatively short time, since each generation was 

obtained in 64 days. 
ming the 1988-89 winter season in the Yaqui Valley, 1165 F6 

lines were zxnend for leaf rust ard stem rust. Cnly 226 lines (19%) 

kept mined disease resistance and good agrommic type. n-~ese 226 F 7  



lines were planted in El Batan in 1989 for testing against leaf rust 

and stripe zust and 44% were retained. Resistant lines with 1000- 

kernel weight double that of the six-and two-row checks are listed in 

Table 26. A yield q i m e n t  has been sent to the Andean Region for 

planting in 1990. The same experiment will be conducted under 

irrigation in the ~aqui Valley to determine their l~xinnnn yield 

potential. 

Table 26. Reaction to leaf rust and stripe rust and 1000-kernel weight 
of hulless barley lines developed thou$ single seed 
descent. 

Cultivar/line 1000--1 Leaf Stripe 
weight (g) rust rust 

Viringa "S" line 1 60.40 10 Ms R. ' 
Viringa "S" line 2 59.90 10 Ms W 
Viringa "S" line 3 59.45 10 Ms R 
Viringa "S" line 4 59.15 30 I% 10% 
Viringa "S" line 5 59.05 UG R 

Check (6 rows) 
Check (2 rows) 

Early maturing lines 

Barley lines with early maturity are being developed and have 

proven their value in China and Vietnam. In Southeast Asia, the short 

barley growing cycle allows famers to plant two crops of rice and one 

of barley in a 12 mnth period. Earliness in the mountainous regions 

of South America could be a mechanism to escape frost, especially 

important men barley is planted at higher elevations. Emring the 

swrmer of 1989, several early lines were identified with multiple 
disease resistance, gccd plant height to permit hand harvesting, and a 

time to maturity of less than 100 days. 

lhese lines are being sent to Latin America for yield test- and 

to Nepal for abservation. In Mexico, yield results of an early line, 

Marc0 "S", planted at 10- row spacing reached 3.5 t/ha in fazmers' 

fields, while in colcanbia the same Marw "S" lines had a yield 



canparable to t h e  best checks in yield trials conducted a t  the Tundam 

Experiment Station. 

In central Mexico late barley planting is cnnducive t o  higher 

f r o s t  lcsses. An expximent was  planted in Lagunilla, &ere the early 

Fhxn "S" lines were sown as l a t e  as July 15 (normal plant ing dates are 

May-June). Same Marc0 "S" lines perform4 w e l l  and reached 4.1 t/ha in 

plots where border e f fec t  was not accounted for. 

Barley lines resistant to Russian wheat 

?he Eusian aphid Diuraghis &a has teen identif ied i n  Mexico, 

but so f a r  has not caused severe damage in the  Mexican barley producing 

area. Fdvanca3 lines and segregating populations were f i e l d  tested in 

the w a -  of 1988-89 and during the summer 1989 under a r t i f i c i a l  aphid 

incada t ion  by Steven QIhoun, postdoctoral fellow in the  Barley 

Project. Sane of t he  lines consistently showed lower scores in both 

planting seasons carpard to suxeptible checks (Table 27). 

Table 27. Symptcm scores (1-6 scale) of selected barley lines in 
Diuraohis &a Screening Nursery. 

Scores* 
Crms W i n t e r  S m r  

Gloria/- ttS" 2.5 2.0 
Rhcdt&'S1'/ci 1410O//Lignee 527 3.0 2.0 
Wjorana "S" 3.5 2.0 
SD729 Por/3/Apan//Aths/Gva/4/0re1'S" 3.5 2.5 
Ase/ZCM/B.7.6.B.B. 3.5 2.8 
Laurel 5.0 4.3 
Matico 4.0 4.3 
K8755 5.5 5.3 

Overall Mean 3.9 3.6 
LSD .05 1.6 1 . 2  

* 1= L i t t l e  o r  not, 2= Minimal s t r ip ing ,  3= D i s t i n d  s t r ip ing  on 
several tillers, 4= As abcrve plus leaf  ro l l ing ,  5= As above plus 
leaf  necrosis; 6= A s  above but severe necrosis. 



The durum wheat (miticum tursidum L. var m) breeding project 
is a joint venture between ClMETJT and ICMCA for the Mediterranean 

drylands of West Asia and North Africa region (WANA) . 'Ihe main 

objective of the project is to assist WINA countries to enhane durm 

wheat production by developing drouqht, cald, frost and heat tolerant 

germplasm, developrent of efficient stress tolerance methodolqies and 

upgrading m n p e r  capabilities. Four major agroclhtic zones of the 

region with their abiotic and biotic constraints were identified 

(annual reports 1985/86 and 1986/87), and an improved dunsn wheat 

breeding methodolcgy fitting the enviromental conditions of WANA 

region was devised. 

In the 1988/89 season severe intermittent drowt canbined with 

cold and terminal heat stress affected cereal prcduction in the WANA 

region. Cold and drought during the vegetative stage were severe in 

the Middle East countries, particularly in Syria, Jordan, Turkey and 

Lebanon. These countries experienced dry and cold   ath her conditions 

in January and February, and hot and dry spells in April and May during 

the grain filling period. This affected yield capnents and 

particularly the n* of tillers, number of kernels per spike and 

kernel size. Tunisia also experiemxi long dry pericds during the 

growing .season. In addition to abiotic stresses, wheat stem sawfly 

infestations were very high in Syria and M o m ,  while Hessian fly, 

Seutoria tritici, and leaf and stem rusts have affected several wheat 

growing areas in Morocco. 

pmsress in increasing dryland durum wheat yields was achieved by 

upgrading tolerances to the various abiotic and biotic stresses. This 

is reflected in the perfo~l~nce and release for commercial production 

of several durum wheat lines. Table 28 shows the number of durum wlleat 

entries yielding higher than the checks in different environments for 

1988/89 season. 



Table 28. NLrmber and percentage of dunnu wheat entries yielding h i m  
than checks in different environments, 1988/89. 

olecks -- 
All three 

Environment Ha- Cham1 Stork checks 
No. (%) No. (%) No. (%) No. (%) 

mn&lt stress 

- Bouider 112 (53.3) 125 (59.5) 43 (20.0) 89 (42.0) 
-Brreda 109 (52.0) 48 (23.0) 86 (41.0) 80 (38.0) 
- 'IH - Rainfed 88 (42.0) 118 (56.0) 94 (45.0) 82 (39.0) -- ----- ---------- 
Average 103 (49.1) 97 (46.2) 74 (35.3) 84 (39.7) 

- LP(l) - Rainfed 203 ( 97) 139 (66.0) 90 (43.0) 190 (90.0) 
- IP - T i 1  210 (100) 129 (61.4) 141 (67.0) 187 (89.0) 
- LP - Bocrirr. 202 ( 96) 164 (78.0) 134 (64.0) 168 (80.0) 
- W - 1 210 (100) 192 (91.4) 150 (71.4) 194 (92.0) ----------- 
Average 206 (98.3) 156 (74.2) 129 (61.4) 185 (87.8) 

Cold/frost stress: 

1. LP - Late planting; Til.irr. = one irrigation (40 nun) at tillering; 
Boo. i-ne irrigation (40 m )  at bmting. 

2. EP = early planting. Supp.irr. = tm irrigations of 40 m each. 

'Ihe durum wheat lines Bicre, Belikh 2 and l3rachoua were the best 

performing lines in the WANA region, particularly in West Asia. While 

in North Africa the lines Qnrabi 5, Belikh 2 and Syria 2 ryere the most 

stable yielding lines a- the testing sites. Ckabi 5 is shcksing 

praising results in on-farm trials a d  1-e scale testing in W s i a ,  

Algeria, Mo- and Syria. 



In high rainfall and irrigated areas the line Lahn has performed 

cut&andbgly in lazge scale testing and is naw proposed for release in 

Syria, while Sebou, the early and terminal stress tolerant line has 

been released in Morocco and is prcPnising in Saudi Arabia. 

'Ihe genetic base of dunnn wheat is m. However in the last 7 

years crosses with landraces fmn the region and nwre recently crosses 

with wild relatives were undertaken. 

a) Utilization of ladraces 

Crosses with lardraces f m  the Ma@r&/Ikria region were given 

higb priority this season, 86 out of 100 crosses were conducted with 

this group. 

b) Utilization of wild emer 

Seventy eight crosses were made between wild ermner (_T. dicoccoides) 

an3 advanced durum wheat lines for improving quality, resistance to 

septoria leaf blotch and yellm rust. More than 90% of the crosses 

were backnossed to dunnn wheats to eliminate the undesirable 

traits. 

c) Utilization of wheat relatives 

One hundred eighty one crosses with Triticum momcccm were made to 

increase earliness, rusts resistance and early vigor in durum wheat, 

124 cut of 181 crosses were backcross ~inations. Several crosses 
with T. aesilmides and other wheat relatives were also made. 

d) Reanent selection 

lhree durwn wheat populations were dweloped using recurrent 

seledion method. They were camposed of basic parental material 
that orighted fmn landraces (Haurani for Middle East, Jennah 

Xhetifa ard K m  for the Maghreb region) and advanced durum 

wheat lines with high and stable yield, -ti-biotic and abiotic 

stress resistance. 



D i s e a s e  resistarrm 

In 1989 the follming targeted crosses for disease resistanoe w e r e  

conducted; 84 crosses for S e ~ t o r i a  t r i t i c i ,  64 for amnon bunt, 28 for 

leaf rust, 16 for pxdery mildew, 37 for BYW and 18 with multiple 

disease resistant lines. 

A t  Iattakia, segregating m a t i o n s  w e r e  s c r d  for Seutoria 

t r i t i c i  resistance. I n  1988/89 the segregating generations shmed a 

hi@ p l t a g e  of resistant populations -ed with the 1986/87 and 

1987/88 seasons. The most noticeable result in this season was that 

the early generations F2 t o  F7 exhibited a hi@ prcentage of resistant 

populations (Fig. 5 ) .  This resulted f m  the continuous -ding of 

disease resistance throqh the incorpration of resistant material f r m  

lamkaces, particularly f m  the Maqbreb/Lberia region and T. 
d i m i d e s  into advanced durum heat germplasm. 

F3 F4 F5 F6 F7 

SEGREGATING GENERATIONS 

~ i g .  5.  &rcsntage of MR-R reaction to septoria leaf blotch in 
sesregatbq m a t i o n s  during the years 1986, 1987 and 1988. 



For nultiple disease resistance, the sqregating and advanced 

@ations were screen& at Terbl during the sunaner planting for leaf 

and stem rusts, at Tel Hadyalearly planting for stripe rust, and at 

Iattakia for septoria leaf blotch. Fig. 6 shws the results achiwed 
tlnaqh this approach. More than 60% of the populations in F6 carry 

rmltiple diseases resistance. 

GENERATION : F2 Fq F,j 

YEAR 1 9 8 7  1988 1 9 8 9  

Fig. 6. Selection p- in septoria leaf blotch, yellm, leaf and 
st en^ lllst resistance for 3 cycles. 

Drmi€&t was severe during the 1988/89 season in mDst c?urum wheat 

grcwing areas of WLNA. In some countries such as Tunisia and Algeria 

severe ckaght has prevailed for two cmsecutive years. 

In Syria the rainfall was only t m - ~  of the anmal long term 

average, with an abnormal knperature pattern; cold and dry during the 

vegetative stage and relatively warm and dry during the generative 

stage. Fig. 7 shm the distribution of rainfall, miniman and maxinm 



temperatures for the 1988/89 season for the Tel Hadya station. 

Intermittent e t  stress warred and high evaptEmTiration demard 

was &served near the end of April. 

P R E C  
MM . 

TEMP MAX. "C 
'C M I N . ' C  

TOTAL R A I N F A L L  DURING SEASON: 
2 3 4 . 4  MM 

A V E R .  'C 
P R E C I P I T A T I O N  MM. MAX. " C  

3 5  EVAPORATOPM MM. 

r------------ ------ - -  --  ---- m 
OCT NOV DEC J A N  FEB MAR APR MAY JUN 

Fig. 7. Rainfall, mporation, and t f ap3x ture  a t  Tel Hadya, 1988/89. 

Mean grain yield a t  the dry sites Breda anl Bouider was belw the 

long tenn annual average, 758 anl 653 kg@ respedively. Table 29 

shms average grain yields (kg/ha) and precipitations (mn) a t  Breda for 

4 consecutive seasons. ?he average p i n  yields of the advanced yield 

trials a t  Te l  Hadya, rainfed, was almost 50% belmf the long t e r m  

average. 

Table 29. Average grain yield (kg/ha) in advanced durn wheat yield 
trials (ADYT) a t  Breda for 4 years (1986, 1987, 1988 and 
1989). 

G r a i n  yield (kg/ha) 
Season Rainfall - 

Mean Max. Haurani 
(ad) 

Mean 264.3 1697.3 2451.5 1412.8 



IpDuFplt -istima= versus pnluctivity 

Table 30 shm the i n p m  of ccnnbining moisture stress 

tolerance and respnsiveness to favorable conditions in the case of 

Qnrabi 17. In the 1987/88 season climatic conditions were favorable 

and yields were above-average, and Omrabi 17 outyielded Haurani. In the 

dry and mld 1988/89 season, Omrabi 17 performed well in cconparison to 

H a W ,  the stress tolerant local cultivar. 

Table 30. Perfomaxe of M i  17 and Haurani under dryland conditions 
in experimental stations and farmers' field verification 
trials (in Zone B*) in two seasons, 1987/88 and 1988/89. 

1987/88 1988/89 
Variety ----- 

Bouider Breda m** m** 

M i  17 2420 4372 3469 1118 
Haurani 1521 3022 2828 981 
omrabi 17 ---- x 100 159.1 144.7 123.0 114.0 
Haurani 
I S D  (0.05) 628 539 160 113 
CV 12.8 7.8 9.3 16.6 
No. of sites 1 1 10 8 

Zane B* = k w  rainfall areas with less than 350 mn in 
1987/88 and leu than 250 mn in 1988/89. 
**FlVI = Farmers' Field Verification Trials. 

Trait asscciaticm an3 heritabilities un3e.r d q  &tias 

Under Mediterramm continental dryland conditions the association 

between grain yield and mrpho-physiolcgical traits (Table 31) shows 

that grain yields are related to earliness, leaf rolling mechanism, 

fertile tillers, piuncle length and rnrmber of spikelets/spike. These 
results cormborate earlier findings (Nachit and Jarrah, 1986). No 

correlations were found between grain yield and leaf temperature, 



Table 31. Correlations between grain yield under dry conditions and 
some mrphophysiolcgical traits, 1988/89. 

Trait Correlation Coefficient 

plant vigor1) +.51 *** 
hys to head -.53 *** 
Leaf izmprature +.lo N.S 
thys to mature -.36 ** 
Fertile tiller +.33 ** 

+.27 * 
-.23 * 

Florets/spikelet +.01 N.S 
1000 kernel weight ) +.01 N.S 
Leaf rnlling index 7 +.44 *** 
Plant height (an) +.02 N.S 

1) Scale 1-9, 1 = lm; 9 = high, n = 210 
N.S: Not Significant, *,**,*** Significant at 
.05, .01, and 0.001 levels, respectively. 

number of florets/spikelet and kernel weight. Hawever, mrpho- 

physiological traits of the highest and the lowest yielding lines 

(Table 32) differ significantly f m  each other. ?he highest yielding 

lines seem less sensitive to environmental char~~es,  as shown by the 

dtiple site selection where the highest yielding lines were selected 

in m>re sites than the l w t  yielding lines. The leaf rolling inlw 

was also higher in the highest yielding group than in the lowest 

yielding group. Fertile tiller-, number of spikelets/spike an3 

florets/spikelet were larqer in the highest yielding group than in the 

low yielding group. Earliness was an imp3rtant trait and was more 

p r o m  in the highest yielding lines. Plant vigor, leaf 

temxxature, peduncle length and plant height were also associated with 
grain yield under dry conditions. 

Grain yield variability was determind largely by the nunker of 

fertile tillers (Table 33). Peduncle length, plant height, number of 

florets per spikelet, rnrmber of spikelets per spike, date to anthesis, 

early plant vigor arxl leaf rolling were also good yield predictors 
Wer moisture-Stress corditions. 



Table 32. P e r f o m  and morphcphysiological trait differences between 
the 5% hiqhest (HYL) and 5% lowest (LYL) yielding d m  wheat 
lines under dry conditions at &&, 1988/89. 

Trait 

Yield Group 

HYL LYL, Difference 

Grain Yield 1381.0 
Plant vigor 5.5 
Days to heading 131.0 
kaf tmnprat~re 32.5 
Fertile tillering 5.0 
Pechu7cle length 4.3 
Spikelets/spike 4.0 
Florets/spikelet 2.7 
Leaf rolling index 1.0 
Wtiple site selection 6.0 
Plant height 61.0 

*,**,*** Significant at the .05, .01, ard 0.001 levels, 
respectively. 

Table 33. Trait contribution (%) to grain yield under dry conditions 
Breda, 1988/89. 

Trait Contribution (%) 
1987/88 1988/89 

Fertile tillers 
Peduncle length 
Plant height 
Grains/spikelet 
Cays to anthesis 
Plant vigor 
Days to mturity 
Leaf rolling - AM 
Leaf rolling - m 
Thousand kernel weight 
Leaf tenp2ratLU-e 
Spikelets/spike 

Total 63.03 60.28 



Drought tolerance (Table 34) was  the largest contributor to yield under 

dry conditions. Ihe contribution of draqht tolerance was 7 times 

higher than yield potential, and 12 times more than W t  escape 

(earliness). mese results demnstrate the inprtance of 

drought tolerance for yield in drylanl corditions (Nachit and OuasscR1, 

1988). 

Table 34. Contribution (%) and relationship of yield potential, drought 
tolerance ard escape to grain yield under dry conditions, 
M, 1988/89. 

Yield m t  
potential tolerance escape 

Contribution (%) 11.95 81.30 6.70 
r 0.35*** 0.94*** 0.27** 

r = correlatiorl coefficient (n = 210) 
**, ***, Significant at .O1 ard 0.001, respectively. 

Table 35 shows the heritability and expected genetic advance for 

grain yield, draiqht tolerance, pratudivity, and saw imprtant 

mn&a-plysiolqid traits. 

Him values for heritability were fcmd for days to heading 

(0.92), plant vigor (0.71), peduncle length (0.71) and pmductivity 

(0.71) . L m  values were found for leaf t a p r a t u r e  (0.20) and nmker of 

florets per spikelet (0.24) . 
m e  highest expected genetic advance was recorded for peduncle 

length and fertile tillering ability. Nmrber of spikelets per spike, 

leaf rolling, early plant vigor ard dnxlght tolerance were found to 

have medium to high expzte3 genetic advance. ?he lowest values were 

found for leaf w t u r e  and nlrmber of days to anthesis, althoqh the 

latter had a high heritability value (0.92). 



Table 35. Heritabilities and e x p c t d  genetic advances (%) of scane 
morpho-physiolcqical traits under dry corditions, Breda, 
1988/89. 

Genetic Advances 
Heritability (% of population means) 

plant vigor .71 18.23 
mys to hea- .92 5.17 
Leaf tapmture .20 
Fertile tillers .64 
Peduncle lenqth .71 
spikelet/spike .52 
Florets/spikelet .24 
Grain yield .56 
Leafrullingindex .39 
Plant heiqht .56 
Drought tolerance .60 
Frcdudivity .71 

Breedirg for cold ard frcst resistance 

m e  continental Mediterranean drylard and plateau areas of FIANA 

are often subjected to cold at the vegetative growth stage ard frost at 

anthesis. Cold and frost incidence increase with increase3 latitude 

axl altitude (Annual Report 1986, 1987, 1988). ?he continental areas 

are also dmmderized by drought, and other terminal stresses. Evapo- 

transpiration demand. during the vegetative stage is low. Howwer, 

during grain filling stage it quickly increases and soon exceeds 

precipitation. 

Cold axl frost a g e  on winter -1s were reported this season 

fma several countries. Cold damage was evidenced in the field by the 

redudion of dry matter production and tillers per unit area, whereas 

frost damage inpired spike fertility. 

In the gradient selection technique, use is made of early planting 

as a tool to test d m  wheat breeding mterial for cold and frost 

tolemnce. Although significant cold was qrienced in 1988/89 only 

sliet frost damage in the advanced d m  %heat materials was recorded. 



Trait associaticm a d  heritability under mld &ti= 

Yields under cold corditions of the highest yielding lines and 

lowest yielding lines were significantly different (Table 36) .  ?he 

traits most associated with grain yields were fertile tillers, kernel 

weight and days to anthesis. 

Table 36. Ferfozl~nce and mrphophysiolqical trait differ- between 
the 5% highest (HYL) and the 5% lmest (LYL) yielding durum 
wheat lines under cold conditions, (Tel Hadya), 1988/89. 

Yielding Group  ----------- 
Trait HYL LYL Difference 

Grain yield (kg/ha) 5798.0 2304.0 +3494.0 *** 
Plant vigor 5.9 6.3 -0.4 * 
Days to anthesis 159.0 166.0 +7.0 ** 
Days to mturity 199.0 201.0 -2.0 * 
Fertile tillers 6.4 5.2 +1.2 ** 
Spikelets/spike 6.2 6 .1  +0.1 N S  
Grains/spikelets 3.2 2.6 +0.6 * 
Plant height 103.0 113.0 -10.0 * 
Feduncle lerqth 7.4 6.8 +0.6 * 
1000 kernel weiqht 37.5 28.5 +9.0 *** 
NS: Not significant, *, **, *** significant at the 5,l  and 0.1% 
levels, respectively. 

The m m h r  of fertile tillers s e a &  to be the best irdicator of 

grain yield and accounted for 44.12% of total variability (Table 37) .  

'Ihe heritability and predicted genetic advances for grain yield were 

0.92 and 87.43, respectively. For cold tolerance the heritability was 

0.92 an3 the e>43eded genetic advance over the population was 126.01 

kg/'ha. l%e predictd genetic advance for productivity urder mld 

conditions was ahcst 5 tines (27.06%) 1- than for cold tolerance, 

althcqh the heritability of pWdivity was hiqh ((Table 38).  It 

that sufficient genetic variability is present in the advance3 

popllations to provide substantial ixP,rwmt by byselection of superior 

genotypes for each trait studied. 



Table 37. Contribution (%) to grain yield of some morphc-physiolqical 
traits d e r  cold conditions, Tel Hadya, early planting. 

Trait 1987/88 1988/89 

Fertile tillers 44.12 24.27 
Ledf l~lling-Ril 2.85 4.76 
l'hmsad kernel weight 1.90 2.69 
Grains/spikelet 0.88 0.93 
Ieaf ~ l l ~ - A M  0.92 1.47 
Spikelet/spike 0.46 4.92 
Days to maturity 0.45 4.17 
Plant height 0.15 0.03 
Days to anthesis 0.20 3.13 
m l e  length 0.04 0.04 
Plant vigor 0.02 1.38 

Total 51.99 48.19 

Table 38. Heritabilities and expzbd  genetic a&- (5%) of some 
mrphophysiolcgical traits under cold conditions, Tel Hadya, 
early planting, 1988/89. 

Heritability =(5%) 

Actual yield under cold 
conditions .92 87.43 

Cold tolerance .92 126.01 
Prcductivity .88 27.06 

for heat atxi tr 1 stresses 

High tapxature during the grc%?ing season and/or during grain 

filling frequently occurs in the Mediterranean dry areas of the region. 

IXlrum wheat grawn in some areas of WANi this season were expsxxl to 

high w b u e  during the grain filling period, particularly in West 

Asia region. ?he effect of drought was confcunded by high 

knp??zitures. Intermittent high tempmture during the grcwing season 
also increased water stress. Wheat grown on list textured soils 
and/or without fallcrnr was prone to moisture stress and hi* 

knp??ziture. Under heat conditions the differences of grain yields of 



the highest and lowest yielding lines were significantly different 

(Table 39). ?he differences b e h e e m  the two yielding groups were also 

reflected in significant differences between their mrpho- 

physiolqical traits. Early plant vigor, days to anthesis, fertile 

tiller* ability, ard performxe acrms sites (multisite selection). 

Plant height, fertile tillers and spike fertility were the hest 

predictors of grain yield (Table 40) . Together, they aamunted for 

65.9% in 1987/88 and 68.6% in 1988/89 of the variability in yield. 

It also appears that sufficient genetic variability under warm 

conditions is available in the populations for selection of superior 

genatypes for these traits, in particular green leaf duration, plant 

heicjbt and fertile tillers (Table 41). 

Table 39. Traits differ- between the 5% highest yielding high and 
the 5% lowest yielding l w  durum wheat lines under heat and 
terminal stress conditions, Tel Hadya, late planting, 
1988/89. 

Trait High Lov Difference 

Grain yield 
Multi-site selection (lq/haJ 
Early plant vigor 
Leaf tmprature 
Cate to anthesis 
-Y green 
Spikelets/spike 
Grains/spikelets 
Fertile tillers 
Peduncle length 
'Ihousand kernel weight ( g )  
Plant heimt 

*,**,***: Significant at the .05, .O1 ard 0.001% levels, respectively. 



Table 40. Contribution (%) of some morphophysiolqical traits to grain 
yield under heat conditions, Tel Hadya, late planting. 

Contrihtion (%) 
Trait 1987/88 1988/89 

Plant height 39.16 19.21 
Fertile tillers 21.56 45.30 
Spikelets/spike 5.13 4.11 
Grains/spikelet 4.05 2.10 
kaf +slprature 3.66 2.00 
Days to anthesis 1.39 1.11 
Pdrcle length 0.19 3.16 
~eaf r o l l w - ~ ~  0.24 0.19 
kdf rolling-FM 0.18 0.71 
Early plant vigor 0.05 7.06 
Cays to mturity 0.00 0.91 

Total 75.62 85.87 

Table 41. ESthtes of heritability and expcbd genetic advance (EX) 
of scane traits under heat conditions, Tel Hadya, late 
planting, 1988/89. 

Heritability (5%) 

Grain yield .59 21.26 
Fertile tillers .75 30.15 
Plant vigor -76 19.07 
Leaf tmprature .53 2.23 
Green leaf duration .94 88.03 
Date to anthesis .98 35.19 
Plant height .97 33.20 
Heat tolerance .53 14.07 
maductivity .75 14.53 

Wtiple  abiotic stress to1- 

The estimated abiotic stress toleranass to dro@~t, heat and cold 

shaed significant positive correlations with most moqho-physiological 

traits include3 in the present investigation (Table 42). The most 

striking correlation was between fertile tillers and actual yield under 

the respective stress conditions. Cays to anthesis shawed a strong 



negative correlation with heat tolemnce and a positive correlation 

with cold tolerance, while no correlation was found with drought 

tolerance. Hwever, early lines with cold tole- are found. 

Table 42. Relationship between some morphophysiological traits and 
tolerances to drought, heat an3 cold. 

w t  Heat Cold 
Tolerance Tolerance TolemIW 

Days to anthesis 
PI ant vigor 
Plant height 
Ieaf temperature 
Fertile tillers 
Feduncle length 
Spikelet/spike 
Grain yield under stress 
Grains/spikelet 
1000 Kernel weight 

NS: Not significant, *, **, *** significant at the .05, .O1 and 
0.001 levels, respectively. 

The dmqht susceptibility index was highly correlated (r = -0.80, 

P c .001) with drwght tolerance, moderately correlated with cold 

tolerance (r = -0.29, P < .05), ard not correlated with heat tolerance. 

DLTUC$I~ tolerance was hi-y ascciated with cold tolerance (r = 0.35, 

P < .001), while heat toleranoe shwed no significant relationship with 

either tolerance to drouqht or to cold. 

Finxdiq for yield stability 

Stable varieties are required to achieve reliable production in 

dry areas. Mediterranean dryland cnnditions are characterized by high 

year-byear arrl site-*site variations, particularly with respect to 

precipitation and taperature extremes (Nachit ard Xetata, 1986). 

Developwnt of varieties for the Mediterranean dryland should include 

selection for stress tolerance and responsiveness to envirornwntally 

favourable seasons. 



Yield stability of a given genotype is defined as: 

1) the ability to withstand stresses of misture and temperature 

-, 
2) the ability to -nd to favourable wnditions when they m. 

'ItyO tedniques are used to estimate the stability of a genotype: 

1) Regression of the grain yield of each gemtype at each location on 

the location mean yield (man of 23 genatypes). Stability of each 

genotype is then deserked by the mean yield wer all locations, the 
regression coefficient (b) , and the squared deviation f m  

regression ( d 2 )  acco* to the method of merhart and -11. 

2) Ranlcing of the genatypes at each location anl ccmputiq a genotype 

mnk average and standard deviation of rank across locations (Nachit 

and Ketata, 1986). 

Table 43 sbavs the yield performance of the EDYT-IR for 1987/88. 

5 lines were select& with the ccanbhtion of high yield and yield 

stability. 'Ihe lines Brachoua and Syrica 2 were the rmst praising. 

'Ihey passess a regression coefficient close to one and a low deviation 

fran regression, both pramters are indicatom of yield stability. 

Table 43. Yield stability of dturum wheat lines in WIML region, RDkT-LR, 
1987/88. 

No. Entry Mean performance Regression Deviation 
(ks/h3) coefficient f m  regre- 

sslon 

Coefficient 
of determ. 

Yield stability Wer law rainfall areas was associated mainly 

with plant vigor, leaf rolling mechanism, n-r of fertile till=, 

earliness, leaf temperature, peduncle lerqth, plant height, spikelet 

per spike and grain yielding ability. These results indicate the 

importance of an analytical approach in selection of durum wheat for 

dry -. 
M. N a d l i t  



2.3. Bread m t  

wing 1989, the C=/I- bread wheat breeding project 

m i z e d  the develogment of improved, adapted gezmplasn for the 

variable and unpredictable environments of West Asia and North Africa, 

with special attention to minfed and lw-rainfall areas (less than 400 

m annual rainfall). 

Research this year was foxsed to breeding and identifying 

parental material with toleranoe to abiotic stresses such as terminal 

draqht, cold and terminal heat stress and to biotic stresses such as 
yellw rust, septoria, conmon bunt, sawflies, Hessian fly, suni bugs 

and aphids. Targetted cruises were made between improved genrplasm 

a d  selected lardraces collected in the region. Genetic stocks were 

identified and distributed to NAPS. 

Attention was given to developing and verifying breeding 

methdolqies, such as the nmlified bulk selection metho3 (to enhance 

disease resistance and stability of performme). Multilocation 

testing, including the shifting of planting dates (spring and swrmer 

planting in order to differentiate genotypes with different degrees of 

vernalization) continued to be a useful selection strategy. 'Ihese 

techniques, coupled with taqetting, has resulted in germplasm being 

increasingly adopted by NAPS, particularly in low rainfall 

environments. 

In close mllaboration with the physiologists and agrodsts, 

special efforts were made yearly to identify apMnic traits 

associated with yield uxkr the main abiotic stresses of this region. 

Cooperation also continued with other disciplines within the cereals 

p?xgmm such as biotechnolqy, pathology, entamlogy, and grain 

quality. ~t is important to hilight that dur- 1989, the pmject 

continued close interaction with key NARS of West Asia and North 

Africa. This intoraction included regional activities sw31 as 

training, germplasm evaluation and selection, farmers field 



verification trials, consultawq and participation in prcgram planning 

meetings. 

2.3.2. G e ? X Q l a ~ m  deVel- 

Targetting crosses is a furrhmental s t r a w  in the bread wheat 

breeding project. br ing  the last s ix  years approximately 1300 rrosses 

have keen made yearly to cope with the varicus agrccliimtic conditions 

of the region. special mqhasis is placed on 1-rainfall areas where 

abiotic stresses are most bprtant. Careful consideration is also 

given to the biotic stresses iqmrtant for &kg yields in the 

m t e  to high rainfall areas of M. 

Table 44 s h ~  the rnmker and type of crosses made during 1989. 

About one third of these crosses were aimed at abiotic stress 

resistance, one third for biotic stresses, and about 20% were crosses 
with selected lamlmces. Ihe l e c e s  used in the crass- prcyram 

were selected from accessions collected in the Middle East. They were 

evaluated for two consecutive years under -t, cold and disease 

P-. 

Table 44 .  and type of crosses made in the 1988-89 bread wheat 
-ing Program. 

Purpcse~fthecrass NO. of crosses % of total 

Abiatic stress tolekanze 36.7 
Terminal dmqht 192 
Cold 
Terminal heat 
aiatic stress resistarrz 
Yellm rust 
Leaf rust 
stem rust 
Septoria leaf blotch 
cmulnnburh 
Wheat stem sawfly 
mead =king Wity 
92cialpspose 
Selected 1 m o e s  



Multilocation testing is also m t a l  to our breeding 

-roach. 'Ihe project follows the principle that stress tolerant 

material is difficult to identify unless selected under those stresses. 

The type of germplasm tested during 1988/89 at the Alepp-basal 

project is summarized in Table 45. 'Ihis table also illustrates the 

size of the spring bred meat breeding project at Aleppo. 

Figure 8 shws the @emlogical develcpnent of bread wheat 

gqlasn d e r  terminal drought stress (normal planting, Breda) , cold 
stress (early planting, Tel Hadya), and temhd heat stress (late 

planting, Tel mdya). The long-term (1978-89) and last yearsJ (1988- 

89) -minimum tmpe.ratmes as well as rainfall distribution are 
also Shawn. Segregating populations and advanced material are 

to these stresses during critical stages of plant develgment. 

E P NP E L P  t4 L 

1 - 
- 1 0  

S 0 N D J F M A M J J 

E= EARLY, N =  NORMAL, L =  LATE, P= PLANTING. 

Fig. 8. ~enological developnent of bread wheat germplasn unler three 
stress environments. 



Table 45. wheat breeding material evaluated during 1988/89. 

Materials 

Preliminary Yield Trials 
Advanced Yield Trials 

crossing Blocks 

Observation Kurseries 

Regional Yield Trials 

No. of Lacations 
entries 

1301 Tel Hadya, -1. 

7251 Tel Hadya (*), -1, Breda, 
Iattakia . 

504 Tel Ham (*), Br&a. 
240 Tel Hadya (**), Breda, -1, 

l4xd1cuch, E l  Kef, Settat. 
380 Tel IWp (**) , Terbol (*) 

526 Tel Hadya (*), T e I k ~ l ,  M, 
Lattakia, 50 sites in WLNA. 

72 Tel H a p  (*), Texbl,  M, 
Idttalua, 50 sites in WAML. 

* lh planting dates, ** three planting dates. 

Using these environmerrts, plus the information from other two 
amtrast iq  locations such as Bouider (dr ies t  site) and Terbol, Lebanon 

(irrigated),  sermplasn is -1- and taytted according t o  where it 

is interded to be gmwn. For w l e ,  for the continental lm-rainfall  

areas of WINA where drouFplt ard cold are the r ~ i n  abiotic stresses, 

emphasis is placed on germplasm performance in the dnx@~t-prom 

locations Breda and Bouider, as w e l l  as in the oold-prone envimnmnt 
of Tel --early plant-. W gerrrplasm is distrkuted to the law- 

rainfall  areas of the  region ttmqh the rq iondl  wfieat yield trial for 

low rainfall areas (WYT-IRA). Table 46 presents the rank of the 4 

hiqhest and the 4 laest yielding entries in the FNW-LRA g m  i n  35 

dry locations in WANA during 1988. This table a lso shaws the 

of the same entries in the stress-prone e n v i r o m t s  described W e  

during 1989. Ihe hi* ranking entries in WAML also ranked w e l l  in 

the dry and cold environments. llm entries (mrmbers 3 ard 12) also 

rank& hell in %1 Iiadya-late planting, indicating gccd perfomaxe 



under drcught, cold anl terminal heat stress. The top ranking entries 

in WNh did not perform w e l l  in the opthum-irrigated envhnment of 

-1. ?his wnfinns that germplasm nust be selected under the 

growing ccoditions for which the final prcduct is intended. 

Table 46. Rank of the hi- and the lcw& yielding entries in the 
1988 R W F L R A  (total of entries -24) in different stress 
e n v i r u m .  

D r o u g h t  Cold Heat Irrigated - --- 
ESrtry - Bauider Breda 'IH-EP M-LF' !&rbl 

No. 1988 1989 1989 1989 1989 1989 

WANA = West Asia and North Africa; LRA = Iow rainfall  areas; 'IH = Tel 
Hadya; EP = Early planting; LP = Late planting. 

W i n g  1989 efforts were made to identify agronomic t r a i t s  

m i a t e d  with yield under terminal dnxiqht, cold anl kmiml heat 

stress. The environments and breeding techniques described in Figure 8 

have served not only to develop germplasm with tolerance to those 

stresses but also to identify stress-related t ra i t s .  Results from this 

type of testing show (Table 47) that  increased leaf rolling, longer 

piuncle ,  increased plant height, early heading and maturity anl 

possibly higher nw$er of t i l lers/$ play an imprtant role under 

terminal drcqht  anl heat stress. Conversely, with the exception of 

leaf tenpmture, a l l  other ~ c t e i - s  respnded differently under cold 

stress conditions. 



Table 47. Correlation coefficients between grain yield and eleven 
agrvdc characters under three stress environments, (data 
f m  1989 Pdvanoed Yield Trials). 

Trait m m.5 CS 

Gru?th habit (GI) 0.05 -0.50** 0.29** 
Seedling vigor (SV) 0.04 -0.38** 0.29** 
LSZtf r~lling (LR) 0.25* 0.34** 0.20 
Leaf teq==m (m) -0.31** -0.04 -0.40** 
Lmf senescence (LS) -0.03 -0.53** 0.54** 
Peduncle 1- (PL) 0.37** 0.21 -0.20 
Plant height (pH) 0.49** 0.36** -0.02 
Tiller number (TW) 0.11 0.15 0.15 
1000 kernel weight (TW) 0.18 -0.13 0.24* 
rSyS t0 heading (M) -0.23* -0.55** 0.37** 
bys to maturity (IN) -0.17 -0.65** 0.51** 
Grain yield (GY) 1.00 1.00 1.00 

N = 84, * = P < 0.05, ** = P < 0.01, TtS = Terminal droqht stress, 
TRS = Terminal heat stress, CS = Cold Stress. 

The utility of particular traits as selection criteria in a 

breeding program depends on the ease and oost of screening, the 

reliability of obsewations and the genetic variability available for 

that trait. Table 48 shows the amount of genetic variability for the 

eleven traits under study in each of the three stress conditions. 

Sufficient variability within the 84 gemtypes exists for the 

attributes qested in Table 47 to explore them as selection tools. 

To confirm these results we analyzed the 10% himest yielding 

lines (8 genatypes) and the 10% laiest yielding lines under the three 

stress conditions. Results sham in Table 49 confirm the importance of 

the characters suggested as selection criteria in Table 48. Using 

these characters, several lines. which mine tolerance to one or more 

stresses have been developed and distributed to MIRS in W?JNA. 



Table 48. Genetic variability in twelve zgronomic traits evaluated 
under tezminal dmqht (m), terminal heat (W) and cold 
stress (CS) mnditions. 

Trait Mean Mean Mean 
(Rage) s.e. (Range) s.e. (Range) s.e. 

s.e. = Standard ermr 
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The bread wheat breeding pruject continued close int-tion with 

other research projects in the cereal program, as well as w i t h  certain 

key national prcgram~ within the region. Plant pa tho lq i s t s  

contributed w i t h  disease inoculation and developing screening 

w t h c d o l q  for yellow rust, leaf rust, stem rust, septoria leaf 

blotch, and camon bunt, and v i m l q i s t s  meened for BYW. 

EntomD1cgist.s provided resistance screening for wlleat stem sawfly and 

other insect pests. Cereal chemists assessed bread wheat quality 

p r a ~ t e r s .  Wrpho-physiolqical studies help to identify genotypes 

w i t h  superior drcught, cold or heat-associated t ra i t s .  Results from 

t h i s  integration are presented i n  Table 50. Genetic stocks assembled 

as parental material for different desirable traits are distr- to  

rational pr~granrj for u s e  in their breeding programs. 

Table 50. NLrmber of b m d  wheat l ines identified for  desirable 
characteristics and distributed to  ~ t i 0 ~ l  pr~granrj as 
genetic stocks. 

Characteristics Total n* of lines 

Identified Distributed 

High yield and stability: 58 23 
Abiotic stress L P S ~ ~ ~ ~ Z E  

!kmlird -t 54 27 
Cold 28 18 
Terminal heat 30 19 
B i o t i c  stress resistance: 
Yellcw rust  
Leaf rust 
stem rust 
Septoria leaf blotch 
CowrPn b t  
wheat stem sawfly 



Ihe project's breeding strategy is to distribute gernplasm to 

targeted areas in the region. 'Ihree major agroemlogical zones have 
been identified in West Asia and North Africa based on moisture 
availability anl tenprature regimes. mese are: 

a) areas of low rainfall associated with low tenprature, 

b) areas of m t e  rainfall with moderate to hi* W t U r e ,  anl 

c) irrigated areas. 

Special emphasis is placed by the breeding project to develop 

germplasm suitable to zone anl rely cm CEWiT, Mexico for zone 'Icw. 

Table 51 shms the perfonmxe of bread wheat fpmplasn in 35 dry 

locations in m. R e s u l t s  of three years (1986 to 1988) frm the 

international nurseries gmwn in those dry locations highliqht the 

superior adaptation of bread wheat germplasm over triticale, durum and 

the national check varieties. ?his superiority is based on the nlma3er 

of times that each entry ranks fifth or less, or ex& the national 

check in those dry locations. 
Table 51. NLrmber of the top yielding entries of bread wheat, triticale 

ard durum &eat in the lcw rainfall areas of West Asia ard 
North Africa. RDYT-LFA 1986-88. 

Top five National check ---------- ------- 
86 87 88 Mean 86 87 88 Mean 

Bread wfieat 18 19 25 21 13 10 19 14 
Triticale 15 21 11 16 13 15 9 12 
tku-m~ wheat 12 18 13 14 7 9 9 8 
National check 6 1 2  6 8  0 0 0  0 
No. of locations 30 42 32 35 30 42 32 35 

* Based on total rnrmber of times that each entry ranks fifth or less 
or ex& the national check ( ISD test, P = 0.05, one sided test) 
in those locations. 

Germplasm with cold and drcqht tolerance is also needed in the 

first agroecological zone. Results fmn the regional yield trials 



grown in the high elevation, cold-prone areas of WINA indicate (Table 

52) tha t  w i t h  cur present breeding methodology it is passible to 

develop gennplasm with the cold and terminal dlDugt~t tolerance required 

Table 52. Perfonmme of Cham 2 an3 Cham 4 (inproved spring bread wheat 
cultivars) in the high alt i tude - of West Asia and North 
Africa. m H A A  1987 and 1988. 

Year 
Yield 
(m) N.L. 

cham 2 (spring type check) 
4 (spring type check) 

* zargcon 
* sanr/m//wyz* m/3/m. 
Bezostaya (long term check) 
Bezostaya (long term check) 
National check 
National Check 

N.L. = No. of locations; EtJE = days to heading; CMA = days to maturity. 
$WfT - HA?+ = Reg. Flheat Yield Trial for Kigh Altitude Areas. 

Tap yielding winter or  f a d t a t i v e  entries. 

'Ihe enphasis placed on b&ing for the dry areas of the region 

has resulted in material increasingly adapted t o  that  particular zone. 
Table 53 presents data fmm seven dry locations thuqhxk a larye 

gecgraphical area including North Africa, W e s t  Asia an3 Mexico. In six 

cut of seven locations, the top per fomiq  bread wheat entry outyielded 

significantly the national check varieties. 

&sides tolerance to termindl drcqh t  d cold stress, b m d  wheat 

germplasm g n m n  in the dry areas should possess diseases ard insects 

pests resistance which should enhance yield stabil i ty.  Table 54 shcws 

the yield and yield s tabi l i ty  of fcur pmnising bread wheat l ines in 

ccmparison to the hproved dunrm wheat heck in 35 low rainfall 
locations of WANA. 

Using the spring ard sumpner planting breeding kdmiques, we have 

been able t o  identify germplasm adapted to the sermd an3 thixd major 



agroecological zones described before. 'Ihese zones are characterized 

by terminal heat stress (zone b) and early and terminal heat stress 

(zone c). In selecting germplasm for these zones, it is important to 

identify and eliminate material with strong vernalization requirements. 

Table 53. Grain yield of bread wheat gemplasm in low-rainfall areas of 
West Asia a d  North Africa. rn 87/88. 

Yield (kg/ha) ------- P 

Best National 
Country (location) entry chdc 

Tunisia (El Xef) 2881* 2416 
Algeria (S.B.Abbes) 2700* 2195 
Iraq (Telafer) 3520* 1453 
Wkey (Diyarkdir) 2971* 2271 
IPbanon (Tel Amara) 2717* 1978 
Syria (mider) 2267 1983 
Mexico (Ciano-RM) 3954* 3416 

ISD CV 
5 % % 

FWfT = Regional Wheat Yield Trial. RM = Reduced Moisture. 
* significantly (P< -05) greater than national check yield. 

W l e  54. Yield and yield stability of bread wheat gqlasm in the low 
rainfall ( < 400 m) areas of West Asia and North Africa. 
RhYT-IRA 87/88. 

Line Average yield b 
(ks/ha) = -f. d2 9 

P 106.19//SUlY/JT*3 2850 
Nesser (iqmved *) 2845 
Maya 74/WII60.147/3/Eb. 2831 
Sanono 2819 
Belikh (dUrUm check) 2741 

No. of locations 35 25 25 25 

RWYT - IRA = RegiondL wheat ield trial for the low rainfall areas. B -ion coefficient, d =deviation man square, I?-f ficient of 
detennimtion. 



Foliar diseases as well as terminal heat stress are also h p r t a n t  

factors respmsible for reduced yields i n  the costal-mediterranean 

envimmxmts of m. In these areas, mcderate rainfall  is usually 

associated with high tapxatemperatures especially a t  the end of the crop 

cycle. Table 55 shows the prcqress made in developing and identifying 

gemplasm suitable for th i s  aqroecolqical zone. Average grain yields 

have been increased up to 5% wer the inprwed national check 

varieties, and about 10% wer the long-term local check Mexipak 65. 

Table 55. Ferfonmnce of the four top yielding bread wheat lines in the 
regional yield t r i a l s  for moderate rainfall  areas, 1985-86 to 
1987-88. 

Top 
yielding  rain yield (kg/ha) % % 
lines NC I X  

85-86 86-87 87-88 Average 

Firs t  4302 3885 4304 4164 105 110 
Second 4170 3877 4257 4101 103 108 
?hid 4146 3865 4179 4063 102 107 
Fourth 4135 3812 4061 4003 101 106 
N C 3946 3696 4285 3975 100 105 
L T C  3643 3672 4060 3791 95 100 
N L 53 53 53 53 - - 

N C = National checks: EIC = Long t e r m  check; N L = No. of locations. 

'Ihe CIMMYT/ICAFXX breeding project a t  Aleppo places l i t t l e  

en@msis on irrigated areas because C ~ ~ i w  germplasm is better 

suited for these areas. ~ w e r ,  the national prograns in those 

environments are increasingly interested in griming Wt unler limited 

moisture and we have therefore developed germplasm cabining heat and 

draqh t  stress tolerance. Table 56 presents four pranking bread wheat 

lines that perform well under reduce3 mois tu re  corditions and early and 

terminal heat stress conditions typical of mt irrigated areas. 

Results f m  selection under the spring and sumner planting techniques 

are encouraging. Hu.?ever, the Aleppo project is reassessing its 

involvement i n  developing gernplasn for this agroecolcgical zone. 



Table 56. Ferfornnnce of bread wheat germplasn under heat stress 
conditions in Wad Medani, Sudan. Regional heat tolerance 
yield trial (W) 1987-88. 

Yield Natioml 
CI-OSS and pedigree (m'ha) check (%I rn 

VEE'S1/TSI 'S' 1383 108 51 95 
U4 58943-1APVLP2AWAP ............................ 
Genaro 81 (Improv. check) 1116 88 54 98 
oebeira (National Check) 1275 100 49 93 

Realizing that inprwed cultivars must reach farmers before they 
can have any inpact on cereal prdxtion, we have joined efforts with 

national prograns in comiucting research in on-farm trials in Syria, 
Algeria, Sudan, Lehmn, Morocco, Tunisia, Yenw AR, POR Yenw, and 

Jordan. 'Ihese activities reflect our co- for gemplasm adoption by 

fanrers and the need to substitute the un-~rwed ,  low-yielding local 

varieties gram in WANA. 

A n u n h r  of bread wheat varieties have been released as a result 

of this close collaboration. A list of varieties released by these and 

other national prqram is presented in Table 1. -Many -tries 

and abtained d l  amxlrrts of newly bred cultivars registered 

in the mion. 

Table 57 shaJs the perfornnnce of the prcwising bread wheat line 

Nesser in Farmers Field Verification Trials in Syria. lhree years data 

shcrw that Nesser had an average yield advantage of 14% over deck 

Mexipak 65 d of 22% over the widely grown dunnn variety H a u r a n i ,  



under lm-rainfall d t i o n s  (250-350 mm). Similar results were 

cbtained after large scale tests (3 ha, farmer;' fields) under less 

than 300 nnn rainfall. ?his pranising line is a strong candidate for 

&ease in Syria. Seed has been requeste3 ard distributed to NARS in 

Syria, Jordan, Algeria, W x o c m ,  Iraq and Lebancol. 

Table 57. P e r f o m  of N-, a pranising bread wfieat line, under 
1-rainfall (250-350 nnn) corditions in Syria. Farmer's 
Field Verification Trials 1985-86 to 1987-88. 

Grain yield (kg/ha) % % - -- bw 
Variety 1986 1987 1988 Average Check 

NeSSer 2109 1834 3632 2525 114 
MeXipak (bw check) 1795 1643 3229 2222 100 
HauEUli (dw check) 1933 1409 2828 2056 92 

No. of locations 7 7 10 24 

bs bread wheat; dw = cturum wheat 

?he 1988-89 crop season was extremely dry and mld in Syria. 

Total precipitation received at Tel Hadya was 234 nun, and sixty days of 

subzero taperatuns were also registered during the season. Many 
fanners in the area reported crop failures. Alth- the envirurmwtal 

conditions were harsh, results were obtained from five dry locations 

where on-farm verification trials were gram. ?he total precipitation 

I-Seived in these locations ranged fran 190 to 280 nun. In aaition to 

Nesser, another line, Saker ( I C W 1 7 - 0 1 1 7 - K - ~ 4 A P - 2 A P l A F - O A P )  had 

an average yield of 963 kg/ha over 5 dry sites (200-300 nun) in Syria 
during 1988/89 as capxed to 828 kg- for Mexipak 65 which is still 

widely grmm in dry areas. Saker mines drcught and cold tole- 

as well as gccd bread making quality, making it highly acceptable to 

fanners and conmmxs in Syria. 

Mts of on-farm verification trials carried out in Algeria 

during the last three years are sham in Table 58. 2he bread wheat 



line Gv/Ald'sl showed an average yield advantage of 13% wer the widely 

gmwn local check variety Mahon &as. These on-farm trials were 

carried out in the lwrainfall (200-350 nun) areas of the country. 

Based on these results Algeria decided to release it under the name of 

Zidane 89. Seed has been requested and distributed for multiplication. 

Table 58. Performance of Gv/Ald (=Zidane 89) ,  promising bread wheat 
line, d e r  dry (200-350 mu) conditiors in Algeria. Fanners 
field verification trials, 1986-87 to 1988-89. 

Variety 

Yield (kq/ha) 
% 

1987 1988 1989 Average CNE 

Gv/Ald Isr 2141 2334 780 1752 113 
I 8 8 2 - ~ 2 A W A P  
Mahon Cemias 
(lCCdl check) 1711 2226 730 1555 100 

No. of locations 4 6 3 13 - 

Chk = Iacal check. 



Amnq the cultivated crcp in the highlands of WAK4 (Pakistan, 

Afghanistan, Iran, Iraq, Turkey, Algeria and Morocm) Meat covers 16.5 

million ha and barley 5.4 million ha, i. e. about 54% of the total area 

devoted for their cultivation. Hawever the contribution of this large 

area t a a m i  total national foOd pmdudion is very low (Ref. 

Sustainable Agriculture for the Dry Lands - ICARDA1s strategy, 1989). 
?hcqh the m=an yield for the seven countries mentioned above is 1150 

kg/ha this is distorted because Turkey obtains 1700 kg/ha while the 

average yields in the highlands of the remaining six countries range 

fmn 500-850 kg/ha. ?his low productivity is attributed to several 

adverse biotic a d  abiotic factors (ICARIIA Annual Reports 1987-88). 

?he Cereal Program has developed a research plan in cooperation with 

natioml programs to + m e  wheat and barley pmdudivity in mld- 

wizrtex areas of the region. 

?he breeding work in this project a h  to dwelop inpmved Meat 

and barley germplasm pzssessing genetic stability and tolerance to both 
biotic stress (yellow rust, m n  bunt, BYW, tan spot, w e r y  

mildew; anl Hessian fly and sunn pest) as well as abiotic stress (cold, 

druught, and heat). 111 the 1988/89 seam, 1218 lines/dtivars of 

wfieat and 450 entries of barley were intm5uced f m  different areas of 

the world to the genetic base of winter and facultative -1s 

at ICARDA. T h e  exoeptionally dry a d  mld season provided a good 

envh-t to meen these materials for dmqht tolerance; 54 lines 

of wheat and 12 of barley were selected as parents for hybridization. 

A total of 369 crosses of bread wheat, 207 crosses of durum wheat and 
324 of barley were mde. These crosses involved locally adapted 

mterial and exotic gemplasm. 'Ihe segregating mations of bread 
wheat (3191), dunnn wheat (2335) ard barley (282) were  evaluated for 



drought and disease tolerance at Tel Hadya and the number of selections 

made in each crop species are given in Table 59. 

Table 59. Number of cereal germplasm selections in bread wheat, dunnn 
wheat and barley for high altitude areas (Tel Hadya, 
1988/89). 

Breadwheat rXlwrmmt Barley --------- ---------- 
NurseryTotal Sel. Total Sel. mtal Sel. 

To intrafiuce alien gene(s) for desirable agroMsnic traits fmw 

Aecrilo~s and wild Triticum species, 129 new ~osses were made with _T. 

or _T. aestivum. Frmn the advance3 segregating populations of 

interspecific hybrids, 112 genetically homozygous lines were selected 

for evaluation. 

Tel Hadya continued to seme as a site for gemplasm generation, 

where facilities are available for crossing, detailed studies, disease 

and insect meening, and seed mltiplicatim. This seson,  the 

exceptional drought (total rainfall of 234 nun) canbined with cold 

(belm freezing mininnxm temperature for 50 days) enabled a good 

gernplasm smeenbg for drought and cold tolerance. All annponents of 

the high altitude cereal germplasm (parental stocks, hybrid 

populations, oksmation nurseries, yield trials, etc.) have been grmn 

at Tel Hadya. Advanced materials (obsezvation nurseries and yield 

trials) were also tested at the drier (194 m) site of Breda. However, 

a mjor aphsis was placed on screening the breed- material at two 

high altitude sites, i.e. m y a  in Syria and H a m  in Turkey. 



In Saqtmya cold and dxnqht  were also major stresses. In 

addition there was a severe infection of BYDV which allowed an 
efficient screenirq for tolerance t o  this disease. Tbe n d x z  of 1- 

select& from the different nurseries on the basis of agronomic 

performance and resistance to BYW are given i n  Table 65. More than 

80% of &rum what  ard barley l ines were susceptible t o  BYW. 'Ihe 

sel- lines shawed an acceptable degree of tolerance. 0bsemation.s 

a t  Colorado State university Research Farm by M. Tahir showed also a 

higher level of susceptibility of durum in ccwparison t o  bread wheat. 

'helve &rum wheat lines have been sel- for future use in crossing 

a t  ICARW. 

Because Sdqhaya has proved to be a good testing envimrrment, more 

land w i l l  be acquired for testing more winter ard facultative wheat and 

barley for the high altitudes of WANA. 

A t  Ha-, a relatively large nmbex of wheat and barley 

m a t i o n s  were g m m  ( in  collaboration with Drs. B. Yilmaz and B.C. 

Curtis) ard sa-smd for tolerance to were cold and dmught. D i s e a s e  

pressure w a s  minimal because of the dry season. Selection results 

(Table 60) clearly indicate that  the barley germplasm i n  these 

nurseries lack cold tolerance, which is explained by the little work 

corducted so f a r  on winter and facultative barley a t  ICARDA. ?his area 

w i l l  be strengthened start ing the Ccming season. 

M. !I'ahir and H. Ketata 



Table 60. Number of selections from facultative and winter cereal 
nurseries at m y a ,  Syria or Haynnna, Turkey, 1988/89. 

F3?..ead wheat lxnlm wheat Barley 
Nursery ------------- 

Total Selected Total seleded Total selected 

n 471 260 412 175 (30) 100 (13) 
O b s . ~  160 95 150 65 (24) 128 (22) 
PSN 378 192 229 115 (35) 188 - (19) 
Int. ~ermplasm 340 70 44 8 (1) - 

n 460 87 400 136 100 8 
F6 112 21 86 13 128 33 
PSN 322 111 225 38 300 12 
Int. Germplasm 340 89 44 10 188 55 

PSN = Preliminary Screeninq Musery 

2.4.2.  Seledion f-y of bread ard dunm wheat at hi@ altitude 

Ewead M x s t  

T h e  average frequency of selection (%) of the Observation Musery 

and F2 ~egregating populations at high altiMe sites of Wtta- 

Pakistan, -em-Elomcco, Setif-Algeria, Tehran-~ran m- 
=key, from 1980/81 to 1988/89, are piresated in Fig. 9. ?his shm 

that m3st of the germplasm in the initial years was not well adapted to 
the high dtitude areas of WAN?+. However the increase in the selection 

frequency of ICARIYL generated germplasm at all sites fmn less than 1% 

to 25-30% sham that multi-location testing and selection of material 

at earlier generations in the target environment results in consistent 

progress despite the large environmental variability in high altiMe 

areas. 
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Fig. 9. Selection frequency (%) in bread wheat at hi$ altitude sites. 

Less prcgress has been achieved in selection frequency of dunnn 

wheat (Fig. 10) as cwp>ared to b m d  wheat which may be attributed to: 

1) a ~ l r a w  genetic base and lack of adaptability to stress conditions 
p r i m p  because of lower ploicfy as compared to bread wheat, 2)  a lower 

lwel of cold tolerance in durum wheat and 3) a lmer research m t  

for dunnn wheat inpnvement. 

The data for bread wheat germplasm selected at five high altitude 

sites were ewmined to identify lines perfonniq well acrms sites. 

However the data presented in Fig. 11 shm that lines selected fmm 

breeding nurseries at each site were different. The selection 

frequency (%) at individual sites was 25"; droppopping to 8% of selected 

lines at two sites, and further d m  to 1% and .03% of cmmDnly 



sel& lines at three or four sites in the region. It is unlikely to 

identify widely adapted lines. Ihese data indicate the agrcclimatic 

specificity of each region and the need to develop germplasm with 

specific adaptability. 
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Fig. 10. Selection frequency (%) in dunm~ wheat at him 
altitude areas. 

PERCENTAQE 
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Fig. 11. Frequency of bread wheat lines selected at one or mre 
highland sites in WANA. 



2.4.4.  cold talemmx an3 respcrse to @mkperiod ad ~ i z a t i o n  in 

barley atxi wheat 

?he strategy to develop suitable cold tolerant barley ard wheat 

germplasm for high altitude areas has been pursued by crcssirq cold 

tolerant prental lines and locally adapted gemplasm of winter x 

spring or facultative X facultative types, and then subjecting the 

early generations to cold stress under field conditions. ?here is a 

wide gradation in qmth habit ranging f m  early spring types to 

strong winter types among wheat a d  barley germplasm in high altitude 

areas, with facultative types predmninatirq. 

Three different nurseries, i.e. Barley Observation Nursery - Hi* 
Altitude Areas (EDN-HAA), Barley Observation Nursery - IrxJ Rainfall 
Areas (BON-LRA) and Barley observation Nursery - Moderate Rainfall 
Areas (EDN-MRA) were tested by Dr. V. Shevtxxr at Krasrdar (U.S.S.R) 

for cold tolerance urder field conditions (Table 61). 'Ibenty three 

percent of entries f m  BON-WIA, had 100% survival whereas none of the 

entries shawed such a hi@ level of survival in the other two 

nurseries. For survival under cold conditions BON-IEIA ranked second, 

which suggests that there m y  be a correlation between wld tolerana? 

and droyllt toleranoe. 

Table 61. Frequency of barley lines with different levels 
of survival in the Barley Observation Nurseries 1988-89 
at Krasnodar (U.S.S.R). 

MuSery No. of % Survival - -- 
Lines* 100% 80 - 90 70 - 80 60 - 70 

BON-HAA 124 22.6 - 29.8 31.5 
BON-IRA 88 - 6.8 13.6 46.6 

- MRA 81 - - 8.6 28.4 

* Natioml check not included. 



T h s  fact that B3N-HAA had the hiqhest level of survival is due to 

testing and selection of early breeding generations at the cold prone 

site of Saqhaya-Syria, whereas the germplasm of the other two 

nurseries were primarily selected for severe to mcderate rmisture 

stress only. 

M. 'Pahir and S. C3uzardli 

m e  top yielding 19 breeding lines out of the Regio~l Wheat Yield 

Trials, and Obsenration Nursery for high altitude areas and 11 

ccsrmercial varieties representing different grcswth habits were used to 

investigate their cold tolerance, and m n s e  to photmpriod and 

vernalization. To sbidy the vernalization respnse, materials were 

kept for 6 weeks at 1-2O C. Photoperiod treabents were long day (24 

hours continuous light) and short day (16/8 hours of day/~ght). 

mts are s h m  in Table 62. The Russian winter wheat variety 

Bezcstaya 1 was the most winter k a d y  (I3 50 = -10.2%) wh- the 

In50 for the widely grcm Turkish cultivar Bola1 and a U.K. variety, 

Avalon, were - 8.1° and -7.2Oc, respedively. The LT50 for the 19 

breeding lines from ICARDA ranged from -5.7O to -9.3Oc. ?he LEO for 

the mDst widely cultivated spring type varieties, Mexipak was -4.9% 

and for the other spring type cultivars, i.e., Zamindar ,  Z a r g o o n  and 

Cham 2, was only -4.6%. The majority of new wheat lines shm& mu& 

higher lwels of cold tolerance. H-er, their respcolse to 

vernalization and long day photoperiod revealed that only 5 (entries 

W .  6, 23, 24, 26, and 28) Were winter ~arrying verndL g-. 

Two cold tolerant lines, i.e. entry nos. 24 and 28 seem to carry major 

photcpricd sersitivity gene(s). T h e  remaining 14 breeding lines did 

not shm any respnse to different day lengths and behaved as spring 
types once their mininnnn vernalization requirements were met. Fkcw 

these studies it is obvious that grcswth habit and cold tolerance are 

w e n t  traits. 'Iherefore it should be possible to transfer and 

d i n e  earliness and cold tolerance without major vernal or 

photoperid sensitivity genes. 
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2 -4.5. Eff& of alien -1- cm wheat anther cu1bm-e 

Haploid breeding of wheat is attractive to breeders to reduce the 

time required to reach hnrozygosity and to carry out genetic studies. 

One approach is altitude for anther culture. However h e  to low 

altitude for anther culture and gmtype specificity, the use of this 

technique in wheat breeding has been restricted. To enhance anther 

culture and dihaploid production various methods such as the use of 

homnes, are under investigation. Studies were carried out to find 

out the influence of alien olrtoplasrrs on wheat cv. Jones Fife for 

anther cultwability. The anthers of Jones Fife carrying four 

different cytoplasm i.e. dicoccoides, sauarrosa, kotschyi, sveltoides 

and the euplasmic line were cultured; pemtages of anthers producing 

embryoid callus in each alloplasmic line are given in Table 63. 

Table 63. Effect of alien cybplasm on anther culture in Triticum 
aestivum L. 

Backrross % of anthers 
Alloplasmic line Plasm type generation prcd. embryoids 

LSD at 0.05 5.4 

lhese data suqgest that dicoccoides cytoplasm exerts a positive 

effed on anther culturability whereas eltoides cytoplasm, has a 

negative effed. No significant differences in anther culturability of 
alloplasmic lines with soeltoides cytoplasm and the euplasmic line cw. 

Jones Fife were w e d .  



2.4.6. Heat t0l- 

High teqerature is a major abiotic stress w h i c h  severely 

wheat and barley in WNA. Its effect is -ed in the presence of 

misture stress after anthesis. It was therefore felt necessary to 
identify new sources of genetic resistance amag wheat and barley 

gemplasm and to shdy the interspecific differences for heat 

tolerance. Heat tolerance was shdied as the t2wnm&&ility of the 

cell wdxane, estiudted as the percent &ram injury (eledrolyte 
leakage) (Blum and Ekerax, Qop Sci. Vol. 21: 4347, 1981). 

'Ihe heat tolerance of 234 bread biheat, 103 dunnn wheat and 10 

barley lines/varieties, originating frun WANi (Table 64) was sMied 

along with a heat resistant cfieck, Tam 107, and a susceptible d ~ &  

Nqains. 

Table 64. Nmhr of -t and barley gemplasm lines tested for heat 
tol-. 

Origin Breadwheat Dmnnwheat Barley TotdL 

A f g b n k h n  
Iran 

T'JrW 
Wia 
Momcco 
Algeria 
Ethicpia 
1-- 

Data cn the heat tolerance of 337 Wt linesparieties are 

pmse&ed in Fig. 12. injury was classified into fan 

gmap: 1) 0-20% injury = resistant; 2) 21-40% injury = mdmately 

resistant; 3) 4160% injury = mderately susceptible and 4 )  more than 
60% injury as susceptible. Eighteen pement of the lines w x e  himy 



resistant to heat and better than the resistant check Tam 107 (25% 

injury). A fairly large nunker (53%) of lines were f a n 3  to  be 

mderately resistant to heat. A cr i t ical  analysis of the origin of 

heat tolerant lines revealed that  most of thcse lines come frcw heat 

prone areas. T h e  ICARDq/C!IMMlT resistant lines were derived f m  

selecticm Unaer hi* teqxzature conrlitions. 

" 
0-20 21-40 41-60 

PERCENTAGE INJURY 

Fig. 12. Genetic diversity in wheat for heat tolerance. 

No significant differences in heat to1- Mmem miticum 
aestivum and T. lines were obsenred. Hea t  to1- seem to be 

mre related to the ecological origin and to selection pressure for 

heat tolerance. Barley lines were not as tolerant as scmne of the wheat 

lines. W e  suqgest that ~ a r l y  breding generatiom shculd be subjected 

to high teqxmture umkr field ccmlitions, and field selected material 

shculd be rated on the basis of percent mwbrane injury t o  renwve any 

mn-resistant lines or  lines possessing avoidance mechanislrs. 



2.4.7. m i d  yield trials 

The kst entries selected on the basis of yield and stress 

tolerance out of various nurseries in the region were prwided to the 

cocperators in the high altitude areas of WANA as Regional Yield 

Trials. These trials were canprised of 24 entries including two check 

varieties, with three replications. Haever results frw a few testing 

sites only have been reoeived so far and a~ surr~narized in the 

f01lawit-q &ion. 

Results fmn Tel Hadya, Syria in ccanbination with frost tolerance 

data f mn Saqhaya, Syria are presented (Table 65) . Tel Haw this 

year was exceptionally dry %hereas Saqhaya -ienced severe cold (- 

24%). bta on the top yielding four lines and two dzeck varieties 

indicate that newly bred winter and facultative barley lines are 

superior to the spring inproved check variety Rihane's' in cold 

tolerance. No significant yield differences were fourd. 

Table 65. Regional Barley Yield Trial 1988-89 (High Altitude Areas), 
Tel Hadya, Syria. 

Yield Fmst* 
mtry Line/crcss %/ha Damage Rank 

(%) 

CV % 21.64 
LSD (0.05) 996.96 



Bread -t 

In D i y a r b a k i r  (660 m.a.s.1.) , Wkey eighteen lines cutyielded the 
inpmed national check variety Malabadi wing 1987/88. Data on yield 
and other important agronomic hits of the top yielding five lines and 

the t w  check varieties are given in Table 66. lhese lines were 

significantly hi- yielders than the national check with inproved 

tolerance to diseases (yellm Nst, and camm bunt) and frost. lhey 

did mt differ significantly in days to heading (M) ami days to 

maturity (Dl) but were relatively taller (RI) , which is a desirable 

character for imisture stress d t i o n s .  

Table 66. Regional Wheat Yield Trial, 1987/88 (High Altitude Areas) 
D i y a r b a k i r ,  Turkey 

m -/- Yield Rank M PI P.H. 
NO. w (an) 

7 ICW-HA 81-2213 3919 1 131 162 90 
9 ICW-HA 81-1337-3 3433 2 131 160 95 
19 ICW-HA 81-1337-4 3069 3 137 163 95 
20 ICW-HA 81-1369 3014 4 136 163 90 
15 I@#-HA 81-1610 3000 5 131 163 90 
1 Cham4 2684 6 131 161 60 
24 National check 2139 19 136 162 75 

CV% 19.0 
LSD (0.05) 649.0 

tfi= days to headinq-, CM = days to maturity, AI = plant height 

Similarly, in Swat-Pakistan (1050 m.a. s. 1. ) , eight lines 

atyielded the b p m e d  lccal check (2044 kq/ha) and 15 entries gave 

better yield than the spring variety (ham 4 (1789 kg/ha). Errtry 4 (Bez 
// Tob / 81256 /4/ On /3/ 6* M.. .) and one of its sister line (entry 
5) gave significantly superior man yield of 2502 kg/ha, as mrpared to 

locdl check. 

In the Atlas nwntains of M o m  the yield trial was planted at 



the Annaceur research statim during 1988/89 and an irrpruved b r e a h r ~  
line (no. 1723) was included as a national chek. lkee lines, i.e. 

Y l W 4 0 6 ~ / V e ~ s 1  (No. 6) , Tx 6x4793-7/CB 8O9//Vee1s' (NO. 3) and Tx 

62A4793-7/CBs09//Vee's'(No. 2) gave yields of 2120, 2106, and 2104 

w ,  reqectively as canpared to 2080 for the national check 

line No. 1723 and Bezastaya (1080 kq/ha). All lines giving him 

yields are types develcpd thnxgh w i n t e r  x spring crosses. 

Ihe results of the 5 top yielding lines a t  Karadj-Iran, and two 

heck varieties are given in Table 67. ?bough only one line, Tx 

62A4793-7/ -09/5W38m/Kaul iat  17/Xtv/3/WC/4/Qn (No. 14) gave a 

significantly him yield than the mtional check variety Azadi (4855 

w ) ,  the ather f a x  high yielding lines also gave a 16-20% higher 

yield than the inpzwed national check. Variety Azadi i n    ran is 

m i d e r e d  cold tolerant and high yielding. The better yield 

perfomamx of a number of lines in ccmparison t o  Azadi suqgests that 

these lhes have adequate cold tolerance and high yield. 'Ihese lines 

have also k e e ~  tested unler controlled field conditions and fGnrl 

hi-y resistant bm mjor  diseases, yellm rust and and tunt. 

W l e  67. Regional Bread -eat Yield trial 1988-89 (High Altitude 
m), Karaj, Iran. 

No. Line/cross 
Yield % of 

dleck 

14 TXC62A4793-1/CB809/5/K338. .= 14 
15 TX62A4793-1/CB809/5/I038..= 15 
13 AV~B.66/3/Qldr's'/AM//Qldr's1/Mus's' 
10 Kanred/m/4/ . . . m 4  394 
12 Zarsoon 
24 Azadi-National check 
1 Bezostaya-lMlgtermcheck 

CV 
LSD (0.01) 
Overall man 

- - -- 

The data fmm yield trials and other nurseries a t  various 



locations in the high altitude areas shows the superior perfomce of 

a mmker of new lines/varieties. mere is a need to test further such 
seleded lines at the national level covering several locations. 

'Iherefore it will be highly desirable to develop a mechanism for 

systmatic testing of such lines at natio~l level for possible release 

to the farmers. This m y  become possible with the functioning of 

regional high altitude projects and networks. The work on winter and 

facultative cereals has been strerqthened with the post- at ICARDA of 

a CMWl' scientist, Dr. Byrd C. Curtis, who has taken post in August 

1989, to work on breeding of winter and facultative bread wheat for 

the U4NA region. 

At most of the high altitude sites the resources, technical 

manpower and equiprent to carry out large scale testing through on- 

farm trials, are not adequate. Therefore to reap the results of 

research this cmpnent needs st.rem$hening. 



In this season's report we 00-trate on detailed studies of 

transpiration efficiency, root growth and partition of assimilates, 

development and yield of selected 2-row barley genotypes. We explore 

morphophysiolqical traits of adaptation of durum wheat to low rainfall 

Mediterranean envimm.ts using a wide genetic base nursery and 

present results of agronomic trials on this species. Finally, from the 

analysis of nine environments (year, locations) we propose potential 

sources of abiotic stress resistance for two and six row barleys, d m  

wheat and bread wheat. 

3.1.1. Transpiration efficiemy of barley genotypes. 

A qremhouse expriment was conducted to assess differences in 

transpiration efficiency (TE) between barley genotypes. The literature 

is contradictory on this subject. Fischer and Turner ooncluded that 

variations in TE could be attributed largely to vapor pressure deficit 

and the primary cabxylating enzyme in photmynthesis (Ann. Rev. Plant 

Fhysiol 1978 29: 277-317). We have reported that barley genotypes qrm 

under severe stress showed significant differences in 13c 

discrimination C-13 D which is a measure of TE at the plant level 

(Cereal Annual Report 1987, pp: 100-116). 

Ten bc-row barley genotypes well adapted to Northern Syria were 

grmm in six kg pots in a greenhouse. A mixture of 2 parts of soil and 

1 part of sand was used as potting mix .  'Ihe mixture was initially 

fertilized with 0.49 g of triple s u p r p h ~ t e  and 1.20 g of amnmnium 

sulphate, thereafter all irrigations were given with 1/10 strength 

Hoagland solution. 'Ihe surface of the pots was sealed with aluminum 

foil to avoid direct soil evaporation. Irrigation was done throughout 

specially fitted hoses. Four germi~ted seeds were planted per pot to 

leave two uniform plants per pot when the first leave was N l y  

aneqed. Planting date was on Deoember 19, 1988 and harvestirg was done 



the first of June, 1989 when all the plants had reached maturity. 

kaves were harvested as they semsced and at maturity the plants were 

split into grains, leaves including sheaths, stem (including chaff) and 

roots. Transpiration was reooded at each irrigation through the ammnt 

of water required by each pot to attain predetemhed weights according 

to irrigation treatnwts. 

The experbtal design was a split-plot with varieties being the 

sub-plot and watering treatnwt the main plot. Four watering treatnwts 

were imposed: a) irrigation to field capacity (FC) throughout the 

season when half of the available water was transpired, b) irrigation 

to one half field capacity throughout the season, when the pemment 

wilting point was reached (1/2 FC), c) irrigation to FC through 

anthesis and 1/2 FC thereafter, d) irrigation to 1/2 FC thrcugh 

anthesis and FC thereafter. The mean tempexature in the greenhouse was 

15.5 %with a maximum mean of 21.8 % and a minimum mean of 9.1 %. 
The target tenperatures were 22%/5Oc (day/night) f m  planting to ear 

emergence and 25°~/100~ frcnn ear meqence onwards. The mean relative 

humidity was 70.96 % and the mean vapour pressure deficit (vpd) through 
the gruwing cycle of 0.53 KF~. 

Results indicated that there were differences between genotypes in 

total water transpired, transpiration efficiency, total biamass 

plpduced and grain weight acrc6.s irrigation treatments (Table 68). ?he 

lccal barley l-ces had a higher total biamass, higher grain weight, 

higher water transpired and lwer transpiration efficiency . TE values 

were generally high due to the l w  VPD in the greenhouse (0.53 KFa) . 
?he relation between transpiration efficiency nomlized by vpd and 

total bica~ss is depicted in Fig. 13. It can be seen that the landrace 

Tadmr lms high transpiration efficiency and high total biomass 

plpduction. In field reasurements of gas exchange we observed that 

Tadmr also has high carboxylation efficiency. 

?he impruved ICAlUlA genotype SBON 96, which has good grain yield 
at our driest sites (Cereal Annual Report 1987, p:123) has similar 

values (Table 68) as those found for landraces. 



Table 68. Transpiration efficiency, yield and water transpired of 
barley genotypes. Means across irrigation treatments. I 
refers to improved genotypes, L are landraces. 

Genotype TYP= Total  rain Weight Water TE 
bica~ss (g/pat) transpired (T m/@20) 
(g/pot) (dpot) 

I 
I 

2269 I 
L 
I 

SIB 8-6 L 
SB3N 96 I 
SIB 62-99 L 
SLB 39-99 L 
SIB 62-35 L 

LSD .05 for total bicmss means: 3.78 
LSD .05 for grain weiqbt means: 1.55 
LSD .05 w a t e r  transpired: 477 
LSD .05 for TE means: 0.48 

m e  values of transpiration efficiency reported were negatively 

con-elated to C-13 discrimination (C-13 D) meafllred in the grain of the 

genotypes grown in field experin'ents at l3reda and Bwider in the 

1985/86 season (r = - 0.68, P < 0.05) . 'Ihis negative relation inplies 
that gemtypes with lower transpiration efficiency at 1 m  vapor 

pressure deficits in the greenhouse do well under dry rainfed 

Mediterranean environments of northern Syria. It  is worth recallisq 

(Cereal aogram Annual Report 1987, p. 114) that grain yield at Breda 

and Bwider was strongly pitively correlated (P<0.01) with C-13 

discrimination and hence nesatively related to transpiration 

efficiency. m e  data in Table 68 and Fig. 13 allow interpretation of 

these apparently contradictory results. 
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Fig. 13. Transpiration efficiency and total bi-s production in 
barley g e n o w .  Greenhouse determinations (88/89). 

There were no significant interactions between varieties and 

watering txeatxents in any of the pramters tested. The treatment 

means for irrigation are shown in Table 69. 



Table 69. Irrigation txeatrnent effects on transpiration efficierq. 
Means across varieties. 

Field capacity (FC) thmqh 
the grcaiing cycle 

Fr thmugh heading, 
1/2 FC from heading to harvest 

1/2 Fr thmq3 the growing 
cycle 

1/2 FC througl heading, 
FC f m  heading to harvest 

ISD.05 =.54. Numbers followed by a different letter differ at Pi0.05.  

'Ihe results in Table 69 clearly shod that TE increased with 

d?nqht stress, but only in those cases where draqht stress occurred 

before heading. 'Ihese results also match our measurements of C-13 D 

made in field qmm plants. C-13 D decreased as W t  stress 

increased and rean grain yield decreased across ten barley trials with 

2 1  or 24 genotypes each, i.e. the transpiration efficiency was higher 

in the driest envimnments (Austin, mufurd and Acevedo, unpblished) . 
'Ihe field results also have sham that the within trial phemtypic 

correlation coefficient decreases linearly with decrease in drcqht 

stress (and increase in C-13 D ) ,  changing f m  highly positive to 

highly laegative values ( +0.8 to -0.7) shedding additional light for 

field C-13 D interpretations. A positive correlation can be interpreted 

as a dcaninant effect of stcwata closure on discrimination while a 

negative correlation can be interpreted as a d-t effect of RUBISW 

on C-13 discrimination. 'Ihe first case would indicate variation in 

stress resistance, while the semnl would be indicative of variation in 

photosynthetic capacity. For further discvssion on this topic see 

The greenhouse v i m e n t  also provided results on dry matter 



partitioning between genotypes. l%ese are presented in Table 70 for the 

above ground biconass. Except for SIB 8-6 wkich is similar to the 

iupmed gen0typ.s and Roho which is similar to the l m c e s ,  the 

lardraces are characterized by a significantly hiqher investment of 

photosynthetic prakcts into leaves. Exoept for Roho, the percentage of 

straw including chaff, is significantly lower in landraces. No 

significant variety x watering treatment interaction was fowd in above 

ground dry matter partitioning nor there were effects of the watering 

trdnrmts on the allocation of assimilates in above ground biamss. 

Table 70. Abwe ground dry mtter distribution of 2 - r w  barley 
gen0typ.s. Plants grown in pots in a greenhouse. (I: inp3mved 
barleys; L = ladraces barleys) . 

Above ground biomass 

Genotype 'I)lpe Leaves Grains Straw 
% % % 

Tahr 
SIB 62-99 
SIB 39-99 
SIB 62-35 
SIB 8-6 

3.1.2. lbd growth 

Four barley genotypes were grown in 1 m long 10.4 an dieter W C  

tubes in the w o u s e .  The varieties were arranged in an RCB design 

with four replicates. A sandy soil mix (2 parts sand and 1 part soil) 

was used as rooting medium. A preplanting dose of fertilizers (N and P) 

was mixed with the soil as in the transpiration efficiency experiment. 
Tim gemhated seeds were planted per tube anl one plant per tube was 

left after the 1st leaf fully emeqed. The top of the tubes were sealed 



with aluminum fo i l  a l lwing only for extrusion of the plants. A high 

mesh metal screen was installed a t  the bottam of the tube to avoid so i l  

mix losses an3 a l l o w  wentual extrusion of rwts. Irrigations were done 

w h e ~ ~  the so i l  mix reached 1/2 FC, adding 1/10 Hagland solution to 

at ta in  FC, the amxult of irrigation solution was recorded. The area 

that each plant had was 84.75 ar? equivalent to 118 plants /m2.  Planting 

date was the 8 of December, 1988 and harvesting was done on the 15 of 

May, 1989 a f te r  all plants reached maturity. Above ground plant parts 

w e r e  harvested a t  maturity ard root length density and weight was 

measured after washing out the soil mix. 

T h e  genoolpes included in this trial w e r e  Tachnor, SLB 8-6, WI 2198 

and a barley mtant w i t h  only two seminal roots. The plants g r e w  w e l l  

in the tubes. Relevant gmwth paramters are given in Table 71. ?he 

striking values of the table relate to the root/shoot ra t io  of Tadmor. 

Table 71. G r o w t h  paramters of four barley genatypes grain i n  WC 
tubes. G d -  w i m e n t  88/89. 

Genotype wtal dry w t  Grain ~oot/Shcot HI TE 
(9/Plant) (g/Plant) (g/g) (W9) (w !3'/gH20) 

This genotype invested only 3.6% of the phobqnthates in root g r d 3  

as ccanpared to shoot growth wh- the other genotypes invested 

between 8.4 t o  10.9%. The low nwS3er of seminal roots of the mutant 

were m t e d  by -1 root grckith. Again, the transpiration 

efficiency of the landraces was 1- than that  of the other genotypes. 

The root length density and weights are given in Table 72. Total 

root length/root w e i a t  ratios were h i a e r  in Tachnor than i n  the other 

genoQp?s, therefore the roots of Tacbuor were thinner. 



3.1.3. Barley d e v e l w  and yield. 

It has been observed i n  previous w n s  that grain number per 

unit area was drastically a f f e c t 4  under severe stress. Earliness in 

f l ae r ing  was associated to hi* yield under stress. It is our aim to 

analyze these two observations in nwre detail t o  obtain a better 

insight into the differences i n  grain yield between entries within 

sites. 

Thirty six two-IOW barley entries including lanclraces, inproved 
gen&ypeS and crosses between ladraces and iuproved genatypeS were 

glm?n in 12 raws (20 an apart), 5 m long plots a t  Tel Hadya and Breda. 

Table 72. Root length density (Lv, an root/an3 soi l)  and weight (g) of 
four barley genotypes. 

-type 
Soil ............................................... 
D e p t h  Tadmor SI5 8-6 mtant  8-7 W I  2198 ------ ---- - ---- -------- 
(an) L v w t L v  wt Lv w t  LnJ w t  

A s*le la t t ice  design was used a t  Tel Hadya while a t r ip le  la t t ice  

was used a t  Breda, the driest s i te .  Ground cover, growth habit, leaf 

posture, growth vigour, leaf color and frost damage were scored i n  the 
field a t  two week intervals. These field observations have been shown 

to be correlated with yield under stress i n  previous years. In 

addition, every two weeks, samples (4 plants/plot) were taken t o  

measure apex developmt, leaf number, leaf area and weight as w e l l  as 

main tiller n*. Heading time and physiolcgical maturity were scored 

in the field to canplete gmwth and developoent observations. An 

additional four plants were tagged i n  the field for leaf nwS3er 

-ts and phyllochron p e r i d  calculations. Grain rnrmber of the 



main tiller was assessed a t  three stages of developnent, as i n  the 

87/88 season (Cereal Improvement Program Report. 1988, pp: 86-105): 

mximum n m b r  of p r h r d i a  (potential kernel n W ,  PKN) , heading 

time (developed kernel n W ,  DIW) and dwing grain f i l l ing  

(fert i l ized kernel mrmber, FKN). Other Dbservations made were plant 

height, peduncle length of the main shoot and awn length ( f i f th  awn 

frcan the base of the spike). A t  harvest, the nwhr of f e r t i l e  spikes 

per unit  area and the number of grains per 10 random spikes were 

counted. 

Results of field abservations on growth habit and plant colcur 

confirmed thcse reported in 1988. Barley lardraces showed sane 

variation in these traits but the general tendency was of being 

p m t m t e  and dark colored early in the season changing to erect and 

pale green a t  stan extension. The T a h r  type ( T a h r ,  A. Abiad, A. 

Aswad, SIB 60-2, SLB 3-23) was the m ~ s t  p r s t r a t e  with the darker plant 

color during w i n t e r .  The SIB 62 type (SIE 62-68, SIB 62-99 and SLB 62- 

49) was medium dark during w i n t e r  and the SLB 8 type (SIB 8-89, SIB 8- 

6, SIB 8-84 and SLB 8-10) had a dark plant c o l a  only a t  the beginning 

of the season, changing s lmly  to  pale green fmm 300 "CD to 800 OCD 

after mergence. Table 73 shows the time a t  which the charge in  plant 

colour started for the T a M r  type entries. This occurred just  before 

stem extension. 

Table 73. Time and thermal time (TT, %) a t  which the plant color of 
the Tadmr type group (-5) became liqhter. 

S i te  Color change TTtn Apex developnent 
Julian date TI OCD 50% heading stage (Kirby, 1984) 



Luring the dark colour period, a purple anthccyanic appearance was 
also &served, pmbably as a result of carkchydrate aammlation and, 

incorporation into anthocyanines. Arabi Aswad, Tadmr, SIB 62-49, SIB 
3-23, SIB 39-99, Arta and SEGN 96 had the highest visual scores for 

anthocyanic colour. On the contrary, Roho, Raho/Mazurka and Er/AFM had 

light winter colour and were more f& susceptible. Crosses of Rcho 

with A. Abiad  (Tadnwr type) were f m t  resistant while crosses with 
W A F M  were frost susceptible. A pmtrate grmth habit, darker plant 

colour in winter, anthccyanic qnptmrs arrl high frast resistance were 

in general associated. Table 74 shcm a correlation matrix among these 
traits for Breda. Similar correlations were ohserved at Tel Hadya. 

Table 74. S-le correlations between grawth habit (a), leaf posture 
(P) , winter plant color (PLCW) , spring plant colour (W) 
purple color leaves (PL) and frost damage (FRO). Breda, n = 
35. 

GH LP PLCW PLCS PL FRO 

M 1.000 

Scoring: GH ( 1 =erect, 3 = pmtrate) ; LP (1 = erect, 3 horizontal) ; 
PI. (1 light, 3 = dark); PL (1 = no synptms, 3 = high symptom); FRO (1 
= no mqe, 5 = dead plant) . ** (P < 0.01) , *** (P < 0.001) . 

m t s  on apex developent studies confirmed that the two-TOW 

barley 1and.races are characterized by a longer vegetative phase 

(emqence to double ridges) and a shorter generative phase or ear 

initiation period (double ridges to I M X ~ ~ I  n m h r  of primordia) when 

ccmpared to inpmed two-m genotypes. Among the lamkaces, the Tadmr 

type had the highest ratio between the IXI phases (1.15-1.17) followed 



0.y the SIB 62 group (0.99-0.84) and the SLB 39 group (0.80-0.78). The 

W I  type had a ratio of 0.68-0.70. Under conditions of l m  winter 

tmprature a long vegetative phase might protect the apex f m  frost 

a g e .  At the beginning of stem extension with the apex in its 

generative phase, f& may have a damaging effect. Early heading is 

strongly correlated with grain yield unler terminal dmuqht stress, 

i.e. a short season crop is necessary. A cmprmnise between slw early 

apical developnent (providing frost resistance) and early hading 

@lies a shorter ear initiation period. Fntries in our nursery 

unadapted to the Mediterrawm environments with cold winters shawed a 

long vegetative period ax~pled with long ear initiation and ear grawth 

periods. C e r e m l  values for leaf initiation rates and kernel initiation 

rates Coming out of these data and environments are: leaf initiation 

rate (total leaf nlrmber/O~~ vegetative pericd) of 0.032 and kernel 

initiation rate (potential kernel nlrmber/OCD ear initiation period) of 

0.086. 

Fpex developmt, leaf number in the main shoot and m i m u m  nlrmber 

of tillers per plant were also found to be correlated (Table 80). 

Table 75 indicates a strong correlation between leaf nlrmber and 

heading time. A lonqer vegetative pericd was asmiated to mre leaves 
in the min shoot and a later heading date. More leaves in the min 

shoot inply more potential sites for tillers leading to a positive 

association between these two variable. 

Con- to apctations, the ear initiation period (EIP) was not 

correlated to the potential kernel nrrmber (PIN). Since the length of 

the EIP is related to the duration of the vegetative period, EIP values 

indeprdent of the vegetative period (VP) were generated by t a k i q  the 

residual values of EIP after regression on the indeprdent therml time 

to dauble ridges. 



Table 75. Sinple correlations between apex development and final leaf 
number in the main shmt (n = 35). MI = double ridges. MNF = 
maximum nurmber of prkrida and EIP = ear initiation period. 

n - ,d  t k  to EIP Max. tillers/ 
LW MNP Heading plant 

Final leaf NO. M 0.737*** 0.644*** 0.601*** -0.205 0.697*** 
Bs. 0.604*** 0.766*** 0.565*** 0.065 0.539*** 

T h e  correlation of the residuals was only weakly significant ( r = 

0.392, P c: 0.05) at Breda, and was non significant at Tel Hadya. 'Ihe 

calculated broad sense heritabilities for PKSJ were also l m  (0.58 at 

E W d a  and 0.30 at Tel Hadya), indicating that the environment plays a 

major role in the determination of potential kernel nurmber and that the 

@mmnem is complex. No relation was found between PKN and leaf - 
index within sites when results of the 87/88 and 88/89 season were 

ewmined. ?he specific leaf area (area of leaves/weiqht of leaves, SIA) 
was h-er significantly (P < 0.05) correlated with PKN within site at 

the end of the EIP (entries with thinner leaves initiated more 

-1s). ?he SIA at m a x i n u n  number of prkrdia stage explained 20% of 

the variation in PKN at Breda. If the EIP adjusted for VP was added to 

the regression, the reduction in sum of squares ' asd to 35% with a 

multiple r = 0.59 ( P < 0.01). ?he overall differences in kernel number 

of the main shoot appeared to be established at the IMxixarm nmber of 

the prinwrdia stage. 

'Ihere were no overall differences in the percent loss 

between Breda and Tel Hadya. FwUenmW, the percent grain lass after 

the FRi was realised in a dry season like 88/89 conpnd well with a 

wet season (87/88) (Table 76). 



Table 76. Potential (m), developed (DKN) and fertilized (TXN) kernels 
in the min shoot expressed as % of potential values. 

Season n Rainfall PI(N Dm FKN mail 
(m) % % % Relative 

values 

The percent kernel 1- in the main shoot appeared relatively 

-ent of draqht. While rainfall decreased to a 36.2% the 

relative PKN decreased only to a 67%. This indicates that in the 

wnformation of grain yield there n u s t  be cxqxmatoq effects of other 

yield c a p n e n t s .  A depise regression analysis shmed that the m m b r  

of fertile spikes per unit area of soil explained 58% of the variation 

in grain yield. A negative correlation was found at both sites between 

potential, developed, fertilized Iceme1 number and the n* of 

fertile spikes per unit area. ?haqh kernel nwS3er was positively 

correlated to grain mmker per unit area, it was negatively related ( P 

< 0.05) to grain yield due in part to a decrease in kernel weiat and 

in part by the fad that plants with 1- nwS3er of tillers had higher 

rnsaber of grains per ear ( P < 0.05 at Breda and P < 0.01 at Tel 

Haaya) - 
3.1.6. Field observatias, ~ 1 o g y  an3 yield 

The previous results inlicated a relation between plant 

anh ibz tuze  an3 a p  developnent. Table 77 shows this association. 

Similar wmlations were obtained for Tel Hadya and Breda. 

The results of Table 77 indicate that by selecting for a given 

plant architecture (visual scores) there is a high probability of 

selection fox a given apex developnent pattern. None of the traits 



listed in Table 77 were correlated with the -1 time to heading 

except for a dark plant color in spring (PUS) which indicated later  

heading (P < 0.01) a t  the driest site only. A l l  the visual traits were 

also associated w i t h  shorter grain f i l l ing period, except for frast 

damage which prolonged grain f i l l ing and PLIS which was not correlated. 

When grain yield was adjusted to a ccarrmDn heading date, a horizontal 

leaf posture before stem extension ard dark color in w i n t e r  as w e l l  as 

a hi@ differ- in plant color between w i n t e r  and spring were  

correlated t o  yield a t  Breda (Pc0.05). 

Rast damage was the doPlrinant effect in yield a t  T e l  IEadya 

(R0.01), an effect negatively correlated t o  dark winter color 

(~0.001) and positively related to SIA in w i n t e r  (RO.O1). The data 

strongly supprt previous fixdings for the plant architecture required 

for dry Mediterranean environments with cold winters. W e  conclude that 

a pxstrate qruith habit, horizontal leaf posture, dark winter plant 

colcur, l ight  spring plant colour, a big change in w i n k  to spring 

plant colour from dark to light, a long VP, short EIP and a high nmker 

of fe r t i le  spikes conform a plant archi teture adapted to dry, cold 

Meditemaman environments in tw0-m barleys. Fwthennore, this 

architecture is not necessarily conducive t o  an i n c r d  number of 

days to heading and, in the nursery under study, is associated w i t h  a 

short grain f i l l ing period (RO.O1 a t  Tel Hadya and R0.05 a t  Eir€da) 

M higher grain yield a t  the drier site. 

Table 77. Association between plant architecture and apex developnent. 
rsreda 88/89. 

Vegetative pericd Fax initiation period 
( O W  



Flag leaf length and width were strongly positively correlated 

(Pc0.01) to grain yield adjusted to a casnrPn heading date a t  B x d a .  Ihe 

wrrelation was negative w i t h  pedurcle length a d  plant height thou@ 

non significant. A t  Tel Hadya, no relation of flag leaf m t e r s  w i t h  

grain yield was obemed. LDnger awns increased the grain f i l l ing  

p e r i d  and dezrsas& grain yield a t  the driest  site. 

3.1.7. Yield and yield cmpmmks 

Independent m a s w e m m t s  of the yield w n e n t s  allowed 

assessment of the i r  contribution to yield under stress. Table 78 shm 

the results of a steprise regression analysis. 

me s i t e  effect on grain yield m n e n t s  is shown in Table 79. 

!BE major effects on yield decreases a t  Breda are seen to occw due to 

decreased head mmb=r/rn2 and grain number, previously sham to be a 

result of decreased patential kernel number. 

.e 78. Percentage of the variance in grain yield and adjusted grain 
yield by heading date a m t d  for by independent 
-ts of yield mnponents: head n m k e r / m 2  (HNM), 
kernel weight (TKW) and p i n  number per ear (a). 

Si t e  -t Grain yield Adjusted grain yield 

'In HNM 57.4 58.1 
TIW 6.8 1.5 
GN 0.4 0.0 
Total 64.6 59.6 

ER. HNM 58.1 37.1 
TIW 18.1 10.1 
Qi 10.4 0.8 
Total 86.6 48.0 

A major step forwan3. in yield under stress can be done by 

selecting genotypes w i t h  high nunker of f e r t i l e  spikes a s  previously 

inaicated (see Cereal Pmgram Anrazal Repsrt 1986). In turn, hi* number 



of fe r t i le  spikes is associated to the "landraces syndrame of t ra i t sn  

discussed here and in previous reports. 

Table 79. Average values for yield and yield cmpnents  a t  Tel Hadya 
a n d m  ( n = 3 5 ) .  

T e l  Hadya Breda BR/m 
(W (W) 

Grain yield (g /mL)  253.5 125.2 0.49 
HNM 505.4 123.7 0.64 

a. 'Ihe relation between early headirq and grain yield was confinre3 

once more. For cold, dry Mediterranean enviroments as t h e  in 

northern Syria, earliness per se is not emnqh, it has t o  be 

qualified involving a long vegetative pericd and a short ear 

initiation pericd. Short grain fil l ing is a desirable at t r i tute  i n  

2-row barleys with termiral drcught. lhis pattern is asmia ted  t o  

a syndmme of mrpholqical traits easily screened visually. 

b. Within a s i t e  no major gain in grain yield may be wpckd by 

k c r e s i n g  the kernel number per ear under stress. Increased 

kernel rnmkex is c a n p a s a t e d  by a decreased rnmkex of fe r t i le  

spikes per unit area, the yield q n e n t  which explains the major 

part of the variance i n  grain yield. 

A joint regression analysis performed on the durum wheat 

plysiolqy nursery asseubled in the 85/86 season shawed that the range 

in variety man yield w a s  low and that mcst of the genatypes i n  the 

nursery had below average stabili ty (ICARDA 1987, Cereal Imprwement 

Program R e p r t  pp: 117-126). A nursery w i t h  a wider genetic backgnxd 



was assanbled in 1988 comprising 81 9enatypc-s contrasting in their 
adaptation to the environments of North Africa and West Asia. Several 

landraces were included in this nursery wether with the 20 genotypes 

of the original nursery hoping to find better sources of stress 

resistance and a wider r q e  in morphophysiolqical traits. 

The newly assenbled nursery was planted at Tel Hadya and Breda in 

northern Syria, as well as at Montpellier in France with the 

wllaboration of Dr. Philip Monneveux. At Montpellier the nursery was 

grown under irrigation and rainfed conditions. Four environments per 
season were thus created. A ccanmon field design at the four 

envir0mnent.s a 9 x 9 s*le lattice is king used. IXle to the limited 

quantity of seed available, plot size was kept during the first season 

at 6 ra~s 2.5 rn long and 20 an apart instead of 12 m, 5 m long 
regularly used in our physiology studies. In northern Syria crop 

husbandry was as described elsethere ( I C . ,  1986. Cereal Impmenrent 

Pxqram Report pp: 107-121) with a ming rate equivalent to 120 kg/ha. 
Planting dates, emexq- date and harvesting were the follminq for 

tne Tel Hadya and Breda sites: 

Tel Hadya Ere& 

Plantinq N o v e m b e r ,  13, 1988 N o v h ,  2, 1988 

m- N o v m k x ,  26, 1988 N o v h ,  13, 1989 

HarJest May, 29, 1989 MaY 8 20, 1989 

In Syria observations were limited to visually scored 

morphological traits and yield, while at Montpellier more detailed 

s b l i e s  on chlorghyll fluorescence, water ptential and ampnents are 

also being conducted. We report here on the results of northern Syria. 

Tables 80 and 81 sumarize those attributes which were correlated with 



Table 80. W what physiology n v  88/89. Sinple correlations 
between plant and crop attrhutes and grain yield (81 
genatypes, - (194 m). 

Cmp Score Mean Fhenotypic Correlation 
Attribute (range) st- deviation coefficient 
(Zad0k.S) 

Grain yield 

Ground cover (1-10) 
(22) 

T i l l e r  r u m b r  
(22) 

Flag leaf main shoot 

Width 

m l e  length 

Plant heiqht 
at maturity 
Days to heading 

Bys to maturity 

Straw yield 



Harvest index 

Wilting score 
(22) 

Glaucousness 
stem 

Leaves 

Leaf oolour 
(30) 

Fnxt damage 
(22) 

Akuve ground 
biomass 

Table 81. Exnun ex at physiolagy nursery 88/89. S m l e  correlations 
between plant and crop attributes and grain yield (81 
genotypes). Tel Hadya (234 mn rainfall plus 50 m 
irrigation) . 

asp Attribute Score Mean Fii~otypic Correlation 
(Zadoks) ( W e )  standard deviation ooef f icient 

Grain yield 

Ground  Cover 
(22) 

Grmth vigor 
(22) 



Tiller number 
(22) 

Flag leaf main shoot 
LensUl 

Width 

Peduncle length 

Plant hei@t 
at maturity 
Eays to heading 

Cays to maturity 

Straw yield 

Wilting score 
(22) (1-5) 

Leaves (1-3) 

Leaf Qlour 
(24) (1-3) 

Frost damge (1-5) 
(23) 

-ground 
b i a m s  
Harvest index 



grain yield a t  one or both sites. The attr ibutes are  s imi la r  t o  those 

reported ear l ier  for barley (ICARDA 1987. Cereal I m p r o v m t  m-ogram 
Annual Report pp. 117-126). Winter grounrl cover (Zadoks 20 t o  30), 

which is an i np r t an t  parameter in term of radiation interception, and 

water use efficiency, w a s  also found t o  be related t o  a hiqher nunker 

of leaves in  the main shoot, a horizontal leaf posture and a darker 

winter leaf wlour. These t r a i t s  have been sqgested as  having a 

positive effect  on the grnwth and yield of two rckr barleys i n  mrthern 

Syria (ICARW. 1988. Cereal Improvement Program Annual Repor t .  pp. 86- 

113). ?he data shm that  the nursery assembled has enough variabil i ty 

to warrant  detailed studies and eventually provide solid information on 

stress resistance t r a i t s  t o  the dunnn wheat breeding project. 

Table 82 sumarizes easily scored t r a i t s  which, in the interim, 

m y  be used to  a id  in  selections of durum wheat for  stressed 

Mediterranean environments. 

Analysis w e r  nine environments (years and locations) of the 

barley, dunnn wheat and bread *eat physiology nurseries using the 

residual yield index (RYI) proposed by Bidirger e t  a l .  (Aust. J. Agric. 

Res. 1987. 38: 48-59) allowed the identification of genotypes 

p e r f o m  well under stress intensities greater tha t  0.5 (stress 

intensity calculated as 1- Y f i )  a f ter  eliminating yield potential 

(Yp) and phemlogy (days to heading) effects. These gem- are 

potential s e x e s  of stress resistance for  the Mediterranean type of 

environments of Scuth W e s t  Asia. They are given in  Table 83. Note the 

predmhmce of lardraces in  the 2-ra~ barley genotypes. 

E. Acevedo 



Table 82. DJrum W t  attributes correlated with high w i n  yield at 
Tel Hadya and Breda (81 genotypes). 88/89 Season. 

- High winter ground cover 
- Good early (winter) vigm 
- High tiller nuher 
- Wide flag leaf in the main shoot 
- long peduncles 
- Tall plants 
- Early heading 
- Short crop duration (Breda only) 
- High nlrmber of fertile spikes 
- High straw yield 
- b.i canopy tew==t= 

Table 83. Potential SO- of stress resistance for Mediterranean 
environments of West Asia. RYI significantly greater than 0 
for stress intensity greater than 0.5. 

2-row barley 6-row barley durum wheat bread wheat 

ml+f==ka Assala-06 Crm Rabi 14 FLKJ s/Horki s 

Roho* Eiadia h k i  Golan 

SLB 39-99 Athemis* Haurani HD2206/Hork 

SLB 62-35 C 63 Belikh 2 Ures 81* 

SLB 45-38 Deir Alla 106 Cham l* Katya A-1 

SIB 8-6 BAT 414 

SIB 60-2* 

SIB 39-43 

SIB 45-65 

* Genotypes with the highest RYI. 



IXlrum and bread wheat have a slow growth early in the season, such 

that the ratio of transpiration (T) to evaptran.spiration (ET) is very 

unfavorable when campared to barley during the mnths of January and 

February (Table 84). Increasing the early grcurd cover by aqmnaical 

means leads to a mre favourable ratio of T/ET and a himer radiation 

interception, both corducive to a better use of limited resources and 

hence an increased yield. Increased winter grwnd aver can be achieved 

by early planting and n a n u i  rai spacing as reported for barley (Cereal 

Improvement Report 1986, pp: 62-75). 'Ihree dwum meat 

varieties of similar phenology were planted in a 34 unreplicated 

factorial experiment at Tel Hadya and Breda. ?he effects of m spacing 

and planting date on grcurd cover, m m h ~ -  of fertile spikes per unit 

area and yield are presented in Table 85, 86 and 87. Planting dates 

were amund 15 October (early), 15 N0vake.r (medium) and 15 

(late). 'Ihe results show that early planting and mrrm (10 an) row 
spacing with a constant wing rate of 120 kg@ i n c r m  qrwnd 

cover, n&r of fertile spikes, total above grwnd biamass and grain 

yield significantly. No varietal effects on grain yield were observed. 

Table 84. Percent difference betwen barley (B) and wheat (W) in gmund 
cover and in the ratio of transpiration to 
evapotranspiration. 'Ihe values are for the winter months of 
January and February, 40 to 80 days after emeqence 
(approximate Zadoks scores 13 to 24). 

Days after G r c u r d  cover T/ml 
w- (B-W/B (B-W)/B 

% % 

1) Mean of six barley and four wheat gmtypes. Transpiration (T) 
obtained as in -per et al. (1983). 



Table 85. Winter ground mver. Main effects of variety, mw spacing and 
planting date. D x m  wheat, 3 to 6 leaf stage according to 
planting date. 1988/89 season. 

Ground cover (%) 

Factor Tel Hadya Breda 

Variety 
Cm Rabi 14 
Sebou 
Korif la 

Row spacing 
10 al 
20 an 
40 an 

Planting date 
=lY 
Medium 
Late 

N = 27; * P < .05; ** P < .oi; different letters in the same calm for 
a given factor irdicate significant differences. 

Table 86. Effect of variety, mw spacing and planting date on mmhr of 
fertile spikes per unit area. DJrum heat, 88/89 season. 
Rainfall: Tel Hadya 239 mm + 50 mm irrigation. Breda: 194 m. 

No. of fertile spikes/ mL 

Factor Tel Hadya Breda 

Variety 
Qn Rabi 14 203* b 107**b 
Sebou 206 b 122 ab 
Korif la 234 a 141 a - spacing 
10 an 225**a 133* a 
20 an 222 a 126 a 
40 an 196 b 111 b 

Plan- date 
Early 236**a 194**a 
Medium 202 b 166 b 
Late 205 b 10 c 

N = 27; * P < 0.05; ** P < 0.01; thmhrs follawed by a different letter 
in a column for a given factor differ significantly. 



Table 87. Main effects of variety, row spacing and planting date on 
total abwe ground bi- (BIOY) and grain yield (GW) . 
LUIUm Wheat. 1988/89 seasa~ rainfall: Tel Hadya 239 nun + 50 
m irrigation. Breda: 194 m. 

Factor 

Tel Breda -- 
BIOY GWP BIOY GWP 

(t/ha) (t/ha) 

Variety 
Rabi 14 

Sebcu 
Korif la 

WxJ spacing 
10 an 
20 an 
40 an 

PlantirKJ date 
=lY 
Meaim 
Late 

N = 27; * P < 0.05; ** P < 0.01; MmS3ers follawed by a different letter 
in a calm for a given factor differ significantly. 

E. AoevedD an3 I. Naji 



W local s w  condu&d in the 1988/89 season at T. Hadya 

and Lattakia c o v d  five major wheat diseases : yellaw rust (Rxxinia 

striiformis) , leaf rust (p. recondita), stem rust (p. sraminis), 

septoria tritici blotch (Mvcmwhaerella qraminicola) and cammn bunt 

(Tilletia foetida ard _T. caries) .  H-er, additional infomation cm 

the abwe diseases asrl on the disease pcwdery mildew ( m i -  

qraminis) w e n  obtained through the multilocation testing system. 

m t s  of the Key Iocation Disease Wrseq  (m) in 1987/88 are 
sunmrarized in Tables 88 and 89. D i w  data on the particular diseases 

were abtained frow : 

Pakistan 

Iran 

%key 
Syria 

Lebmn 

Jordan 

Yemen 

Ethiopia 

W s i a  

M o m  

F+JrmFl 
Mexico 

leaf rust 

leaf rust 

leaf and stem mts; powdery mildew 

leaf and yellow rusts: @ria blotch; 

ammn bunt; barley yellaw dwarf virus. 

yellow rust 

leaf rust: paJaery mildew 

stem rust 

stpm rust 

septoria blotch 

leaf rust: @ria blotch 

leaf rust; @ria blotch 

leaf rust. 

* Data frcan the ICARDA Virology Unit 



wether there were 8 sites for leaf rust, 3 for stem rust, 2 for 

yellow rust, 4 for septoria, 2 for powdery mildew an3 1 each for camm 

bunt ard barley yellm dwarf virus*. 

Tables 88 ard 89 show the number of entries exhibiting resistance 

to a group of diseases, as they an? relevant in the agro-eoolcyical 

areas of the WANA region. Ln the I X r u m - D ,  9 entries were resistant 

to the three rusts, (Table 88). Resistance to powdery mildew, septoria 

and barley yellow dwarf virus was shc%.in in 22 entries; whereas 9 

entries shmd resistance to yellow rust and cwmwn bunt. In addition, 

of these entries showed resistance to the two g r o u ~ ~ ,  of diseases. 

Table 88. hnbs@ of dunnn wheat lines with multiple resistance** to 
major grou~s. of wfieat diseases (KEN-88) 

Disease qrwp 
NO. 
Entries &try No. 

h f ,  sh?lll and 9 71, 109, 163, 169, 173, 
yellow lust 183, 185, 194, 199 

Radery mildew, septoria 22 18, 35, 44, 54, 62, 66, 74, 76, 
blotch and barley yellcw 86, 87, 108, 109, 117, 118, 131, 

dwarf 133, 164, 172, 181, 185, 192,199 

Ccs7anon bunt and 
yellow rust 

* Total number tested 180, checks excluded 
** selection criteria - Leaf rust, ACI 10; stem and yellow rust, ACI 2 

- Fwdery mildew, septnria blotch an3 
barley yellow dwarf, 0-5 on 0-9 scale 

- Ccsmnon bunt 0-15% head infedion 

lhree durum wheat entries ( 109, 185 and 199) were resistant 
to three msts and the pxdery mildw-septoria-barley yellow dwarf 

gmup. Entry 44 was resistant to padery mildew, septoria, yellow dwarf 

and the yellow rust-amnmn bunt gmup. Entry 194 was resistant to the 
rusts ard to the yellcw wst-czmmm bunt group. Names and xmxe of 

these entries an? as follckus: 



KICN 88 Name or Qross 

109 Gta/~1563/AA/3/Sty5/Fg/4/J0/61-130//61-115/3/G11 

185 Lahn-SH 

199 Qfn/Memo/3/WW/Iblff/Fg 

44 mchoua 

194 Swan//Dack/Rabi 

In the bread -t m, 31 entries shcxJed resistance to the rust 
group and 48 to the padery mildew, septoria and barley yellow dwarf 
group. None of the entries tested showed mnbined resistance to yellow 

rust and ccam~xl bunt (Table 89). Howevex, same of these entries showed 

resistance to both group: rusts, pmxiay mildew, septoria, and barley 

yellaw dwarf. 'Ihese are : 

KILN 88 Name or Cress 

55 m , a  1601O/Ska (3) 
56 Qow/Vee 

78 W 33/Vee 

85 ~ / ~ a / 3 / m r z m s / / ~ / 4 / -  

179 Sd468.5/8156/3/Chr//Sn64~.Rend/4/Cc/5/Iwpl9 

182 Ns 7 3 2 m  

212 Fb/Gll//cj 71/3/T. aest .//Xal/% 

Table 89. Numbert of bread wheat lines with rrmltiple resistance** to 
major gruups of wheat diseases (KILN-88) 

No. 
Disease ~~CRIP htries ht2y No. 

LBaf, &an anl 31 3, 6, 17, 18, 51, 52, 53, 54, 55, 56, 
yella~ rust 67, 78, 85, 93, 97, 122, 125, 128, 129, 

131, 132, 139, 142, 159, 161, 162, 174, 
179, 182, 187, 212 

&W&?q milk, 48 1, 4, 5, 6, 12, 15, 17, 18, 21, 24, 25, 
@ria blotch 33, 38, 39, 41, 55, 56, 68, 72, 78, 85, 
eud barley 86, 94, 95, 118, 145, 154, 155, 156, 157, 
yellaw dwarf 158, 163, 166, 169, 172, 176, 179, 182, 

186, 199, 202, 205, 207, 211, 212, 213, 
214, 216 

* Total n u n h r  tested 198, checks excluded 
** Selection criteria- mf rust, ACI 10; stem and yellow rust, ACI 2 - Fmdeq mildew, sqbria blot& and 

barley yellaw dwarf, 0-5 m 0-9 scale - Connan bunt 0-15% head infection 



Gemplasn pools for yllr~g of resistarn= 

Lines showing resistaxe in the local and mltilocational 

screening are assembled in special-pupose disease nursery and 

retested for 2-4 years in different locations. Wing this retesting, 

lines are selected for acceptable agroncwic traits and for reasonable 

resistance to a target- disease. In the 3rd phase, lines with 

resistance to a disease are pooled together, increased and distributed 

to NARs. For the season 1989/90 three new germplasm pools for 

resistance were developed and 39 sets of these were furnished to 

collaborators in the region and abmd. m e  pools are for septnria 

blotch in durum and bread wheat and for mnmn>n bunt and yellcw rust in 
durum d eat (Tables 90, 91, and 92). Resistance to septoria was 

confirm33 by a seedling test carried out in gmJth c h n k e r s  with a 

&hation of different pathogen isolates frcin Syria. 

Lines in these pools are the &-products of cur sxeenbg for 

septnria and yellcw rust, and for ammn bunt and yellw rust. 

'Ihere are 19 lines in the dunrm wfieat gerrq~laan pool for septoria 

resistance. Mean score of the disease raqed from 0-6 in field tests 

but did not exceed the mean saxe of Gezira 17 (Table 90). Mean 

necrosis in the seedling test was higher than that of the ch& in two 

lines (No. 12 and 18). Pycnidial formation was always less than the 

check. Alm6t all lines had good resistance to yellcw &. Earliness 

of these lines ranged f m  133 to 156 days to heading and were  with the 

exception of three lines (No. 5, 11 and 19), 2-15 days earlier than the 

check. Ten cut of the 19 lines in this pml are extensively used by 

the breeder to up-grade the resistance level to septoria in the durum 

wheat project. ?he m t  selected crosses in a d v d  segregating 

generations (F5 - F7) are tbse frun the p r f m t s  Shwa/Bittem (13%), 

Pin/Gre//Rob (5%) and Cmsby (3%). Sane lines in this pool cxanbine 

earliness, septoria resistance, and high yield potential. For ample 

Lahn, a cross between Schcardater and Bittern, showed an increase in 

yield by 16% as ccwpared to Gezira 17 and 4% as ccmpared to cham 1, a 
newly released variety (Table 91). 



Table 90. The perfcrm3nce of selected &mm wheat lines t o  septoria  
tritici blotch, Mvcosdmerella crraminicola and yellow rust, 
Wccinia s t r i i f o n n i s  (WKP 87) 

M€an scoreL) seedling testL) 
year 1984 1985 1986 1987 N e c r o s i s  Pycnidia Y e l l a v  
NO. screning sites 4 2  4 3 rust31 

N a  o r  Cross: 
1. Shwa/Bit 3 6 4 6  4 + 
2. Shwa/Bit 4 5 4 -  5 + 
3. ShWa/Goo 4 4 4 - 6 -H 
4. Ey/Rabi 5 3 3 5  7 + 
5. PI 298547 3 4 4 4  7 + 
6.(ACC304O*Lang)Leeds2 6 4 5 6 + 
7. Pin/Gre//Cit/Fg - 4 4 6  6 + 
8. Pin/ Gre / /C i t /Fg  - 4 3 5 6 + 
9. Pin/Gre//Cit/Fg 3 5 6 -  7 ++ 

lo. Badri//Gta/Fg 6 5 4 -  5 + 
11. Ber i l lo  6 4 6 -  7 + 
12. Grosby 5 6 4 - 8 ++ 
13. Br/ZB/4/G11/3/ 3 6 5 -  7 + 

BYE*2/Tc//213W 
14. Memo/Goo - 6 4 5  6 + 
15.UVeyikl26/61-130// 0 6 5 - 6 ft 

Kdzak2916/Lds/3/Ibis 
16. D/T/3/D 21563/2VL//Fg 6 4 3 6 6 + 
17. CY/4/21563/61-130// 1 6 5 - 6 + 

~ / 5 / m l t o o t h / 6 /  
-/e//s- 

18. ~ r / s l ~ / / c h 6 7 /  4 6 5 -  8 + 
21563/3/Waha 

19.P9/3/GU//T.dic.v. 4 6 4 6 6 + 
vern/aJ 

Gezira 17 (Check) - 8 6 7  7 +t+ 

1) Septoria Scale 0-9. 
2) Septoria N e c r o s i s  (0-9)= mean score on 30 leaves 21 days a f t e r  

inoculation. 
Fycnidia formation: +l ight;  i+ abunlant. 

3) Yellow rust; highest reading of severi ty and =&ion type. 



Table 91. Performnce (kg/ha) of three durum wheat varieties in on-farm 
trials d e r  irrigated conditions; Raqqa/Syria. 

Season %-increase 
Variety 1985/86 1986/87 1987/88 Mean over Gezira 

Table 92. The p e x f o ~  of selected bread wheat lines to septoria 
tritici blotch, MvcosDhaerella qraminicola and yellow rust, 
Puccinia striifonnis 

- 
Mean &ore1] Seedling testL) ---------------- 

Year 1984 1985 1986 1987 Necr. Fycn. Yellow 
No. screening sites 2 3 4 3  rust3) 

Name or C n x s  
1. Vee 3 4 1 5  4 + 5M 
2. Vee 4 4 2 7  6 + 5R 
3. Snb 2 2 2 3  5 + 5R 
4. Snb 1 2 2 4  2 0 5R 
5. E!ar&t/MaMtial 4 4 3 6  4 0 5R 
6. Bb/Cho//CI 12703/3/W - 4 4 6 5 + lOMR 
7. Pj/Hn4//G11 - 3 2 4  5 + 5R 
8. F'j/Hn4//G11 - 1 3 4  5 + 5R 
9. Bb/Kal//TJl3791-12765 - 1 3 3 6 + 5R 
10. 4777(2)//Fk~/Gb/3/Vee - 5 2 6 4 + lOMR 

/4/m/m 
11. Vee/Snb - 3 2 7  6 + 5R 
12.IAs58/IAs55//Ald/3/Mm3- 0 4 6 5 + 5R 

/4/AlwIAS58.103A//Ald 
13. EUd - 0 3 4  6 0 3% 
14. Am/Sprw 4 2 3 7  5 + 5R 
15. WSpm. - 2 7 4  5 + 5R 
16. C182.24/C168.3/3/ - 4 2 5  5 + 5R 

Qlo*2/7C//Cc/Tob 

1) Septoria-Scdle 0-9. 2) Septoria-N-is (0-9)= mean score on 30 
leaves 21 days after M a t i o n .  Wcnidia formation: +light; tt 
imz&rate;ct+ abunlant. 3) highest reading of severity and reaction 
type. 



sixteen lines were found in the bread wheat germplasm pool for 

sources of resistance to septoria blotch (Table 92). Mean score of the 

disease in each of the testing years ranged from 0 to 6 except for four 

lines (No. 2, 11, 14 and 15) which d v e d  the highest score of 7 in 

one year. Mean necrosis in the seedling test ranged f m  2 to 6 and the 

~cnidial formation on any of the lines was equal to the check or less. 

In general, all lines in adult and seedlirq stage testing showed better 

resistance than the check. All lines except one (No. 13) had gwd 

resistance to yellm rust. Eight lines (No. 1, 2, 3, 4, 6, 10, 11 and 

13) out of the sixteen lines in this pool carry the 1B/1R 

translocation. The earliness level (days to heading) is quite 

acceptable. It ranges from 130 - 147 days under the conditions of 
northeastern Syria, and 11 lines are 2-13 days earlier than the check. 

However, some lines in this pool a m  not to yield well under rainfed 

wnditions. 

Table 93 surm~lrizes the perfonmxe of the 19 durum wheat lines in 

the germplasm pool for sources of resistance to cormnon bunt and yellow 

rust (EE5YRGP 88). Lines in this pool have Urdeqone at least one year 
of testing using ten camon bunt isolates from the region. Ercentage 

head infection ranged f m  0-19%. ?he resistance to the non-targeted 

disease, yellow rust was acceptable. 



Table 93. Perfomawe of selected ciurum wheat lines t o  camon bunt, 
T i l l e t i a  foetida and T. k e s ;  and yellow rust, Fuccinia 
s t r i i fonn i s  (LXXRGP 88). 

Screening year 

Common bunt1 yell& 
rust 

1984 1985 1986 1987 1988 

ht. Name o r  Cross 

Senatore Cappelli - 0 3  4 * -  35MR 
Kabir 1 = Ovi/Cp/Fg - 6 lo* 13* - 5M 
Cr/3/J0//61-13O/Id.s/4/Etke 5 4* 14* - - 15MR 
Gediz 75 / Bi t  - 3* - - 16* 5MR 
Fa/Cando 5 l *  - - 4* l O M R  
G ~ W Z  469/Plc//J0 5 4* - - - 5MR 
Cit/Gdwz 579 5 l *  - - 7* 2 OMR 
Snipe/F. 9-3 - 3  9 4 , -  5MS 
O K  = Canleal//Cappelli/ - 0 8 12* - 2 OK5 

Candeal 
Capeiti  m t . = E i t i  6- ~ a p p e l l i  - 4 9 8* - 2 OM 
I-E 5927, cv Montferrier - 0 5 5* - 1OMR 
61-130/414//44/3/AA - 0 4 15* - 5R 
Tafna 1 = S w a n / / D a w i  - 0 5* - - 5R 
Tafna 2 = S w a n / / D a w i  - 0 5* - - 5MR 
naki = Dack/Gd//vSA 575 - - 8* - 19 2 OM 
Syrica 1 = Shm/Ptl 5 5* 9* - - 5MR 
Tigr is  = Fg/Pales//Mexi/ 

3@ff/Q - 5 6* - - 15MR 
Oronte1-2it71/Mexi//Shwa 0* 3* 2* - - 0 
Barika =Jo/c~//usA 01679/ - 5 9* - - o 

3/Jo/Gr 

1. CQmnon bunt=%infected heads using composite isolates f m  Syria; 
(*) Average of 10 d i f ferent  isolates from the  region (3 Syria, 2 
W k e y ,  one each Pakistan, Iran, Lebanon, Tunisia and M o r m m )  2.Yellaw 
rust=highest reading of severi ty and infection tyFe over two 
Y-. 

O.F. Mamluk 



Carbined tol- to sepmria leaf blotch, pavdery mildew and barley 

yellcwawarfvirusinbreadanldununwhsat. 

Cereals are affected by a number of fungal and vi ra l  diseases 

which lead to r&uction in yield. In areas characterized by mderate 

rainfall  (400-600 nun), such as North Africa, Wery mildew (Enrsi~he 

sraminis fs. t r i t i c i )  , Seutoria tritici blotch (Mvcosphaerella 

araminicola) and barley yellow dwarf virus (BYW) are economically 

important diseases. Bread and dunnu wheat entries from the Key 

Iocation Disease Nurseries were evaluated for the i r  reaction t o  these 

three diseases in multilccation testing a t  "hot spots" under hi* 

disease pressure. M e r y  mildew data were obtained from natural 

infection a t  Deir Alla/Jordan and SzhqafTurkey. Lata on septoria 

were obtained from Tel  Hadyapyria, from Guich and M e r c h o u c h / I @ ~ ,  

f m  Beja/Ttmisia, and f m  a r t i f i c i a l  inoculation w i t h  isolates of the 

pathogen prevailing in ea& country. 

A PAV isolate of BYW was inoculated by using the aphid vector 

Rhomlsiohum mi during the t i l l e r ing  stage a t  Tel Hadya, Syria. 

Disease synptm6 were scored 8 weeks af te r  BYW inoculation. 

Disease score for a l l  three diseases w a s  based on a 0-9 scale, (O= 

M, sytptaus and 9 very severe symptoms where plants are almost kil led).  

Bread and durum wheat lines which had an average disease score of 5 or 

less in  two replications for a l l  three diseases are sunmarized in Table 

94. Tnese lines prduced grain yield b e  average a f te r  inoculation 

with B W .  
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3.2.2. Barley pthology 

To avoid losses due to barley diseases, methodologies to control 

pathogens have to be developed that fit the fanning system of the WLWL 

region. Most barley is grain in law-inpt systens, either in drier 

regions, or in shallaw soils in areas with a higher rainfall. As the 

d d  for cereals is w i n g ,  irqxlts are wntinuously inxeaxd with 

farmers abandoning fallw and using barley as a break crop in land that 
was previously devoted only to wheat. It is difficult to identify a 

single major disease in a given area because of the laqe variation 

between years in rainfall and tapxature, and because of the large 

influence agronmic practices play in disease developnent. High 

moisture levels are needed for most leaf pathogens, but a l t h w  a 

disease like barley scald (Rhvnchoswrium secdlis) needs free water to 

sporulate and infect new leaves, its ability to develop at relatively 

law teqxmtures and the presence of initial h c a l u m  on seed or 

stubble, enables epidemic developsgnt during winter rainy perids, even 

in the drier regions. Seed-borne diseases such as mts and bunts, 

depend less on the climatological conditions and more on the quality of 

the seed the fanner-. 

Strategies to control diseases can be based on cultural methods, 

on dwmical control by fungicides, or on resistance. The use of 

fungicides is not econanic.1 in arcas with law yields. An exception 

might be the use of seed dressings with systemic fungicides that not 

only protect the crop f m  its seed-brne pathogens, like m t s  or 

barley leaf stripe, but also have a protective effect against diseases 

that are transmitted by seed or affect the crop in an early stage 

ITmkqh M u m  that over summers on the residue of the previous 

season. Cultural practices can be used to control a number of 

diseases, but these often conflict with prevailing agronomic methods: 



i. e. imno-culture, earlier and deepr scxyinq, application of fertilizer 

or supplementary irrigation all favour the devel-t of diseases by 

extending the qrmth perid, by praooting dense plant stands and by 

providing better -&ties for the pathogens to survive crop-free 

periods. 

Among the different aspects of ukxlern farming systems, the 

replacen'ent of old landraces by inproved germplasm has the largest 

influence on the status of plant diseases. So far the intnduction of 

inproved germplasm has led to genetic hcmogeneity of the host plant 

pplations, which can lead to destructive epidemics by highly virulent 

pathogen strains, unwittingly selected for. Furthermore, intrduoed 

genrplasm is often unsufficiently tested in its target environment. 

After a few years of aommercial dtivation it may prove susceptible to 

diseases, of previously minor importarce. 

Our research in barley patholcqy center; on the identification an3 

utilization of genes that will provide durable resistance, thereby 

providing the fannexs with the mDst econcwical way of controlling 

diseases both in traditional and in inproved farming system. TO 

evaluate potential souroes for resistance it is essential to stw3y the 

variability within the pathogen population. Virulence studies on major 

barley pathcgens are therefore mde both in our om program and in 

collaboration with colleagues f m  other institutions. 

A relatively new activity within the project are studies on the 

losses caused by diseases and the interaction of disease devel-t 

and lcses with drmqht. These studies will help to assess the 

importance of different pathogens in different environments and can 

therefore assist in the targeting of gemplasm within the breeding 

Program- 

Inknmticmal s d g  for res' -' tnpcxkymildeu 

Rxdery mildew (Enrsi-ohe d s )  is an obligate parasite which 

occurs wllerever barley is gmwn. Within the WAm region it is 

especially severe in areas with a relatively high tenprature  and 



adequate moisture. H-er, yield lasses of up to 10% have been 

masurd at I m r s  research station at Tel Hadya on susceptible 

varieties, even thoq31 disease developent is only severe during the 

early groxth stages of the crop. T h e  pathcgen is hiqhly variable and 

althouqh marry resistance genes are lumm, single genes have rarely 

given durable protection to plants in areas with high disease pressure. 

To incorporate adequate resistance into IcARaA's germplasm and to 

detect lines that might be used as donors for broad-based resistance, 

we use a selection strategy based on multi-location field testing in a 

wide range of environments in collaboration with scientists of NAFS 

both within and artside M. Table 95 shows the locations and the 

average disease pressure during two years testing of entries in the 

Advanad Barley Yield Trials. 

Table 95. Screening of ICAROA's advanced barley yield trials for 
resistance to powdery mildew, during 1987-88 (360 entries) 
and 1988-89 (324 entries). Testing sites, average disease 
score (0-9 scale) and average correlation coefficient with 
other testing sites. 

Averaqe disease score Averaqe correlation 
Location 1987-88 1988-89 1987-88 1988-89 

Tel Hadya, m- 
Tel Hadya, field 
Cyprus, Athalassa 
Egypt, Giza 
m i s ,  Beja 
M o m ,  Rabat 
MomccO, MerdKmch 
Momcoo, Tessaout 
Italy, Perugia 
Italy, Bolcgna 
Iran, mrgan 

Although the entries change from one year to another, large 

differences in disease pressure are observed between years and between 

testing sites (Table 95). Listed also are the average correlation 



coefficients of readirqs of a specific site with the other sites. 

Sites that show a s tmqa  correlation of results with the other sites 

are mre useful for the Srreening. 

The results show that the Srreening of adult plants in the 

greenhouse at Tel-Hadya, where a favourable environment exists for the 

developaent of the pathogen, are relatively well cvrrelated with the 

readiqs in the other locations. The relatively p r  correlation of 
the readings in mnisia and in Perugia might be caused by a different 
virulence pattern of the pathogen popllation. ?he results also 

indicate that a heavy disease pressure is not necessarily the n ~ &  

efficient for smenitq, as the distinction betmen wderately 

resistant lines and susceptible lines beamnes vague. For -le mild 

d i m  pressure existed chuting the 1987-88 season in Mer&cuch, but 

the readings shah& a gcal correlation with other locations during this 

seasan, while the higher readings during the next seasan w e r e  poorly 

correlated. 'Ihe same happened for Screenings in the greenhouse in Tel 

Within the collaborative network on barley diseases with 

pathologists in the region, Dr Enil Chobrial et al. in Egypt studied 

the virulence of and resistance to ErvsiDhe qraminis. As part of their 

work, germplasm of 1- and NAFS is screened in the seedling stage 

against virulent mildew isolates. The testing of the 1988-89 Advaxed 

Barley Yield Trials shawed a relatively low average (H.15) 

correlation with the eimt locations where the same entries were tested 

in the adult stage (Table 95). A low correlation ketween seedling 

tests and field tests of adult plants m y  be e x p s t d  as certain 

resistance genes only express themelves in the adult plant. H-er, 

a maker of entries shawed resistance both in seedling and in field 
tests (Table 96). As seedling resistance is mre easily deteded in a 

hybridization program than adult plant resistance, t h e  entries that 

express resistance at both stages can be of greater use as parental 

material. 

New sources of res'-i - w e r e  identified by saxenkg plre line 
extractions of Syrian and Jordanian lan3races. A set of 17 lines 



selected in previous screening in Tel-Hadya, was tested in Denmark by 

Lk J.H. Jqensen  of the Risce National laboratory. All lines sham3 

resistance during field tests with highly virulent isolates. It is 

planned to extend our activities in the work with local material and 

with the wild progenitor of barley (Hordeum swntaneum) to broaden the 

genetic basis of powdery mildew resistance in ICAF?IA's germplasm. 

Table 96. Lines in Mvancd Barley Yield Trials 1988-89, shming 
resistance in seedling tests to several p a w d q  mildew 
isolates in Giza, Qypt and having a average score below 3 
in multi-location (8 sites) field testing. 

Name and pedigree 
Average score 
(on a 0-9 scale) 

Roho/Arabi Abiad//5056/1605 3.0 
1-2-0355-mOAP 
11012-2/Impala//Birence/3/Lignee 131 3.0 
1-1-1128-7AP-OAPOAP 
cI 08887/CI 05761//Cerise 2.8 
ICB82-0825-3AP-2AF-0AP 
11012-2/Impala//Birenoe/3/Arabi Abiad#Iris/CI 01507 2.8 
1-2-0591-2-0- 
mi1+2/Arabi Abiad 2.6 
1-2-1017-5AP-OAP 
Roho/Julia 2.8 

ICB77-0177-1AP-2AF-2AP-7AP-~OAP 
Hazmal//IW/Kazurka 3.0 
1-3-1705-8AP-CWE-OAP 

stlr3ies m PYrenmhDla ~ c r d m k s z ~  @arley leaf s tr ipe)  

Multi-location testing, which has pmved to be efficient in the 
detection of broad-based resistane to leaf diseases such as scald and 

pmdery mildew, can not be used for seed-boa diseases such as 

Pwemvhora qmmhea. 'Ihe epidemiology of this pathogen stretches over 

two -m. ?he leaves of striped plants prcduce ccolidia that affect 

seed of neighboring healthy plants, in which the fungus wersunaners as 

dormant mycelia. Depeniing on the envimmmtal conditions &ring the 



seed germination in the next season, the mycelia may penetrate the 

seedling and infect the plant. Losses due to this disease are hi# as 

the affected plant is dwarfed and produces few seeds. ?he disease 

c z a r s  thrcqbcut the region but is especially severe in areas with 

higher rainfall ard in areas with cooler such as Wkey 

or the high elevations of Ethiopia and Nepal. 

'Ihe detection of hiqhly susceptibile lines in our germplasm lead 

us to initiate a screening program for resistance, partly in 
collaboration with other pathologists in the region. In last year's 

Annual Report a nw$er of lines were reported to be resistant to local 
isolates in Syria as hell as in ~ - .  W t s  fran these and other 

tests suggestd a form of physiological specialization there may be in 
the pathogen population within the WANA region. 

To assess the variability within the pathogen population, a 

screening technique for barley leaf stripe has been developed that 

a l e s  the testing of foreign isolates in a controlled environmerrt. 

Table 97 shws results of a test involving isolates originating fron 

Syria and from Nepal. 'Ihe test was part of a larger expriment in 
w h i c h  the resistance of Nepalese germplasn was ccsopared with lines of 

knmn reaction to barley leaf stripe. 'me v i m e n t  was initiated 

during the visit of a Nepalese scientist, Dr Kishore Sherchand, to the 

Barley Fatholq project. Analysis of the data shcwd significant 

differenas m n g  isolates and gemtypes. T h e  isolate fmn Syria, 

8710C, was the mrst aggressive strain on mxt lines, inclwlhq those 

originating fmm Nepal. Lines identified previausly as resistant to 

this strain (less than 25% striped plants) &wed resistance to the 

other isolates as well. ?he high lwel of aggressiveness of this 

Syrian isolate is also daronstrated by the susoeptibility of lines 

described in the literature as'highly resistant (CI 6306 and CI 0920). 



Table 97. Response of barley lines to artificial inoculation w i t h  two 
Syrian and two Nepalese strains of Wm-mhora ararminea 
(averaged over two experhmts with four replicates each). 
Data show the Percentage of seed giving striped plants, 20 
days after planting, canplted per pot with five seeds 
planted. 

Syria ----------- w grand 
mean 

Variety  me 8710C 8708A - 8901A 8902B mean 

~epal N 9 w 2  
Nepal C 7 w 3  
Nepal C 83w3 
Nepal C 49w1 
Nepal C 17w1 

Gmur, 11: Lines re~rted to have a hiah resistance 

CI 2202 (USSR) 15 8 11 8 3 5 8 
(USA) 8 10 9 8 10 9 9 

Vada (Netherl-) 23 23 23 23 15 19 21 
CI 3694 (Egypt) 23 30 26 23 10 16 21 
CI 6306 (Uruguay) 48 33 40 18 15 16 28 
CI 0920 (olina) 73 18 45 30 20 25 35 

hour, 111: Lines ~reviouslv identified as resistant to Svrian strains 

Tokak 157/37 ('Turkey) 18 13 15 13 5 9 12 
Tachnor (Syria) 23 38 30 0 o o 15 

Gram IV: Lines lxwiouslv identified as suscentible to Svrian strains 

m'm (1-1 60 15 38 5 15 10 24 
SLB 39-60 (Syria) 45 40 43 20 10 15 29 
CI 6944 ( A f g h d s b n )  98 28 63 0 0 0 31 
Atlas 46 (USA) 90 43 66 3 8 5 36 

Althowj?~ the analysis showed a significant interaction between 
isolates and genotypes, no definite corclusim can be drawn abcut the 

presence of physiological specialization within the plant-pathoq&m. 
No &ination of isolates anl host plants auld be founl that shms 



the carplete reversal of reaction typical for a gene-fo- 

relatiaship. Zhe statistical i n m i o n  may be caused by 

hamsistent  differences among isolates for a ramS3er of varieties. 

m e r  tbere may be an indicatim of a @ysiological specialization as 

the Nepalese isolates did not affect lines that were to be 

universally susoeptible, such as CI 6944 (reported by Danish workers to 

be the 'most susoeptible line ever seen') and Atlas 46. 

W e  are -Uy testing a large nunber of strains f m  differerrt 

origirs. Pre lbhry  results &inn that considerable differences 

evist between and within com+xies. 

W i t h  the eqhs i s  placed by ICAFUA's barley inp~UVmmt project on 

the drier and r n ~  mrginal areas, special attention is given to those 

diseases that are of particular iiqwrkme in these zones. Ihe 

developnent of dry-lard root rot, caused by CocNiobolus sativus or 

Fbsarim is favaured by dry conditions, most pmbably because of 

1- carpetitive activity of other soil o w .  Little is lawkm 

about losses caused by this disease in W e s t  Asia, or about differences 

in resistance among barley varieties. In last year's annual report 

results were preserrted fmn a suzvey on the - of dry-land root 
rot in barley yield trials. Discoloratim of subaaJn intermdes was 

-ly related to the of Cocfilicbolus sativus. Differences 

amaq varieties in severity of synptam were present, but before 

initiating a screening p- for resistance mre information was 

need& on the losses caused by this disease. 

An experiment w a s  planted in 1988/89, a t  Tel Hadya (mte 

rainfall) and Bmider (law rainfall) in which the response to root mt 

of eight varieties was m=asu~&. V a r i e t i e s  w e r e  chosen, ~~ a 

amhast in severity of rwt-rot synptam during last year's suzvey. 

Tb measure the effect of the &-rot on yield parameters an art if icial  

inoculation with sat iws was carried out. The  inoculatim 

kRls made by gmwhq the fungus on sterilized cat kernels ard 



distritxsting these kernels in the furnxJs before planting. lWo 

different & d c  treatnwts were included. One consisted of mm- 
inoculated sterilized oat kernels placed in the furrows and the other 

without oat kemds. S a & q  depth was indluie3 as trea-, as longer 
sub-cmwn internades are expcted to bemne mre severely affected. 

!Ihe experbmt was planted as a split-split plot with four replicates, 

the two different sowing depths considered as main tram, 

inoculation vs checks as sub and varieties in the sub-sub 

plots. Each plot misted of six raws 3 m long. At maturity the 

centre four mws mre harvested, while the border rows were up- 

the discoloration of the sub-mum in- w a s  scored using a O- 

4 scale (0 = white, 4 = ccwpletely discoloured). A significant 

increase of symptons in the M a t e d  plots was &sen& in Bouider 

(Table 98), kat not in Tel Hadya. Apart fmn the effect of the 
inoculaticm, the analysis of var- sh- a differemx in the score 

between lines and a significant jnteracticm between lines and 

t r e a m ,  indicating differential reaciton among lines. Ha?ever, 
actual differences in score wem? rather small (Table 98) an3 ranking of 

the cultivars was not similar to the one in previous year's survey. 

Both seas- bere distinct in the amamt of rainfall, the 1987/88 

season was unusually w t  while 1988/89 was extranely dry, which is 

reflected in the law yields in this e x p r h t  (Table 99). Deeper 

sowing resulted in a significantly higher yield, and the average yield 
in the M a t e d  plots was wer 10% less than in the checks; imt this 
difference was not significant perhaps because of the large variability 

within the exprbmt. T i e  study will be rqxxhd for another season 

before definite mlusions can be drawn. 

J.A.G. van b3X 



Table 98. Average d i sco lo ra t ion  score* of  sub-aum internale of 8 
bar ley  lines, inoculated w i t h  Cochliobolus ~ativUS V e r s u s  
checks, sum a t  two depths  in Bouider 1988/89. 

Name 
I radated Qts only Check 

S h a 1 . W ~  Ave. Shal.Deep Ave. Shal.  Deep Ave Ave. 

A r a b i  Abiad 2.5 1.9 2.2 1 .8  1.8 1 .8  2.2 1.7 2.0 2.0 
Arabi  ~ s w a d  2.6 2.2 2.4 2.4 2.1 2.2 2.2 1 .8  2.0 2.2 
Tadnur 2.4 2.3 2.3 2.3 1.9 2.1 2.3 2.4 2.3 2.2 
JIB 6-38 2.7 2.5 2.6 2.0 2.0 2.0 2.0 1.6 1.8 2 .1  
Kervana/Mazurka 2. 9 2.5 2.7 2.1 2.5 2.3 2.4 1 .9  2 .1  2.4 
WI2291 2.5 2.5 2.5 2.0 2.0 2.0 2 .1  2 . 1  2 .1  2.2 
A r t a  3.2 2.7 3.0 2.4 2.2 2.3 1.9 1 .9  1.9 2.4 
mt 653 2.6 1 .9  2.3 1.9 1.8 1.9 1.8 1 . 6  1.7 2.0 

scale: 0-4 (0 = *te; 4 = ccanplete d i sco lo ra t ion)  

Table 99. Yield (t/ha) o f  8 ba r ley  lines, inoculated w i t h  
CocNiobolus satins versus checks, sa~n a t  two depths in 
Bouider, 1988/89. 

Inoculated Cats  only Check 
S D A S D A  S D A Ave. 

Arabi Abiad 
Arabi Aswad 
Tacbmr 
JLB 6-38 
Kervana/Ma=ka 
WI2291 
k t a  

653 

lban 

S = shallaw, D = deep, A = average 



TIE Cereal Program Ehtmology Project sets to develop the reseamh 

capabilities of national pmgram entcamlagists, corducts reseamh 

beyond the current capabilities of the national progranrs, and trains 

technicians, scientists and students. A s u r m ~ l y  of projects undertaken 

in 1988/89 is shm in Table 100. 

Table 100. Ceredl Prcgram Entarnology Projects, 1988/89. 

P r o j ~ ~ i p t i m  Incaticm 

i stem sawfly 
1. Resistance --to identify Tel Hadya, SYRIA 

resistant gerrrplasm for breederj 
2. Factors affecting sawfly resistance Tel Hadya, SYRIA 

in %beat (with Tischrin University, 
last year of project) 

3. Chemical analysis of WSS resistant Tel Hadya, SYRIA 
plants (with QMdian Grain Ccannission) 

4. Field trials of resistant lines l.KIrUXa) 
SunnRzst 
1. Resistance screening-to identify Azaz, SYRIA 

SD.IDXS of resistance in wheat 
Wssian Fly 
1. Resistance xmmhg-to identify and MIWXXX) 

verify sources of HF resistance in 
wheat and barley (with INR&%IAC) 

2. Biotype identification using differential M I m ,  AXEXIA, TUNISIA, 

-9- SYRIA, 'RTRKEY, IEBANON 

1. Resistance screAng-to identify and 
verify sources of aphid resistance in EGYPT, SUW!N 
wheat and barley CIHIOPIA 

bh=at Gmnd M e  tmebrioidesr 
1. Surra~ly of data collected by national SYRIA 

program on infestation levels 
G r a n d  Warls (Forshmxhm tritici) 
1. Effects of crop rotation on 2. tritici SYRIA 

biology (with FRMP, last year of study) 



T h e  1988/89 growing season was distinguished by a mksd lack of 

rainfall during the winter and spring. While th i s  did not a d v d y  

a f f e  insect pqulations, which had e x p d d e d  considerably during the 

previous favorable season, plant gnmth was retarded in plots a t  Tel 

Hadya, M, ard Bouider. As a result, there to be a more 
. . differentiation in the expression of insect resistance in 

1988/89 than in previous seasms. 

Lines selected in theat stem sawfly Screening t r i a l s  are shwn in 

Table 101. These lines have been selected for three consecutive years 

ard form the core of resistant germplasm pools being developed a t  

ICARW for use in sawfly i n f u  regions. In general a 10% 

infestation level (appmxirdtely the mean infestation of a l l  lines + 1 

SD) was the a t o f f  for retaining a line for w e n t  testing. As 

fourd previously (ICARDA Cereal Report 1987-1988), stern 

solidness was inportant in inparting sawfly resistance to bread wheat 

ard durum wheat, and not inprtant for barley. A mmber of Morcccan 
solid stmmd durum lardraces were also screened this year (Table 102). 

Variation i n  the expression of stem solidness was a~pawlt as were 

differexes in sawfly infestation, even in mnpletely solid stemuxi 

lines. Other exotic lines shaed varying degrees of resistance ard 

selected lines (%inB10%) are also sham (Table 102). 

Trap data (yell- w a t e r  traps) on sawflies and sawfly parasites a t  

lkl mdya are shown in Fig. 14. In general, pnmeus was the 

mst sawfly collected follcwd by a Tradelus species, most 

pmbably T. judaicus. F b r e  sawflies were traFped in durum fields than 

in bread Wt or barley fields. Fenales greatly outrnrmbered males. 

appeared earlier than Rachelus and few sawflies were trapped 

after  Julian day 110. Adult parasite m a t i o n s  in wheat, wnsisting 

primarily of the ichanmnid Collwia spp.  and the braamid Wr&rella 



usually appeared around Julian day 80, remained at low levels until 

late in the season, and then rapidly. kgulations of adult 

parasites in barley were consistently very low. 

Results from this years spacing study, *ere the effect of 

seeding rate on sawfly infestation, stem solidness, and yield were 
ewminea, generally CO-rate those of 1988/89. Closely spaced 

plants were more highly infested with sawflies, had hollower stems, and 

matured more rapidly than wide spaced plants. Sawfly resistance was 

best express& in widely spaced plants w h i c h  had previously been 

identified as resistant. Nonresistant, closely spaced plants were the 

mast highly infested and had the hollcwest stens. Overall yield was 

affected by the seeding rate as well as sawfly resistance. Optimum 

seeding rate and row spacing for m a x h  yield and maxinarm resistance 

will be ewmined in 1989/90. 

Russian wheat aphid, DiuraDhis -a, was &se?xed in late planted 

wheat and barley maintained under partial irrigation at T e l  Hadya in 

March, April and May. Parasites were collected and sent to Peter Stary 

of Czechoslovakia who identified them as Pshidius colmani, Diaeretiella 

a e  and praon sp. Mmmified aphids were sent to the USDA Eumpean 
Parasite laboratory, Paris, Fiance for retrieval of parasites. Plastic 

house cultures of _D. &a and parasites w e r e  established for future 

study. 

Results frow this years aphid resistance xreenings in Egypt are 

presentd in Table 103. A few lines were rated as mderately tolerant 
to Rhomlosichum m i .  Plants derived from crosses with Bushland-Amigo 

lines continue as the most pmnising for SchizaKhis manhum resistance 

in Egypt and Sudan. Field cbsemations of this ye- heavy aphid 

infestations in u p p r  Egypt also suggest that early varieties 

possessing mderate tolerance may escape significant yield losses. 

Controlled yield loss studies by the Egyptian national prcgram indicate 

aphid losses in bread wheat to range fmn 14% to 38%. 
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Table 102. Exotic lines meened at Tel Hadya for sawfly resistance. 

Name Saurce 

Wamccan- 

BW 607 
lancer 
BW 608 
BW 610 
BW 611 

Soum 
m u m  
S o m  
SOum 
Soum 
Soum 
Soum 
SOLIDST 
m u m  
SoLIm 
Soum 
Soum 
S0I;Tm 
S o m  
m u m  
Soum 
S o m  
Soum 
Soum 
Sourn 
SOLIm 
Soum 
SOum 
SOLIm 

USSR 
USSR 

CaMda 
CaMda 
CanadJ. 
CaMda 
Canada 

NO. 

%SS = percent straw solidness 





Hessian fly 

The uniform H e s s i a n  Fly Nursery was plarrted near Lattakia, Syria 

and i n  !Curkey (En-). While the m a t e r i a l  froze in Turkey, results 

fmm the Lattakia s i t e  suggest that the H5 gene contained i n  SD 8036 

may be ef fed ive  against Hessian f ly  i n  West A s i a .  SD 8036 was not 

infested a t  all while plants having al l  other gen@ acars3inations 

suffered vazying degrees of infestation. A survey of Hessian f ly  i n  

North Africa, conlucted i n  conjunction w i t h  a INM,AJSAID/MIAC/ICARDA 

spmsored Hessian f ly  workshop, revealed Morccco, Tunisia, and Algeria 

to have Hessian f ly  infestations in kheat and barley. Barley was 

generally infested more than wheat, th- damage t o  barley was less. 

Hessian f ly  infestations in Morocco w e r e  mch hiqher than those 

&served in the other two countries. 

Sunn pest resistance trials were inadvertantly sprayed in the 

axuse of Syria's aerial spray program for sunn pest. !Ibis setback 

underscores the difficulty of field screening for resistance to surm 

pest, and has caused us to search for alternatives tn the traditional 

field t r ia l s .  Workers a t  Montana State University (USA) have suggested 

another appmch where seeds are screened for the presence of pro- 

inhibitors which  deactivate the trypsin-like enzymes injected into the 

kernel by feeding sunn pests. A simple protocol for the assay has been 

developed and is currently being tested. 

A joint &xly on the wheat ground beetle, Zabrus tenebrioides, was 

c o n d u M  by 1CAF.M and the Syrian national program. Data from various 

reseazrh stations were collected and smmrized (Fig. 15), and an 
at- was made to correlate autumn rainfall  w i t h  the area infested by 

the beetle that w a s  chemically treated by national prqmm staff .  



Thousands (Ha) 

1°fl Wheat Ground Beetle Infestations 

Mislemieh ldleb Hassake Salamieh 
I r e s 4  W i o a s  O l e a s  I i ~ e 7  i Z 3 i s s s  O r o a s  

Fig. 15. Area chemically treated to control z. tenebrioides by Syrian 
national program in northern Syria. 



Correlation were generally non significant probably due to variation in 

data collected by pest control staff over the years. Controlled 

exprimerrts were set up in selected fields in northern Syria which will 

be monitored by ICNUY+ and national program staff in 1989/90 to test 

the effects of crop rotation (or lack of it) and rainfall and 

tmperature on k t l e  development. 

Table 103. Wheat and barley lines shaiing moderate resistance/tolerance 
to aphids. 

Piela Results 1989 - _R. & -- 
rrosS Ncrmber of Lines 

BusNand-Amigo ~101* X Sakha 69 11 
BusNand-Amigo ~101* X Sakha 61 7 
BusNand-Amigo !I'l05* X Giza 157 5 
Bushland-Amig0 n05* X Sakha 69 44 

Lahoratnry Results 1989 - (;reer3xlg F3?siStanZ 
Bread wheat entrv nmkers auUm wheat entn, mmkers 

Barley - GmmtxxJ ~~ 
Hordeum vulqare 

28 high resistance 
3,4,5,7,13 
20,26,27,30 moderate resistance 
42,43,44,47 
5,7,13,27, moderate resistane 
30,42,43,44,47 (after 1 retest) 

RTranslocation lines developed for greenbug resistance using rye genes. 



3.4. m Glain Quality 

m e  cereal quality laboratory provides quality information for 

several thousand new lines before each planting season (Table 104). 

Further quality evaluations of advanced lines include millability, 

farincqraph tests, and baking and diastatic pck~er (barley). 

Table 104. Mrmber of tests (l) carried out in the ICANX cereal quality 
laboratory, 1988/89, for  different 

P r s l d  

Barley - 7632 - - - -  - - - 375 340 5168 4912 18427 

Bi - 2- - 1454 - - 1454 270 270 - - 1454 - 75% 
W 216 2469 2469 - 681 lEi3 - 48 48 - - 3257 - nu23  
E - 2979 2421 - 656 - 2421 - - - - m - 114% 
HE - 2373 745 - 745 745 - - - - - 2373 - 6981 
m -337 125 l l ~  m 125 - - - - - 337 m 1x1 
U ~ E T  - 8 3 4 6 4 0 n l  - - - - - 451 - 4571 - 7357 
?btal 216 1923C 6403 2337 22U 2699 3875 328 318 916 340 20139 5312 640U 

(1) lmxrL-is, - k e n l a  weic$k, v l c x i ~  
kmd cnmt, PjI=prtide size W, " -1 slLtsdE 
-, pb-=t, GGFpain dm,  - 
milling, FRBfarkqraph, KSD=kernel size distrihrticn, 
w=dkhtk p3tential, -, ~ 1 y s i I - e .  

(2) EW+xeal*, mk3Jnm d - x a t ,  w 9alpiam evaltntial, 
ZWliFpl elevatim, FFW - ' ' s  field verifimticn trials, 
C k k F d b r I m ~ .  

3.4.1. Actvarrzd bread Wt lines 

Because of the increased demand for bread-based foods in WANA, the 

cereal quality laboratory f o a w s  its efforts on selecting M u m  and 

strong bread wheat types. A total of 216 advanced bread wheat lines 

( f m  Awk"r-Te1 Haciya, rainfed 1987-88) here evaluated for milling and 



baking quality. Over 40% of the lines included in the m ccwbined all 

desirable quality paamters (Table 105). The prcwising lines have, 

generally, medium-to-hard kernels, medium protein lwel, medium kernel 

size, good test weight and f lour yield, and medim-to-strong flour 

strength. 

Table 105. m i t y  dmracteristics of advanced bread wheat lines 
(-7) desirable for  milling and baking industries (Tel m, 1987-88). 

Test Average Hi* Tow 

Kernel hardness (a) 47.1 55.0 39.0 
Protein content (%) 12.2 13.5 10.7 
1000-kernel weight (g) 34.6 43.7 
Test weight (kg/hl) 76 80 
Flour vield I%) 72 76 
F.s.T.~ (minj . 7.0 14.5 4.0 
F.M.T.* (Brabender U.) 64 100 15 
F.W.A. (%) 61.1 65.5 56.5 

- F . S . T . = F a r w  s tab i l i ty  t i m e .  
- F.M.T.=Farhqraph mixing tolerance. - F.W.A.= F a r h q m p h  water absorption. 

Table 106 shms the progress made in the i n p m a w n t  of wheat 

gemplasm f o r  bread making quality. In a period of f ive  years (1982-83 

to 1987-88) the number of good quality genotypes in the international 

wheat yield trials has increased three fold. 

Table 106. Seledion progress in bread iraking quality (Tel Haciya, 
rainfed). 

G r a i n  quality 
Classification 

Excellent 3 9 
Ameptable 11 7 
Poor 7 5 

* Mrmber of entries within each categoly in the internatioml wheat 
yield trials. 



3.4.2. Sel- for kernel size in barley. 

me c a b i n a t i o n  of gccd kernel s i z e  with high protein and lysine 

content is essential f o r  nutr i t ion.  Sane advanced barley lines w i t h  

their ckracteristics are listed in Table 107. Neither select ion f o r  

y i e ld  & drcught conditions nor select ion f o r  y ie ld  ptential 

to affect seed quality chracteristics (Table 108 and 109). 

Table 107. Barley lines cabining large ke.md s i z e  and high protein 
content (advanced yield trials 1988-89). 

Line 
~ y p  Content (9) 

(%) 

Table 108. Best 10% of achmnced barley lines f o r  1000 kernel weight, 
plU'kin anl 1-he content (1988/89 seas~n). 

1000 K.W. Protein Lysine YD* W* 
(9) (%) (%) (3 sites) (6 sites) 

1000 KW 37.8 13.5 0.54 743 5002 
hotein am- 32.3 14.6 0.57 507 5250 
y.Sine Content 32.7 14.5 0.58 587 5326 

F k x l  32.6 13.6 0.54 617 5216 
Best f o r  YD 33.6 13.4 0.54 960 4891 
Best f o r  YP 32.3 13.6 0.54 621 6452 

* Based on data f m n  3 -ns (1987-1989) 
YD = yie ld  d e r  d r a q h t  wnliticas. 
YP = yie ld  potential. 



Table 109. Mean of 1000 kernel weight (q), protein and lysine content 
(%) of five barley varieties used a s  checks in the yield 
t r i a l s  (1988/89 season). 

Variety 1000 Protein Lysine 
kernel weight 

Iast season's data shaw tha t  selection fo r  kezllel s ize  does not 

necessarily reduce protein and lysine content, as ccarp?ared w i t h  ei ther 

the  checks o r  the population mean. Kernel s ize  appears to  be 

p i t i v e l y  correlated to yield under drought. 

3.4.3. Qain quality in dunnu theat 

Ixuum wheat quality was studied w i t h  respect to  environmental 

fluctuations. T h e  environments of I1early planting" and "zero nitrcgenll 

application drastically affected selimmtaticm test values i n  1988/89 

while a l l  other environments were similar i n  their effect. 'Ibe "early 

planting" and l?zero-nitrcgenff envirmments a l l& the selection of 

lines w i t h  s table and high protein content (Fig. 16). Similar results 

were found for sedimerrtation values and vitreousness. The reverse was 

noticed for  kernel s ize  (Fig. 17) but no major differences between the 

environments were detected for  Carotene content. To upgrade the 

quality parameters i n  durum wheat grain, 90 crosses were  made between 

lines having high quality values and _T. dicoccoides. 

a. Nachit and A. Sayqh 
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Fig. 17. 1000 ~ a m d  wight at Tel ~ & a  (early planting, 110& 

planting, late planting, and "0" N) , Breda and acuider. 



'Ihis project aim at developing and adapting techniques and 

methodologies that wculd accelerate and impme the efficiency of 

cexeal breeding. At this stage, activities are focused on the 

pzodudion of doubled haploid (M) 1- of barley and wheat using twu 
different methcds: anther culture and hteqeneric crosses. At a 

second priority level, other technologies including the use of 

wlecular markers will be investigated in view of their possible use 
ami adaptation. 

3.5.2. Anther cul- 

The use of anther culture allows the darelopent of genetically stable 

plants (DH) in a short period of time and therefore will contrhte to 
faster breeding of improved varieties. The objective in the 1988/89 

season was to develop in association with breeders techniques for 

large-scale production of DH at ICARDA. A large nmker of haploid 

plants were prduoed in bread wheat and barley and the first M lines 

will be tested under field conditions during the 1989/90 season. 

Different genotypes, including two European check varieties (Dissa 

and Sabarlis) la7awn to be well responsive, landraces (Tacbnor, Harmal) , 
lines of _H. swntaneum (3-4 anl 41-3) and i q m e d  germplasm, were 
evaluated for their suitability for anther culture. Althcqh 

considerable variation between the different genotypes was observed 

(Table 110), the general aptitude of the material tested was 

pranking. Yields as hi* as 100 &lyoids per 100 anthers a i L M  

were obtained. 'Ihis technique is not restria to inpraved barley 



gemplasm and m y  be applied to lardraces as well as to wild 

progenitors. Haever, two major pmblems limit the effective 

application of the M q u e :  low frequency of plant regeneration (11% 

of anbryoids) , and high pmportion of albino plants (91%). To wenrrne 

this limitation, experiments such as the use of sucrose-free medium and 

dfication of the grmth conditions for the donor plants were carried 

art. T h e  following conlitions appeared important to p-ce a large 

number of green plants : 

- grcwth of the donor plants in relatively 0x11 tmpemtures 

- a culture wdim with relatively low annmnium ard relatively high 

glutamine as a XULKE for reduced nitragen 

- relatively 1 m  auxin to prevent dwelgaoent of unorganized structures 

- high osootic pressure an3 low sucrose comtration. 

In view of this preliminary eqerimentation, haploid prcduction 

via micmxpres culture appears a pmnising tool for barley breeding. 

Table 110. Performmce in anther culture of different genotypes of 
barley using a sucrose-free medium*. 

GenowP No. of % reqmrdhq No. embqoids/ No.of plants 
a tu red  anthers calli per 100 per 100 
anthers anthers anthers 

Dissa 682 53.5 267.5 26.8 
Sabarlis 310 17.7 89.4 10.6 
W I  2291 655 20.0 101.3 15.0 
Rihane-03 261 6.5 32.5 3.5 
ICE 88-0106 636 21.7 109.3 13.6 
ICE 88-0396 851 6.8 34.7 2.1 
Ta-r 480 19.4 97.0 10.2 
H. Sp. 3-4 490 11.2 56.0 4.9 
H. Sp. 3-4 x Tacbnor 746 22.3 111.5 13.4 

* Medium ccsnposition: modified MS-nutrient + Maltose 90 g/l + 
Glutamine 750 q/l + Myc-Illositol 100 q/l + Ag N q  5 mg/l + EAP 
0.5 q/l + IAA 0.5 n~,!l, solidified ard filter sterilized. 

mt 
M c t i o n  of M lines from tarqetted crosses of bread wheat was 



undertaken using anther culture. More than one thcuad haploid plants 

were prcduced and the first C%I lines will be tested under field 

conditions next season. Objectives of this project were to examine the 

respmse level of %heat material adapted to the dry areas of WANA and 

the effect of others variables in anther culture tezhnique. 

Although considezable variation in haploid production was &served 

between different genotypes, the results (Table 111) indicate an 

acoeptable efficiency. 'Ibe average green plant prduction (5.4 green 

plants per 100 anthezs cultured) is high in ccanparison with those 

usually reported. Ihe hybrids involving the line Kavkaz as a parent or 

cultivars derived f m  it such as Veery"S'l (Seri 82, Cenaro 81 or 

Hodhod) show a g d  embryo indudion rate as well as embryo 

regeneration ability. All these cultivars carry the 1B/lR 

translocation. 

Table 111. p e r f o m  in anther culture1) of 8 bread vheat hybrids. 

Tarseted cross No. of Plant No. of ~lants 
embryoid frequeyy % per 100 kthers 
per 100 (embryolds) --- ---- 
anthers* Tcrtal Green* 

Seri 82//Veery/Snbird 28.0 ( 286) 80.0 22.4 
Hodhd/Sudan 24.5 (576) 49.4 12.1 
Sunbird / Genaro 81 12.4 (370) 43.5 5.4 
Kavkaz/CigueM//Chilem 6.4 (1009) 21.9 1.4 
Egvd 14- 6.1 (1203) 16.4 1.0 
Sunbird//Clement/~lonlrat/o 7.2 ( 446) 9.7 0.7 
Cham 4/76529A5-3 3.7 ( 933) 8.1 0.3 
Famla/Sonalika 5.6 ( 648) 5.4 0.3 

* &xxcentages f o l l M  by the same letter are not signifidy 
different at the 0.05 probability level, as detemhed by 'It" test 
of arcsin transformed values. 

1) Miurn carpsition: modified MS-nutrient + Sucrose 85.5 g/l + 
Glutamine 750 mg/l + Myc-Inositol 100 mq/1 + Acp03 10 mg/l + 2,4-D 
W l ,  solidified and filter-sterilized. 

?he use of Veery slsls in crossing praqmm, could be a m 

toincrease the efficiency of micmspre culture. Experiments to study 

the possibility and i n p r t m e  of genes favoring micnxpre culture 



linked tn the 1B/1R translocated c b n c e m ?  of Kavkaz will be carried 

out next ssasnn. 

A omprison was made between sucrose an3 mltose media for plant 

prcduction from anther cultwe (Table 112). 'Ibe su-free medium 

appears favorable for genotypes with 1 m  aptituje to anther culture by 

a strong incl-8ase in the plantlet reg-tion frequency. 

Analysis of varianm for enbryoids anl green plant pruludion 

frequencies from data including four genotyp=s, tvo donor plant gnmth 

environments (20% _+ 3 and 150c _+ 3) and three replications also 

revealed a significant interaction betwen geMtypes and e n v i m t a l  

conditions. T h e s e  results iniicate that inprovenwt can be made in the 

ardrqenesis efficiency, but the pcssibility of germ-ture 

environment interaction rmst be considered. 

Table 112. Effect of sucrase-free medium (SF) on embryoid prcduction 
and plantlet developrwt in bread wheat*. 

G=WQlJe Medium No. of Plant Green** 
&ryoid** regener- plants per 
per 100 ation** 100 anthers 
anther (% mbryoids) 

Seri 82//Veery/Slmbird W 28.0 a 80.0 a 22.4 a 
SF 18.7 b 82.9 a 13.6 b 

H c d h o d / m  W 24.5 a 49.6 a 11.9 a 

* SF medim m i t i o n :  basal medium (W) with 0.25 M maltose in place 
of 0.25 M sucrose. ** Fercentages fran the same genotype follcwed by 
t h  letter are not significanfly different at the 0.05 probability 
level, as determind by "tB1 test of arcsin transformad data. 



m e  objective of the project on cereal haploid production through 

intergeneric crosses is to darelop the breeding methods that can 

accelerate deve1qnra-k of new varieties, as cgnplerentary tools for 

mentional b* programs. ?he haploid production project in 

barley has been started this season using breeders' materials. Pro3ucts 

frran this project will be fed back to breeders for selection, and also 

utilized for genetical analyses of agroncmic &aracters that are not 

amnable to be skdied in segregating generations. 

For wheat haploid production, crms-kmpatibility with Hordeum 

bulbofllm was successfully overtxane by use of maize pollen and excgamus 

plant homne. !Ibis method will be applied for double haploid 

pmauction fmn F1 or F2 what crosses during next season. 

m i n g  1987/88, crossabilities of bread wheat varieties with 

tetraploid H, bulbosum were investigated. Unfortunately, wst what 

geMtypes were nut crossable with H, bulbosum, and did not result in 

the production of haploid plants. lhis fad suggests that cross- 
inccmpatibility gene@) predcnninate amrq the wheat varieties examhed 

(Ann. Rep. 1988, p. 149-151). In order to reduce the cross- 

inmrpatibility barrier of wheat, the use of alternative pollen of 

maize and the application of plant honmne were atterrpted this -n. 

Four check varieties of bread wheat i.e., Norin 61, Chinese 

Spring, Mexipak 65 and Highbwy were used as female parents. Pollen 

parents were four clones of tetraploid & bdhosm and eight g e m  

of maize. On each of two consecutive days after pollination, wheat 

aAms with pollinated spikes were needle-injected with a 100 ppu 

solution of 2,4-dichlorophenoxyacetic acid (2,4-D) . In each nossing 

treatment, five to six wheat spikes with approximately 125 to 150 

florets were used. After 14-16 days of pllination, inmature embryos 

were cut cut and transferred onto Bg medium to regemrate to plants. 



Table 113 s h m  the frequencies of embryo formation in four wheat 

varieties crossed with _H. bulbosum or nnize. In the crasses with H, 

hlksm, two wheat varieties, Norin 61 and Chinese Spring, prcduced 

abryos at frequencies of 23.6% and 16.9%, respectively. These 

frequencies in=reased with the 2,4-D treatment. Without the 2,4-D 

treatment, the cnxses of wheat with maize produced m embryos, but, 
with the 2,4-D treatment, all wheat varieties produced embryos and the 

frequencies of embryo formation ranged f m  8.3% to 21.1% amng the 

wheat varieties. 

Immture embryos ca. 1.0 nun size obtained f m  cresses with _H. 

bulbosum and maize were -fully regenerated to qreen plants within 

three weeks after incubation, at a frequency of 43.1%. All the 

regenexated plants examhd cytologically were euhaploids having a 

omplement of twenty-one chmmosomes. 

Table 113. Effect of 2,4-D treatment on the embryo formation 
frequencies (%) in bread wheat varieties crossed with H, 
bulbosum and maize 

FO1le.n 2,4-D Wheat variety 
sauroe treatment ----- 

Norin 61 Chinese Spring Mexipak 65 Hi- 

None - 0.0 0.0 0.0 0.0 
None + 0.0 0.0 0.0 0.0 
H,txllbmn - 23.6 16.9 0.0 0.0 
H,txllbmn+ 38.5 25.0 0.0 0.0 
Maize - 0.0 0.0 0.0 0.0 
Maize + 17.5 21.1 18.9 8.3 

Table 114 gives a crmparison of two methods of haploid prduction 

using H, bullrrmrm and nnize pollen in twenty bread wheat varieties f m  

West Asia and North Africa. Only three wheat varieties were crossable 

with H, bulbosum, but, with very law freqwncies. On the other hand, 

all the wheat varieties ewmined were hiqhly QDssable with mize with 

frequencies ranging frm 12.0% to 35.6%. Overall frequencies of haploid 

production were 0.2% thnugh the H, bulbosum cross, and 9.5% for the 



maize rross, indicating that the maize cross is nmre efficient than the 

& bulbosum cross, and suggesting that the haploid pmduction method 

via the maize crc6.s can be applied as an additional approach to 

conventional breeding prcgram. Nevertheless, the maize technique 

nquires f'urther developnent and ~ m e m e n t  bemuse the frequency of 

haploid pratuction is still less than 10% of wheat florets pollhted. 

Table 114. wencies of haploid prmluction in twenty bread wfieat 
varieties throw& intergeneric crosses with H, bulbosum ard 
mize 

Pollen No. of florets No. of embryos No. of plants 
Source pollinated abtained (%) reg-tEd (%) 

abulbosum 2296 7(0.3) 5(0.2) 

Maize 1128 245(21.7) 107 (9.5) 

This work clearly demrstmted that maize pollination w i t h  

subsequent 2,4-D treabmmt onto wheat florets resulted in the 

pmduction of wheat embryos capable of regenerating haploid plants, 

even for wheat genotypeS m t  crossable with H, bulbanrm. 

All the LI, bulbosum clones collected fmm Syria are tetraploids, 

and will result in the pratuction of triploid hybrids ?&en pollinated 

to barley. Therefore, three diploid lines/clones of H, were 
cbtained f m  Canada and U.K. last season. Haploid p&ction in barley 

t h r a q h  the bulbosum cross has keen coamnenced this season. Taryet 
barley materials were fifteen F1 crosses provided by ceredL breeders. 

Fresh pollen collected fmm three clones of H, bulbosum was mixed and 

used as pollinator. 

Table 115 shm the frequencies of seed setting, &ryo fonmtion 

and plant regeneration in fifteen F1 barley crossed with H, bulbosum. 



Fmm 7975 florets pollinated, 3150 seeds ard 2479 enbryos w e n  obtained 

at a freque~l~ies of 39.5% and 31.1%, respztively. H-er, only 317 

green plants regemrated f m  the &ryos imakated on Bg medium, 

at frequency of 12.8%. 'Itiis was remarkably 1- than thc6e in previous 

pblications. It m y  be attributed to the he- develqmmt of 

ent~lycs wen in the same spike. The  efficiency of haploid production 

was 4.0% of the florets pollinated, that is, 0.7 plants spike, 

inc1uli.q a few nu&er of hybrid plants. Improvement of the culture 

meaim and incubation technique are particularly required for 

increasing haploid prpdudion efficiency in barley. 

Table 115. Haploid production f m  fifteen barley Fls 
interspecific crosses with H, bulbosum 

Spikes Florets seeds Fmb?qG5 Plants 
usea pollinated set obtained reg-- 

Tatal nu&er 448 7975 3150 2479 317 
-cent - 100.0 39.5 31.1 4.0 
Genotypic range - - 13.7-75.6 6.3-64.9 1.1-15.8 

- - 

M.N. Irragaki. 



3.6. Evaluatim of Wild relatives and Primitive Ferns of hlr?at. 

Wild species and primitive form m y  harbor genetic variability 

useful in whaat breeding. In the past, the principal use of wild 
relatives of wfieat has been the transfer of genes for disease 

resistance. In recent reports, variability in Awilws species was 
reported by tbliwal & &l (1986) and Waines & (1987) whereas 

previous studies emphasized the evaluation of T. dicoccoides Korn. 

(lmmmce & & 1958, Avivi, 1979) the progenitor of modexn wheats. 

H m e v w ,  the exploitation of wild fonns in wheat breeding for tolerance 
to stresses occurring in unfavorable envkmemts has been insufficient 

and hardly any report exists. 

T l r e e  h m  and nineteen plre lines isolated f m  662 accessions 

(see CP Annual Report, 1988) planted in the previous season (1987-88) 

were sum at Tel Ham and Breda, ICARDA's mderate (330 nun long-term 

average) and l m  (275 m) rainfall sites (Table 116). H-er during 

this season (1988-89) these locations received only 234 and 194 nun of 

rain, respectively. 

Table 116. Fu?=e lines isolated f m  m a t i o n  q l e s  of Aesilws 
species gram in 1988. 

species No. species No. 

Ae. biuncialis 
Ae. caudata 
Ae. columnaris 
Ae. caanosa 
Ae. crassa 
Ae. cylindrica 
Ae. kotschyi 
Ae. longissima 
Ae. lorentii 
Ae. mtica 
Ae. m t a  

Ae. Fxznqrina 
Ae. speltoides 
Ae. speltaefonnis 
Ae- ?'=-?= 
Ae. triar~tata 
Ae. triuncialis 
Ae. mkellulata 
Re. uniaristata 
Ae. ventricosa 



?he 1 rainfall resulted in suppression of yellm rust 

manifestation not only in the field but also in the nurseries and no 

susoeptible ones could be detected amng the Aecrilm accessions. 

The 1 m  rainfall and cold weather at Eireda (niqht temgerahres 

belm OOC for 50 days during January and Febmary) prdtted screening 

for tolerance to droqht and frost. T h e  mmbex of lines found to be 

tolerant to ~KC%@I~ and cold at Breda are given in Table 117 and these 

are available on request f m  the program. 

These lines will be replanted at W 1  Hadya and Breda in the next 

season in two replicates. ?he disease nurseries will also be repeated 

in collaboration with Dr. O.F. Mamluk, Wheat Pathologist. We also plan 

to make several crosses of mil- spp. with _T. w. Genetic 
stocks will be offered to brezders anl ather scientists in the rational 

PrEPi=. 

Table 117. Aesilom spp. tolerant to dmqht and cold, Eireda, 1989. 

Species No. of lines Ploidy 

Ae. biuncialis 
Ae. colum~lis 
Ae. katschyi 
Ae. lorentii 
Ae. cnmta 
Ae. peregrina 
Ae. squarrosa 
Ae. triaristata 
Ae. triuncialis 

Total 139 

3.6.2. Evaluation of T. di-ides. 

'Itu-ee hundred and forty-four accessions of _T. dimides were 

planted at Tel Hadya and Breda in single m of 2.5 m each. This 



mllection o r i g h t e d  minly f m  Jordan and mkey. The follu?ing 

observations were made a t  bath locations: f ros t  tolerance, early 

grmkh vigor, to ta l  number of t i l l e r s  per plant, peduncle length, days 

to heading, days to maturity, plant height, mrmber of f e r t i l e  tillers 

per plant and in the cereal grain quality laboratory observations on 

1000-Ktr and protein content were  also remrded. The preliminary 

results are interesting and shai T. d i m i d e s  as an e x t r e n d y  

valuable genetic resoume (Tables 118 and 119). Cham 3, Cham 4, Cm 

Rabi 9, N e s s e r  ard Hawmi were used as checks. 

Table 118. Preliminary results of 9 a selected mllection of _T. 
for  emmnically important traits. 

Tel Hadya Breda 
Trait  ------ 

NO.~-. Farge No.accs.Range 

Frost toleral~e 83 (0-1) 58 (0-1) 
Early heading 165 (133-140) 90 (143-150) 
Early maturing 192 (156-163) 129 (169-176) 
1000 - Ktr (g) 62 (25-40) - - 
Frotein (%) 132 (22-25) - - 
checks Fr. tol. Days to 

heading 
Cham3 R (0) 145 
Cham4 MR (1) 140 
QII Rabi R (0) 140 
Nesser R (0) 148 
U p a k  (1) 149 
Ha- R (0) 144 

Days to 
maturity 

176 
176 
175 
178 
177 
176 

Protein 

14 
12 
12 
12 
11 
15 

*Check data for 1000-Ktr and protein % frow Annual Report of Regional 
IXlnrm and E!read Wheat nurseries 1987-88 for  Tel Hadya (rainfal1=503 
nml . 

The primitive wheat Triticum diaxmm Schubler (Syn. _T. di-n 

Schank.) is an h t e m d i a t e  form between the wild _T. dicocmides Korn. 

and the cultivate3 _T. a L. 'Ihis species had almost k c o n e  extinct 

in ~urcpe (mim and ~aner, 1982) and is under threat of extinction 



in scpne countries of the WINA region where it is still grown. However, 

it is again being cultiMted at least in Italy where it is becoming 

m a r  as a health fccd. 

Table 119. S m l e  statistics for 344 accessions of T. dimides 
evaluated at Tel Hadya (M) and Breda (W) during 1988-89. 

~rait Site Mean Max M i n  C.V. (%) 

Total no. tillers 

Peduncle length (an) 

Days to heading 

Days to maturity 

Plant height (an) 

No. fertile tillers 

1000-ICw (g) 
motein (%) 

There were 17 accessions of T. dicocarm in the primitive wheat 
wllection planted at both locations. ?he s-le statistics are given 

in Table 120. It can be seen thatr. dicoccum is also very tolerant to 

lux rainfall conditions i.e. plant height and peduncle length at Breda 

are both significantly hiqher than at Tel Hadya. In the amimg season, 

46 pure lines isolated f m  the abave wllection will be tested for 

resistance to m n  bunt with the collaboration of pathologists. 

3.6.4. Evaluatim ard utilizatim of Aexilors species for disease 

resistarrre at University of nsCia, V i t e r h ,  Italy. 

ll-e sxwming of ICAFUYL's mil- an3 primitive form of 

cultivated wheat is being carried cut in the Deprhmt  of Agmbiology 

and ZIgrochemistry at the Uni-ity of Tuscia, V i t e r b o ,  Italy under the 

supervision of Professor E. W m  ard Dr. Carla Ceoloni. 



Table 120. Sinple statistics for 17 accessions of T. dicoccum evaluated 
at Tel Hadya (M) and Breda (BR) during 1988-89. 

Trait Site Mean Max Min C.V. % 

Total tillers M 9 15 6 25.1 
Per plant BR 5 11 3 38.5 

Peauncle length (a) M 9 15 6 24.3 
BR 13 23 9 23.1 

nays to heading M 138 153 136 2.4 
BR 158 164 142 3.1 

mys to maturity M 177 182 168 2.4 
BR 184 190 173 2.5 

Plant hei@t (an) 'M 43 47 34 8.9 
BR 47 56 39 9.0 

1000-IW M 36 42 24 12.4 
Protein (%) M 15 19 14 8.7 

The evaluation of about 450 Aeqilops accessions from ICAWYL's 

collection was continued for another season until several pure lines 

for disease resistance were confirmed. Cut of the 10 diploid species 

(qemmes S, D, U, C, M, Mt) only two had a sufficiently high numker of 

representative accessions, i.e. &. sauarmsa (D q-, 110 accs.) and 

&. sceltoides (S gename, 19 accs.). Both species had 60% of the 

acsssions resistant to pzdery mi ldew  (Enrsibe graminis f. sp. 

tritici) and leaf rust (Puccinia recondita) . 
01 the other hand, in the case of polyploids (i.e. &. 

biuncialis, columnaris, & and triaristata with the UM genomes; 
kotschyi and variabilis with US qenomes; triuncialis with UC; 

10175 were cvlindrica with CD; and vavilwi w i t h  E), 70% of the access' 

resistant to pdery mildew. Hawever, 23 accessions of &. biuncialis 
frcan Syria and Turkey w e n  all resistant to p d e q  mildew infection. 

In the case of reaction to leaf lust the situation was mre variable, 

as all species have resistant, intenndiate and susceptible accessions. 

The percentage of resistant ones were 31 and 45% when the tvm strains 

(frcan Rane and ~uglia region) were inoculated on to the species, 
shmbg that the former strain was mre virulent. Sam of the 

polyploid accessions had combined resistance to both diseases and these 



could be used as donors in crosses. 

'Ihe qloitation of the rich gene pool of wild wheat relatives 

such as Aeqilocs is hkdered by a ccgnplex system of genes whose effect 

in a cross is to suppress homeolqcus chrolrpyrnes fmn pairing. 

Manipulations of the wheat pairing control mechanisms are therefore 

necessary to achieve homeolqous gene transfer. Wheat nutants at the 

two major loci controlling this phenamenon viz a 1  and @, which 

permit hmlogous pairing have beoane available during the last few 

y- and have been used extensively ard successfully at several 

research facilities including the laboratory of Dr. C. Ceoloni at 

Vitezto. 

A pcssible 'super high-pairing' situation (canbination of &l 

and a p&! mutation) ard an intermediate pairing one (m mutation with 
an extra dose for a prcimting wheat chnanmame pairing) have been 

produced at Viterb by Dr. C. Ceoloni. 'Ihese are being tested for 

their effect in hydrids with Aeclilors f m  the 1- collection. So 

far, crosses have been mde utilizing accessions of &. biuncialis, 
kotschvi, and variabilis which passes mination of resistances 

to rmre than one fungal pathogen. 

F1 hybrid seeds so pruh.~ced are hiqhly variable in structure a& 

considerable amwnt of shrivelling is chemed. In such case an embryo 

rescue will be performed ard the in vitro rescued plantlets will 

subsequently be transferred to controlled environment conditions for 

assessment of the meiotic pairing tehavicur. Backcrosses with pollen 

of selected bread and durum wheat varieties will be made to werccane 

the sterility problems of the F1 plants. 

A.B. -, L. & J.P. Srivastava. 



The collaborative project between Italian institutions and 

ICARDA on "Evaluation and lkcmmtation of IXlrum Wheat Germplasm" has 

cgnpletd the fourth year of field work and the following objectives of 

the project have keen achieved: 1) multi-location screening for 25 

characters of about 18,000 accessions which included bread wheat, 

primitive forms and duplicates fmm the ICARDA collection; 2) 

repatriation of 350 g. each of 8,000 aocessions received for evaluation 

and mltiplication to the Germplasm Institute, m i ,  Italy; 3) 

creation of separate data-bases of passport and evaluation data for 

durinn l h c e s ,  bread wheat lardraces and primitive f o m ,  as well as 

elimination of duplicate and redurtbnt accessions fmm the collection; 

4) short-listing of 1,987 accessions selected over four seasons for 

econcrmically desirable traits (report available f m  Cereal Improvement 

Program) ; and 5) analysis of data matrix using statistical a m p r t e r  

software packages for in-depth study of genetic diversity and drift in 

the collection as well as frequency of characters in ten groups of 

countries in the world. 

ming the 1988-89 season an intensive analysis of data 

assembled during previous three years was undertaken with collaboration 

of Dr. S. Jam from the Department of Crop Science and Plant Ecolqy of 

the University of Saskatchewan, Canada. The relative frequency of the 

econcrmically important characters i.e. early heading, short or tall 

statme, high kernel weight, high protein content, gocd agronmic 

perfonmnce, yellm rust resistance and m n  bunt resistance were 

studied by Suwividing 6,936 accessions on which coll&ion site data 

was available in the world collection into ten groups based on country 

of origin. Ethiopia was considered a unique region in itself (Table 

121) with most of the entries being sirqle spike progenies. For ease 

of interpretation of multilocation and multi-seascol data the 

quantitative measurements of characters were reduced to 8-class scores. 



Table 121. Origin of accessions and nw$er of entries for ten groups. 

origin No. of origin No. of Origin No. of 
entries entries entries 

India 73 
Pakistan 5 -------- 
Scuth  k i a  78 

Afc#wlistan 44 
Iran 72 
Turkey 1033 
1- 32 
Jordan 2 16 
Lebanon 15 
Syria 118 

Algeria 34 
WrOCM 210 
Egypt 38 
Libya 1 
Tunisia 149 

Bulgaria 55 
ffuWarY 51 
Poland 16 
R&a 29 
U.S.S.R. 460 
yugoslavia 34 

F E I ~ X ~  65 
Germany F.R. 6 
Germany D.R. 39 
Switzerland 42 

Cenhdl ELnope 152 

cYT"= 29 
GreeOe 562 
Italy 263 
Malta 4 

Canada 11 
U.S.A. 101 

N. America ll2 

ArqentiM 19 
Bolivia 1 
Chile 48 
Ecuador 4 
Peru 8 
UrusuaY 4 ---------- 
Sarth Amrica 84 

It becam apparent that there are geqraphic zones *ere certain 

attributes occur at a hi- frequency than expected in the germplasm. 

A summary of Chi-square test carried out on the frequencies of selected 

accessions for the w t  desirable characteristics of eight traits is 

given in Table 122. The abwe information could assist breeders and 

other scientists to search for rmterial useful to their crossing 

programs. It could also facilitate genetic reswrces collectors in 

planning their exploration missions. For instance, accessions fmn 
North Africa, particularly Tunisia, had a high frequency for 1000- 

kernel weight i.e. wer 48 g, d i n e d  with high protein content (over 

15%). Tunisia also excels in accessions with hi* SDG-index (over 



2,5) . m e  sE-index is a ratio of SB-volume ( m l )  over protein content 

and is considered an imlicator of gluten strength. ~ccessions with 

desirable quality characteristics are listed in Table 123. 

Table 122. Summary of a chi-square test on the frequq of selected 
accessions for eight traits. 

Trait Higher frequemythan Wer fmquenq than - - 
Earliness (head*) 
Short plants 

Tall plants 

High kernel weicplt 
High protein content 
High agronomic score 

Yellcw rust resistance 

Cclmmon bunt resistance 

Greece, Morcccn, M i a  
Syria, Italy 

USSR, mrtugal, ~taly, 
Tunisia. 
M o m ,  Tunisia, Italy 
Tunisia 
Jordan, Greeo?, Syria, 
Iran, M o m  
Partugal, Spain, 
Greeo?, Italy. 
Portusal, Italy, 
Spain, Tunisia, Iran. 

WkeY 
Ethiopia, Turkey, 
USSR, Furhqal 

Ethiopia, USSR 
USSR 
Ethiopia, Portugal 

Turkey, USSR 

Ethiopia, M o m  

Table 123. Accessions seleded for desirable quality characteristics. 

Acc. with high 1000 KW 
and protein content 

fm Tunisia. 

Acc. with high SLS-index 
(> = 2.5) at T e l  Hadya 

and Breda. 

Acc. NO. Acc. NO. 

Morocm 
Italy 
Italy 
unlolawn 
Tunisia 
Tunisia 
Tunisia 
Tunisia 
Tunisia 
Tunisia 



3.7.1. Efficiency of a visual ?-.c score 

bring the l a s t  three seasons a number of accessions were selected 

on the basis of a good agmnumic score a t  Breda and prcamted for 

further tests in replicated nurseries. ?he agronumic score is n o m l l y  

recorded just prior to physiolqical mtur i ty  and indicates agrOnamic 

potential of an accession based on earliness, gnmth vigour, tiller*, 

plant height, grain f i l l*  period, waxiness and 1000-kw. In order t o  

test the efficiency of t h i s  prooedure, an experiment was set up at  Tel  

Ha6ya and Breda ccanparing 139 selected accessions and 131 chosen a t  

randan fran the entire collection. ?he experiments were planted next 

to each other in two 12 x 12 sinple la t t i ces  w i t h  camon checks. 

IXlring 1988-89 there was only 234 anl 194 n of rainfall  a t  Tel Hadya 

and m, respectively w h i c h  is considerably be lw the long-term 

average for both locations. 

Table 124. T-test values for agromnic score (1-9) arrl grain yield 
(g/plot) of selected (n = 139) vs d m  (n = 131) groups a t  
E r d a  and Tel Hadya, 1988/89. 

?upmmic score G r a i n  yield 

GrnuP Breda W1 Hadya Breda Tel Hadya 
Mean s.e. Mean s.e. Mean s.e. Mean s.e. 

Selected 5.44 a 0.09 5.52 a 0.11 185.0 a 5.35 345.5 a 13.40 

C u t  of 139 selected accessions 19 had retained the high agrunmic 

score at  Erda and 30 a t  Tel Hadya and eight accessions had a high 

agmmnic -re a t  both locations. Cn the other hand there w a s  only 

one accession a t  each site fran the randanly chosen 131 accessions 

having a high agroncmic score. Five accessions of the selected group 

and none of the rardm chosen group had a grim yield of 1 t/ha or more 

a t  Breda. Similarly, a t  W Hadya 12  accessions of the selected group 



and none of the randam group had a yield of 2 t/ha or wre. Thus, it 

is nore efficient to work on gemplasm which has already been screened 

by evaluators based on a visual score than with non- material. 

The t-test given in Table 124 confirms the superiority of the selected 

grcrup. The correlation coefficients between the agronanic pexfo- 

and the grain yield were hiwy significant regardless of material or 

location (Table 125). 

Table 125. Correlation coefficients be- agromnic score and grain 
yield. 

Seleded aermlasm 

Sinple correlation 0.72 0.88 
Spaman rank correlation 0.70 0.89 

Shple correlation 0.80 0.81 
rank correlation 0.81 0.82 

3.7.2. &prt m sel- gemplasm fur f l y  useful traits 

A short-list of 1,987 accessions for econcwically useful traits, 

especially those which are inprtant for biotic and abiotic stresses in 

the d r y l a  of WANA, has been prepared and is available in the 
program. The list of characters and ~nrmber of accessions is given 

belaw. Sane accessiom may be included in rmre than one category. 

Ularacter Acts. 

- Early heading at Breda 146 

- Early headingat Tel Hadya 70 

- mng grain-filling period at Breda 128 

- Early heading and long grain-filling pericd at Breda 61 



Good overall agroxdc score at Breda 

Good overall agrodc score at Breda and high 

grain yield at Tel Hadya 

Resistance to yellw rust 

Resistance to ccrmmon bunt 

Resistance to septoria 

Resistance to septoria & m n  bunt 

Tolerance to cold in vegetative phase 

Tolerance to salinity soil 

Early heading, long grain filling perid, high 

tillering and tall plants at Breda 

Early heading, 10- grain filling perid, 

hi* tillering at Tel Hadya 

Early heading, high 1000-161, high tillering and high 

nw33er of seeds per spike at Tel Hadya 

Total 

3.7.3. Evaluation for salinity tnl- 

Certain accessions which were previously seleded in the field at 

Hegla for salinity tolerance were supplied to Dr. P. Monneveux of the 

Ecole Nationale Superiwre Aqunmnique (ENSA) at INRA, Montpellier, 

France, for assessing chlorophyll flurescence as a screening tool for 

salt tolerance. It was found that IC 14789 and 15596 confinoed their 

resistance to salinity and this technique proved useful as a predictive 

test for this trait (see Rach i s  8(2), 1989). ?he chlorqhyll 

fluoresoence technique which can also be wN for screening bread 

what an3 barley as well as wild relatives will be used in the prqram 

to confirm results en-anating fnrn hydrqonics or sand culture 

eprinwts. culture in a plastic house for salinity tolerance 

will be used during 1989-90 as it elhinates the problem of hi* 
variability of salinity in field experiments, and allaws a greater 

control of the envirornnent. 



3.7.4. C e i z e a  data- for dunnu r*leat ger1~1asn. 

Ihe evaluation data on 11,782 actual dunnu wheat samples out of a 

total of 18,000 evaluated accessions frwn multi-location testing during 

the last 4 seasons has been entered in a caputerized data-base in 

collaboration with ICARDA's Genetic Resources Unit (GW) and a catalcq 
will be prcdued. 'Ihe data-base can be queried and passport as well as 

evaluation data for regional networks is available. ?he information on 

the selected gernplasn is available in a report under preparation as 
well as from the data-base. For instance accessions can be listed by 

aamtries of origin, by dollor institutions by individual collector and 

by single or ambination of traits. ?he data files are stored on 

magnetic taps which will also be duplicated ard stored at a separate 

location for seanity. In keeping with the principle of free exchange 
ard duplication for safety, - data have a l m d y  been sent to the 

University of Saskatchewan, Canada and CIMWP, Mexico utLch also use a 

carpatible c m p t e r  system. 'Ihe data will be analyzed further 

using advanced statistical packages at the University of Sashtdmian. 

3.7.5. lhtematkmal synoposium m evaluaticm ard u t i l i z a t i c m  of genetic 

n?suRux in &kat inqawensrt. 

An International Sympasium on tvEvaluation and Utilization of 

Genetic Resources in Wheat Improvenwttt was held at ICARW fmm 18-22 

May, 1989. lhis meting was sp31wred by the University of W i a ,  

Viterka and Cereal Improvanent Program, ICARDA. The purpose of the 

symposium was to bring together genetic resources scientists, gene-bank 
managers, gennplasn evaluators and breeders in order to stimulate 

discussion at an international forum. Wing this qmpmium the 

d t s  ard of the collaborative project (be- advanced 

Italian institutions and 1C;ARDA) on "Evaluation and mamentation of 

IXlnsn Wheat Germplasm", were also presented and d i m .  

Speakers at the Synposium aqhasizsd factors which reduce 

productivity such as m t ,  tenpxature extremes, salinity, 1u.i soil 



nutrients as well as diseases and pests which are common in the WANA 

region. Other scientists damnstrated in their presentations how 

l h c e s ,  wild pmgenitors an3 primitive forms could be used in 

reconstituting gene p 1 s  of genetic stocks useful for inproving 

tolerance to stresses and minimizing losses in years of severe drouwt. 

T h e  symposium highlighted possible inkdance between theoretical 

studies ard exprinwtal verification and identified areas of future 

resear& on genetic resources of wheat. Wing group discussions, the 
most effective and desirable link between evaluation and germplasm 

enhancement was sc?@~t. ?he conclusions aK] recorrpnendations are 

included in the p- (in press). 

3.7.6. EZectm@~~retic evaluation of cbnrrm wfieat qemplasn. 

Polyacrylamide gel e1eArqkore.i~ (PAGE) of the dunm~ wheat 

collection have revealed interesting results at the Department of 

Zqnbiolcqy and Agnd-~emicals at the university of m i a ,  Viterbo, 

Italy, where the work is being carried cut by Dr. D. Iafiandra assisted 

by two junior scientists under the werall supervision of Professor E. 

Porceddu. 

In cultivated durum wheat varieties the chmrPsome 1B is 

considered to be respnsible for differences in idustrial quality. 

Cultivars possessing a gliadin (storage protein) V n e n t  designated 

band -45 in the gam~  zone of the plyacxylamide gel at pi 3.1 have 
been fcurd to possess superior cmking quality when conparsd with 

dtivar~ which possess band Rn-42 instead. 'he two caqmmmts have 

been found to be mded by two co-daninant alleles of a single gene on 

the short arm of chmnoscane LB. Mre m t l y  it has teen shorn that 

lcw nulecular weiqht (W) glutenin submits are actually responsible 

for the qualitative differences ard that bands ~m-45 ard Fun-42 are 

their genetic mkers. 

El-oretic analysis carried cut at Vi- on I m ' s  

world collection of dunnn wheat have rwealed the existence of gliadin 

carp?onents that an? alternative to band Fun-45 and Rn-42. TIE highest 



lnrmbers of these forms were discovered in accessions originating fran 

Ethiopia (see Dcwinici & 4. 1988, Rachis 7, 34-36) . Germplasm was 

also analyzed for variability in W glutenin subunits by 

eletrqhoresis in preserace of sodim -1 sulphate (SIX-PAGE) . A 

colledion mrprising 145 accessions of dunnn wheat from Ethiopia was 

analyzed in greater detail and variability at the Gli-B1 1- revealed 

the presence of ten new forms for IMW glutenins which were not reported 

before. 

T h e  chemotype form provisionally designated W - 3  was most 

frequent in 84% of accessions and all accessions possessing these 

submits also exhibited the same gliadin ampnent, with a greater 

mobility than band Rm-45. It is possible, therefore, to hypothesize 

that there exists an association of this new gliadin capnent  and IMW- 

3 as there exists for gamma Ibn-42 and IW-1, as well as gannna Ihn-45 and 

m 2 .  

Relationships between these new form of IMW glutenins and 

qualitative characters were assessed usw the SIX-sedimntation test. 
Him values of SD6 volume in the sedimerrtation test were found to be 

associated with materials possessing D f W  glutenin subunits and these 

accessions are being utilized in crosses with reaently released Italian 
durum wheat cultivars to improve pasta quality and further enlarge the 

present mnw genetic base of this crop. 

A.B. hmmia, J.P. Srivastava, and L. M. 



Research and training activities were carried out in all W?NA 

countries, in line with IcARlX's strategy to stren3U1en outreach 

activities thrrxgh IcARlX's Regional Pnxpan~. Cooperation has also 

been exteded outside WLNA, particularly in the area of barley 

inprovmt. 

4.1. C l X p K a t b l  with NATS 

?he Cereal Impmement Program assisted NAR? of the Ma- 

countries in training and germplasm evaluation and played an effective 

catalytic role in amdination of research efforts within countries and 

collaboration a m q  cc+mtries. Regiondl activities have been enhaxed 

thraqh discipline-oriented networks faxlssed on breeding, pathology, 

entamlogy, and physiology. Ewrrples of network cmqmnents include: a) 

the Pepirkre d' Observation Maqhxbine (POM) which groups gennplasn 

from the Maglreb countries gram and tested by researchers in different 

agroecologies of each country, b) the Cereal Disease Monitor- Nursery 

(CLFN) designed to monitor the virulences of virus and disease 

pathcgens in the Region (including Portugal and Spain), ard c) the 

Cereal Travelling Workshop (CIW) which takes place in one or two 
countries during selection time and offers the wrtunity for breeders 

and pathologists to jointly visit sites, evaluate germplasm and discuss 

research methodologies. Ihe inrreased capability in certain research 

areas of some NARS has benefited other p?xgram. For example, durum 

wheat germplasm fran Tunisia was test& for resistance to root rut by 

ET. Lyamani of Morcrxw: barley germplasm from Algeria was screened for 

xald and net blotch by Dr. Harrabi of Tunisia; and barley 

intematio~l n-ies w e r e  xreened for barley stripe resistance by 

Dr. -if of Morcca who also trained a Tunisian researcher on barley 
stripe meening techniques. 



m e  activities reported hereafter (by M.S. W i )  have been 

carried out by national prapam staff in each of the Ma- countries, 

with support by ICARIYL outreach and headquxkrs scientists including 

CDWYI scientists posted at I-. 

Algeria 

Crouqht conditions prevailed throughout Algeria for the second 

consecutive season and decreased cereal pduction significantly. 

Total 1989 mtpt is not e x p d e d  to exceed 3.0 million tons. Though 

double the previous year's harvest, it is well below local 

requireiwnts. In Sidi Be1 Abbes province, average rainfall was around 

200 nun in drier central and south arid zones (Zones 2, 3 and 4) and 

around 300 nun throughout the northern higher rainfall areas (Zons 1). 

Rainfall distribution was also poor as Deaember and January were dry. 

m e  drought pxmitted the identification or confirmtion of d~nqht 

tolerant germplasm. 

1988/89 was the third year for the collaborative project between 

the Institut TBchnique des Grandes Cultures (I'IGC) , Algeria, ICAREA and 
LECSA/INRA, France, to inprove research, prcduction and transfer of 

technology for winter cereals, food legumes and forages in the Wilaya 

of Sidi Be1 Abbes. Off-station testing was conduded on 6 durum 

varieties, 5 bread wheats, and 8 barley; in locations representing the 

three different agmemlqical zones of Sidi Bel AWes. D2m,nstration 

plots incorporating iniproved varieties and produdion technologies were 
ccixiucted in unreplicated 1/2 ha plots in all 4 zones. They included 

one inproved d m  variety, Waha; one bread wheat, Flk-Hork' s; and 

one barley, Riha~e-03. Each variety was planted in at least two sites 

in each of the four zones. The hiwights of the season's work were: 

- The bread wheat line Gv/Ald"sl' confirmed its good adaptation to 
dmught and was recamxded for seed multiplication and use as the 

hpruved check in on-farm (level 111) research work during 1989/90 

season. The nams of Zidane 89 was tentatively selected for this 
1 ine . 



- Cknrabia 9 durum significantly outyielded the local check Cued Zenati. 

- Rihane, Han~l, and ACSAD 176 barleys were superior to the local 

arltivar Saida and were multiplied in the 1988/89 season. 

- Yield lwels at Zidene (Zone 3) ad Telagh (Zone 4) research sites 
were similar to those cbtained at the w e d  infested, high rainfall 

Tessala exprimental farm (Zone I). Weeds m i n e d  the major 

constraint to ceredl prduction thrcqhcut the region. 

- Tim consecutive year; of drought hi-ighted the difficulties of 

generating farmx's interest when yield levels are severely reduoed. 

- Barley germplasn was intrcduce3. and tested in the southernmast site 
of Saida. 

- Algerian technicians and researchers participated in various ICARDA 
cereal activities, including training courses, workshops ad suzveys. 

- ICARDA outreach and hea- staff visited Sidi Be1 Abbes as well 

as other stations tivnqhout Algeria. This particularly helped in 

planting the offstation trials at Sidi Be1 Abbes, and note taking at 

Sidi Be1 Abbes, Tiaret, El Xhroub, Setif and Guelma stations. 

Libya 

Libya annually devotes 663,000 hedares to cereals. Cereals are 

grcx~n primarily urder rainfed cotditions, but irrigated production 

projects in the southern region contribute significantly to national 

cutput. Cereal ~rovement - has been hindered during the past 
decade by a continuous reshuffling of m s a x c h  staff and organizational 

m e s o  
The first cereal ~~,rdi.mtion meting between the Agricultural 

Research Center (ARC-Tripoli) and 1- was held in Tripoli, 3-5 
October 1989. Experinental mrk of previous years was reviewed and 

resanh needs discus&. For the 1989-90 season, it is planned: a) to 

cordud on-farm research work in the E!e@azi area, b) to train junior 
in bi.- and related disciplines, and c) to encourage 

participation of Libyan scientists in the cereal travelling workshop 

ard disease surveys in the m m .  



mrocco enjoyed favorable weather conditions for the second 

consecutive year, and harvested a near record a l l  grains crop and 

consolidated Morocco's access to other Maghn-4~ countries markets for 

barley exp~rts. Production exceeded 28 millions quintals of barley, 24 

million quintals of durum wheat and 16 million quintals of bread wheat. 

Bread wheat growing continued to expand rapidly to all regions of 

Moraxn and replaced durum wheat in the north and barley in the south. 

Ezead wheat owered 1.46 million hectares, while barley and durum 

wheat covered 2.4 and 1.17 million hectares, respectively. Arig barley, 

Kyperounda, Comrit, Marzak and Karim ciunm~ wheats, and N-, 

Merchouch 8, and Jouda bread wheats were the most popular new 

dtivars. Seed of the newest varieties was available only in small 

quantities, and their hpct on the  tio on's total cutput was not 

assessed. The total rainfall received was high but its distribution 

favored only late maturing varieties. Barley and early wheats could 

not tab acivantage of abundant April and May rainfall. 

A hanmnious partnership betwen several M o m  institutions 

resulted in a unified national program. A team approach permitted 

workplans to be carried cut by several -ers fmn various 

institutes. 'Ihere were 11, 9 and 11 projects for bread wheat, ciunmI 

wheat and barley, respectively. Major hiWirp1ts for the season were: 

- Registration of five durum cultivars, 4 bread wheat cultivars and 

faur barley dtivars. 

- Training of 30 extension workers in on-farm reearch methcdolqies 

( M a ,  September 8-15, 1988) . 
- Consolidation of surmner nursery research prcgrarns and smeenhg for 
cold tolerance at Annaceur station. 

- Evaluation and selection of pmnising lines fmn specific 

international mrsexies for priority diseases and stresses in 

Morccco. 



- Participation of Moroccan scientists in carrying surveys and 

selection work in lllnisia and Algeria. 

- Presentation of 2 papers on stresses in semi-arid Mediterranean 

environments by Moroccan scientists in Montpellier, Fiance, July 

1989. 

For the second consecutive season rainfall deficit was serious in 

m t  cereal gnx~ing areas. This season's severe weather corditions 

f o l l ~  the 1987-88 dra@~t, which was the m t  severe drcugbt 

recorded in the century. Total cereal production this year was about 

0.6 million tons, or about 30% of an average crop. Seed filling was 

hipired by heat and drcqht and seed quality was poor. 

In spite of the severe -t, m t  research was completed. The 

drought highlighted the imprtance of drcqht tolerance research. ?he 

national prapam will therefore give more attention to semi-arid areas 

and conduct more research at the El Kef dry site in addition to the 

Beja station. The main observations of this season were: 

- The newly-released Eiyrsa bread wheat was more adapted to higher 

rainfall areas, while Salambo confirm3 its good perfolmance and 

wider adaptation under drcqht. 

- The newly-relea& dunnn wheat Razzak outyielded all comnercial 

varieties. It also pmved responsive to higher fertility conditions. 

Razzak is expected to become the leading dunnn wheat variety in 

Tunisia. 

- Omrabia 5 and Omrabia 3 durum wheat lines having shm g d  

adaptation to drought for two consecutive y-, were reamenled for 

seed multiplication starting 1989-90 season. 

- In addition to its wide adaptation, tall stature and m type, Rihane 

barley prwed also excellent urder drcugbt. The extent of its 

cultivation was limited only by lcw seed availability. 

- m e  to good resistance to net blotch and hi* yielding ability, the 

new barley line Deir Alla 106/D.L. 71//Strain 205, was reammded 



for seed multiplication in 1989-90 season. 

- ?he transfer of research findings to farmers needs to be consolidated 

and supprted adequately. Several on-fanu verification and 

demmtration trials oonduded by DAP of l10ffioe des C&r&les were 

lost to -t. On-farm trials were comlucted for variety 

p e r f o m  assessment, respcow to fertilizer, seed rate and weed 

control and limited results were obtained. They confirmed the 

superiority of both inproved practices, and of cultivars Karim and 

Razzak (durum wheats), Salambo (bread wheat) and Rihane and Roho 

(barleys) . 
- Kernel weight, test weight, vitreowness and protein content m i n e d  

important quality characteristics and selection criteria for durum 

wheat screening. IUe to drought, all variables decreased except 

protein content but early maturing lines had higher kernel weiqht 

than later lines. 

- Diseases were iiqmrtant even in this dry scrson. Pathology research 

allowed the evaluation of the barley, bread wheat, durum wheat 

germplasms for priority diseases, and the identification of valuable 

sources of resistance. 

N i l e  Valley Regional J ? ?  

?he Nile Valley countries (Egypt, Ethiopia, and Sudan) share 

similar environments and production constraints. Outside funds were 

secured to assist MLRS carry out some of the essential on-farm and on- 

station testing and to provide training to NARS resew&-. The NVRP 

has enhanced the excharge of wheat and barley germplasm, scientific 

e-xpextise (e.g. virulence analysis for specific diseases, and testing 

for aphid resistance) and visits among scientists of the collaborating 

countries. A NVRP Steering Camittee meeting was held in Cairo 16-17 

Nov 1989 to discuss and a w e  the 1989-90 plan of work for the 3 

countries. 



Egyptian scientists have concentrated their reseazrh on wheat in 

Upper Egypt and on barley in the Northwest Coast, within the framework 

of the EEC-funded NVRP ompnent on "S-en* research for 

sustained prcduction of wheat, barley, and cool-season legumes in 

Egypt" . 
Results of wheat pilot pmduction plots sh- grain yield 

increases of 18-59% in Upper Egypt resulting from the adoption of an 

inp.roved production technolq that included: optimum lard preparation, 

timely sowing, inproved cultivars, adequate irrigation, use of 

fertilizers, herbicides, insecticides against aphids, ard early 

harvesting. manising breeding material has been identified in 

reseanher--ged trials including the bread wheat cultivars Giza 160, 

Giza 164, and Vee"su and the durum wheats Sohag 1 anl Sohag 2. Other 

new material has been identified as resistant or tolerant to diseases 

and aphids. The cultivars Sakha 69, Sakha 8 and Giza 155 seem to 

perform well in the Northwest Costal Area. 

Barley is grown on 63,000 ha in the Northwest Coast d e r  rainfed 

conditions (120-190 nun of annual rainfall). Another 55,000 ha is gram 

under irrigation in the Nile Valley. Barley is used mainly as animal 

feed, and to a lesser extent as human food in mte areas of the 

-try. Preliminary on-farm testing shckYed grain yield bxeases of 

75-250% resulting from the use of inp.med cultivars Giza 123, Giza 124 

and CC89. The reseamAers have identified drought tolerant gemplasm , 
and breeding lines with adequate resistance to leaf rust, powdery 

mildew, and net blotch. &tails can be found in the NVRP - Egypt- 
Annual Report, 1989. 

Five junior researchers have atteded training murses at A l w  

and three senior scientists have visited ICAFCA for germplasm 

evaluation and acquaintance with ICARWfs work in cereal irpruvement. 

ICAFCA and CIMMYT scientists have also visited Egypt during the season 

and at the annual ooordination meeting (8-12 septenker 1989). 



?he Ethiopian Cc~nponent of the NVRP (financed by SAREC) is limited 

to barley and concentrates on training and education. Hawever, 

collaboration in resear& has been sqprted f m  core sources and 

continued in the area of barley inpmvement and pathology with an 

emphasis on the exploitation of laxkaces. ?hree scientists f m  IAR, 

Ethicpia visited ICAFXX4 for 2 weeks to work on the analysis and 

aretation of their research results. lVo ICAFXX4 scientists 

visited Ethiopia during the season to evaluate barley germplasm and 

discuss the on-going collaborative research. Five junior m e ~ s  

f m  Ethiopia participated in cereal training courses at ICAFXX4. 

Sudan 

Improved cultivars and prcduction technology were tested under 

farmers' conditions of the Gezira Scheme within the framework of the 

OPEC funded project. Other wheat-related activities nf the NVRP were 

f iMnced by the mtch CX~~rmnent (project recently appmed)  . Impmved 
production practices including recommendations on land preparation, 

fertilizer application, planting date, wheat cultivar, and irrigation 

interval significantly i n c r d  yield wer that in farmers' fields not 

using the package. Yields in package farms in the Gezira and New Halfa 

schemes were 4.20 t/ha and 1.22 t/ha, respectively, as opposed to 2.50 

t/ha and 0.74 t/ha in nei-ring f- where the package was not used. 

Yields in the Northern %ion were 2.28 - 3.10 t/ha versus 1.48 - 2.00 
t/ha. It is indicated that i q m e d  wheat cultivation in the Sudan is 
ecodcally profitable and could lead to filling the wheat deficit in 

the country if proper technology and marketing are adopted. Back-up 

research was conctucted on crop improvement, cultural practices, 

diseases and insects, but same of the projects planned for the 1988-89 

season were not fully implmted due to lack of funds during the 

cropping season; they will be oonducted in the 1989-90 season. Three 

junior m e r s  participated in ICARnA training courses at Tel 



Hadya, Aleppo, Syria. The mual coordination meeting (4-7 S e m  

1989, Wad M d m i )  was atterded by a larye nunber of scientists f m  the 

Susan an3 by 1- and CIMMYl? scientists. DJring the meeting, 

research results were presented and discussed; and research/training 
plans for 1989-90 were prepared. 

Arabian PC ' la Bqi& Fmqxam 

m e  Cereal Program mintdined collaboration with all countries of 

the Arabian Peninsula (Yemen AR, PChl Y m ,  Saudi Arabia, Oman, Kuwait, 

United Arab Ebirates, Qatar ard Bahrain) by sending wheat and barley 

germplasm for testing under heat a d  salinity stresses. Germplasm was 

received f m  YAR ard WRY for inclusion and testing in ICARDA's 

nurseries. l i io -ers f m  YAR were trained on barley breeding 

ard seed nultiplication for 4 months at ICAKA. 

Cereal Prcgram scientists were involved in the formulation of an 

UNDP/AFESD-funded project on "ircreasd productivity of barley, 

pastures and shsep in the critical rainfall zones". ?he project aims 

to improve the production of rainfed barley, forages, pastures and 

sheep in the 200-300 m annual rainfall zones of Syria, Iraq, and 

Jordan throw transfer of available technolq and inplementation of 

necwary research. 

Barley germplasm and related infomtion were provided to NARS 

staff involved in the project who initiated on-fann testing and 

demonstration plots in the three wuntries. Other areas of 

collaboration with individual countries of the West Asia Lowland 

Regional Prcgram are listed below. 

'Ihe growing conditions during the 1988-89 season were unfavorable 



both with respect to temperat- and rainfall. The amount of rainfall 

was  lower than the long-term average and the distribution was 

inadequate with long rainless periods at critical plant development 

stages. This was aggravated by lud tmprature in the winter and 

relatively warm spring in many areas of the country. mese harsh 

conditions l~de efficient the selection of barley and wfieat for drought 

and cold tolerance. 

Aclvamed lines of barley, d m  wheat and bread wheat have been 

tested by NARS under various agroecolqical conditions for yield 

perfomme and disease resistance in field verification trials or 

large-scale testing plots. Researhers from the Didrate of 

Agricultural Scientific Research ( W R )  and ICARDA participated in an 

in-wuntry travelling workshop (25 April - 3 May) during which they 

ob-ed wheat and barley gram in the on-farm trials. Same farmersr 

fields have been grazed due to poor plant development. Promising lines 

included: the durum vheats Gmrabia 3 and Cknrabia 5 under low rainfall 

and Iahn under irrigation, the bread wheats Nesser, Douma 9457, and 

Coma 6419, under rainfed low-moisture conditions, and the barleys 

Furat 654 under low rainfall and A r t a  in drier areas. 

Training and visits continued to form the backbone of ICARDA 

collaboration with Syrian institutions. nYenty four reseamhers from 
DASR have participated in long or short-term training courses at 

I-. Five students pursued their post-graduate research at ICARDA 

and two scientists from tXSt have participate in the cereal travelling 

workshop in !Parkey. 

Jordan 

Collaboration with Jordanian institutes (NCAHIT, UaS and JUST) 

covered the exchange of barley and wheat gemplasm, pt-graduate 

training, and ~rmtual visits. Specific areas of collaboration in cereal 

inpmen&t were discussed during the visit of a Jordanian delegation 

to ICSCl4 in April 1989 and a workplan for 1989-90 was prepared during 

the annual coordination meeting in Auqust 1989 at Animn. m e  ICARDA 



cereal physiolqist visited Jordan, thrcqh an IAFA-Jordan contract, to 

organize a national conference on water use efficiency in wheat. A 

report has been sutxnitted determining the cnnstraints and solutions to 

increase yield of W t  under nnisture stress in Jordan. 

Within the f m o r k  of the collaborative ICARDX-ARI project on 

cereal inprovement for dy areas, barley and durum wheat drservation 

nurseries and yield trials from 1- have been grown at Cyprus and 

assessed by ARI -ers for earliness, disease resistance, and 

other aqrommic traits. Crosses involving early prents have been made 

and sent to Aleppo for fwther evaluation. m e  results are enoouraging 

particularly in the area of earliness and adaptation to mild winters. 

Several barley lines involving the newly released cultivar Mari/Ath*2 

have shown prcsnise in yield tests at ICARDA. ARI scientists have 

participated in cereal meetings at ICARDA. 

m e  hogram used the -1 station for gemplasm evaluation 

during the winter season and for generation advance and testing of 

vernalization and photcprid requir-ts during the swoner. 

E%rederrs seed was provided for pranising cultivars to enable seed 

multiplication and distribution to fanners. m e  cultivars Rihane 

(barley), Sebou (durum) an3 Seri (bread wheat) have performed 

particularly well during the season. 

In addition to provision of wheat an3 barley genplasm, there was 

an increased exchqe of scientific visits between ICARDA and Iran. 



 our I ~ R J ~  and cttmcr scientists have discussed cereal breeding 

strateqies, disease resistance and winter wheat hpmement at a 

National Cereal Research Seminar held at Xaraj, Januazy 1989. 'Ihree 

senior scientists frm Iran visited 1- to review and update the 

biannual plan of work for 1989-1990. Four junior 

participated in cereal training courses and one scientist participated 
in the l'Symposim on evaluation of genetic resources" at ICARDA. Five 

cereal scientists fmm 1- lectured in a joint in-try training 

course on "cereal msearch techniques and methodologies", held in Iran 

in collaborative w i t h  the national reseaxh institutions. ICARIYL 

scientists visited Iran to review the collaborative work and discuss 

future opportunities for collaboration in research and training-. 

ICAF?DA1s assistance was sought for the inpmvement of aqridtural 

research in the rainfed areas of Iran. 

Within the framework of the ICGCl44'urkey agreement, germplasm of 

bread wheat, durum meat and barley have been evaluated under the 

agmclimatic coxlitions of Turkey and a number of lines were selected 

for further evaluation. Similarly, bread wheat and barley lines fm 

Turkey were evaluated at ICARDA. Sane breeding lines sel- f m  the 

Turkish material have been incluled in international nurseries for 

wider testing. A travelling workshop has been organized in 
collaboration with the Ministry of Agriculture, EAO, and ClM4YT. 

Invited participants fmn 9 owntries visited various research 

institutes and farmers' fields during the workshop and discussed 

pmblens related to cereal research and production in the rainfed 
areas. Young researchers from Turkey were trained in anther and embryo 

culture, cereal patholcqy and entomology. A ~~~Irlination meeting- was 

held at FdaM during N o v h  1989 to review past activities and 

develop a plan of work for 1989-90. 



Nepal 

A training workshop was organized in Nepal to discuss the 

hpmveuent of barley research and production in the country (pl- 
refer to chapter 6 of this reprt). A visiting scientist spent two 

months at 1- and worked in breeding, patholcgy, germplasn 

characterization, and wter-assisted data analysis. As a result of 

the exchange of visits and research data, better targeted barley 

-1- will be sent to Nepal. 

The hrogram continued the excharqe of barley and wheat gernplasn 

and related information with China. S c m  of the 1- mterial has 

been select& for its good performance in arid areas of China. An 

1- delegation, including a cereal scientist, visited China in 

November 1989. A biannual (1990-1991) plan of work has been signed for 

joint collaboration in research and training with an emphasis on barley 

hpruvement . 

4.2. -tion w i t h  ather Irritiixticns 

A nunker of projects are carried cut in collaboration with 

institutions of several irdustrialized -tries to cunplement research 

at ICARDA ard WRS. While a ccsnprehensive list of these projects has 

been presented in the 1988 Cereal Program Report, the mjor 1989 

results pertaining to these projects have been included in the relevant 

sections of the present report. 

A new project on barley genetics and i.nprweuent has been 

initiated in 1989 in collaboration with the kprtmnt of Breeding ard 

Popilation Genetics of Hohenheim University, EG. The objective of the 

project is to gain information on the relative merits ard limitations 

of dcuble haploids in conjunction with the bpmement of barley for 

d r y  areas. The collaboration includes joint fllpervision of a R . D .  



student f m  Hohenheim University, who started thesis research at 

ICARDA. 

Collaboration with USSR was simmgthened in 1989 following the 

visit of a delegation from USSR to ICARDA and the signing in May 1989 

of a pmtcml of collaboration between V R S M L  and ICARDA. A 

delegation from ICARDA, including two cereal scientists visited USSR 

institutions in Nwember 1989 and drew up a joint plan of work for 

collaborative activities in 1990 and 1991. The plan includes the 

exchange of barley and wheat germplasm (with an emphasis on tolerance 

to abiotic and biotic stresses), the exdmqe of visits and scientific 

information and the participation in joint conferences. A durum wheat 

breeder f m  Saratov, USSR, has joined the Cereal Prcgram in mid 

Octaber 1989 for 6 months as a visiting scientist to bx!ome acquainted 

with ClmWl?/ICARDA durum wheat activities and exchange w i e n c e  in 

durum wheat ~rovement for harsh environments. 

The Cereal P r c q a m  has organized the following workshops and symposia 

in collaboration with NARS and other institutions: 

- North Africa Cereal Travelling Workshop: Breeders and 

pathologists from Algeria, Morocco, Tunisia, Spain, Portugal, 

ICARDA and C'IMMYT travelled together and carried out selection 

of wheat and barley at 3 sites in Tunisia (Beja, Kef, Mornag) 

and 6 sites in Algeria (Khrwb, Guelma, Setif, Skikda, Tiaret 

and Sidi Be1 Abbas) . 
- Cereal Disease Survey: A cereal disease survey was carried out 

in selected areas of Tunisia, Algeria and Morocco to assess the 

intensity and spread of mjor wheat and barley diseases. 

- Cereal Insect Survey: A Hessian fly survey in the 3 Mar$reb 

countries was conducted in March 1989 by scientists from these 

countries in cnnjunction with an entomology training workshop 

held in Morocco for cereal workers of the region. 



- Travelling Workshop in Turkey: A cereal t ravel l ing  workshop was 

orqanized in Turkey during 11-16 June in wllakorat ion w i t h  t he  

Turkish Ministry of Agriculture, FAO, and CIWYT. Invited 

scientists f m  9 countries (Morocco, Algeria, Tlmisia, Libya, 

Egypt, Jordan, Iraq, Syria, and Pakistan) and sc i en t i s t s  fmm 

Turkey, FAO, C m  and ICARDA toured wearch sites and 

production f- t o  become acquainted w i t h  and discuss 

successful agricultural technology fo r  rainfed cereal production 

in highland and lmland areas. 

- International Symposium on "Evaluation of Genetic Rescxlrces i n  

Wheat I m p r o v d :  18-22 m y  1989, ICARDA, Aleppo. T h e  

Symposium w a s  attended by 47 scientists from within and outside 

the region ( for  de ta i l s ,  please r e fe r  t o  section 3.7.5. of this 

report) . 
- I n t e r n a t i o ~ l  Symposium on "Fbysiolqy/Breeding of Winter 

Cereals f o r  Stresses of the Mediterranean Esnrironments": 3-6 

July, ENSA-INRA, Montpellier. me part icipants  discussed the 

integration of physiolqy and breeding t o  inprove select ion of 

cereal gentoypes adapted t o  abio t ic  stresses. 



The international nursery system has three objectives: 

1. To distribute improved barley and wheat germplasm to and among 

national pmgrans. 

2. To provide a channel for mtional scientists to evaluate their 

elite materials under multi-location testing. 

3. To collect, analyze, swrmarize and report results of the 

international nurseries for the use of all national progrmn 

scientists and ICARDA. 

The international nursery system has functioned since the 

establishnmt of ICARDA. To better serve the national programs, we need 

to hew what types of breeding materials are preferred by them. One way 

to obtain such information is to determine the trend, if any, in the 

demand of ICARDA and ICARLIA/CIMMYT international nurseries by national 

prograrrs in WANA wer the last ten years. 
Average demand for the regular international nurseries in 1978/79 

and 1979/80 was ccmpared with that of 1987/88 and 1988/89. Written 

requests fram national pmgram~ were used as a measure of actual 

demand. The WINA region was mnsidered to include Pakistan, Sudan and 

Ethiopia. Four main types of m a r  nurseries have been assembled at 

ICARDA since 1978/79, but the numkx of nurseries within each type, 

except the crossing block, gradually increased fram 1979/80 to 1987/88 

as a result of wetting the germplasm to three macro-envimments 

within WANA. In order to allm a fair cmparison among the nursery 

types and between the two periods studied, requests were adjusted to 

three nurseries within each type, i.e. one nursery for each crop. 

Ftequests for high altitude areas nurseries in 1987/88 and 1988/89 were 

not included, because they were not available in the previous period. 



me adjusted tntal nursery demand within the WINA region i n c r d  

by 97% between the periods studied (Table 126). This &cued clearly 

that there was a true inrrease in nursery demand not caused by a 

mnaurent increase in the nunhr of nurseries. 

lkring the 1978/79 to 1979/80 period, the rrmt popular nurseries 

were observation nurseries and yield trials, follmed by crossing 

blocks ard segregathg mations (Table 126). In the period frum 

1978/88 to 1988/89, the pl~portion of yield trials increased to 36% 

while there was a 2% decrease in the other three types of nurseries. 

Over the last 9 or 10 years, requests for yield trials experienced the 

highest rate of increase (131%). This contradicts the idea that as 

national programs inprove, the denim3 for advanced lines decreases and 

the demand for segregating populations ard basic parental material 

increases. 

A l t h w  the increase in demand for regular ahemation nurseries 

was less than that for yield trials wer the years, the dfamd for 

trait-specific cksemation nurseries has been hi*. The Heat Tolerance 

Obervation Nursery, which was the first trait-specific nursery to be 

assembled, was launched in 1987. In 1988 the tlmm Wheat Drought and 

Heat Tolerance Okservation Nursery and three germplasm pools for 

disease resistance were also asabled, ard a total of 156 sets were 

requested. The dernard for trait-specific nurseries is high and it is 

planned to develop more of these nurseries to satisfy the need. 

5.2. 'Iypes, Nmbers and D i s t r i l m t i m  of Nurseries 

'lke regular nurseries distributed in 1989 m i n e d  the same as in 

the two previous seasons and are given in Table 127. There were 5 

specific-trait nurseries. ?he Heat Tolerance &senation Musery and 

the lkvught and Heat Tolerance &senation Nursery mined, but the 

previous three germplasm p l s  for disease resistance were substituted 

with new ones. 

1988/89 was the third season that national programs were invited 

to &te their best lines for testing in the international nursery 



system. In the observation nurseries distrhted in 1989 there was a 
substantial bmease in the n m h r  of entries suhi t ted  by national 

scientists, fmnn 26 last year to 103 this year. 

Table 126. Averaged rquests from West Asia and North Africa (adjusted 
to 3 nurseries within each type) for the 4 different types 
of regular nurseries in 1987/79 to 1979/80 and 1987/88 to 
1988/89. (?he -'cage of each type of nurseries given in 
parenthesis) 

Total Yield Gksemation Crossins m a t i n s  
Period Vial Nursery ~l& - &nilation- 

~irst 224 68 69 49 38 
(30) (31) (22) (17) 

In 1989, 1098 sets of regular nurseries and 165 sets of specific 

trait nurseries were distributed from Alepp to 87 cooperators in 48 

countries upon request. Ccrmpared with last season, there was a 18% 

reduction in the nmker of sets of regular nurseries sent. This was &ue 

to a seed shortage, mainly in the barley and him elevation projects, 
caused by the unusual cold and dry conditions of the season. Wheat 

nurseries were developed thraqh the joint CIMMYT/ICARDA wheat project 

at ICARDA. Barley nurseries sent from Mexico through the joint 

ICAIUP/CIMMk"r project at CIMMYT are reported by CRWiT.  Approximately 

74% of all the nursery sets were distributed from Aleppo to countries 

within the ICARDA region. Ihe nw$er of sets distributed for barley, 

durum wheat and bread wheat represented 34%, 29% aral 37% of the overall 

total, respedively. Detailed informtion on distribution of nurseries 

for 89/90 can be found in the booklet "International Cereal Nurseries, 

List of Cooperators and Nursery Distribution, 1989/9OU8 available from 

the Cerral Improvement h-cgram. 

In addition to the regular and specific trait nurseries reported 



here, key location disease smeenkq nurseries, a 6 d  tolerance 

screening nurseries and other special genoplasm were prwided to 

national scientists on specific requests and agreement. 

Table 127. Cereal international nurseries distributed in 1989. 

Nursery Barley ixnml wileat B1-ead wheat 

m a r  Mnsery 

Crossing Block 
segregating Populations 
- Low rainfall areas (IRA) 1 
- rite rainfall areas (MRA) 
- Hi@ altitude areas (HAA) 
- Lowland 
Ckeervation Nursery 
- Low rainfall areas (IRA)l 
- Moderate rainfall areas (MRA) 1 
- High altitude areas (HAA) 
Yield Trial 
- Low rainfall areas (LRA)~ 
- Moderate rainfall areas (MRA) 
- Him altitude areas (HAA) 

Bread Wheat Heat Tolerance Observation Nursery 
mrum Wheat bought and Heat Tolerance Obsenration Nursery 
Germplasm Pools for Disease Resistance 
- tUrm Wheat Septoria Tritici 
- Eread Wheat Septoria Tritici 
- ixnml Wheat Ccamnon Bunt and Yellow Fast 

1 IRA & MRA are for l m l a m ~ ~  

5.3. Ista Analysis ard m r t  

As in the previous three seasons, upon receipt of the yield trial 

field books from mqeators data were analyzed and results in the form 

of cmpter print-cuts were returnecl to allm cooperators rake a more 



decision regarding germplasm. Annual nursery reprts for the 1987/88 

barley, d m  wheat and bread wheat international nurseries were 

distributed to cmprators in May-August, 1989. Ihe reports retained 

the features of previous years, but results on the crossing blocks and 

segregating p-plations were included for the first time. 

Investigation was conducted to determine an appropriate procedure 

for genotype clustering using data received on the international yield 

trials. It was f d  that raw yield data are usually not suitable for 
genotype clustering because using them M y  gives more weight to 

genotype performme in envi romts  having large within-ironrent 

ranges or standard deviations. Since within-smiwmpnt range or 

standard deviation tends to be pitively correlated with environmental 

man yield, this means that more weight is usually given to perfommce 

in high yielding environments as well. 'Itis bias is unlesirable in 

plant breeding. Scale transformation of data is needed to give equal 

weight to perfonname in each environment. H-er standardization of 

yield within genotypes as used by some reseamhers is inappropriate and 

ineffective. Range transfomtion or standardization should be 

con3ucted within each emironrent, not within each genatyPe. 

5.5. K3 Design w i t h  Nearest Nei- Analysis Verss Iattice Design 

'Ihe -zed caplete block design (RCB) has been continucusly 

used in cur international yield trials. The design is sinple and is 

well handled by national prograrrs. Eut the assumption of hcwogeneity 

within each block is not fulfilled in most situations, and there is 

capAling evidence that the hxaplete block lattice design is more 

efficient. It has been suggested that the lattice design be adopted in 

cur yield trials. T k e  lattice design has been used by some breeding 

projects at ICARDA. H-er nearest nei- analysis (NNA) has 

attracted  mud-^ attention recently. Zhe NNA can be applied to nearly any 



k h l  of mimental design with replications. It has ken sham in 

shulation studies to be nnre efficient than RCB and lattice analyses. 

&fore deciding whether to chaqe the RCB design of our yield trials, 

it is desirable that field data canparing the different analyses be 

abtained. 

In cooperation with the barley, durum wheat and bread theat 

inprwement projects, interrational yield trials with lattice design 

(5x5) and RCB design ( 1 ~ 2 4 )  were planted side by side at Tel Hadya, 

Breda and Barider. A Mal of 8 trials - harvested. Only grain yield 
was canpared using the different analyses. 'Ihe NNA was corducted with 

the ANOFT prcqram. 

In three trials, lattice analysis was not superior to the RCB 

analysis. The CV was 1- after NNA analysis than by lattice or Xi3 

analyses, except in one trial at Blreda. This preliminary result 

suggests that our international yield trials need not be changed to the 

lattice design, but NNA should be d c t e d  to get a mre accurate 

genotyp ranking. lbe experhents will be continued next season. 



Etqhsis on specialized training corrtinued in 1989 where 4 short 

specialized courses were cx&u&d in addition to residential, 

individual, and in-ccuntry ccurses. A total of 171 pezsons (including 

24 fenoales, but excluding visiting scientists) participated in cereal 

Impzwemnt Program training activities (Table 128). Although most of 

training was imparted by cereal Program scientists, other instructors 

fnmn ICARKR and NARS contributed to various activities. 

Table 128. Nunher of participants in various training ccuses 1979-89. 

Type of training 
Year 

Residential Individual Short* In-country* 

6.1. -tim Snrt G r n p 4 Y  
. . 

2 

Based on NAFS requests and the Cereal Program's strategy for 

training on specific topics, four specialized courses were comkcted at 

Tel Hadya on applied cereal physiology, on cereal diseases with an 
emphasis on cereal rusts, on physiological trait assessnent for cereal 

h l p r w d ,  and on insect control in cereal CrQpS and food legumes. 



-lied aspects of cereal Prysiology 

Upon request fmm Syrian NARS, the Cereal Impmvenwt Program 

corductd a specialized short training oourse on applied cereal 

physiology attended by five =-level research workers of the 

Directorate of Ag?=icultutal Scientific Research, at ICARDA from 15 - 19 
January 1989. Zhe course provided information am3 training on cereal 

grawth and developoent, with special reference to the environmental 

conditions prevailing in the cereal p i n g  areas of Syria. Topics 

carered were: measurement of soil water, soil-plant water relations, 

granrth stages-Zadok's scale, graJth analysis, water w efficiency and 

relevant agromnic practices. 

Given the importance of diseases in the region, a specialized 

training course on pathology has been offered o m  a year at ICARDA 

during the last few years. In 1989, this course was held at Tel Hadya 

from 21 March to 4 April and was attended by 12 participants fmm 8 

countries (Algeria, Egypt, Ethiopia, Mo-, Sudan, Syria, Tunisia and 

Turkey) . Prof. Ronald W. Stubbs f m  IEO, the Netherlands, was invited 

to lecture on cereal rusts. Other instructors were f m  ICARIYL. Zhe 

follming topics were mered: collection, isolation, preservation and 

multiplication of inoculum; M a t i o n  procedures for rusts and other 

pathogens, disease identification and scoring, disease nurseries, data 

analysis and interpretation. Trainees attended class- lectures, and 

participated in laboratory exercises ard field sessions (at Tel Hadya 
and Lattakia) to learn techniques for identification and scoring of 

wheat and barley diseases and screening of gemplasm for geraetic 

resistance. 

. . 
mrkshp m mthdolcgies of Prysiological trait assgsoent 

for cereal inpIweaent 



'Ihis training workshop was held at ICARDA, Aleppo, Syria from 5-19 

April 1989 to discuss the incoqmration and use of physiological 

cwxepts in cereal breed- for stress envhrnnents. Seven resear&- 

fmm 6 countries (Table 129) participated in the workshop. The topics 

addrwed were: resistance to abiotic stress, devel-t and 

measurenwt of ideotypic traits for defined environments, water balance 

and water use efficiency in Mditemanem environments, heat tolerance, 

ccprpxter modeling for trait assessment, and quantitative data analysis. 

The course ccPnbined lectures, laboratory sessions and field activities. 

Scane of the participants gave presentations in the abave topics and 

discuss& them with 1- scientists and other participants. 

Insect ccPrtrol in food 1- and cereal cmps 

Fourteen trainees (Table 130) attended a 2-week course on insect 
control in f d  legumes and cereal cmps at ICANR's main station in 

Tel Hadya-Aleppo, Syria, fmm 16-29 April 1989. Pie course included 

ledures on the biology of major insects in lentil, chickpa, faba 
bean, barley and wheat; insed-plant interactions: breeding for insect 

resistance: integrated pest manag&; and seed health and quarantine. 

The practical laboratory and field sessions mered insect 

identification, assesswlt of insect infestation and damge, sampling 
and monitoring of insect populations, screening for host plant 

resistance, use of pesticides, and desiqn, implementation and 

evaluation of aprhents. 

Table 129. Participants in the training workshop on methdolqies of 
physiolcgical-trait assessnent for cereal improvement, 
IcARDA 1989. 

Name Institutions/Ccuntry 

Dr. Ahre3 Brmauh fF3l.D) IAV, Rabat, Morccca 
LW. Abdullah Al d l .  (Ph.D) ~ni;r.  Ale&, Deir Ezzor, Syria 
Mr. Meziani Larbi (MS.) TTX, Constantine, Algeria 
Mr. Negusie Tesfa Michael (IS) IAR, Addis Ababa, Ethiopia 
Mr. Amix Yezdansepas (MS) SPII, Karaj, Iran 
Ms. Bahija Icabelma (ES) CRRA, Settat, Morocco 
Mr. Mohamd Salah Gharbi (BS) RWXT, Tunis, Tunisia 



Table 130. Participants in the specialized course on insed control in 
food legumes and cereal crops, I-, 1989. 

Name Crop/Roqmm Institution/Country 

Ezzedin Atdemahmn M. El Said 
Bayeh Mulatu Aregay 
Kame1 Ali 
Valiollah Ghadiri 
Imad Bayom 
Rabah Mahdi 
Amir AMullahi Youssif 
H a m  Waqaf 
Mounir Youssif 
Yagoub Azzar 
Chebbi Zinc El Abidine 

Hassine Ben Salah 
Mohamed I(harrat 
Nilgun Yasar Akinci 

Cereals 
Cereals 
Cereals 
cereals 
Food legumes 
Cereals 
Cereals 
F d  legumes 
F d  legumes 
Food legumes 
Food legumes 

Food legumes 
Food legumes 
Cereals 

ARC, Giza, Egypt 
IAR, Holetta, Ethiopia 
IAR, Kul-, Ethiopia 
PFDUI, Tehran, Iran 
AUB, Beirut, Lebanon 
INRA, Settat, MOKCOJ 

ARC, Wad Medani, Sudan 
DASR, Tartous, Syria 
DASR, Kamishly, Syria 
W R ,  Aleppo, Syria 
Office of Cereals, 
Tmis, Tunisia 
INRAT, Tunis, 'Ihnisia 
INRAT, Tunis, 'Ihnisia 
ZMnM, Diyarbkir,Turky 

Nepal 

A training workshop on "techniques of barley improvement" was 

jointly organized by Natioml Agricultural Research service center 

(Nepal), I C '  and IDRC On 24 Fet-2 March 1989 at Khatmandu, Nepal. 

W t y  three researchers participated in classroom, field and 

laboratory activities. Farticipants also visited different research 

stations to observe field and research facilities. Workshop topics 

included barley eoolqies in Nepal, breeding techniques and strategies, 

diseases and inseds, genetic resources, and agrommy. Recommendations 

made by the participants emphasized the need to better characterize the 

barley v i n g  envir-onments in Nepal and to develop appropriate 

breeding wthodologies including the initiation of a crossing prcgram, 

testing local and exotic material for disease and insect resistance, 

and evaluation of hull-less barley for human consmption. ?he training 



workshop provided an opportunity for Nepalese m e r s  to discuss 

further improvement in barley resear& in Nepal with ICARIYL and t45U 

scientists. 

A regional training workshop on Hessian fly was jointly oqanized 
by INRA (MOzOCm), MIAC, and ICARDA during 21-30 M a ? d l  1989. 

Participants included 3 reseamhers each f m  Algeria and Tunisia, and 

9 f m  Momam, in addition to lecturers/instnlCtors from M o m ,  MVLC 

and ICARI1A. The workshop agenda included class= presentations as 

well as laboratory and field activities. The presentations, made at 

INRA, Settat, covered the biology of the Hessian fly (Mavetiola 

destructor Say) and the developwnt and use of varietal resistance. TRe 

practical sessions dealt with insect rearing and germplasm screen i~~ 

(diagnosis and scoring) followed by a 2-day field survey of Hessian 

fly. Following the carse work, which took place in M o m ,  field 

surveys were conctucted by Algerian and misian participants, in 
Algeria and W s i a  respectively, in carrpany with one M m  

instructor for each country. The workshop was seen as a unique and 

effective method for cmbining training and practical field exprience 

using NARS w i s e ,  and for fluther slxeqhening intra-Maqhd~ 

collaboration in cereal research. 

An irr-country training murse on cereal research techniques and 

methodologies was jointly organized by ANRRJ (Agricultural and Natural 

Resourrzs Research Organization) and IcARDA during 27 Fay - 4 June 1989 
at the Seed and Plant Improvement Institute, Karaj, Iran. A total of 

fifty three trainees participated in the course, distributed as 

follaws: 33 f m  the Seed and Plant Improvemnt Institute, 10 f m  the 

water and Soil &sear& Institute and 10 f m  the Plant Pest and 

D i n  Institute. Classraan presentations cavered cereal 



genetics, breeding, genotype x environment interaction, diseases an3 
insect pests, agronomy and on-farm testing. F'resentations were either 

given in Farsi or translated from English to Farsi. One day was spent 

in the field to screen germplasm at Karaj, ard two days were devoted to 

field visits at 4 research stations in northern Iran. 

6.3. Ddividual Raining 

Nineteen participants from 7 countries were trained in barley or 

wheat breeding ard related topics for periods ranging fmm 1 week up to 

3  mths an3 a half, totaling 14 person-months (Table 131). Six 

persons who were trained for short periods also attended other courses. 

Table 131. specialized individual non-deqree training at the Cereal 
Improvement p1.p3ram, I-, 1989. 

Subject No. of Dration country 
participants 

Breed- 1 2  weeks* Algeria 
1 2w€&s Algeria 
1 2 weeks* Morocco 
1 9 days* Tunisia 

Ccsrplter aplic. (breeding) 2  10 days Syria 
Patholagy 1 1 month* Ethiopia 

2 1 week* Syria 
EntanOlq 1 l w e e k  Syria 
G r a i n  qudlity 1 2weeks  M o m  

1 2weeks  Syria 
1 2 weeks nmisia 

Physiology 1 l w e e k  Algeria 
Eats Analysis 1 2weeks  M o m  

2  2weeks  Syria 
Biotechnolagy 2  3  1/2 uwnths Turkey 

* Also attenled a short course. 

Eiqhteen trainees form 9 countries (Table 132) attended the 

residential training course held at ICAR[lA, Tel Hadya, Syria, 1 March- 



30 June 1989. As in previous seasons, the focus was on breeding barley 

and wheat for rainfed areas; but sqqmrting disciplines were also well 

covered, in particular: pathology, entomolcgy, grain quality, 

physiology/aqmq, seed production, on-farm testing, experimental 

design, and data analysis and interpretation. 

Fractical act ivi t ies  cnnprised a major part of the training p e r i d  

and trainees had the opportunity t o  v i s i t  and work with the research 

s taff  a t  off-station research sites in Breda, W i d e r  and Lattakia. 

They also visited a numbex of on-farm testing sites in  Syria. For the 

f i r s t  time in ICAIOl's training, a special award for "Outstanding 

Trainee of the Y e a r "  was established. M r .  Ali Reza Abbas Mohamdi, 

fropn Iran, received the Cereal Program award. 

Table 132. List  of trainees in the cereal residential training axrse, 
1 March - 30 June 1989. 

Name -try W i c  

Mr Djennadi Mohamed Rachid 
Mr Xu Hengyong 
M r  Whmd Fahmi Saad 
M r  Akdel Karh Abdel Karim 
Mr Asefa Yelma Sabura 
W L s t X a s s a K e b e d e  
M r  Rahim Rezza Baghi Keya 

M r  A l i  Rezza Abkas MahawMdi 

Mr Chaoui Mohamed 
M r  Bcplzerkacui Moulay miss 
M r  Nasserdin Mustafa M e 1  Salem 
M r  Yehia Abu Mejamh 
Mr Mahmud Mozaal 
Mr Ahmad Fateh Al Xadri 
M r  Mohamed A l i  Xataya 

Algeria 

Algeria 
China 
Esypt 
Esypt 
Ethiopia 
Mhiopia 
Iran 

Iran 

Morocco 
Morocco 
Sudan 
Syria 
Syria 
Syria 
Syria 

Yemen AR 
Yemen AR 

Cereal breeding for high 
elevation areas 
auUm wheat breed* 
cereal p h ~ s i o l o g y / a q m ~  
Barley breeding 
Bread wheat  breeding 
Barley breeding 
Barley breedi~~/pathology 
Cereal breeding for high 
elevation areas 
Cereal breeding for high 
elevation areas 
Barley breeding 
Barley breeding 
cereal pathology 
nuUm wheat breeding 
nuUm wheat breeding 
Bread wfieat breeding 
Seed production/cereal 
improvement 
Barley EWeedhq 
Seed production/cereal 
improvement 



Ihe Cereal Program continued t o  support degree-seeking trainees 

from within and outside the  region. Wing th;! 1988-89 season, seven 

I ~ ~ r t e d  sMents oconpleted their thesis research o r  graduated, 

while two new students started thesis research work a t  ICARIYL (Table 

133). In addition t o  support fo r  graduate studies,  training was a l so  

imparted t o  6 senior-level students frwn the University of A lepp  as 

part of their graduation project  on cereal entorology. Groups of t h i r d  

and fceuth year students f m  the University of A l e p ,  v i s i t ed  ICARDA 

t o  gain s c i e n t i f i c  knmledge in cereal  research at  the  Center. 

Table 133. Graduate students* supported by the Cereal Inpmement  
-, 1988-89. 

Name wee Research area country Date of 
ccnpletion* 

Mr Mahmoud mies Ph.D. W h e a t  breeding Tmis i a  (June 1990) 
Mr M. S. El Khatem hi% W h e a t  physiology Sudan 20.2.89 
M r  Pedro Perez Marc0 Ph.0. Cereal physiology Spin 30.10.89 
Mr Hani Ghcshe hi%. Wheat breeding Jordan 6.1.89 
Mr Erik van 0 0 s ~  Pfi. D. Barley physiology/ Netherlands (July 1991) 

breeding 
Mr Peter Stefany R . D .  Wheat breeding FR Ge-y (July 1990) 
Mr Mytham Al Sayed MSc. Wild species Syria ( 1990) 
Mr IWmlnd S. Hal& R . D .  Wheat pathology Syria (Dec. 1990) 
Ms Samia El Masri MSc. Cereal e n t o m o l q  Syria (Jan. 1990) 
M s  Suha Imil Kc. Wheat pathology Syria (July 1990) 
MsSawsanHakim M. Wheat germplasm Syria ( k c .  1990) 
Mr Michael Mayer R . D .  Barley breeding FR Germany (July 1991) 

* Four other  students have campleted their research and graduated in 
1988 (please r e f e r  the CP Annual reprt, 1988, Table 123) . For those 
still continuing research, expzbsd date of completion is indicated 
between prentheses. ?he last two students on t h e  list started 

in 1989. 



6.6. Visitirq Scientists 

In addition to the large nmhr of scientists bho visited the 

Cereal Inprovement P r a p a m  for short periods, the following NARS 

scientists spent relatively longer periods at ICARDA to become 

acquainted with the prcgram's research methodologies and findings: 

- two whwt breeders from Egypt for two rnreeks 
- a pathologist f m  Egypt for 2 weeks 
- two barley breeders and a pathologist f m  Ethiopia for two weeks 
- a barley breeder f m  Nepal for 2 months - a barley breeder fram Syria for 2 months - a chuum wheat breeder from Iran for 2 weeks 
- two wfieat breeders f m  Afghanistan for one month. 

Lhring their stay, these visiting scientists were involved in 
ICARW's on-going work and. contributed to the Prcqram's planned 

research awl training activities. 
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