








Table of Contents 

2. spring Barley RQm-t 

2.1.  spring Barley Breeding 

2.2. ICARIX/QE~MYT Barley Project 

2.3. Physiolcgy/Agronomy 

2.4. Barley Pathology 

2.5. Internatio~l Nurseries 

2.6. Biotechnology 

3. Winter and F a a i l t a t i v e  Barley Il~pmaaent 

3.1. Winter and Facultative (W&F) Barley m i n g  

4. IXlzllnRQ-t 

4.1. Breeding 

4.2. Grain quality 

4.3. Biotic Stresses 

4.4. Abiotic Stress Resis- 

4.5. Fdaptation 

4.6. GE interaction 

4.7. Yield Stability 

4.8. E+~formnce under Mediterranean Environments 

4.9. Fhysiolcgy/Agronamy 

4.10. Patho lq  

4.11. Entomology - Hessian Fly Srreening 

4.12. International Nurseries 

4.13. Wide crosses in dunnn 



5. s p r i n g B r e a d w h e a t n r p , ~ t  
5.1. Spring Bread Wheat Breeding 

5.2. Physiology/Agmnomy 

5.3. Pathology 

5.4. mtamo1ogy 

5.5. Intenzational Nurseries 

5.6. Biotechnology 

6. Facultative Bread Wheat (FBW) 

6.1. Intrahction 

6.2. Simplifying the tedious 

6.3. Sunnner planting at Tel Hadya 

6.4. Characterization of Tel Hadya-derived FEW germplasm 

6.5. Performance of vernalization requiring wheat to 

northern Syria 

6.6. Facultative Bread Wheat 

7. Collaborative Research 

7.1. Maghr& -ion Program Report 

. . 
8. Tmmmg and Visits 

8.1. Training at Headquartem 

8.2. Training in the Region 

8.3. Visits, Meetings, and Workshops 

8.4. Training Strategy 

9. Publications 

10. Varieties 

11. Staff List 



1. mtmdu&i011 

Ihe cereal program has spent considerable time during the last year . . 
reviewins its objectives and deterrrrrmng its future directions. 

'Ibis is part of the medium term planning process in readiness for 

the mternal hrogram and Management Review w h i c h  takes place in 
April-May 1993. 

We have concluded we need to continue to p r c d ~ ~ e  a range of 
germplasm with our different collaborators in the region, but we 

also need to mare tawards mre specific adaptation to the very 
varied range of abiotic stresses encnunterd in the region. We will 

do this within the frame work of no imease, and a possible 

decrease in resources. Over the next few years we will move towards 

a greater emphasis on root problems, including root diseases, 

nematodes ard nutrient toxicities. With our partners in the 

national prcgrams we will test germplasn in earlier generations. 

This has already mmnenced and has several advantages. It will 

inprove contacts with national programs and give national prcgranr; 

better targeted material. It will also increase their input into 

the choice of parents and pmgeny in our breeding projects and 

inprove the lwel of specific adaptation in the material to local 
regional stresses. 

To do this without inrreased resources me3ns we must look at 

ways of doing things more efficiently, thus freeing up resources so 
we can take these new objectives on board. We will improve the 

level of cmp~ter data capture and a~lysis and field mechanization. 
T h e  resources saved will be used to work on root problems without 

reducing the en@asis on leaf pests and diseases. Whilst 

mintdining cur work on q t  tolerance we will expad work on 

W t u e  stress and wind up the agroncq work. 

We will reduce the size of our annual report. This lessens the 

flood of information that threatens to wenhelm eveqkdy. We will 



give the readers a clear idea of on going projects, present key 

findings and summarize cconpleted work. We encourage you to contact 

the scientist(s) mncenwd direclly if you would like further 

informtion or germplasm. 

Finally 1 would like to thank our partners in the NARS for their 

guidance, encouragement, supprt and data sharing. Without this 

collaboration we would not be able to function. ?hanks are also due 

to Ms. Sossi Toutounji for her work in preparing the doarment and 
all members of the Program for their enthusiastic input tawards the 

goals of the program. - J. Hamblin 
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Fig. 1. Tel Hadya Monthly Weather 1991/92 



2. spring Barley Ihlprovepent 

2.1. Spring Barley Breeding 

2 . 1 . 1 . I n ~ o n  

'Ihe objective of the barley impr(3~ement project is to assist 

National Prcgram scientists to increase barley production. 

Initially the objective was to develop fixed or nearly fixed 

lines for national program scientists to test and release as 

varieties. Since 1984 we have emphasized methodologies to use mre 

efficiently the limited resources of national program. 

'Ihis shift was due to: 1) stress environments represent a major 

area of barley cultivation, 2) little progress has been made in 

stress environments, and 3) a centralized breeding program does not 

cope with the specificity of stresses in different geograpkical 

areas. 

In 1992 we reoognized that a similar shift is justified in 

favourable environments where biotic stress is the major factor 

limiting yield factor. Foliar diseases and pests, as well as races 

of the pathogen and/or pest often differ in different areas. 

Therefore, while the structure of the project has not changed, 

we are decentralizing breeding activities. New gennplasm will be 

yield tested by NAF& at an earlier stage than before. This process 

has started in four north African countries (Libya, llmisia, Algeria 

and Morocco) because 1) they represent a large barley growing area 

(> 4 million hectares) and 2) they grow only six-rowed barley. It is 

impossible to achieve maxinnnn efficiency when traditional 

international nurseries contain both two- and six-row germplasm. 

The decentralization process is described belm. In the medium 

tenn, varieties having specific adaptation to local stresses will be 

identified. This will also free resources for basic studies on 

adaptation, genotype x environment interaction, heterogeneity and 

stability, and allm investigation of problems related to root 



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

2.1.2. Barley breading for the M a g h r e b  Region 

Decentralization began in the Maghreb region in 1991 with the 

distribution of a special six-row barley nursery (see Annual Report 

for 1991, pg 8). The entries were also evaluated in preliminary 
yield trials at three ICARDA sites (Tel Hadya, Breda and Wider). 

In the Maghnzb visual selection occwred, at ICARDA selection was 

for yield potential, yield under stress, early and late heading. 49 

of the 103 entries (47.6%) selected at ICARDA were included in the 

154 Maghr& selections (Table 1) . 

Table 1. Is northern Syria a suitable area to select barley 
gemplasm for Maghreb anmtries? 

Selected Ina N % 

Syria 103 35.8 

Syria And Magjreb 49 47.6 

a Initial population size = 288 lines 

Of the lines selected in Maghreb 68.2% (105/154) were discmded at 

ICARDA and of the lines selected at ICARDA 52.4% (54/103) were 

discarded in the Maghreb. This large proportion of wrongly selected 

and wrongly discarded lines occurred in a single cycle of selection. 

All entries were six r ow  am3 contrasting selection criteria were 

used at ICARIX. Natio~l scientists readed psitively to these 

results and we have accelerated our new approach to germplasm 

developwnt for the Maghreb. In consultation with Maghreb scientists 

the transition between the old system of international nurseries 



distribution and the new system to develop of specific germplasm for 

the Maghreb w i l l  be i n p l e x c ~ ~ ~ ~ t s d  throw& the follawing steps (Table 

2) : 

Table 2. Develapiq barley gemplasm w i t h  specific adaptation to the 
Magfireb aountries. 
Year New Nurseries Old Nurseries 
90/91 - - - BYT B3N BSP - 
91/92 SN92 - - - BYT B3N BSP 

92/93 PY93 SN93 - F2 BYT - - 
93/94 AY94 PY93 SN94 F3-F4 - - - 
94/95 NARS AY95 PY95 SN95 - - - 
1) 173 lines selected frcnn the special nursery distributed in  

1991/92 (SN92) w i l l  be tested i n  12 locations in  1992/93 as 

preliminary yield trials (PY93). Lines seleded f m  PY93 w i l l  

be tested in advaned yield trials (AY94) i n  1993/94 and the best 

lines are expcted to enter the national testing systems hy 

1994/95. This sequence applies t o  the special nurseries 

distributed in 1993 (SN93), 1994 (SN94) and So on. 

2) A set of 268 F2's (from 6 x 6 and 6 x 2 crosses) was distributed 

in  1992 for evaluation as populations in 8 locations. 'Ihese F2 

populations w i l l  be selected visually and single plant selections 

w i l l  be made a t  Te l  Hadya t o  ensure a common seed source. F3 

families w i l l  be inrreased without further selection a t  Tel Hadya 

in 1993/94 and F2-derived F, families w i l l  be distributed as the 

1995 special nursery (SN95). Ihe SN95 w i l l  contain only lines 

derived frum selection within the Magfmsb countries. 

3) In the spring of 1993 W e t e d  crosses w i l l  be designed with 

national program scientists. Many mre crosses than in  the past 

w i l l  be made to incorporate resistance to important foliar  

diseases in north Africa. Resistznt parents have been supplied 



by Dr. A. ~ a h y a d  (Ecole Superieur d'Agriculture, Kef, Tunisia) 

and by m. A. m i ,  INRA, mraxs~). In 1995 F2 populations frcm 

these crosses will be distributed an3 handled as described in 2. 

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

Maglu-eb Region. 

Besides N l y  aqloiting specific adaptation to both abiotic and 

biotic stresses, trJo additional advantages expzted are: 1) Maghreb 

expertise particularly in pathology, entamlogy and virology will be 

incorporated, into the breeding program. -1 scientists will 

handle segregating populations (F2 and EC) and generate lines which 

will then enter the special nursery testing phase, and 2) 

infomation will be generated on issues such as selection vs. 

testing environment, genotype x environment interaction, 

relationship between yield potential and adaptation to stress, etc. 

The IcXUlA base-program will 1) make crosses, 2) advance 

generations (including SSD and possibly double haploid prcdudion), 

3) produce seed to ensure a uniform seed source, 4) analyze data, 

and 5) pmvide coordination. 

If successful we will continue to decentralize to other areas. 

In 1992 we have distributed the first special nursery to the Mashreq 

region (Syrian, Jordan and Iraq) and we have made a n m k a  of 

m e t e d  crosses for the Arabian -a. A special nursery will 

be generated for that region in the next two cropping seasons. 

2.1.3. Ferfommze of advamd lines 
Tables 3 and 4 shaw the best barley lines in the 1990/91 regional 

yield trials for five areas. 



Table 3. Barley lines outyielding the national check in the Reqional 
Yiald Trials 1990-91 in Near Eest, Arabian m a  and Europe. 

M i o n  Cauntry 

Near Jam ~fara-O2/3/RMl508/F~r//WI2269 
East Harmal-O2/Raho 

Chaaran-Ol/WI2291 
Harmal-02/A. Abiad//wApn 
Sawsan/Lignee 527//Arar 
zambaka 
Wr229l/cI 13520 
cIO8887/U 0576l//Harnnal-02 

cYPn-= Arizona 5908/Aths//Lignee 640 
Harmal-O2/A.Abiad//ER/Apn 
Mari/Aths*2//M-Att-73-337-1 
Harmal-O2/A. Abiad/3/Api/CM67//Nacta 

Arab Qatar Arizona 5908/Aths//Lignee 640 
Penins 

%Arabia Lignee 5 2 7 p  1272 
~12291 

Europe Greece Arizona 5908/Aths//Lignee 640 
Lignee 5 2 7 p  1272 
Lignee640/Lignee 686 

Spain Alpha//m/Nacta 
Rihane/Lignee 527 

Italy Arizona 5908/Aths//Asse/3/F208-74 
Harmal-2/A.Abiw/EPJApn 



Table 4. Barley lines outyielding the national check in the monal 
Yield h i d l s  1990-91 in North Africa and Asia. 

mion Country Wigree 

North Algeria Deir Alla 106//Mzq/DL71 
Africa Hanml-OZ/A.Abiad/,%R/Apn 

MO.B1337/WI2291 
Alpha/Gumhuriyet 

WYPt Arr/Esp//Alger/Ceres, 362-1-1/3/WI2198/n~ 
Arizona 5908/Aths//Lignee 640 
Hamal-O2/A.Abiad//i3JAp 
Mari/Aths*2//M-Att-73-337-1 

Libya W2198//ER/Ap 
Harmal-O2/A.Abiad/3/Api/~67//Nada 
Arizo~ 5908/Aths//Lignee 640 
CCC/a?//&ql3/12410/4/Gizeh 134-2l/5/WI2269 

Tunisia Harmal-O2/A.%iad/3/Api/6167//NaCta 
Deir  Alla 106//Mzq/DL71 
Li- 527/NKl272 
Arizona 5908/Aths//Lignee 640 

Asia Iran Lignee 527/Sawsan//Bc 
Pld10342//Cr. 115/FDr/3/Bathim 9/4/Ds/Apro 
Arizona 5908/Aths//Lignee 640 
?ZR/Ap~/3/IW//Alger/Ceres, 362-1-1 
H~irn~11-02/4/7028/2759/3/69-82//D~/Apm 

cha~-Ol/WI2291 
Soufara-O2/3/RM1508/For//WI2269 
5604/1025//A.Abiad 
Deir Alla 106/3/As46. .Avt/Aths/5/As46/Pro- 
Mari/Aths*2//ArlZ0~ 5908/Aths 
WI2291/CI 13520 
M-Att-73-337-1 

Afm. As46/Pro//Bal. 16/Api/4/11012-2/Tem//H252- 
Cr. llS/mr//Deir Alla 106 

Korea Li- 527 
Li- 131 

Fak. 

Lines outyielding national checks in more than one country included: 

D e i r  Alla 106//Mzq/DL71 (Algeria and Tunisia) 

Arizona5908/Aths//Lignee 640 (~gypt, Libya, Tunisia, Iran, 



G m ,  Qatar and C y p ~ )  
Harmal-02/A.Abiad//WAp (Algeria, Egypt, Jordan and 

CYP-) 
Some parents, (Lignee 527, Arizona 5908/Aths, Harmal-02) occur 

frequently in the pedigrees of successful lines. The approach 

described makes parental selection for different areas more 

efficient. 

In Syria a pure line (Arta) derived f m  the landrace Arabi 

Abiad was tested for the fourth year in the on-farm verification 

trials and in large (1000 I$) dmnstration plots. Arta always 

ranked first and yielded 1.8 and 52% more than Arabi Abiad and 

between 2 and 33% more than the next best line (Table 5). 

Table 5. Ferfonaance of Arta in the last four q i n g  seasons in 
the on fano trialsa in Syria. 

% Over 

Year Zone No' Of ~ a n k  A-Abiad A.Aswad Best Sites Yield Line 

a two or three replications with 32 n$ plots 
unreplicated with 1000 I$ plots 

In yield trials conducted at ICARtN (Tables 6 and 7) average 

yields were about 3.3 t/ha at Tel  Hadya and 1 t/ha at Breda. At Tel 

Hadya (Table 6) the top line yielded 20% mre than the best check in 

the advanced yield trials and 25% more in the initial yield trials. 
At Eireda (Table 7) the top line yielded 21.7% more than the best 



check in the advanoed, 34% more in the preliminary and 49% more in 

the in i t i a l  yield t r i a l s .  

Table 6. G r a i n  yield (Icg/ha) in T e l  Hadya (352 mn rainfall) in 1992. 
Ini t ia l  Preliminarv Advanced 

Rihane-03 

MARI/ATHS*2 

Harmal 
A. Aswad 
A. Abiad 

No. Of Lines 1064 
Grand Mean 3365 

Top Line 5321 

N r .  > Best Check 49 (4.6%) 24 (4.5% 12 (6.7%) 

Mean Yield 4486 4575 4059 

Table 7. G r a i n  yield (kg/ha) in Bmda (263 mn rainfall) in 1992. 
Ini t ia l  Prelbanarv Advanced 

Rihane-03 
MARI/A'IFtS*2 

-1 
A.Aswad 
A. Abiad 

NO. Of  Lines 1064 
Grand Mean 1230 

TOP Line 1901 

N r .  > Best a e c k  483 (40.5%) 75 (14.1%) 27 (15.0%) 
Mean Yield 1431 1534 1468 

The origin of lines (Table 8) indicates that  a t  Breda selection from 

Syrian landraces were best, followed by ICARDA breeding lines and 

accessions from China selected a t  Bouider in 1991 ~~~~~~~~~~~~~t 



f o r  1991, p 41-42). The lm yie lds  of lines from Ramania and of same 

ICARDA lines d ica tes  the poor adaptation of winter types. At Tel 

IIadya sources of gemplasm w a s  less important than a t  Breda. Both 
the hiqhest and lowest yielding lines were from either Cyprus o r  

IcARm. 

Table 8. Grain yield (kg/ha) of different types of gemplasm in the 
Initial Yield Trials in Tal Ha&a and Breda in 1992. 

Lines No. of Tel Hadya Breda 
m Lines 

Mean Rancre Mean Rancre 

China 19 3447 2774-4412 1275 941-1548 

CYP- 42 3302 2022-5232 1177 553-1857 

Egypt 10 3060 2305-3591 1091 748-1429 

Mexico 78 3438 2323-4598 1108 630-1551 

RoaMnia 47 3217 2446-4691 940 302-1473 

LaXlraCes 11 3512 2924-4077 1499 1248-1810 

ICARDA 856 3371 1340-5321 1256 378-1901 

Best 
oleck 

2.1.4. A r e  two-raw barleys better adapted to stress then six-row? 

Whether six and two-lows barley genotypes d i f f e r  in stress tolerance 
is of ten  discussed by breeders. Work of E. Acevedo suggested that 

two-row types may be better adapted t o  ab io t i c  stress conditions. 

492 six-raw and 800 two-raw types were tested in a number of 

locations and years in f ive  cycles including three years y i e ld  

t e s t i n g  (Table 9 ) .  Unde r  stress two-rms barleys had a y i e ld  

advantage wer six-raw of between 10 and 37%. ?he camparison may be 

affected by two-rm adapted landraces (2L) which had the highest 

y i e l d .  under stress. H-er, even when ranoved, the two-raw non- 

landraes (21) still maintained a yield  advantage over six-raw of 

between 10 and 26%. I n  t he  absence of stress the y i e ld  of two-row 



and six-row barleys is similar if the larfiraces, with lower yield 

potential, are m e d  f m  the +am-row group. 

Table 9. Yield potential and yield umder stress of six- a d  two-mw 
(L=lar&a~e~, 1-n laadraoes) barley genotypes (mnnber of gemtypes 
in brackets). 

Yield potential Yield under stress 

Cycle =type W/ha 6 ~ ~ 1 0 0  ~g/ha -100 

Therefore farmer preference for six-row barley m y  limit of the N 1  

potential of the crop in unfavcurable environments. 



2.1.5. Yield potential and yie ld  under stress 

'Ihe relationship between yield potential and yield under stress has 

important inplications on breeding strategies. Published work shaws 

that when appropriate oontrasts are used, gemtypes ccmbining high 

yield potential and hi@ yield under stress are very rare. This. was 

canfirmed by an analysis of genetic correlation coefficients. A 

trial was designed in 1991 to ccanpare the best selections for yield 

potential (YP) with the best selections for yield under stress (YS) 

in a n m h r  of environments which are independent from the selection 

environments. The trial included selections (YPYS) with the best 

canbination of YP and YS and has so far been conducted for two 

cropping seasons. 

Table 10. Relative y i e ld s  of barley gemtypes selected for y i e ld  
potential (YP), y i e l d  under stress (YS) and both (YPYS) in nine 
environments. 

LDcatiod Mean yield YP YS YPYS 

Em1 3 53 73 12 1 100 

Em1 7 05 87 113 97 

-2 1189 90 108 103 

HA92 1681 98 97 109 

'IH91 2000 93 100 103 

m 2 '  3361 98 98 106 

lx922 3647 98 100 105 

' 1 ~ 9 2 ~  4230 98 97 107 

' ~ 9 2 ~  4856 99 99 102 

a B3=E!cuider, F!J+EW&a, M=Tel Hadya, I-RHassake, 1,2,3,4 are 
different fields at Tel Hadya with different P2C+ content. 

In the la~est yielding environments (Table 10) the YS selections 

yielded more than either YP and YPYS selections. The yield advantage 

disappeared at higher yielding sites. The performance of YP 

selections at high yielding sites (>3 t/ha) was similar to the yield 



of YS lines. We can not explain this lack of response of YP lines t o  

high yielding environments. 

2.1.6. Yield stability 

The long term yield s t ab i l i ty  of local landraces m y  be due to their 

genetic heterogeneity. Althoqh a n w  of pure lines with superior 

performarce have been selected from landraces (Tadmor, Arta, 

Zarnbaka), the long term objective is t o  use the best gexiotyps 

available within landraces t o  reconstitute mixtures (Ceccarelli, 

1984; Ceccarelli &. , 1987). These mixtures can be viewed as 

"improved landraces" and may have higher yields than the  minproved 

landraces as w e l l  as he-eneity t o  mpe with environmental 

variabil i ty over time. 

We are using two approaches. We have tested vimental 

mixtures of superior pure l ines selected from landraces. W e e  

mixtures w e r e  evaluated between 1987 and 1989 in 11 emrironments 

(Annual R e p o r t  for  1989, pg 31-32). A second set of mixtures was 

evaluated in 1990-91 and 1991-92 in 11 envirorments. Mean yields 

m e d  f m  31 to 4405 kg/ha. There were two groups of mixtures, one 

black seeded and one white seeded. The f i r s t  group had 5 levels of 

he-eneity (72, 34, 17, 9 and 5 ccmpnents) , the second four 

levels (35, 34, 15 and 5 ccmpnents). The experiment included 10 

pure lines, the mixtures and s i x  checks. 

The results of the f i r s t  two seasons for  the two 5-cmpnent 

mixtures, the  10 lines constituting the mixtures and the checks are 

given i n  Table 11. The white seeded mixture had an advantage over 

the f ive cmpnents ,  cambining a high average yield w i t h  a g o d  

-rise (b1.08) and a positive intercept (a=34.1). The highest 

yielding component (W-3 w i t h  1740 kg/ha) had the greatest response 

(b=1.27), but a negative intercept (a=-103.9). By contrast, the 

ampnen twi th  the highest intercept (W-5) was  the leas t  responsive 



and had the lowest average yield (1333 kg@). 

In the black seeded group the mixture did not have a clear 

advantage aver the capnents. Although preliminary the results 

indicate possibly different buffering &sms in the two Syrian 

1mces. 

Table 11. Average grain yield (kg/ha) , y s i o n  cceff icient (b) 
andintercept (a) of *mixtures, tenpure 1- and six checks in 
11 A t s .  
 ater rial' Averaae vield b a 

A. Abiad 
A. Aswad 
Ta&mr 
Zanbaka 
A r t a  
Harmal 

-lack seeded line or mixture, Wwhite seeded line or mixture. 

The second awroach is t o  ac~apare balanced sets of F2 

populations and double haploid lines g r a m  mixtures and pure stands 

to assess the role of he-eneity and heterozyqosity, on 

stability. lhis approach started i n  1992 as a collaborative projed 



with the University of Hohenheim. 

2.1.7. Aoquisition of sew garnplasm 

Boron toxicity an3 susoeptibility to Cereal Cyst N e ~ ~ b c k S  

recognized during 1992 as twu problm affecting root health, 
particularly in dry areas. Lines with tolerance to boron w o r  

resistance to Cereal Cyst N e m a t a k s  have been a- f m  

Australia. They will be srreened with a large n u n b r  of lines 

currently in our crossing block and ~-osses will be made in 1993. 

2.1.8. MeurOaOlosy 

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

manipulate segregating generations. SSD is used for different 

Purposes: 
1) to advance crosses with a high probability of superior 

reambinant inbred lines for given mrroenvirunments to 

haarrozygosity. Crosses in this category are decided upon based on 

past performance of lines with cannon parents. 

2) to g m t e  recanbinant inbred lines from crosses made for 

genetic studies including molecular markers technology. In 1992 

two of such crosses, Tadmor/WI 2291 and Arta/H.spontaneum 41-1 

were made. 
We have about 80 populations in various stages of SSD and the number 

will inaease to 100 in 1993. The population size varies f m  150 to 

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

individuals as six traits need to be recambined (&is brittleness, 

awn roqhms, peduncle extrusion, plant height, tillering and 

kernel size). - 8. Oeccarelli, 8. Grando 



2.2. IQhFEa/CIMMYT Barley Project 

2.2.1. Barley in Latin America 

The use of barley in Latin America differs with country. In Mexico 

an3 Chile most barley is used for malting with a limited proportion 

for human consamption and animal feed. At high elevations in 

Bolivia, Colombia, Ecuador, and Peru people use barley as a staple 

food. 

Mary J. Weismantel, writes in her book, F d ,  Gender and parerty 

in the Ecuadorian Andes (University of Fennsylvania Press, 1988), on 

the diet of the extremely poor. Often nothing but barley gruel is 

eaten for days. In fortunate households, it may be flavored with 

sugar, salt or a lump of fat. A chopd onion or a few potatoes may 

be added. In season, leaves of weeds are stewed with the grain. But 

most m&s consist solely of ground barley and water. Barley is the 

mjor constituent of most meals. On the depleted soil of the 

region, barley is a most dependable crop. 

The main objective of the I G S D % / C m  barley project is to 

breed barley gemplasm that m y  be released as varieties by NARSs. 

Multiple disease resistance hpruves stability of barley for poor 

farmers. 

In 1992, the Ecuadorian National Program released two barley 

varieties resistant to the main diseases in the country, stripe and 

leaf rust, s a d  and Barley Yellm Dwarf virus (BYD) . Calicuchima 
and Atahualpa are names of the covered and hull-less varieties, 

respectively. Bolivia released a variety, Kantuta, for an area of 

Cochabamba with high salt content in the soil. 

New varieties in the Andes are susceptible to loose smut, a 

disease easily controlled by chemical seed trea+mmt but it is a 

pmblem for farmers who retain seed for the follming year's 

planting. Imrporation of genetic resistance thmqh backcrossing 

to ccamnercial varieties is in progress. 



2.2.2. Studies on the Inheritance of Resistance to Sane Diseases and 

Pests 

The inheritance of Calicuchimals resistance t o  scald, leaf rust,  

BYW, and s t r ipe  rust,  was studied using two methods: 

- Double haploids (DH)--120 DH l ines originating from a cross 

betwen Calicu&ima/Bowrran were prcduceri in collaboration with 

Oregon State University. 

F1, F2, and backcross populations obtained by rrossing 

Cdlicuchima, the resistant parent, w i t h  Centinela a susceptible 

Mexican variety. 

2.2.2.1. Scald 

Resistance t o  scald in Cal icuchh was controlled by a single 

danhant gene (Table 12), for DH lines being tested as adult plants 

under f ie ld  conditions a t  Toluca, and as seedling reaction in 

Table 12. Inheritance of resistance to scald, R. secalis, using two 
methods: Double haploid lines or F1, ??2 and backcross papulations. 

pr0Senitor-s Mrmber 
and of 
Gerierations Plants 

R S 

med P 
ra t io  

Centinela All 
Calicuchima All 
F1 20 
F2 218 73 3 :  1 >.975 
Backcross 45 0 1: 0 >.999 

Calicuchima A l l  
Bawrnan* A l l  
F1 All 
DH lines 63 57 1: 1 .5-.7 

* Bawrnan derivative 



popllations tested in the greenhouse a t  E l  Batan. No attar@ was 
made t o  inoculate plants w i t h  a single isolate of Ryncbasparium 

secalis. No information was obtained on the donor source for the 

resistance as a l l  of Calicuchima's parents, L.B. Iran, UNA 8271, and 

Gloria/Oopal are resistant. 

2.2.2.2. Isaf rust 

m i t a n s !  of leaf r u s t  resistance was determined in  adult plants 

by testing the 120 M lines under field conditions using mtural 
infedion, to races of Puccinia hordei present in  the ~ a q u i  Valley 
in northhestern Mexico arid in Oregon in  the USA (Table 13). 

The ratio of resistant arid susceptible lines f i t s  a mnogenic 

inheritance, that can be traced back to the resistant Calicuchima 

parent: Gloria/Copdl. 

Table 13. Inheritance of resistance to leaf rust, P. hordei, using 
Double Haploid lines frem a cross Cdlicuchima/Bcrwnan derivative in 
tpFo locations. 

- 

Prccpi to~s  NLmlker of 
and Plants  Ratio 

- p  

locations R S 

Ql icuchima R 
Bowman* s 
l h b l e  Haploid 
lines 
S o m r a , ~ i c o  56 64 1: 1 .30-.50 
o=P% USA 55 63 1: 1 .30--50 

* Ekxman derivative. 

2.2.2.3. Barley yellow &vat3 virus 

Preliminary abservations a t  Toluca in  the surraner of 1992 for BYW 

qmptms on the 120 M lines, Calicuchim/Bawroan showed mmgenic 



inheritance of resistance to BYW w h i c h  originated from the 

derivative. The nunker of resistant DII lines was 65 canpared to 55 

susceptible lines. The results should be verified using artificial 

infedion either in the field or in the qreenhouse. 

2.2.2.4. stripe rust 

An attempt to study the inheritance to stripe rust, P. striiformis 

f.sp. h o d ,  race 24 in the greenhouse on seedlings failed. Hwer  

adult plant readions in the field were easily recognized. The study 
was carried out at Toluca Fxperiment Station urder a natural 

epidemic of stripe rust. 

The results (Table 14) showed multigenic resistance, fitting 

either the two- or three-gene hypothesis, according to the ratios 

ohserved and arbitrarily fixed threshold symptom expression. 

Resistance was inherited as a recessive trait, but the nunker of 

genes involved was not determined with precision. 

Table 14. Study of the inheritance of the resistance to stripe rust, 
P. s t r i i f o d s  f.sp. hordei, (Race 24) F1, F2, and backcross 
Popllations. 

Pmgenitors ~ u m b r  -ed P 
and of ratio 
Gemrations Plants 

R S 

FUrther studies in Oregon with RmPs confirm the nuittigenic 

hypothesis. Additional evidence comes from the reaction of several 



Cdlicuchirra sister lines in the International Barley Observation 

Nursery (IEXXJ). Same entries were resistant at three locations 

(Mexico, Bolivia, and Pakistan) while sister lines were resistant at 

only two locations. This indicates the presence of different 

virulences in these locations. Therefore, lines resistant at all 

locations must carry more than one gene for resistance. 

T h e  inheritance studies were part of the MS theses of Sqio 

Samloml in W c o  and Doris men in Oregon. 

2.2.2.5. Durable resistance 

Calicuchk, a new variety for Ecuador, carries multiple disease 

resistance but except for stripe rust, resistance depends on single 

genes that can be overcome easily by new virulent races. In 

Calicuchima, we failed to pyramid genes for resistance to scald, and 

thus may have failed to produce durable resistance. 

Information on the genetics of resistance in barley lines with 

superior perfornance is needed for NARSs breeders and pathologists 

so they can make more informed choices for varietal release. In our 

Prcgram, the information is even mre important as it guides the 

crossing program for pyramiding resistant genes. 

Barley blends m y  be a mechanism to inprove durability. An 

wimental blends of four barley lines with similar phenotypes is 

being studied. The lines differ in their resistance to several 

dkeases (Table 15). 

Mechanical blends of all possible ambinations of the four lines 

were yield-tested in a split plot design, where main plots were 

prateded and unprotected with the fungicide Folicur. The 

expriments were conducted in winter in the Yaqui Valley in 

northwestern Mexico and during smmr at El Batan in central Nexico. 

In the Yaqui Valley all four lines were susceptible to spot 

blotch, a disease that none of the four lines had been tested for. 



Table 15. Qlaractaristics of four barley lines used in the blending 
eorpariment . 
Lines Stripe rust Leaf rust Scald BYW 

Arupo (A), the best yielding line in a disease free enviromt, had 

the highest yield with fungicide protection, but its yield d.rcp@ 

considerably when it was unprotected (Table 16). By contrast, the 

lines Arupo*2/Jet (C) and Anp*2/CI3208.2 (D) had less difference 

between protected and unprotected plots--a clear case of tolerance 

to the disease. The tolerant lines C and D when cambined with 

susceptible c a p n e n t s  in the blend had reduced yield losses 

ccanpared to the susceptible lines (Table 16). Line D reduced yield 

losses in the cambinations BtD, C+D, A+C+D, M + D ,  and A+BtC+D. 

In Tanzania, the concept of spot blotch tolerance was made valid 

when the variety -91 was released, after yield test. showed 

mall yield differences in trials with and without fungicide. 

In El Batan, the blend exprjinent determined the reaction to 

stripe rust. Arvpo*2/Jet (C) , a resistant mmponent to stripe rust, 
was highest yielding is a severe epidemic. Arupo (A) yield was 

reduced ccwpared to the previous season. The mmbinations A+C, and 

C+D in (Table 16). did not differ between treated and untreated 

plots. 

When caparisons were made for both seasons, the most stable 

canbinations were: A+€ and C+D with average yields for both 

locations of 4.9 and 4.7 t/ha, respectively, untreated plots. 

Average yield reductions for spot blotch and stripe rust were 650 kg 

for A+€, and 400 kg for C+D. In an enviromt where both spot 
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blot& and stripe rust are present, m i x t u e s  may give higher yields 

and greater stability. 

2.2.2.6. Wl-1- Barley 

Increased inkzest in hull-less barleys in the Amricas has resulted 

new hull-less varieties in Canada, Chile, Brazil, andmost recently 

Ecuador. 'Ihese mtries have released naJced barley varieties for 

different reasons: 

- Ecuador's variety, Atahualpa-92, will be p m t e d  for human 

amsumption. 

Brazil and Canada's main interest is barley for animal feed. 
- a l e  is using hull-less barley as a coffee substitute and as a 

fe& grain. 

In 1992, 114 new advanced hulless barley lines were tested at El 

Batan. Most lines were resistant to stripe and leaf rust races 

present in Mexico and had good threshability. We did not abserve any 

injury of hull-less barley, due to physical damage of protruding 

embryos. Fmr germination is not a mjor problem when hull-less 

barleys are threshed by combine or animal threshing. The high test 

weiqht of 73 g was reached in the crass: Nepal 1954/Aleli. Table 17 

lists lines with yields higher than 4 t/ha. 

Protein content of the grain will be determined in all lines. 

Seeds of the best material were send to Alberta, Canada, for 

adaptation testing. An infoml agrement has been reached with Dr. 

J. Helms in Canada for increased interdmqe of Hull-less barley. 

Hiill-less lines were sent to Professor D. Marshall, University of 

Sydney, who is interested in pmting naked barleys as animal feed 

in Australia. Hull-less lines were sent to China and Nepal for 

testing for adaptation in the Himalayas. - H. V i v a r  



Table 17. Yield and T e s t  weight of Hull-less lines resistant to two 
diseases, stripe an8 leaf rust at El Batan 1992 

Cress and 
Pedigree 

Yield Testwt 
(t/ha) (9) 

2.3. Physiolcgy/Agmncmy 

2.3.1. Introduction 

This years report w i l l  again be brief. Although mintaining a 

similar format, few results w i l l  be presented as many of the 

projects have been revised or terminated and results w i l l  be 

published in international journals when final conclusions have been 

drawn. The overall goals and objectives of existing projects were  

outlined in the 1988 Annual Report. 

O x  research on adaptation t o  harsh e n v i r o m t s  of the WANA 

region is presented under three headings, barley, durum wheat and 

bread wheat. A s  indicated i n  las t  years Annual Report a l l  agronomy 



related research, if conduct&, will be presented in the FRMP 

report - 
lhe physiologists research has cnnsequently became more upstream 

and more basic. RqhaSis has been put on the -ement of thermal 

stresses and a major objective this year has been the initial 
organization and development of a laboratory to measure 
thermotolerance in greater detail. Most of the equipcent that 

arrived has been installed and tested. 

nJo networks on thermotolerance were formed, the first a regional 

network for the Nile Valley countries, coordinated by Dr. H.M. Ishag 

in Sudan and the other an International network to be coordinated by 

Drs George Kao ( A m )  and John Peacock ( I C . )  Another objective 

has been to visit our major collaborators in Europe, USA and WINA to 

discuss the future organization of projects and assimilation of data 

sets. 

2.3.2. Barley 

This continues to be our major research thrust. T k e  1991/92 growing 

season represented the end of a camplete phase of research which has 

been analyzed and written up and the start of a new area on the 

physiology of crosses involving Hordeum spntaneum. A small part of 

the wmpleted research is summarized here. 

2.3.2.1. Adaptation of barley to Mediterranean fmvhmmmts 

2.3.2.1.1. Intro&ction 

In the previous Annual Report, two development patterns adapted to 

Meditermnean environments were identified. 'Ihe first one is 

represented by early heading spring types (e.g., W1 2269/WI 2291, 

Harmal) . Development is characterized by good grcwth vigour early in 
the season, cold sensitivity, and early heading. 'I'his pattern is 

useful in Mediterranean environments with mild winters. The second 



pattern is rep-% by medium early heading winter types (e.g. , 
Tadraor, Arabi Aswad). Developmmt is characterized by a mild 

vernalization requirement and a strong ~otopericdic dependency 

after the vernalization requirement has been met (Ellis et al., 

1988). This pattern is useful in Mediterranean e n v i r u e  with 

cold winters and stress during grain filling perid. The second 

pattern has a better yield stability under harsh conditions, but a 

lower yield potential than the first pattern (Annual Report 1991). 

Here we elaborate on the differences in yield response between the 

two patterns. First, the effeds of rainfall and tenperatwe on 

grain yield will be discussed. Then we deal with the effect of 

mlpholcgical traits on yield in law- and high-yielding 

enviromts. Finally, the potential impact for breeding will be 

discxlssed. 

2.3.2.1.2. Effect of rainfall and tmperature on grain yield 

T h e  effect of rainfall and temperature on grain yield of Harmal and 

Arabi Aswad was studied for 17 enviroments, including seven p i n g  

seasons (1984/85 till 1990/91) and three locations (Tel Hadya, 

Breaa, Bouider) . 
Total seasonal rainfall was the variable most strongly correlated 

to the grain yield of Hannal, accounting for 61.1% of the variance. 

For Arabi Amad, rainfall from N o v e n k e r  to January gave the best 

fit, accounting for 65.8% of the variance. The addition of a 

tenprature variable gave a better fit, accounting for mxe 80% of 

the variance in grain yield for both cultivars if winter rainfall 

was ccwbined with the number of night frosts in spring (Table 18). 

Arabi Aswad had a smaller response to both rainfall and frost than 

Hannal (Table 19) . 
Rainfall in winter (December and January) had the highest 

contribution to grain yield. Later in the season, the contribution 



Table 18. Percentage of variance of grain yield of Hanna l  and Arabi 
Amad, explairted indivichal meteomlogical variables or 
CaIbinationS of them, across 17 &ts in northern Syria 

Harmal Arabi Aswad 

Rain (Nav-Jm) 48.0** 
Rain (Nw-Jm)+ 68.4*@ 

frost (March-April) 

Rain (N~v-Feb) 58.5*** 
Rain (Nw-Feb)+ 81.9**@ 

frost (March-April) 

':Level of significance refers to contribution of frost only. 

derreased, which m y  reflect the ammidation of stored water in the 

soil profile. The results of Tables 18 and 19 show that if winter 

rainfall is sufficient, frost in spring is the mjor constraint to 

grain yield. The lower response of Arabi Aswad to rainfall and frost 

(Table 19) reprssents a lower yield in favanable (wet) seasons, but 

a hi- yield stability when unfavourable conditions occur, such as 

late frost. 

Table 19. Parameter estimates for the multiple regression of grain 
yield (kg/ha) of barley cultivars Harmal and Arabi Aswad on rainfall 
during Novaber-Feb- (ma) and mnnber of night frosts in March 
and April, across 17 emriroments in northern Syria. Standard errors 
given in pzmm- 

-- 

W-t -874 (428.3) + -641 (433.4) 
Rain (Nov-Feb) 20.1 (2.39) *** 15.5 (2.41) *** 
Night Frosts (Mar-Apr) -180.3 (39.98) *** -100.6 (40.44) * 



2.3.2.1.3. Effect of phenology cm grain yield in high- and low- 

yielaing d-ts 

T h e  objective was to see if plant traits meafllred in winter or 

spring can be used in favourable environments as criteria for 
indirect selection for grain yield in stress environments (low 

winter teqemtures and terminal drought stress). The study included 

36 tw0-m barley entries, grmm in 14 site x year canbinations 
(environments) , nine in Syria and five in North Africa. Adaptation 
to low winter knpratures was represented by a winter plant 

ideotype (WPI) , a principl cmpnent of winter growth habit, winter 
plant colour, and cold tolerance. Vernalization requiring barleys 

had high values for WPI; spring types (no vernalization requirenent) 

had low values. Adaptation to terminal drought stress was 

rep- by heading date, scored as the nwJser of days frcnn 1 

March to heading. Data for all four traits (grmth habit, plant 

colour, cold tolerance, and heading date) were obtained fram three 

favourable enviromts (Tel Hadya, Breda, Bouider in 1987/88). 

Grain yield under favourable and unfavorable wnditions was 

represented by average yields in six high-yielding (HY) and five 

law-yielding (LY) environments respectively, standardized per 

environment to a mean of zero and a standad deviation of one. The 

direct effects of WPI and heading date on yield were calculated by 

using a path coefficient analysis (Fig. 2). 

In LY enviromts, a hiqh value for WPI (winter types) had a 

significantly positive effect on yield (Fig. 2). However, this did 

not result in g c d  yields if it was not combined with an appropriate 

heading date. Therefore, in LY environments where both low winter 

temperatures and drought stress during grain filling are likely, 

early heading winter types are expected to perform best. In HY 

environments, in contrast, the effect of a high value for WPI on 

yield was weakly negative, whereas heading date had no effect. 



Consequently, the unexplained part of the variation in yield was 
large. The difference with LY environments in the effect of WPI and 

heading date on yield is due to the fact that HY environments are 

wetter and tend to have milder winters than LY environments, 

reducing the advantage of winter types. The higher rainfall in HY 

Fig. 2. Path coefficient diagram showing the relationship between 
winter plant ideatype (WPI) , the n m r  of days from 1 March to 
heading (DH) and average standardized grain yield in five lw- 
yielding (LY) or six high-yielding (HY) Mediterranean environments. 
WPI and DH were obtained f m  three HY environments. Arrows indicate 
direct effects. U-mexplained residual. 

environments also reduces terminal dr-t stress and thus the need 

for early heading. 

The difference between HY am3 LY environments in direct effect 

of WPI and heading date on yield irdicates that different ideotypes 

are required for optimum performnce in different environments. This 

supports the conclusion of Ceccarelli et al. (1992) that the alleles 



controlling yield in both environments are not entirely similar. It 

also qests a trade-off between adaptation to LY environments and 

yield potential. 

2.3.2.1.4. IBpacA on breeding projects 

Part of the trade-off between adaptation and yield potential m y  be 

due to the fact that winter-types which require vernalization (e.g., 

Tachnor), have a poorer early grawth vigour than spring-types which 

do not require vernalization (e.g., WI 2269/WI 2291). Time f m  

emergence to the double ridge stage is negatively correlated with 

early growth vigour (F-0. 67, RO.001 at Tel Hadya 1988/89 and F- 

0.50, P<0.01 at Breda 1988/89). Poor growth vigour in winter is 

associated with low leaf area index (Fig. 3). Poor growth vigour in 

winter is disadvantageous in terms of water use efficiency (WUE). 
Wing winter, when temperatures and air vapur pressure deficits 

are low, WUE is high. Poor grawth vigour when WUE is high can limit 

the potential dry matter accumulation if water beccones limiting in 

spring. This may be the price T a h r  pays for its adaptation to law 

winter teqeratures. Combining yield potential with yield stability 

m y  be possible if the apical development pattern of Tachnor and 

Alrabi Aswad can be combined with the early growth vigour of W I  and 

Hannal . 
The results of the path analysis suggest that selection in HY 

environments for winter types with an early heading can have a 

significant positive effect on yield under stress. Several 

disadvantages are associated with yield testing in early generations 

under adverse conditions. Small plots in early generations are often 

inadequate for reliable yield testing. In addition, harsh 

environments carry the risk of losing all the material in achrerse 

seasons. If adaptation to stress can be adequately assessed in early 

generations under favourable conditions with a minimum risk of 
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Fig. 3. Leaf area index as a function of time after aneqence at 
Breda 1988/89 for W1 2269/ W I  2291 ( )  and Tacbnor (----a). 
Curves are cubic spline interplations. Arrcm indicate average 
heading date. 

losing adapted germplasm, the efficiency of selection for yield 

under stress can be inproved. mefore, we propose that in early 

generations (F3 - Fq) ,  selection must focus on the identification of 

plant ideotypes, adaptedto the LY w e t  enviromts. Once a pool 

of adapted gemplasm has been created and sufficient seed is 

available, yield testing can be done in LY target enviromts. 

@ccarelli & Grando (1989) concluded for barley in Syria that 

empirical yield selection for LY environments is rraxt efficient if 

selection is done in a representative environment using adapted 

germplasm. The proposed selection scheme thus combines ideotype 

breeding in early generations under favourable conditions with a 

relatively efficient empirical selection for yield under stress in 

later generations. - E. van Oostercm 



2.3 -2.2. Carbon-13 discrimhation as an indirect selection criterion 

in dry envirornnents 

2.3.2.2.1. Introdudion 

In 1988-89 we initiated a major research project with the overall 

aim of increasing the efficiency of selection of barley for 

drmght-prone environments. Kigh transpiration efficiency (TE) is 

considered to be important to bianrass pmduction in such 

environments. Recent studies have indicated that TE varies between 

genotypes, and theoretical prccdures have established a relation 

between TE and cI3 discrimination. The overall objective of this 
project is to assess the usefulness of c13 discrimination as a 
predictor of yield performance under stress. The project has three 

main research objectives and associated activities: 

2.3.2.2.2. Assessment of the relation between c13 discrimination, 
water use efficiency and yield under different moisture levels 

L'nlerstanding the relationship between water use efficiency, c13 
discrimination and yield requires that genotypes with a similar 

phenology should be grown at various water levels in a single 

location. This activity camwnaA in the 1988-89 season, wing ten 

barley genotypes in a line source sprinkler system at Breda. Ten 

moisture levels, representing a wide range in moisture availability, 

were assessed. The ten genotypes included both lardraces and 

inproved cultivars. They had comparable heading dates, but different 

adaptation stratqies for dry environments and differed in their c ' ~  
discrimination. 

After three cropping seasons, this experiment was completed in 

1991. Over 1000 samples from the three seasons were sent to 

collaborative institutions in Australia and the USA for c13 analysis. 



2.3.2.2.3. Assessment of the relation between c13 disahhation,  

transpiration efficiency and dry matter prcdwtion under  trolled 

envixamental conditions 

T h i s  w i m e n t  was corducted in the glasshouse in order to (i) 

investigate whether or not genotype x envimrmwt interactions exist 

for C" discrimination, (ii) assess if results from controlled 

enviromts are representative of field expdmmts,  and (iii) 

identify what factors miqht determine some inconsistencies in the 

relation between c13 discrimination, TE, and yield. 
?he same 10 barley genotypes were sown urujer four different 

moisture regimes. m e  experiment started in 1989 and was ccanpleted 

in 1991. TWO hundred samples, sent for c13 analysis, have recently 
been analyzed. Detailed results will be pn=sented in later reports. 

Hodever, preliminary results indicate a strong positive correlation 

between grain yield under moisture stress and c13 discrimination, 
while TE was negatively related to c13 discrimination. The results 
also showed a high correlation for c13 discrimination between 
different plant parts and between different developrent stages. 

2.3.2.2.4. Divqent selection for cU discrimination and yield 

T h e  objectives of this expriment were (i) to determine the 

efficiency of selection for dmqht tolerant genotypes based on 

their c13 discrimination *en ampwed with selection based on yield 

performance, under stress and non-stress conditions, and (ii) to 

s+cudy the genetic pxameters and breeding inplications for the c13 
discrimination technique. Seven crmses were made between high ard 

law c13 discriminating parents. 
All lines in the Fz generation were analyzed for c13 

discrimination. In 1991/92, 572 F2-derived F5 lines from the seven 

crosses were planted at Tel Hadya under irrigated conditions and at 

Breda under rainfed conditions. k types of selection are planned: 



(i) selection based on hiqh and law el3 discrimination, and (ii) 
selection based on high and law yield under water stress (Breda) and 

non water stress conditions (Tel Hadya, irrigated). Using a 5% 

selection intensity within each category and performing randm 

selections, 236 lines were selected. All lines in the F5 generation 

will be analyzed for C" discrimination. This experiment is expcted  

to provide information on (i) the yield correlation between 

selections based on high or low discrimination, (ii) the 

appropriate enviroment for selection, (iii) the efficiency of using 

c13 discrimination as an indirect selection criterion -ed with 

yield, and (iv) the heritability of c13 discrimination. - A. 

Dakheel, I. Naji, 8. Ceccarelli, J.M. Peaoock 

2.3.2.2.5. lkx&m s p w  

We are examining the physiology of pdsing ~psses using Hordeurn 

spntaneum. Sixteen lines, conprising the 3 parents (Tadmor, WI 

2291, and Hordeurn spntaneurn (HS)), 11 crosses of m r  X HS, and 

2 crosses of W I  2291 X HS. The crosses were made by the barley 

breeding project. T h e  material was planted at Tel  Hadya (rainfed and 

irrigated), Breda (early and late), and Bouider. The project 

continues with a major objective to establish what traits make sane 

of these crosses well-adapted to severe drought conditions. - Y.M. 
Feacock, A. Dakheel, I. Naji, 8. Gram%, V. MahalaksM 

2.4. Barley Pathology 

2.4.1. Introdudion 

T h e  barley pathology project carries out research to inprove plant 

health in traditional and inproved barley cultivation systems. In 

WANA increased barley demand has intensified cultivation. 

Intensification has important effeds on disease developnent, 



especially for those that survive in the soil or on crop debris. We 

aim to anticipate these prubl- and to develop sustainable and law 

cost control strategies. Resistance breeding is the most ecodcal 

way to control most diseases. Screening of existing or newly 

developed barley germplasm against important diseases in the WANA 

region is therefore an important cc~nponent of the project. 

Research activities are p m t e d  by diseases. Different 

diseases interact with each other and new germplasm with high levels 

of resistance to a single disease may be attacked by pathogens that 

were of minor importance previously. Iherefore our objective is to 

selezt germplasm with adequate resistance to major and minor 

pathogens, rather than select for high levels of resistance to a 

single disease. 

2.4.2. Root diseases 

Root disease research is of recent origin in the project, thus much 

of the work is devoted to documenting the distribution of different 

root pathogens and to estimating losses caused by them. 

2.4.2.1. Survey for barley root diseases in Syria 

A systematic survey for root diseases was made for the first time in 

Syria. m e  survey team included Dr Karen Bailey (Agriculture Canada, 

Saskatoon), Dr Tony Rathjen (University of South Australia, 

Adelaide) and Dr Richard Sikora (University of Bonn, Germany). A 

total of 80 fields in major barley grawing regions of northern Syria 

were sampled. Subrrawn internales of a random sample of about 20 

plants were scored for the presence of rootrot symptanrs. Most fields 

were sampled for the presence of Hetercdera avenae, the cereal cyst 

nematode (CCN).  Results are sunnmrized in table 20. Most barley 

fields had a hi* p l t a g e  of plants with severe root rot, 

especially in the drier areas. Larye differences between neighbor- 



fields were oksemed, generally earlier maturing or more drcught 

stressed crops had higher levels of root rot. within fields higher 

levels of rwt rot were associated with lower tiller number. 

Heavy infestations by CX!N were f& in the Western part of the 

surveyed area, especially in Ham and Aleppo province. However, no 

cysts were found east of the EUphrates river. The white fenales of 

H. avenae are only be detected on roots for a short t b .  Same 

fields with a high infestations by KN at the end of April (during 
arhhesis) , had no by the end of May. 

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

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

north - west 
14 May Jinderess 
20 May hlm 
18 May Bouider 
19 May Saldeh 
24 May saraqeb 

west 
1June A l G h a b  

') <25 - 275: pacentage plants with high level of root rot symptms 
: Cereal Cyst Nematode 

Same root samples have been plated to determine the causal 

agents of the root mt. C. retrad was identif ied most frequently, 

but FWariun spp. were isolated as well. Different media and 

isolation techniques were tried as saprophytes ccanplicate the 



identification of pathogenic fungi. Isolations from remaining 

sanples will be made using inpmved techniques. C. retrad and 

FtLsarium strains will be tested for pathogenicity. Preliminary tests 

shmed all C. retrad , but only few Zka-im strains pathqenic. 

2.4.2.2. €umq for diseases on rainfed barley in Egypt 

A brief survey of the diseases on rainfed barley grawn in the 

coastal area of north-west Egypt was made in March. The surveyed 

area received hiqh rainfall during 1991-92. Tnis was reflected in 
the hi@ level of leaf diseases. Septoria passerinii was recorded 

for the first time in Egypt and attacked upto 10% of the leaf area 

in some fields planted with the inproved cultivar Giza 123. Similar 

levels of attack by R h p c h o s p r i m  seedis (scald) were recorded on 

local landraces (Cereal Program Annual Report, 1991). 

Subrrawn intemcdes (SCI's) from 14 sites were scored for root 

rot symptom on a 0-5 scale. The average score ranged f m  0.0 to 

3.3. From the 1- scored SCI's (score 0-2), C. retrad was isolated 

fmm 23%, wfiile 5% yielded red picpmted EUsarium. C. retrad was 

isolated from 67% and red pigmented EUsarium from 18% of the more 

diseased SCIrs (score 3-5). It can be concluded that C. mtrad is 

the major pathogen associated with root rot syptams. However, the 

red-picpmted RLsarium isolates were found to be highly pathogenic. 

In pathogenicity tests, using barley plants grcm in culture tubes 

on solidified Hoagland medium, these Fusarium strains killed the 

plants within three weeks. White pigrented Fusarium strains were 

isolated as well, but were mn-pathogenic. 

Leaf blotching was present in most locations, on both inproved 
cultivars and l ~ c e s .  Leaf tissue f m  affected and normal plants 

of 'Giza 123' from one field in El Kasr were analyzed at the Waite 

Institute. Affected plants had a hiqh bron content (112 p), 

Ccwpared to the non-affeded ones (25 p). Boron can produce leaf 



blotching, and is a major pmblem in wheat pmducing areas of 

Austrdlia (T. Rathjen, pers. catan.). Dr R.A. Rizk (Barley 

Pathologist, ARC, Giza) ccsnpared the yield of 50 qmptm-free plants 

with 50 affected plants from the. same field in El Kasr. Aff- 

plants were found to have slightly more spikes / plant (5.9 vs 5.5), 
but a lwer yield / spike (1.5 vs 2.1 g) , which reduced grain yield 

/ plant (8.7 vs 11.8 g). 

2.4.2.3. Differences in resistance to C. mixad and crop losses 

aauseabymotrot 
losses caused by C. retrad were measured for 30 varieties by 

amparing the yield after seed inoculation with untreated seed. The 

experiment was plarrted both in a moderate rainfall (Tel Hadya) and 

in a low rainfall lccation (Breda) . For inoculated plots the average 
score (using a 0-5 scale) was 2.4 in Tel Ham and 4.3 in Breda; for 

unhcculated plots 1.5 and 3.3 respectively. Statistical a~lysis 

shawed significant variety and variety x location effects. 

Inoculation caused significant yield losses at Tel Hadya, but a 

l q e  interaction between varieties and inoculation was present. At 

Breda the interaction effect only was significant. The lack of 

consistent yield respnses  to inoculation at Breda prohbly was 

caused by high levels of inoculum in the field, as shown by high 

root rot scores in uninoculated plots. 

Ihe hiqh level of root rot at Breda was used to evaluate three 

Regional Yield Trials (RYT's). Lines in the yield trial for low 

rainfall environments with mild winters (RYT-LM) and for low 

rainfall with cold winters (RYT-LC) had less root rot than those in 

the trial for moderate rainfall areas (RYT-M). Average wer the 19 

lines under testing for the percentage of highly aff- plants 

(score 2 4) was 43% for the RYT-LM, 40% for the RYT-LC and 53% for 

R'YT-M (P = 0.016). Six-raw lines were more affected than 2-rcli~ lines 



in all three nurseries (Table 21).  

Table 21. P e r f o m  of 2 and 6-rcrw barley lines within three 
Fqional Y i e l d  Trials for Y i e l d ,  Y i e l d  Ccmpnents and Fmot Rot 
SYmptamS, B r d a ,  1991-92. 

Rfl-IM RYT-L13 RYl'-M Average 

2-r 6-r 2-r 6-r 2-r 6-r 2-r 6-r 

yield (kg/ha) 1377 1379 1386 993*** 1407 1195 1388 1202 
days t o  heading 128 128 129 135*** 130 132 129 131 
tiller / plant 1.5 1.1* 1.2 1.0 1.3 l.1+ 1.4 1.1 

entries 8 11 10 9 6 13 24 33 

') significance level of difference between 2-rm and 6 - m  errtries 
in the same nursery, using nested analysis of variance. + R 0.1, 
* P< 0.05, ** R 0.01 *** R 0.001 

2.4.2.4. Canparison of inoculation methods 

C. retrad inoculation for crop loss wperiments and variety 

screening is made by mixing seed w i t h  a peat-qum-spore mixture and 

planting the seed by hard directly a-. Machine planting 

would reduce time and increase precision, but is only possible w i t h  

dry seed. To check the effectiveness of dry C. retrad inoculum, 

freshly inoculated seed of three barley lines w a s  cmpred w i t h  seed 

inoculated 9 days previously and kept a t  room t apera twe .  Fpart 

from an unincculated control, a so i l  inoculation treatment by C. 

retrad infested cats (Annual Report 1989) w a s  included. The 

experiment w a s  hand sawn in 7 an deep furrows. Inoculation with the 

pea-qum-spore mix increased the level of root rot  symptoms 

significantly (R 0.001, Table 22) ,  oat inoculation was less 

effective. Dry ing the seed af ter  inoculation and keeping it a t  roam 

temperature did not affect the level of root rot.  There were no 



significant differences in yield among treatments. 

Table 22. Effect of different C. zx?tra l  inoculation methods on yield 
and on percentqe plants with high root rot score of three barley 
lines, Tel Hbdya, 1991-92. 

Yield (w/ha) % score t 4 

Ta Ar Fu mean Ta Ar Fu mean1) 

uninoculated 2861 2708 2958 2843 22 32 16 23 a 
m t  ((fresh) 2292 2472 2528 2430 47 54 46 49 c 
m t  ((dried) 2750 2611 2070 2477 44 56 52 5 1  c 
Oats 3056 2542 2153 2583 34 35 24 3 1  b 

mean 2740 2583 2427 2583 36 44 35 38 

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

2.4.3 8cald 

Scald (Rhynchosprium secalis) is the most wide spread and damaginrJ 

leaf disease on barley in the WANA region. ICARaAfs breeding 

mterial is annually evaluated for resistance in the field using 

artificial inoculation with local isolates. Screening in Syria is 

confirmed at several 'disease hotspots' in the region. 

2.4.3.1. Cemparison of screening at base program and in hot-spots 

outside Syria 

Holetta Research Station in Ethiopia is a hot-spot for scald, a 

disease with high virulence variability. The performre of 83 lines 

was ampred between the 1992 scree.nirq in Holetta and the previousf 

year screening in Tel Hadya (Table 23). Out of the 23 lines that 

were moderately resistant to scald in Tel Hadya, 19 were among the 

more resistant in Ethiopia. No lines were qletely free of scald 
in Ethiopia. 



Table 23. Performance of 83 advanced breeding lines for resistance 
to scald in Ethiopia (season 1992) and Syria (season 1990-91). 

Ethiopia 

score 5 4 score > 4 total" 

Syria 
score 5 4 
score > 4 

total 

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

2.4.3.2. Testhq of selectad gemplasm in seedling stage 

The Welsh Plant Breeding Station (WPBS) at Aberystwyth (U.K.) is a 

center of excellence for research on scald and netblotch. M r  Ziad 

Alandar (Senior Research Technician, Cereal Pathology) spent 6 weeks 

at the WPBS to work on seedling tests to screen for resistance to 

scald. Lines, previously selected for law levels of scald in the 

field at Tel Hadya in 1990-91, were tested against two U.K. scald 
strains. Race 0 has a law virulence, while Race 77 is the most 

prevalent race in the U.K. with a high virulence. The reaction of 

the lines was classified as either resistant (R) or susceptible (S) . 
Diversity in resistance was demonstrated in landrace lines and 

breeding material (Table 2 4 ) ,  even th- the material had w e r  

been expsd to these isolates. mese results (and 2.4.3.1) 

demonstrate the efficieracy of field screening in Tel Hadya. In 

germplasm with a high frequency of susceptibility like the Egyptian 

and Jordanian local barleys, resistant c a i p n e n t s  were identified. 



Table 24. Resistance of different types of germplasm, previously 
selected for resistance to Syrian scald strains, to two different 
m trains of -urn set. from the U.K. in seedling test at 

-, -3.wStvt.h. 

lines per resistance gmup 

total race 0 R R  S S 
Experiments lines race 77 R s R s 

Algerian landrace lines 18 7 1 1 9  
Egyptian landrace lines 6 5 1 
Jordanian lardrace lines 3 2 1 
Syrian landrace lines 24 14 6 1 3  

breeding lines 43 27 2 9  5 

2.4.4. Barley leaf stripe 

Barley leaf stripe (Fy-em#nra g r b )  is a &-borne disease of 

impor ta re  in wetter areas. The disease is spread fmm diseased 

plants to seed of neighboring plants. Research has concentrated on 

developing reliable techniques for seedling screening and for 

determining seed infestation. 

2.4.4.1. Virulence analysis 

?he availability of a reliable seedling screening method, makes P. 

grambea well suited to study virulence of isolates from different 

origins. A total of 28 pathogen strains from 10 countries were 

tested under controlled environment conditions on 7 barley lines 

with a known readion to barley leaf stripe. Table 25 summarizes the 

results. The average over isolates is given for countries with more 

than one entry. A larye difference in virulence over the 7 lines 

tested was present among isolates. Differences in specific virulence 

tawards specific host genotypes was significant, but far sl~ller 

than the isolate effect (F ratio isolate / isolate x variety: 2.51) . 
This indicates that specific virulence plays a minor role within the 



pathcgen and host populations tested. Germplasm selected for 

resistance to local Syrian strains is likely to maintain its 

resistance in other countries. Interestingly two selections frum 
local Syrian landraces ('Tadmorr and 'Zanbakal) possess resistance 

that equals, or even surpasses, that of lines with reported to have 

high lwel of resistance. 

Table 25. Fezcentage of striped plants after inoculating 7 barley 
lims w i t h  P. 5-3 isolates frun different ocxmtries. 

no varieties 

origin is01 ~r ci ~t ~a Va Za BE') -2' 

Syria 
Ethiopia 

Libya 
Denark 
Tunisia 
MorOCM 
Ecuador 
Italy 
Nepal 

Mean 32 80 2 5 8 0 2 1  2 1  

') ~ r ;  W ,  Ci; C I  6944, Bt; Betzes, Ta; Tachnor, Va; Vada, Za; 
Zambaka, Be; Beecher. 

2, m t a g e  striped plants averaged over isolates from one 
countq, Range imiicates lowest ard highest mean over 7 
varieties. 

2.4.5. Covered smut 

Covered a t  (Ustilago hordei) is present in most fanuerrs fields 

l2nnqhout the WANA region. It will remain important as long as 

farmers grow their clwn seed and don't use seed treatrent (see 

2.3.6). Breeding lines and landraces vary greatly in the level of 

resistance (see Annual Repor t  1991). Screening for resistance, using 



artificial inoculation with local Syrian smut strains, is carried 

out in early stages of yield testing and on parental material. 

Local Syrian germplasm is highly susceptible. 

2.4.5.1. Screenirq of breeding material 

For the first time we screened all barley lines in preljminary yield 

trials as well as those in a d v d  trials. Table 26 shm the level 

of resistance for both groups. A large part of the material has 

acceptable levels of resistance ( 5  5% smutted plants). Hodever, 

material with levels of smut of > 30% (the level of the susceptible 

Table 26. Performance of 530 breeding lines in preliminary yield 
testing and 180 breedhg lines for resistance to Covered Smut, T e l  
BiLdyLL, 1991-92. 

total pxcmtage lines / class1) 

w ? = M  lines 0 15 115 130 >30 

Prelimary Yield Trials 530 39 21 15 14 11 

Pdvanced Yield Trials 180 39 14 26 14 7 

" Distribution of lines according to percentage smutted plants, 
classes indicated by upper limit. 

checks 'Tacbnor' and 'W12291t), should not be advanced to trials 

meant to develop germplasm for farming systems where seed treatment 

is not used. 

2.4.5.2. Ef fec t  of environment on espression of covered smut 

Four highly susceptible barley lines where inoculated and planted in 

three locations: Breda (law rainfall), Tel Hadya (moderate rainfall) 

and Jinderess (high rainfall). At Tel Hadya there were two planting 

dates, for the late planting two sets were grown, one sown directly 



and one pre-germhated on filter paper for 5 days at 18%. 

Wqeratwe during germination seas to play a major role as is 

shawn by the effect of pre-gennimtion and the difference between 

early and late planting (Table 27). A significant difference in 

lwel of m t  was present between the hi* and the law rainfall 

locations. Haever, the difference might be caused by the lmer 

tapemture at Breda during germination. 

Table 27. Effect  of envh-0-t on percentage smutted plants of 
four inoculated w t - s u s c e p t i b l e  barley lines, 1991-92. 

Breda 3 5 34 3 1 18 29 a 
Jinderess 55 53 38 12 40 b 
Tel Hadya 
- early 37 32 52 22 36 ab 
- late, p r e g b t e d  64 59 67 50 60 c 
- late 6 7 0 0 3 

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

2.4.6. Seed treatment by fungicides 

Fungicide research is a relatively small effort within the project 

and concentrates on two aspeds; (1) Phytotoxic and phytotonic 

aspects of seed treatment; (2) Control of seed decay. 

2.4.6.1. Effect  of different fimgicides on y i e l d  

Praricus expriments (Cereal Program Annual Report 1991, 1992) 

showed that certain fungicides effect plant growth as well as 

protecting the plants frum seed-borne diseases. Wing the past year 

three advanced barley lines ( 'Tacimor', ' A r t a r  and 'Furat-2') were 

tested in yield trials with four fungicides (Vitavax, Baytan, 

Imazalil and minelate) in five locations throughout Syria. 'Ihe 



first three fungicides were applied both at the recamadd and 

dcuble rates. The ~ i m e n t  formed a part of the oollaborative 

project with the Syrian National Program. No effect on yield was 

cberved. The experiment will be repeated. in the coming season. 

2.4.6.2. Dry seed decay 

Very high seed rates (> 200 kg / ha) are cammnly used in WANA. 

Reasons for this are not clear, but pathogens that affect seed 

emerrjence m y  play a role. ~ c i l l i m  is a saprophytic fungus which 

is omnipresent in soil and on seed. The fungus can colonize seeds at 

soil moisture levels that are too low for germination. Dry seeding 

in years when first rains are delayed provides therefore a god 
environment for the develg~nent of dry seed decay. The use of 

fungicidal seed dressing is probably the only way to control the 

decay. 

The emzqence of seed inoculated with a A?nic.illim spore 

suspension and babated for one week at 18 O C  and high relative 

humidity was ccanpared with that of uninoculated., non-hcuhted seed. 

T?m different plantirsg depths were used to test the effect on 

seedling vigor. The sane varieties and funsicides as described mder 

2.4.6.1 used. lhe exp=rhmt was plantEd on 22 Deember with 

adequate soil moisture for germination and plant emergence was noted 

on 23 January. Inoculation decreased €mergence (47% for inooiiated., 

57% for uninoculated, R 0.001), while shallow planting resulted in 

a lwer plant emergence than deep planting (37% for shallaw, 67% for 

deep planting, R 0.001) . A better emzqence f m  deep planting has 

been &senred before in root rot experiments and is probably due to 

higher soil Wratures at greater seeding depth. Apart from a seed 

treatment x inoculation interaction (R 0.001) the only significant 

interaction was planting depths x varieties, caused by the poor 

emergence of Furat-2 at shallaw seeding. Figure 4 shows the effect 



of inoculation and seed treatment, averaged wer depths and 

varieties. No significant (at F= 0.05) effect of inoculation on 

emqence was present after seed treatment with the double dose of 

Vitavax, the double dose of Imazalil or the single dose of Baytan. 

Two different experiments were carried out to test the effect 

of dry-seed decay under controlled environment conditions. In the 

first the length of the incubation period was varied f m  one to 25 

days. After incubation the seed was placed on wet blotter paper and 

gennination was noted after 10 days. The same varieties and seed 

treatments were used. ?he three barley lines respnded similarly to 

the treatments. Figure 5 shows the prcentage of germinated seed, 

averaged over varieties. Under conditions optimal for seed 

gennination, an effect of inoculation was only detected after 11 

days incubation, even though fungal infection on the seed was noted 

after one week. Baytan gave the best protection, even after 26 days 

incubation. In a second expzriment seed was incubated for one week 

and placed on blotter paper for germination. After 10 days the 

coleoptile length was insaswed f m  seed with a visible infection 

and f m  seed without. Figure 6 shows that infested seed had shorter 

coleoptiles than seed without visible infection and that treating 

the seed with Baytan reduced coleoptile length. Assuming that 

coleoptile length is a measurement for seedling vigor, these results 

supprt the field data which s h d  the l q e  effect of inoculation 

on even though germination might be only affected after 

prolonged incubation. - J. van 
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Fig. 5. Effect of fungicide and inoculation with Penicillim on seed 

germination under controlled environment conditions. 
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2.5. International Nurseries 

International barley nurseries available for distribution from 

ICARDA, Syria, in 1992 m i n e d  the same as last season (Table 28). 

'Itro specific-trait nurseries, one for naked barley and one for BYW 

resistant germplasn, were assembled for the second year. 

In 1992 there was no seed shortage except for the Segregating 

Populations. A total of 388 nursery sets were distributed. This 

number was about the same as that of last year. - S.K. Yau 



Table 28. -ley international nurseries for 1992-93. 

NU==Y Wre- No. of No. of sets 
viation entries distributed 

Regular Nurseries 
cmSSing Block BCB 92 31 
Segregating m a t i o n s  BSP 122 19 
&sexvation Nurseries: 
- Low Rainfall Areas 

(Mild W i n t e r )  BON-IRA (M) 65 39 
- Low Rainfall Areas 

(Cool W i n t e r )  EON-IRA (C) 109 28 
- mdemte Rainfall 

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

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

(Cool Winter) B-fJ?-IRA (c) 24 37 - Mcderate Rainfall 
Areas B!iT-MRA 24 64 

Gemplasm -1 
Naked Barley EN 80 31 
BYW resistance BYDV 56 33 --- 

T Q h l  188 

2.6. Biobzhxhgy 

Ihe second biotechnolajy position w a s  f i l led by Dr. M. Barn, who 

holds a Doctor degree in cytcgenetics and plant breeding f r m  

W i n g e n  University, Germany and worked as a post-doctoral fellaw 

in CSIRO, Canberra, Australia. He has been involved in molecular 

genetic research of wheat, rye and triticale. 

The min research objectives are to  establish the use of RFLP- 

and FCR-marker techniques for marker assisted selection in breeding 

populations of barley. 

2.6.1. Em-markers in barley 

In barley specific monogenic or oligqenic resistance genes have 

been described for important diseases and m t o d e s .  The use of 



markers closely linked to specific resistance genes will allm 

selection for the marker resulting in resistant breeding material. 

Tlrmgh collaboration with the North American Barley Gene Mapping 

Project (NAB3P) and the German Barley Gene Mapping Project (G-) 

about 500 mapped C N A - m k e r s  for barley are available. 

At ICARDA linkages will be established between these RFLP 

markers and resistant genes in segregating populations. The cross 

Tadmr x WI2291 has been seleded for the mapping. Tacbnor, a 

selection frcw a black seeded Syrian landrace (Arabi Aswad), is 

resistant to scald and root rot but susceptible to pawdery mildew. 

WI2291, a line from Australia, is resistant to podery mildew but 

susceptible to scald and mot  rot. 

In order to use well defined hmzyycus parental lines the crass 

Tachnor x WI2291 was repeated this year by the barley breeders. The 

F1 hybrids were grown up a) to prcduce F2  segregating populations 

ard b) to serve as donor plants for Double Haploid produdion by 

anther culture and th?xmc& crosses with Hordeum bu lhmm.  F2 embryos 

were excised out of immature seeds developing on the F1 plants, 

these were transplanted on to artificial medium (B5) to speed up the 

plant develcpent process. At the end of this year DNA can be 
extracted fmw this segregating mation. 

Anthers frwn F1 plants (Tadmor x WI2291) were cultured on 

artificial media(induction d i a )  in order to induce haploid plant 

formation. The hdm& calli were transferred to a regeneration 

media. Haploid plants are being regenerated. A second set of F1 

plants has been grown up and crossed with Hordeum bulbosum to also 

induce Double Haploids. 

2.6.2. ~ e v e l c p m t  of the nonradioactive =-marker technique 

In order to use D N A - m r k e r s  w h i c h  have already been mapped elsewhere 

a bacterial transformation system has to be established. Single oopy 



CNA-markers are usually inserted as foreign DNA into a bacterial 

plasnid vector and shipped as dried DNA in this form. P l d d  DVA 

can be intmduced into bacteria by the artificial process of 

transformation. In this process bacteria are treated with heat shock 

(or high electric current) to make them teqorarily permeable to 

small IXA molecules. To identify these transformants, a selectable 

marker (ampicillin resistance) encoded by the plasmids is used. 

Several wheat and barley clones have been transformed and grawn 

up after heat shock transformation. 'Ihey are maintained permanently 

in a glycerol culture and stored at -45°C. The anplified plasmids 

have been extracted f m  the bacteria by mini plasmid preparation. 

In this form they can serve as a template for labelling with the 

nonradioactive molecule digoxigenin. 

Within the FCR (Polymerase Chain Reaction) DNA sequences can be 
anplified using the bacterial Taq-polymerase. If one of the 

artificial nucleotides is substituted by the nonradioactive labeled 

molecule ~gcorigenin it will be build into a double stzarded DNA 

molecule. 'Ihis labelled DNA sequence can then be used as a labelled 
probe in a nucleic acid hybridization. We have optimized the 

d t i o n s  for FCR-labelling with our FCR machine. We are able to 

1-1 single oopy sequences (DNA-marker) nonradioactively. 

We have adjusted the protocols for nwleic acid hybridization 

of ~~)nradioactive labelled single copy probes and their detection 

with chemiluminescence. Nonradioactive labelled probes which are 

hybridized to genomic DNA are detected with an antibcdy and coloring 

readion. - M. Baum 
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3. winter Adl Facultative Barley Improvement 

3.1. Winter adl Facultative (WW) Batley Breeding 

In Me continental Mediterranean environme.nts of WMJA winter and 

facultative barley is grawn on appmximately six million hedares 

with an average yield of less than a ton per hectare. It is not 

d y  the erratic rainfall distribution and amount which lowers 

pra3uctivity but also the severe cold for prolonged periods. 

Diseases also play a mjor role in lcrw yields. Although, the major 

use of barley is for animal feed, a significant portion is ccmsm& 

as llumn food. 

m e  abjectives of this project are 1) to develop improved W & 

F barley germplasn able to tolerate the abiotic and biotic stresses 

(Refer to earlier Annual Reports) than present cultivars which have 

higher and more stable yields with inproved quality. 2) improve 

breeding ard evaluation methods. 

3.1.1. Material Grown in 1991-92 

Rredng activities were carried out in close cooperation of NARS. 

Collaborative links have been developed with Wkey, Ilussia, 

Pakistan ard Iran. 

'Ihe breeding material comprised genetically stable lines, such 

as advanced breeding lines, screening nurseries, yield trials, local 

and exotic germplasn; and. segregating populations. 

The crossing pmgram involved winter x winter, winter x spring, 
facultative x facultative crosses employirq locally adapted and 
inproved exotic germplasm possessing desirable traits against the 

stresses mentioned abave as well as hulless crosses. About 20% top 

and double crosses were also made. 

The m a t i n g  populations were planted at several locations 

for multiple stress evaluation and. a complete set was also planted 

at Tel Hadya. m e  information gathered from other sites was used to 



make inter and intra poplation selections. 

Selections frcw Fz poplations w e r e  based on their performanoe 

a t  key testing sites including Iran. A large nmber of single 

plants were selected frcw porxilations which performed w e l l  a t  3 or 

more sites. Frau F3 onward, populations which were susceptible to 

diseases, cold or misture stress w e r e  discarded and only those 

populations were retained which possessed desirable agroncmic 

traits.  

3.1.2. Growth habit 

A continuous gradation in gmwth habit ranging f m  winter to spring 

types occurs to cereals grown in the high altitude areas of WANA 

with continental meditenanem climate (Kihara, e t  61. 1965, Tahir, 

1982 and Tahir and Banisadr, 1991). Therefore germplasm nexk of 

NAILS with major high altitude areas must not only a b c d y  tolerance 

to biotic and abiotic stresses but mt also have a range of 

develapnent patterns to f i t  highly variable regions. 

To develop suitable germplasm for these variable a g r c c l h t i c  

conditions winter x spring, and winter x winter hybrids are made to 

incorporate desirable t ra i t s  from both gene pools. A s  the spring 

type character is dcwinant, the majority of -ants in w i n t e r  x 

spring crosses w i l l  be spring types. Material is classified by 

grawth habit before it is supplied to NARS. 

I n  the spring- of 1992, 2142 lines of W & F barley were evaluated 

for grad21 habit (using the m e t h c d  and scale in Annual R e p o r t  

1991/92) in early sunnner when the temperature never goes belaw 1OOC. 

Results are given i n  Table 29. In PBSN, EESN and WBSN-2 a 1m 

frequency of facultative and spring types w a s  &served. This is due 

t o  earlier selection pressure for cold tolerance. Cold tolerance in 

general correlates with winter growth habit. H m e r  we have made 

many crosses involving Winter x Spring types to incorporate cold 



toleranoe into spring and facultative types. These have vigorous 

early ampred to winter types. 'hey give high yields in the 

Atlas m t a i n  region of Algeria and M o m ,  as well as in West 
Asia. 

In the F5's a high fmercy (53%) of spring t y p s  was found. 

lhese pqmlations were not evaluated earlier for cold tolerance and 

have been thmxgh accelerated generation advance. All the F5s were 

planted at HayrnaM-Turkey aud good differentiation between cold 

tolerant and suso=ptible lines occurred. 

Table 29. Gmwth habit of dhranwd barley breeding material. 

Nursery 
GraJth habit 

Winter Facultative Spring Total 

PBSN 124 11 3  138 
EBSN 134 20 27 181 
P E S N - E x p t . 2  62 4  5 71 
Sq. Pop. R 585 241 925 1751 

BBSN: Preliminary Barley Screening Nursery; 
EBSN: Elite Barley Screening Nursery. 

3.1.3. Breeding for -t l'blerance 

Drmght tolerance is a conp1e.x character. Most resear& has used an 
empirical appmach, subjecting large populations to moisture stress 

and selecting on the basis of yield. The range of grawth habit and 

maturity types makes the application of an empirical appmach 

difficult in the W & F barley project. To sel& genotypes that 

perform better under moisture stress without loosing important 

genetic variability for grcrwth habit and maturity range we use the 

scdle described in last year's annual report. 

Lines were evaluated for their moisture stress tolerance at 

Breda (a moisture stress site in Syria, Table 30).  ?he high 



selection frequency in IWFB3N's is because these lines were selected 
for moisture stress tolerance in the previous years. Of selected 

lines 41% were early, facultative types and 59% belonged to the late 

grcup primarily w i n t e r  types. There may be also a few spring types 

with a photoperiod reqmnse. These will be analyzed in the W I I I ~ ~  

Y-. 
The germplasm (350 entries) fran WANA countries w a s  also 

evaluated in the WFBSN. It represented considerable genetic 

variability in gmwth habit as well as in moisture stress tolerance. 

A large rnrmber (242) of lines fmm both early and late g?mq6 were 

selected. - M. Tahir 

Table 30. No. of selected lines for IhPught Tolerance at Bre&, 
1991-92. 

NO. Selected 
% 

Nursery Tatal Early Late Total Selected 

WEm: Winter Barley Crossing Block; 
IWFEMJ: Intermtiom1 Winter and Facultative Barley Observation 
Nursery 
WFBSN: Winter and Facultative Barley Screening Nursery 
PEEN: Preliminary Barley S c n s a h g  Musery 
IWFBYT: International Winter and Facultative Barley Yield Trial 

3.1.4. Ereedhg for Cold Tolerance 

T h e  most detrktal abiotic stress x-ehcing yields is l w  



tmpxature during the severe winters. Efforts were intensified to 

select winter hardy and cold tolerant material in collaboration with 

the Wlcish national p~ugram and the Agriculture Research Institute, 

w - R u s s i a .  'Ihe winter barley breeding material was planted 

at £cur sites, i.e. Ankara and Konya in Wkey, -Russia and 

--Syria h t  data from Ankara and Krasnodar is pmsentd as 
adequate screening only occurred at these sites. 

3.1.4.1. Ankara Site 

Under the collaborative agreement with Field Crops Research Center, 

Ankara a total of 2540 lines were planted and evaluated at HaymaM 

FeSerch Farm (Table 31). The winter was severe and excellent 

differentiation for winter survival (%) was made. 9% most widely 

gmim barley variety in AMtolian Plateau, Tokak, had a mean 
survival of only 35%. 

Table 31. No. of winter barley lines evaluated for winter e v a l  
at Haymana - Ankara, 1991-92. 

W i n t e r  Survival (%) Class 
NO. 

Nursery Total 0 1-25 26-50 51-75 76-100 elected. 

WBCB 200 21 70 69 30 10 48 
IWFBON 150 30 75 34 11 0 38 
WFBSN (a) 298 111 39 22 74 52 69 
WBSP - F3 315 28 129 132 25 1 13 1 
WBSP - F5 1072 840 125 90 19 0 152 
PBSN-1 252 33 42 59 99 19 135 
PBSN-2 252 73 51 57 48 23 85 

Mean survival (%) of check variety Tokak = 35%. 

'Ihe frequency of cold tolerant lines was highest in the barley 

smxdng nurseries (PBSN) whereas cold tolerant lines were in low 



freqency in IWFECN, WBSPF3 and F, popilations. The F3 and F5 

poplatiom were in the accelerated generation enhancement program 
(*f. Annual Report Cereal m-ogram, 1990) and had not been subjected 

to cold under field conditions. 'Ihe growth habit studies revealed 

that the najority of F5 poplatiom were spring types. The F3 
segregating pqmlations had a higher frequency of cold tolerant 

lines. This is due to the use of more cold tolerant parents in the 

crosses. 

Despite cold winter 411 lines had more than 50% survival, 

ccpnpared to 35% survival of Tokak, the Wkish check. Turkish 

scientists selected 200 lines for further testing. - M. Tahir, A. 

Ottekin (Fiald Crops Research center, Ankara) 

3.1.4.2. -Russia Site 

Four barley nurseries; 1st International Winter and Facultative 

Barley Yield Trials - (1st INBFYT - 23 entries), 1st International 
Winter and Facultative Barley (3rossing Block (1st IWFBCB - 83 
entries), 2nd International Winter and Facultative Barley 

&sewation Nursery - (2nd IWFBON - 150 entries), 1st International 
W i n t e r  and Facultative Barley Segregating mations - (1st IWFBSP 
- 150 entries) were evaluated under field and laboratory corditions 
for their agronomic performnce and cold tolerance. 

This winter was mild, and most ICAFCY+ lines in the autumn sowing 

survived the winter, including Rihane 03 (spring type). 

Differentiation was observed after artificial freezing in mld 

chantem. me nurseries were tested as seedlings at -9' C for 24 

hours. The data on frequency and sunrival percentage is presented 

in Fig. 7. 



Survival(%) Classes 

Fig. 7 Winter sunrival (%) in W & F barley during 1991-92 a t  

Kmsx&w-Eussia 

T h e  main objective was t o  find good canbinations of cold 

tolerance with g d  agronomic characteristics. The IWFBSP contained 

many lines with a high rate of ini t ia l  grawth ??xOmbining spring and 

w i n t e r  germplasm (Table 32) . 

Table 32. Nmber of barley lines selected at I(rasnadar - Fiussia, 
1991-92. 

NO Selected 
% 

Nursery Total Grawth Early Multi. Yield Total Seleded 
Vigour Disease 

Resis. 



In the 1st IWFBYT-1991-92, 13 lines out of 23 have shown frost  

resistance a t  the same level as 'Ibkak and considerably higher than 

Salmas. 'Ihis advanced nursery had the hiqhest portion of lines in 

the class of 76 - 100% mld sunrival. Earlier testing was 

successful. Morearer 7 lines m i n e d  a whole ccanplex of useful 

traits w i t h  high yielding capacity (Table 33) . The very early line 

Mv-46/Mazurka had fas t  i n i t i a l  grmth together with good resistance 

to Rysi@e g r m b i s  an3 &yrem@ra teres. Line Kenya 

-Belle ccwbines cold tolerance, high gracJth rate and 

resistance to leaf diseases. 

The 1st IWFBCB and 2nd IWFBON differed greatly in agroncanic 

dmncteristics, @ysiolcgical arrl mrpholqical  traits, including 

six-rowed and two-rowed forms, dense and lax spikes, awned and 

awnless, with smooth and mugh, short and long awns, early and l a te  

ripening, semi-dwarf and very tall. Pradically a l l  seleded lines 

belong to different hybrid d i n a t i o n s  and have distant parentage, 

an important factor for tmmgres ive  segrqation. Soane varieties 

of ecolqically and gecgraphically distant origin like Xerrms and 

m-oductive were included (Table 34). 

Entry ICB 100051 with such t r a i t s ,  ranked the f i r s t  in a l l  

nurseries, outyielding the checks 2-3 fold. This line w a s  tall but 

did not lodge and has a larqe bimass, which ccanbined w i t h  disease 

resistance gave it a hi* grain yield. 

The mjor i ty  of productive lines possess g o d  disease resistance 

(Table 34). The topyielding lines (Scotia 1/WA 1356, Perga/S.W.W 

1094, ICB 100051) were mderately resistant. Many of them are 

agronomically similar but differ  in resistance to different 

diseases. 
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FTdudive germplasm has been used effectively in the breeding 

program and some progress in ccanbining desirable characters has been 

achieved. If this material is also tolerant to dnxqht, it is 

valuable for future breeding. - V. Shevtsav (ICrasnodar Researoh 

Institute of Agriculture, Russia), M. Tahir 

3.1.5. B r e d b q  for Grain Quality 

Barley grain is used both as animal feed and human food especially 

in the mountain regions of WANA. Five hundred fifty one advanced 

lines were evaluated for grain protein (%) and thousand kernel 

d s h t  (gms). 

3.1.5.1. ThcRlsana Weight (gms) 

T h e  1000 kernel wimt (TKW) of Winter and Facultative Barley 

crossing Block (WBCB) (150 entries), International Winter and 

Facultative Barley Obsenmtion Nursery (IWFBON) , Preliminary Barley 
Screening Nursery (PBSN) and International Winter Barley Yield Rial 

(IWBYT) was assessed along with four check varieties, Tokak, Rihane 

03, Saw and Alger/Ceres. The frequency distribution for TKW is 

presented in Fig. 8. 

More than 25% of the lines in all the nurseries had TKW greater 

than >50 gm. The best check variety, mkak, was 49.5 gm. 
Many of the tested lines were of winter or facultative types. 

Urrder  Tel Hadya conditions these suffer terminal moisture stress 

coupled with rapidly rising terqxratures during grain filling. The 

selected lines, with more than 50gm TKW, shaw they can with-stand 

terminal moisture stress and prcduce p l m  grains. 



FREQUENCY ( 9 6 )  

TOKAK = 49.5 
CHECKS : SALMAs = 41.7 

I 
RIHAN-03 = 40.0 

.CERES = 38.2 

I 

25 3 0 3 5  4 0 45 50 5 5 6 0  
l o 0 0  KERNEL WEIGHT (g) 

Fig. 8. Thousand Kemel weight (TKW) distribution in winter barley 
b e  material, 1991-92. 

3.1.5.2. pr0tai.n content (%) 

The lines were also tested for protein content. The distribution of 

lines for protein % is illustrated in Fig. 9. The protein content 

of the WBCB and PBSN ranged f m  8 to 17% and mre than 70% of the 

lines had 11-17% pratein as ccanpared to 9.7% in the check varieties 

ToM( and Rihane 03, indicating considerable genetic variability in 

this -cter. The protein content in IWFEON and IWBYT ranged f m  

7-15 and 8-13%, respectively. The Majority of the lines (86%) had 

protein contents higher than the widely cultivated check varieties 

'Ibkak and Rihan-03. Considerable inpmement in protein content can 

been made with continuous selection. 

In general high protein is negatively correlated with TKW. 



Efforts to carbine the two traits and select the lines possessing 

other desirable a g r o d c  d-macteristics are being made. 

FREQUENCY (90) 
50  

4 0 
RIHAN-03 = 9.7 

A.CERES - 9.8 
3 0 

2 0 

10 

0 
7 8 9 10 11 12 13 14 15 16 17 

PROTEIN (Yo) 

Fig. 9. Protein distribution in winter barley breeding material, 
1991-92 

Seventeen lines w i t h  TIW ranging from 40-56.1 gm, and protein 

content of 13.6 to 16.3% were selected (Table 35) . Three lines, 

i.e. NB69296/l245//BOyerr F6/3/J-126; OR1871016 and ICB 105966 had 

more than 52 q m  TKW and protein levels of over 15%. - M. Tahir, 
F.J. El-- 



Table 35. Lines w i t h  high TIW and high protein aontent ( % I .  

S.N. Line/ax6s seed source TKW Pmtein 
% 

1. Scio/3/G1/72AB58. F,// 
WAl245 WBCB-67 43.0 14.1 

2. YEA 1819/YEA 195-4 WBCB-91 50.2 13.4 
3. 1246/1-3//4056/1-3/ 

3/0m 50 WBCB-93 50.6 13.5 
4. 3896/1-3/4/1246/1-3/3/3/ 

3887/28//3892 WBQ3-94 50.1 13.3 
5. 11162-19/FB 73258D21- 

3H-OH WBCB-123 48.1 13.3 
6. NB69296/l245//B0yerr, 

Fd3/J-126 WBCB-131 56.1 15.6 
7. GI/72AB58//WL 1245/3/ 

SCOl/WL 1356/4/LL WECE-132 47.6 14.0 
8. OR 1871016 WW3-137 52.4 16.3 
9. ICB 105966 WBCB-145 52.1 15.0 
10. OR-ID 1861480 TWFBON-15 39.8 14.3 
11. Cussack - OR 1861345 PBSN-3 48.8 14.9 
12. MD 76576-50 PEN-5 49.5 14.9 
13. ICB 106699 E'E?SN-114 40.6 14.9 
14. ICB 102496 PBSN-133 46.0 14.7 
15. ICB 100903 PEEN-152 44.3 13.6 
16. ICB 104826 PEEN-196 48.2 14.1 
17. ICB 100136 PEEN-208 50.1 14.0 
18. Tokak (winter-check) 49.5 9.7 
10. Rihane-03 (spring-check) 40.0 9.7 

3.2. International Nurseries 

'Ihe advanad breeding material (Observation Nursery and Yield 

Trials) and early segregating populations (F2s) are provided to the 

MIRS and globally on request for their evaluation and possible use. 

'Ihe results of evaluation of a c i v d  material by NARS are briefly 

presented here. 



3.2.1. Ist International Winter and Facultative Barley Observation 

Nu=-Y 
The first International Winter and Facultative Barley Observation 

Nursery was available for 1990-91. It was prepared in cooperation 

with Oregon State University (OSU), USA, and replaces the 

Inte?mational Winter and Facultative Barley Screening Nursery and 

the Barley Obsenmtion Nursery for Kigh Altitude Areas that used to 

be assembled and distributed by OSU and ICXCA, respectively. 

The agronomic characteristics of the 15 lines selected 6 or 

more times by NARS scientists in 17 locations are present& in Table 

36. Most of the selected lines were resistant or moderately 

resistant to lodging, pclwdery mildew, and scald. Five lines had a 

thousand kernel weight of less than 30 g, and their selection is 

surprising. S i x  lines had less than 20% survival at -9 "r: in the 
freezing chambers at Krasncdar, Russia, suggesting either that same 

locations may not need good cold tolerance or that cold weather was 

not experid at those locations during the season. 

3.2.2. Barley Yield Trial - High Altitude Areas (BWHAA) 1990-91 

Table 37 shows the grain yield am3 regression ccefficients of the 

five highest yielding entries in the 1990-91 EW-HAA. Entry 10 was 

more stable with a regression coefficient close to 1. The ranking of 

the three other checks (Beecher, Matnan and SdLmas) was 21,19 and 

12, respectively, a refledion that inprwed entries were included 

in the trial. Detailed results of the trial are available in the 
Annual Report for the International Barley Nurseries 1990-91. 
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Table 37. MBM grain yield and regression coefficient of the 5 
highest yid- lines in the 1990-91 -ley Yield ~lr idl  - ILigh 
Altitude Areas wer 12 locations. - 
no. Name/cross 

Yield Regression 
(kg/h) Rank coef. 

Lignee 131/Irania 
M126/CM67//C63 
WI2291/3/SP (2H)//Cr. 115/mr 
Raho//Alger/Cez-=s, 362-1-1 
Alt/MBB-FYE-E-L-7-C 

Matnan (6-row check) 
Lignee 131 (2-row check) 
seecher (Long-term check) 
Salmas (2-row check) 

* significantly different from 1.0 at P<0.05 

The NAES are identifying better varieties in the breeding 

material, however to create impact the new lines nust be tested in 
on-farm verification and on-farm demonstrations. - 8.K. Yau, M. 

Tahir 

3.2.3. Nursery d i e t i o n  in 1992 
Regular international barley nurseries available for distribution 

from ICARDA, Syria, in 1992 remained the same as last year (Table 

38). But there was a newly created special trial: Barley Him 

Elevation Adaptation Yield Trial. !Ihe trial is an element of a 

collaborative project on 'Specific adaptation of winter/facultative 

barleys in high-altitude areas of WANA in relation to local 

clhtice oonditions' involving Algeria, Iran, Pakistan, Turkey and 

ICARDA. A total of 125 nursery sets were sent to national scientists 

upon their requests. - S.K. Yau, M. Tahir 



Table 38. Barley internationdl nurseries for 1992-93. 

Abbre- No.of No.ofsets 
viation entries distributed 

Regular 
c!msSing Block IWFBCB' 150 20 
Sqrqating Popllations IWFSSP 150 27 
Observation Nursery IwFmN 150 41 
Yield Trial IWFB'YT 24 27 

special 
Yield Trial E!HEA!d 24 10 --- 

mtal 125 

' I W F  - International Winter and Facultative 
E!HFAYT - Barley Hi* Elevation Adaptation Yield Trial 
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4. Ixuun Ilnp-t 
4.1. Breeding 

The main objective of the project is to assist wdw countries to 
enhance IXlrum production by developing germplasm resistant to 

abiotic and biotic stresses; by inpming dryland breeding 

methodology; and by assisting NARSs to develop manpmer. 

The four major agro-clirnatic zones are: 

1) continental dryland, 

2) Temperate dryland, 
3) Favorable areas, 

4) High altitude areas. 

Selection environments and traits for adaptation of durum wheat 

to stress in each zone have been identified. The work on selection 

environments and traits for adaptation to stress resistance is an 

ongo- activity. 

In the 1991/92 season the western part of WANA region (Morocco 

and West Algeria) suffered fram severe early and intermittent 

drought, whereas the eastern part (Syria, Jordan, Lebanon, and Sauth 

Turkey) had late drought and warm weather conditions which caused 

termindL stress. The latter area also had a long cold period in the 

vegetative stage. Besides these abiotic stresses, wheat stem sawfly, 

Hessian fly, root rots, BYW, tan spot, and yellm rust affected 

several duum p i r i g  areas. Draqht tolerant varieties are being 

used for oolwrercial production in many camtries in the region, Cham 

3 covers a large area in Syria and already has surpassed Haurani. 
It must have been a very variable l d c e  with a common m. - 
~.~.~achit 

4.1.1. W i d e n i n g  genetic base 

The crossing proqram incorporates resistance to biotic and abiotic 

stresses and broadens the genetic base for prcductivity traits in 



dryland Mediterranean mrditions. Crosses are made between inpzwed 

genotypes, lardraces and wild relatives. 

4.1.2. Use of recurre~lt selection 

Mediterranean d m  larxbces, T. diaxmides, and wild relatives 

(Aegilops, T. nrmamxm, and T. carthlicum) were crossed with high 

yielding and stable d m  lines that  have multiple resistance t o  

biotic and abiotic stresses. The objective is to develop m a t i o n s  

w i t h  desirable traits frcnn lardnoes and wild relatives. Ihese 

crosses form the base of the cturum rear ren t  selection prograrrs. The 

Middle East durum recurrent seledion populations (ME-WP) is 

targeted to continental dryland Mediterranean areas, The Ma* 

Iberian pqpulations to temperate dryland areas (MI-DRSP) . - M.M. 

Nachit, A. Asbati 

4.1.3. Use of wild relatives 

Sixty rrosses were made between advanced lines and wild ernner (T. 

diooccoides) in the 1991/92 season to improve grain quality and 

resistance t o  Septoria tritici and yellm rust. Backcrc6shq t o  

durum eliminated undesirable t ra i ts .  A further ninety-eight crosses 

were  made with T. nwnccmcum for earliness, rust resistance, and 

early plant vigor. TWenty-five crosses were made to Aegilops 

syzcies, T. carthZicum ard T. turanicum cwnpctum. - M.M. Nachit, 

A. Asbati 

4.1.2. Use of single seed descent method (SSD) 

Olle hundred-fifty crosses were advanced four generations per year in 

the green house. SSD is used for Hessian fly, leaf rust, and 

septaria t r i t i c i  resistance. The F5 populations w i l l  be screened in 

the 1992/93 for disease and other stress resistances. The F4 and F5 

Hessian fly resistant populations w e r e  sent to INRA Morocco to be 



screened under field conditions at Settat. All hown resistance 

geneslocatedonAandBchromosameswereusedinthese~-osses. - 
M.M. mt, A. -ti, R.H. M i l l e r ,  N. Nasrallah (m, Bettat, 

-1 

4.1.3. Testing in the Bouble gradient selection technique 

Dauble gradient selection tests multiple abiotic (drought x heat and 

drmght x cold) and biotic stress resistance (diseases and insects). 

In the 1991/92 season screening for cold, drought, and heat 
resistance; and to disease and insects resistance was effective and 

several populations and advanced lines were select& which ccors3ined 

nultiple abiotic and biotic stress resistance. - M.M. M t ,  A. 

Asbati, M. Jarrah, M. Azrak, 8 .  Younes 

4.1.4. Developnent of populations for RFLP markers analysis 

Nine crosses were made for RFLP work. Polymorphic parents were used. 

Three landraces (two from the middle east region and one frcan the 

maghreb region) were crossed with each of three inproved durum 

varieties. ?he cmsses were adv- in the green house to F3. The 

lardraces were Jemah Khetifa, Hannnari, and Shihani, and the 

inpmed varieties were Waha (Cham l), Brachoua, and Korifla (Cham 

3) . The parents were screened using RFLP markers. This work is a 

joint project with Cornell University, USA. - M.M. Nachit, A. 

Asbati, M. Rorralls, E. AuMque, S. Tanksely ( O o r n e l l  University, 

Ithaca, Urn) 

4.2. Grain quality 

Parental material having gluten strength, North Dakota varieties, 

Mediterranean lardraces, and dimides were used to qqrade grain 

quality. A d v W  populations and lines were tested and only those 

with acceptable values were selected. Most of the lines had hi* 



s d m n t a t i o n  values. The check cultivars w e r e  Hami,  Olam 3, an3 

Lahn. Grain quality of new lines is either similar t o  o r  higher than 

the checks. Material w a s  analyzed for e le tmphomtic  bands. 'Ihirty- 

four lines carried the desirable e le tmphoret ic  band numter 45. 

Table 39 gives the means and ranges for sane quality traits in 

advanced lines. 

Table 39. Mean and range for sane quality traits in advanced 
auMl wfieat lines, Tel Hadya, Rainfed, 1991/92. 

Trait Mean me 

Protein content (%) 13.9 11.2 - 17.5 
1000 kernel weight (g) 39.5 
Qrotene score 4.6 
SeAbmtation value (cm) 35.5 
Sedimentation index 2.5 
V i r t u o u s n e s s  (%) 98.4 

Seed storage proteins of landraces are evaluated in 

collaboration with the University of Tuscia. Wo populations were 

studied. T h e  f i r s t  consisted of Mediterranean, and the semnd of 

Turkish highland landraces. ?he objective w a s  t o  study within and 

between variability for gliadin carponents. 

Medihrranem landraces: Seed storage proteins are not 

affeded by environment and a single seed is enough t o  determine a 

genotype's profile. E l ~ o r e t i c  studies were carried out on 

single seeds derived fmm randm spikes. A to ta l  of 1620 samples 

were analyzed. 

Band Far42 is thcught to be associated with weak gh ten  strength 

and Far45 w i t h  strong gluten. Pasta cooking requires strong gluten. 

Band m42 y gliadins are usually associated w i t h  the t r i p l e t  Ibn33- 

35-38 of o gliadins of low mo!.ecular weigfit 1(w-1), while band 

Fa145 of y gliadins are associated w i t h  band Rm35 of o gliadins and 



law mlecular weight 2 (IMW-2). Hawever, a recambination of band 

-2 of y gliadins with band W 5  of o gliadins and l m  mlecular 

weight 2 (LMW-2) was found in Berillo which has god pata cooking 

sualitu. 
Most populations had large variation for gliadin cmponents. A 

recanbination at the locus gli-B1 between band Em45 and the triplet 

-3-35-38 and m was found in the 1- durum accession 12060, 

&led Australian W a r d  which was irrtroduced f m  Egypt (Wen and 

Zeven-Hissink: Genealogies of 14000 Wheat Varieties, 1976). Band 

Em45 is usually associated with FW.5, and the triplet (Ihn33-35-38) 

is usually associated with band Em42 ( Table, 40). This accession 

was crossed with Waha (Cham 1) and Korifla (Cham 3) varieties for 

further genetic studies. 

Seed storage proteins of Turkish durum what landraces: 

Variation at the loci Glu-Al, Glu-B1, Gli-B1, and. LMW-glutenin 

skunits was studied in a durum collection of 165 accessions f m  

Turkey. A total of 14 different -1utenin patterns were 

identified resulting from the cambination of 3 alleles in the A 

genome and 7 in the B genome. Four new allelic variants, one at the 

Glu-Al and 3 at the Glu-B1 locus, were identified. Six different 

allelic variants were detected. at the Gli-B1 locus. Two correspond 

to alleles "42" and vt4511. 

Accessions with the same allelic variant at the Gli-B1 locus 

w e r e  not always uniform in the B group of LMW-glutenin subunits. 

For exanple, gemtypes characterized by the presence of o gliadin-35 

and y gliadin 45 had four different LMW-glutenin B subunit patterns, 

whereas those with o 33-35-38 and y 42 had only two types. Seven 

different W-glutenin B s-t banding patterns were identified 

and two of them correqmnded to LMW-1 and. LMW-2. Genotypes with w 

35, y 45 and W - 2  were also classified into four groups on the 

basis of differences detect& on the IMW-qlutenin patterns by two 



dimensional electrophoretic analysis. The collection was also 

evaluated for the grain quality prameters; protein content and SE- 

Sedhmtation. 

Table, 40. Different recanbinatins of associations between Glu-B3 
aad Gli-Bl  loci in different varieties. 

Glu-B3 Gli-B1 W i t y  

1 33-35-38 42 Bad (Waha) 
2 35 45 good (Korifla) 
2 35 42 good (Millo) 
2 33-35-38 45 good (ICD12060) 

SE-Sedimentation values of accessions ranged from 34 to 86 nun 

and 10% of entries had StS-values significantly higher than the best 

Italian dunnns. Gluten quality was strongly associated with the 

variation for LMW-glutenin B subunits and for HMW-glutenin subunits 

encoded at the Glu-Al locus. HMW-glutenin subunits encded at the 

Glu-B1 locus, were found in general to be p r  indicators of gluten 

strength, although subunit 20 showed a negative influence on 

quality. Same new patterns for LMW-glutenin B subunits appear to be 

very promising for the improvement of gluten visco-elastic 

properties of ~LDXIII wheats. - M.M. Nachit, F.J. Haramein, A. 

Inpiglia, A. -ti, M. Azrak, M. Jarrah, A.M. Gallo, D. Lafinadra, 

E. PDoeadu (Univ. of Tuscia, Viterbo, Italy), L.M. Martin, I.J. 

CuberO (rmiv. of C o ~ ,  Spain) 

4.3. Biotic stresses 

4.3.1. Disease resistance 

Fifty crosses were made for Septoria tritici, 40 for cammon bunt, 83 

for leaf rust, yellm, and stem rusk, and 30 for BYDV. All crosses 



had at least one parent resistant to yellm rust. Crosses with 

h-iticum d i m i d e s  were used to widen the genetic base for 
resistance to Septoria tritici and yellow rust. At Tel Hadya many 

segregating populations showed resistance to Septoria tritici. 

Advanoed scsreening for multiple disease resistance: To 

identify germplasm carrying resistance to several diseases, one 

hundred and forty thee durum lankaces resistant to a single 

disease were screened for multiple disease resistance. Sixteen 

lardraces were selected. Resistance was identified to Cclrmnon bunt 

( T i l l e t i a  fce t ida and T.caries) , Septoria (MyaJs@ae.rella 

graminioola), yellm rust (Fuccinia s t r i i f o r m i s ) ,  leaf rust 

(Fuccinia reoondita) , and stem rust (Fuccinia graminis). - M.M. 

Nachit, O.Mamluk, A. Bpiglia, 2. Younes, M. Azrak, A. Asbati, M. 

Jarrah. 

4.3.2. Insect resistance 

4.3.2.1. Wheat stem sawfly 

Forty crosses were made for resistance to wheat stem sawfly. All 

popllations were subjected to natural attacks by stem sawfly at 

Breda and Tel Hadya. Omsses using solid stem Moroccan lardraces, 

were made to diverify genetic resistance. 

4.3.2.2. Hessian fly 

In addition to the single seed descent crosses another 61 crosses 

were made and sent for resistance screening to INRA, Settat, 

Morocx!O. 

4.3.2.3. Aphids 

Inheritance studies for resistance to Russian wheat aphids (M) 

were conducted with crosses involving Russian varieties. 

Crosses for m i a n  wheat aphids are: 



Qntel-6 / Sarat.QVSkap-59 

Bicre / D 1985 

Omtel-6 / D 1984. 

All segregating and advanced populations w e r e  e>q?osed to 

natural infestation w i t h  Ihlssian wheat aphids in the surmner planting 

a t  T e r b l .  Resistant material w a s  selected. - M.M. Nachit, R.H. 

Miller, M. Baun, A. Asbati, M. Azrak, N. Nasrallah (INRA, Settat, 

nomcco), 0. Flenhabib (INAVHII, Rabat, Morocco) 

4.4. Abiotic Stress  Resistance 

4.4.1. G e D p l a ~ m  screening 

Advanced testing for dryland p e r f o m :  Select& landraces 

w e r e  rescreened for stress tolerance characters in the rainfed 

planting a t  Tel Hadya. They originated frcan eight different 

countries in the M e d i t e r r a m m  region. Among the Mediterranean 

l-ces, three Moroccan lambraces (m0, M1297, and M1143) and an 

I tal ian landrace (Broth) yielded better under dry conditions than 

thechecksChamlandCnam3, butmtbet ter thanOmrabi5.  Several 

crosses were made w i t h  these accessions. 

Screening for sal inity Tolerance: IXlrum wheat landraces frum 

Iraq and India and four sa l t  tolerant lines provided by Dr-Dvorack 

(Davis University, USA) w e r e  screened for sal inity tolerance using 

a sand-culture technique in green house. One accession from India 

and one accession f m  Iraq s h d  same tolerance. Davis material 

showed a high level of s a l t  tolerance. Crosses w i t h  salt tolerant 

material were made l a s t  season. ?his work w i l l  continue using 

Egyptian landraces. - M.M. Nachit, A. Inpiglia, A. Asbati, 2. 

Younes 

4.4.2. Drought Resistance 

Severe early and intermittent drought occurred during the 1991/92 



season in Moroczo, W e s t  Algeria, Spain, ard Portugal; and l a te  

drm#k in Syria, Jordan, Lebanon, and South  Turkey. The rainfall  of 

the 1991/92 season in Breda station was  similar to that of the long 

term average. Favorable moisture conditions cambined with low 

tenpemtures prevailed during the vegetative phases (Octaber - 
February) ; and stressed moisture conditions w i t h  high -+ares 

during the  reproductive stages (March - June). The rainfall  

clistribution for 1991/92 season a t  Breda station w a s  the reverse of 

that  for 1990/91 (dry conditions during the vegetative phases and 

wet ones during the reproductive stages). 

Table 41  gives the average grain yield (kq/ha) and 

precipitation (nun) a t  Breda for the l a s t  7 years. In 1991/92 mean 

yield was similar to the mean of the l a s t  7 seasons. Grain yields 

ranged from 409 t o  1936 kg/ha. Several lines were identified w i t h  

yields greater than the stress tolerant cultivars: Haurani, Cham 3 ,  

and (hnrabi 5. The results confinned the fl~periority of Omrabi 5 over 

Cham 3. Omrabi 5 represents the second cycle of inproved dunms for 

Table 41. Grain yield (kg/ha) of advanced dunnu yield trials ( A m )  
at Breda for las t  7 years. 

Grain yield (kg/ha) 

Season Rainfall (nun) Mean Max.  Haurani 

dry areas, whereas Charn 3 represents the f i r s t .  Drought tolerant 



durum germplasm is being released in many WANA countries to replace 

ladzaces in dry areas. Cham 3 is n m  the most widely dunrm. 

These results demonstrate continuous progress in developing mt 

tolerant dunrm gemtypes. 

Table 42 gives the yie lds  of t h e  bes t  lines (Lahn//Gs/Stk = 

Iagast ; Quadalete//Erp/Mdl/3/Unkn) i n  dry conditions a t  Breda. 'Ihese 

originated fmm crosses made in 1986 and 1987 and w e r e  selected 

under the double gradient of moisture and tempmture (Annual 

reports, 1986, 1987, and 1988). Selection emphasized ab io t i c  and 

b i o t i c  stress resistance (Nachit et dl., 1988). 

Table 42. Grain yield of drought tolerant premising lines under 
-land d t i o m ,  1991/92 

No. Cross/entry Grain y ie ld  Cham3 Omrabi5 

4.4.2.1. Traits associated with yield under nuisture stress 

The mrphc-physiological traits associated with grain yie ld  under 

dry conditions were peduncle length (. 52> p =O. 001) , f e r t i l e  

tillering ( 45 > p = 0.001), and spike f e r t i l i t y  (.45> p =0.001). 

'Ihese results again demonstrate the importance of peduncle length as 

a stress resistance trait f o r  dry areas with termindL stress; and 

confirm earlier findings (Nachit, 1983; Nachit and Jarrah, 1986, 



Nachit et al., 1992) . 

4.4.2.2. 8creeniag for miskrre stress tolerance 

The use of proline accumulation and fluorescence inhibition as 

predictive tests for drought tolerance in durum was investigated 

with the University of Montpelier. Proline awmulation and 

fluoresceme inhibition were related to drought susceptibility index 

for grain yield, biological yield, kernel weight. The relationship 

with other traits was dependent on seasonal weather conditions. 

M i  crc6ses sh& high values for traits under stressed 

conlitions. - M.M. Nachit, E. Acewedo, A. Asbati, M. A z d ,  T.A. 

Dib, P. Monneveux (Univ. of Montpelier, France) 

4.4.2.3. Relationship of RFLP markers w i t h  drought tolerance traits 

The objective is to see if RFLP markers can fundion as indirect 

selection criteria for traits associated with drought tolerance. 

Indirect selection for RFLP markers may have an advantage wer 

direct selection as the tlheri+abityt' of the RFLP phenotype is 1.0; 

i.e., genotype = @emtype. Dired selection for RFLP marker loci 

should result in a correlated response increasing the frequency of 

favorable alleles associated with drought resistance. m-eliminary 

results show that same RFLP marker; are linked to stress tolerance 
traits (Table 43) . The results are emaraging and show the possible 
use of RFLP markers for durum breeding in WANA region. FUrther 

s t u d i e s w i l l b e u n d ~ t o ~ R F L P a n d ~ ~ ~ e s i n d u r u m  

b d i n g .  

The genetic diversity of WANA durum wheat lan3.races was studied 

using RFLps. study was conducted with EcorI as the restriction 

enzyme ard p r c i ~ ~  that sh& high values for polymor@iisms in 

durum. Thirty-nine probes provided 132 polymorphic bands. Ihe data 

were used to calculate Nei genetic distance between all possible 



pairs of landraces. Cluster analysis was also used for mrpho- 

physiological data. %ree major clusters were identified. m e  first 

included landraces from the Middle East, Greece, Italy, and scme 

£ran the Algerian plateau; m e  second cluster included most of the 

lardraces f m  Morocco, Jordan, and Algeria. mis cluster also 

includes many of the inproved genotypes for t a p r a t e  climates; and 

the third cluster included same landraces and inproved genotypes for 

the Mditerranean continental climate. These results shawed a stmng 

similarity between the landraces of Jordan and Morocco. - M.M. 

Nachit, M. Bam, and A. -ti, M. Sorrells, 6 .  Tanksely,  E. 

Autrique (Corne l l  Univ., Ithaca, USA), P. Mmevew, T.A. Dib ( M v .  

of Montpel ier ,  -) 

Table 43. Traits that sImied relationship w i t h  RFLP markers 

Trait Probe x c h m m x m 1  location 

p.m.leaf rolling b3xls7s, b35x2s, i26x6s 
a.m. leaf rolling i28x2s, c19x2s, elxls, 

b37x516s 
Awns length d l U l  
c a n o W ~ ~  j 19x2s 
Leaf color f19x2s, a37X516s, a37x516s, 

i37x516s, b8x51, gl9x2s 
Waxiness a19x2s, 
Apex developent b28x2s, b28x2s, £15~51 
Water potential bb28x2s, 019x2s, g19x2s, 

dlxls, d31x4s 
Early vigor e28x2s, ~4x1141, f15x51 
Chlorophyll b e28x2.5, i37x516s 
Fertile tiller- under stress M9x2s, f15x51 
Prcductivity (AS) b8x51, g19x2s, f37x516s 
Spike fertility under stress dllx31 

4.4.3. Cold and Frost Resistance 

m e  continental Mediterranean dryland and hi@ plateaux of WANA are 

often cold in the vegetative stage and frosty at anthesis. The cold 



and frost incidene increases with latitude and altitude (Annual 
Report 1986, 1987, 1988). The continentdl areas are also 

chamderized by drought, and terminal stresses. Evaptrampiration 

in the vegetative stage is law. Hawever, during the grain filling it 

increases quickly and exceeds precipitation. Cold damage in the 

field reduces dry matter and tillering, frost reduces spike 

fertility. muble gradient selection uses early planting to test 

material for cold and frost tolerance. Screening for cold and frost 

tolerance was impeded in 1991/92 by a slaw tenperatwe fall 

piwiding cold hardening. Plants were exposed to near freezing point 
tenperatures during the early growth stages for almost 3 months. 

This increase3 the ability of sensitive genotypes such as Stork and 

C h m  1 to survive law knperat~~es. However, these conditions were 

in many regards similar to those enanmtered on the high plateaux; 

and may explain the relative good performace of Cham 1 (cold 

susceptible) in these areas (see annual report of 1991). 

Althcugh it was not possible to score canopy damage, 

differences for grain yields in the cold tolerance nursery were 

large. 'Ihe mean yield was 5533 kg-/ha and ranged from 2187 and 8627 

kg/ha. Omrabi 5 was the best check with an average yield of 6519 
kg/ha; its crosses T(u/Gmrabil5 and Omrabi/Lahn (Omlahn) yielded 8449 

and of 8289 kg/ha, respedively. tUnnn lardraces germplasm from 

different areas in WrUA is present in the genetic backgrowd of m y  

advanced lines; e.g. , crosses with Kyperounda showed hi* 

perforwince under cold and mild conditions (Table 44). 

4.4.4. Resistance to Temhal Stresses 

The objective is to inprove durum resistance to terminal drought and 

heat stress. The late planting and sunnner planting are used to 

identify resistant material. Table 45 gives the best lines under 

terminal stress. 



Table 44. Grain yield of p d s h q  lines under cold conditions in 
ccmparison w i t h  checks in 1991/92. 

No. Qoss/entry 

% of increase 

Grain yield Cmuabi 5 oLam 1 

Table 45. Grain yield of p d s h q  lines under terminal stress 
conditions in omparison w i t h  checks in 1992 

No. ~/~ Grain yield Stork Cham 3 

Stork 9 19  
Cham3 1037 
ISD(O.05) 422 

Table 46 shows the highest yielding lines compared to  checks 

for heat tolerance. The mean grain yield w a s  479 kh/ha and ranged 

fmn 214 to 1674 kg/ha. selections under summer and la te  planting 

conditions a t  Tel Hadya and conditions of T e m l  identify 



germplasm with hi@ levels of heat and termiral stress (drought x 
heat) resistance. - M.M. Nachit, M. Jarrah, A. Asbati, M. Azrak 

Table 46. Grain yield of pmaising lines under heat conditions in 
with checlcs in 1992. 

% of increase 

NO. Qoss/entry Grain yield Stork Cbam3 

Stork 
Cham3 
LSD(O.05) 

4.5. Adaptation 

4.5.1. PhotoperioB and vernalization 

Twenty lamkaces and inproved cultivars of durum w e r e  tested for 

@mbperiod response and vernalization requirement at Tel Hadya in 

the green house. In contrast to bread wheat results shaw that for 

the durum cultivars tested, photoperiod ?xspnse was more important 

than vernalization requirement. F'urther analysis will assess the 

interaction between photqeriod respnse  and vernalization 
requirement in durum and. bread wheat. - M.G. Mosaad, M.M. Nachit, 

G.O. Fe?=rara 

4.5.2. Perfonnaace of advanced genotypes w i t h  different photqeadd 

response and vernalization requi-ts 

Cne hundred and. forty three durum lines were srreened for 

phokpriod and vernalization requirements. Nine durum mations 

were seleded for different cambinations of photoperid response 



(early, intermediate, and late) and vernalization requirement (weak, 

moderate, and strong) . Yield testing was coducted in Rainfed, 
Early, Late, and Summer planting (Tel Hadya) ; in Breda; in Wrbol 

(Iebamn) ; and Dromolaxa (Cyprus). The photoperiod responsive and 

strong vernalization requiring population was the highest yielding 

in the Early planting and at lkrbol (Lebanon), while the photcpriod 

responsive (late) and weak vernalization requiring population was 

highest yielding in Breda (1398 kg/ha) , Dromolaxia (2913 kg-) , 
late planting (1205 kg/ha), and Rainfed (3320 kg/ha). The 

photoperiod responsive and moderate vernalization requiring 

population was best in the hot environment (Sunnner planting at Tel 

Hadya). The photoperiod responsive, early population had no 

significant advantage in any of the environments, although same of 

the sites were dry and temprate. This finding contrasts with 

earlier results where earliness was found to be important under 

dryland conditions. Hc~wever, it conforms with the phenology of 

different W?Wi 1anctrace.s. 

4.5.3. Relationship between RFLP markers with yield 

The objective was to associate RFLP mark- with grain yield in the 

environments used in the double gradients selection environments and 

in sca~le contrasting sites in the region, Shandaweel (irrigated and 

warm) in South Egypt, Athalassa (dry and temperate) in Cyprus, and 

Diyarbakir (dry and continental) . RFLP markers were associated with 
grain yields in each site. For instance, high yielding genotyps in 

the Early Planting correlated with high yielding ones at Diyarbakir 

and were associated with RFLP markers located on the short arms of 

the 6 chramosame. H i m  yielding genotypes in the Late Planting 

associated with ones in Shandaweel and markers were located on the 

long arms of the chromosomes 5 and 6. These results suggest that 

RFLP markers could help in understanding durum performance and 



adaptation in different environmnts. lWo dmm single seed descent 

pqulations were developed for studying ~oixpriod response and 

vernalization requirement and were screened with several markers 

located. on chromosames: 25, 2L, 5L, and 7. 

4.6. GE interaction 

'Ihe study to identify site effects on GE interaction, shmed that 

sites' yields and compnents of GE interaction (first environmental 

interaction principal cmpment=IPCAle) were both associated with 

latitude, altitude, rainfall, irrigation, nmber of days with 

tmpratures belm freezing pint, soil type, and nitrcqen 

fertilization. Associations betweem sites' grain yields, 

environmental variables, and 1-e reflect& productivity. The 

relationship between genotypes' grain yields and same mrpho- 

physiolqical traits, showed that genotypes' grain yields were 

associated positively with early growth vigor, prcductive tiller*, 

spikelets/spike, and leaf rolling index; and negatively with height, 

anthesis, maturity, and leaf posture. Genotypes' grain yields and 

genotyps' first Interaction Principal Cmponent Axis (IPCAlg) 

scores were nqatively associated. Thus, IPCAlg scores were 

correlated negatively with productive tillering, spikelets/spike, 

postmeridiem leaf rolling, leaf rolling index; and positively with 

height and pzhmcle lenqth. Results &awed the contribution of 

mrpho-@xysiolcgical b i t s  to GE interaction in the Mediterranean 

region. 

4.7. Yield Stability 

Mediterranean dryland conditions are characterized by a high year- 

ta-year and site-to-site variation, particularly for rainfall and 

temprature (Nachit, 1986). Climatic conditions between years within 

an environment can vary from stressed to very favorable. Therefore, 



varieties need both stress tolerance and yield responsiveness 

(Nachit , 1989) . In law rainfall areas Omrabi lines and their hybrids 
were the m t  stable genotypes in the RDYC-LR, 1991. Similar results 

were also found in mderate rainfall areas. - M.M. Nachit, M. 

Jarrah, M. Azak, A. Asbati 

4.8. Perfozm~ce under Mediterranean Ewimments 

4.8.1. Identification of desirable traits lmder different 

-ts 

Until recently, durum wheat landraces covered large areas. T h e  

landraces had severai desirable morpho-physiological traits that 

improve adaptation to dryland conditions. A joint study with the 

University of Cukorova, Turkey, determined the relationship of sane 

morpho-physiological traits with grain yields under contrasting 

environments. Forty-nine dunnn wheat landraces were grown in four 

sites representing different environments: Adana (favorable rainfall 

and taprate environment) ; Early Planting at Tel Hadya (favorable 

rainfall and continental environment); Rainfed at Tel Hadya 

(moderate rainfall and continental environment) ; and Breda (dry and 

continental environment). In each environment several mrpho- 

physiological traits were determined. In the favorable rainfall and 

tenprate environment, the main contributors to yield were: fertile 

tiller- and hedoliter weight (44 and 18%) ; in the favorable 

rainfall and continental environment: spike fertility (11%) ; in the 

moderate rainfall and continental environment: hectoliter weight and 

spike fertility (29 and 14%): and in the dry and continental 

environment: earliness and spike fertility (44 and 19%). - M.M. 

Nachit, M. Jarrah, I. Genc (Univ. of C u k o m ,  Adana, Turkey) 

4.8.1.1. Continental Mediterranean dryland 

Screening for continental dryland conditions is made at Tel Hadya in 



rainfed plots. The average trial yield was 3256 kq-/ha a ranged 
frcan 1665 to 4947 kg@. Performme of advanced lines is shown in 

Table 47. 

Table 47. Grain yield of premising lines under continental dryland, 
199y92. 

% of increase 

No. Crcss/entry Grain yield H a m i  Cham 3 

1310 Omrabi3 4387 131 129 
301 Khbl/Amarelo de E!arba Branco 4380 131 129 
1014 Genil 4371 131 129 
1309 Marrout 4349 130 128 

In 4 years testing under farmers dqland conditions in Syria, 

the line Cknrabi 3 outyielded both the local cultivar H a m i  and the 

newly released cultivar Cham 3. The results shw the successN 

ambination of moisture stress tolerance with adaptation to seasonal 

variability. Omarbi 3 is adapted to the Mediterranean continental 

dryland; and is proposed for release in Syria and Tunisia in the 
1992/93 season. 

'Ihe release and cultivation of high yielding, stress tolerant 

dunnu cultivars is expanding in the WANA region. Varieties such as 

Cham 1, Waha, Petra, Cham 3, Sebou, and Omrabi sister lines are 

widely grown in dry areas. In Syria, the area sawn to Cham 3 is 

increasing, more than 60.000 tons of certified seed of was 

distributed to farmers in Syria in 1991/92 for cammercial 

pruduction. Clmm 3 is also released in Algeria under the  me of 

Karifla. 



4.8.1.2. Teqerata Meditanmman dryland 

Saeenhq for tenperate dryland corditions occurs in collaboration 

with the Cyprus prcgram at Dmanolaxia and is targeted at areas with 

dry k t  tenperate conditions. The trial averaged 2895 kg/ha and 

ranged between 793 and 5693 kg/ha. Several lines yielded better than 

Cham 1 (Table 48).  Cham 1 is similar t o  the national check Karpasia. 

In North Africa, bnrabi and Brachcua had high and stable 

yields. Omrabi lines 3, 5 and 6 are being considered for release in 

Tunisia, Morocco and Algeria respectively. Brachcua is being 

increased in Libya. In Jozdan, M i - 5  and Brachoua are under large 

scale testing in farmers fields. 

Table 48. Grain yield of p d s h g  lines under t s p x a t e  dryland 
Dxamlaxia, Cypw, 1991/92. 

No. Cross/entry Grain yield C h a m 1  

4.8.1.3. Favorable areas 

Table 49 shows the performince of advanced durum lines tested under 

continental favorable conditions. The average yield was 4269 kq-/ha 

and ranged between 2589 and 5520 @/ha. These resuts confirm 

earlier findings, shmirq suozss in mining stress tolerance with 

hi* yield (Nachit, 1988). The high yielding cultivar Iahn combines 

yield potential with cold resistance, multiple disease resistance, 



and grain quality. Q-osses between high yielding and stress tolerant 

genotypes give w e l l  adapted germplasm for the favorable 

Medikrmnem areas. The cross Stn/Agia is promising in  these areas. 

'Ihe cultivar Iahn is grcxrm extensively by farmers i n  high 

rainfall  and irrigated areas of Syria. Because of its w l d  tolerance 

and better grain quality, Iahn is now replacing Chain 1 and already 

covers more than 100.000 hectares i n  Syria. Further, Chen/Altar was 

released in 1991/92 for high rainfall areas in Tunisia. 

Table  49. Grain yield of p d s i n g  lines under continental 
omditions, Terbol station, Lebanon, 1991/92. 

% of increase 

No. Cross/e.ntry Grain yield Qmml Stork 

C h a m 1  4392 
Stork 4449 
LSD(O.05) 1250 

4.8.1.4. High Altitude Areas 

Developmt of durums adapted t o  high altitude areas w i t h  resistance 

to mld  and. biotic stresses was given a high priority in 1991/92. 

Q-osses and selections were made w i t h  the national program of 

Algeria for the high plateaux. Similar activit ies w i l l  be init iated 

in 1992/93 with the Turkish program. - M.M. Nachit, M. Jarrah, A. 

Asbati, M. Azrak, A. Benbelkawm (ITOC, Khroub, Algeria) 



4.9. ~ i o l o g y / k g r o ~ ~ m f  

4.9.1. Inlmduction 

For the fourth season, 81 ciurum wheat genotypes were sawn at Tel 

Hadya and Breda under rainfed conaitions. In addition, an irrigated 

control was sawn at Tel Hadya. The genotypes included ladraces f m  

northern Africa, southern Europe, and western Asia, as well as 

improved genotypes. The genotypes were also planted in France, as a 

part of a collaborative project with Dr. P. Monrieveux at WINS, 

Montpellier. The objectives of the physiology d m  wheat pmj& 

were listed in the 1991 Annual Report. A brief report on the 1991/92 

environment only will be presented here. 

The 1991/92 season was characterized by severe frost. The 

nmker of days when tenpratures dropped belm O°C at Eireda was 66, 

the drier site, and 53 at Tel Hadya (60 and 52 days of frost fmm 

awqence until harvest respectively). Rainfall was higher this 

season than during the previous three, and was 260 mm at Breda and 

349 nun at Tel Hadya. Hmever, distribution was characterized by 

severe moisture stress during the period of mimum grawth and spike 

devdopwnt. Rainfall in March and April was only 16.2 nun at Breda 

aXl 18.4 mm at Tel Hadya. Average grain yield at Breda was 93 g/d, 

at Tel Hadya 288 g/n? and under irrigation 467 g/d. The differences 

in yield between the two rainfed environments were related to more 

stored soil moisture stored early in the season at Tel Hadya, to the 

higher evaporation between heading and mturity at Breda (627m at 

Breda and 499m at Tel Hadya), and to frost which caused extensive 

dmage to spike development at Breda. 

Data f m  nine environments (year x location combinations) are 
now being analyzed in detail and will be submitted for publication 

in international journals later this year. 



4.9.2. The Role of G h x m m ~ ~ ~  aa a Selection Criterion for Drought 

tolaranee in Ixlrum Wheat 

The importance of glaucousness (a waxy layer on the vegetative parts 

of cereal plants) in increasing yield of durum was assessed in seven 

pairs of iscgeneic lines under irrigated and rainfed conditions in 

T e l  Hadya and under rainfed conditions in Breda. A detailed study of 

the relation between glaucousness and yield performance, 

transpiration efficiency and other physiological traits was carried 

art under controlled conditions in a plastic house. 

Four isogeneic lines were planted in plastic pots, under three 

water regimes. The first treatment was field capacity thmqhout the 

plant life cycle, the second at one third field capacity, and the 

third at field capacity until heading and at one third field 

capacity thereafter (terminal moisture stress). Each moisture 

treamt was maintained by daily weighing of each pot and a&lhg 

the amount of water lost by evapotmnipiration. The proportion of 

water last via direct evaporation was estkted. from pots without 

plants. In each moisture treatment harvests were made at the 

tillering stage, at heading, mid grain filling and at maturity. 

Water use efficiency, biological yield and other physiological 

traits were esthted at each stage. 

Results showed that the grain and biological yield of glaucous 

isolines was significantly higher than nonglaucous lines. Under 

unlimited moisture conditions (field capacity treatment), glaumus 

lines had a 9% hxease in grain yield and 7.5% increase in 

biological yield ccnnpared to nonglaucous lines. Under moisture 

stress, glaucous lines were 17.8% higher in grain yield and 19% in 

biological yield than the nonglaucous lines. Under terminal moisture 

stress the yield increase of glaucous lines was 1mes.t (Fig. 10). 

G~~UCOUS~~SS on vegetative parts should increase TE by 

increasing reflection of solar radiation. 'Ihis will reduce leaf 



tmprature and transpiration for a given photosynthesis rate. 

m t s  of TE also demonstrated that glaucous isolines had 

significantly higher rates. At full field capacity glaucous lines 

had a 12.1% higher TE than naqlaucous lines. In the water stressed 

treatments, TE was 8.4% higher in glaucous lines than the 

nonglaucous ones. 

GL= Glaucos NGL= Nonglaucos m 1 / 3  FC OFC 1 1 3 ~ ~  ~ F C  

Fig. 10. Grain yield of four glaucous and non-glaucous durum wheat 
isolines gmwn under three moisture regimes. 

The pattern of higher TE in glaucous isolines was maintained at 

all harvest stages and moisture levels, except at the early 

developnent stage under no moisture stress where nonglaucous lines 

had a higher TE (Fig. 11). Instantmeas measurements of 

pho'k6ynthesi.s and transpiration rates also showed that 

pho'k6ynthesis rates where similar or slightly higher in nonglaucous 



lines, while TE was higher in glaucous lines, although statistically 

insiqnificant. 

GL=Glaucos NGL= Nonglaucos I @  Fc 1I3FC I 

" 
D l G L  DlNGL D2GL D2NGL DBGL D3NGL D4GL DLNGL 

HARVEST STAGE 

Fig. 11. Transpiration efficiency of four glaucous and non-glaucous 
dunrm wheat isolines under two moisture level at four develcpnent 
stages. 
Dl = tiller-; D2 = heading; D3 = m i d  grain filling; D4 = maturity. 

Under field conditions, in all three enviromadx, the two 

groups of genotypes had similar grain and biological yields (Table 

50). 'Ihis response differs from the 1990/91 season, when glaucous 

isolines had higher grain and biological yields in the ncderately 

stressed environment (Tel Hadya) . In the highly stressed 

environment (Breda) both were similar in their yield response. 

Severity and duration of law temperature during the 1991/92 field 

season may have caused this inconsistency. This will be examined 

£wther in 1992/93. - A. Dakheel, F. Makdis, I. N a j i ,  V. 

Mahalakshni, M.M. Nachit, J.M. Peacock. 



Table 50. Grain and biological  yield of glauocrus and -1- 
isolinea in thrm euviromm~ts. 

Tel Hadya Tel Hadya Breda 
i r r iga ted  rainf ed rainf ed 

(g/d) 
glaucous isolines 337 243 78 
nonglaucous isolines 323 2 59 77 
I S D  29 12 10 
CV% 14 8 21 

glaucous isolines 
nonglaumus isolines 
LSD 
nr% 

4.10. Pathology 

This report mers data f ran  the Key Location Disease Nursery, from 

sources of resistaxe to diseases, fmm crop l o s s  assessment trials 

and s tudies  of host-pathqen systems. 

4.10.1. hmmary of Disease Data frun the Key Laation Disease 

(DKG91) 

IBta summary of t h e  IXlrum Key La!ation D i s e a s e  Nursery 1990/91 ( D K L  

91) was mmpleted in October 1992. Table (51) s h m  the  useful sites 

frwn wfiich disease information was received. The results are 

presented in Fig. (12). Odt of t he  216 lines in the nursery, there 

were 111 (51%) lines re s i s t an t  to pawdery mildew, 79 (37%) lines 

r e s i s t an t  t o  BYW, 53 (24%) lines resistant t o  yellow rust,  37 (17%) 

lines re s i s t an t  to common bunt, 33 (15%) lines r e s i s t an t  t o  Septoria 

tritici blotch, 11 (5%) lines resistant to stem rust, and 2 (1%) 

lines re s i s t an t  t o  leaf  rust. One entry ( #  30) showed multiple 

resistance to the  three rusts, three (entries # 64, 154, 187) to 



Septoria blotch, pawdery mildew and BYW, eight (entries # 5, 15, 

73, 173, 188, 231, 232) to yellcw rust and common bunt d three 
(errtries # 64, 154 and 155) for multiple resistance t o  ye l lm rust, 

septoria blotch, mildew and BYW. - O.F. Mamluk, A. 

Y a l j a m l k a  

Table 51. Bcreening site atxl disease for the IXvun rsheat Key 
IPcation Disease Nursery (DKIr91). 

D i s e a s e *  
Site 

Y R L R S R S T P M T S B Y W C B  
- - 

Syria 
Tel Hadya + + + + + + + 
Latakia + + 

Lebanon 
T E L b l  + + + + 
rn 
Sakha + + 

Ethiopia 
Debre Z e i t  + 

W s i a  
Beja + 
Elvas + 

Algeria 
Gllehm + 

 isea ease: YR = yellcw rust, LR = leaf rust, SR = stem rust, ST = 
septoria tritici blotch, FM = powdery mildew, TS = tan spot, CB = 
canrmon bunt. 



OIO resistant lines (DKL-91) 

50 - 
40 - 

powdery BYDV yellow common septoria stem leaf 
m~ldew rust bunt blotch rus t  rust  

Disease 

~ig. 12: Percent resistant lines in the [Xlrum Wheat Key Location 
Disease Nursery (D-91) to the different diseases; selection 
criteria: mery mildew, BYW and septoria = score 5; cammn bunt 
= 15%head infection; yellow rust = 2 ACT; stem and leaf rusts = 5 
ACI . 

4.10.2. Gemplasm Pools for Sources of Resistance to Wheat Diseases 

lhree germplasm pools with resistance to yellow rust, stem rust and 

oommon bunt are available to collaborators upon request. The 

performance of lines to the target as well as to non-meted 

diseases is shown in Tables 52 - 54. 
The I b m m  Wheat Germplasm Fool for Yellow Fast Resistance 

( D X P  92) has 22 lines w h i c h  have performed well against this 

disease over several seasons at Tel Hadya, Syria (Table 52). The 

selection criterion used was <15MR (severity and reaction type) in 

11 seasons. 
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The Dxmn m t  Gemplasm -1 for Stem Fast Resistance (DSFGP 

92) has 17 lines which performed well against the disease aver at 

least two seasons at three sites (Table 53). The main site was Tel 
Hadya in Syria, where the selection criterion used was <2CMR, 

severity and mction !Fype. 

The IXnum Wheat Germplasm Pool for Camnon Emt Resistance (EBGP 92) 

has 16 lines which performed well against the disease aver two to 
four seasons at Te l  Hadya (Table 54). Selection criterion was 4 5 %  

head infection when tested against a bulk of Syrian isolates, or 

41% head infection wfw tested against 11 different isolates from 

h'ANA. - O.F. mull, M. Naimi 

4.10.3. Crop IOSS Assessmeolt Trials 

The crop loss assessnent trial on yellcw rust at Tel Hadya in 

1991/92 included 16 cultivars, 8 each of durum and bread wheat, used 

in the Fanners Field Verification Trials of the collaborative 

program EI@,'Syria. -ion treatments were applied, these were 
triadhem1 (Bayfidan EC 250) , applied three times; and zineb (Zinat 

70% WP), applied six times; as well as a control without any 

Meal pratedion. The infection level is presented as a same  and 

as an average coefficient of infection (ACI) . ACI was analyzed using 

logit transformation. Cultivar performance was assessed for a nmber 

of traits using the ocamnon experimental error f m  the 16 cultivars. 

Hcwever, data are presented in twu tables, one for durum wheat 

(Table 55) and the other for bread wheat (Table 71) . 
For durum wfieat, both fungicides w e r e  effective in reducing 

disease smre substantially in susceptible cultivars, e.g. , Haurani 
27 and DOUlM 13715. Fungicide I increased yields Bouhoth 5, 

Awdl/Bit, Haurani 27, Douma 13715, and Qn Rabi 3 by 13%, 13%, 12%, 

11%, and 11% w i v e l y .  This increase was not statistically 

significant (P = .05) for any of the cultivars. m e  increase in 
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yield frcm Fungicide I1 w a s  slight and never ex- the increase 

abtained with Fungicide I; moreover, Fungicide I1 caused scnne yield 

reduction of lo%, 4%, 4% and 2% in cultivars Dcun?a 15149, Awal/Bit, 

DQgM 11337 and Cham 1 respedively. - O.F. Mmluk, M. Singh, M. 

Naimi, 8. Rhawatmi, A. Yaljarrruka. 

4.10.4. Studies on Host-pathqen Systms 

Ttm Pathogdcity of -ria Rritici Blotch (Myms#n?n=Ua 

g d c a l a )  and &mmn Buut (met ia  foetida and T. e e s )  on 

m o p s  sm. 
Aegilops species vary considerably in susceptibility to wheat 

diseases, such as yellaw mst (Ann. Repr. W, 1991 and 1992), leaf 

rust and stem rust .  Hawever, hardly any infedion by Septoria 

tritici blotch and common bunt on Aegilop was  observed i n  the 

field. Therefore, several pathogenicity tests w e r e  cmducted t o  

evaluate the resistance/hnmity of the genus Aegilops to Septoria 

tritici blotch and amwon bunt (Ann. Repr., 8, 1991) . 
In the season 1991/92, 483 accessions from 18 Aegilops species 

were tested in the seedling stage in the greenhouse against Septoria 

t r i t ic iblotch.  mere were 140, 107, 60, 43, 38, 27, 16, 14, 9, 7, 

7, 5, 3, 2, 2, 1, 1, and 1 accessions of the species&. ovata, Ae. 

triuncialis, Ae. biuncialis, Ae. tr iaristata,  Ae. pnqr ina ,  Ae. 

spdtoides, As. m l m i s ,  Ae. caudata, As. vertricmsa, Ae. 

sguarrasa, Ae. cylindrica, Ae. vavilovii, Ae. crassa, Ae. 

UIItbel~ulata, Ae. jwenalis, Ae. searsii, Ae. kotschyi, and Ae. 

LZnim-istata respectively. Check plants of wheat, Mexipak and Gezira 

17, were  included every 10th accession. A l l  check plants exhibited 

a high degree of infection. 

Tqether w i t h  the previous year's testing, a total  of 1188 

accessions fmm 22 Aegilop qecies have been tested for their 

resistance to septoria blotch (Table 5 6 ) .  I n  field testing over the 



last four w n s ,  only one species, Ae. cylindrica, out of the 22 

tested showed. a slight infection of septoria w i t h  p y d d i a l  

~~tion. In seedling tests in the greenhouse, 10 species remained 

Table 56. llegiZoys species tested for resistance to camwn h t  in 
the f ie ld  and to S e p h r b  tritici blotch in the f i e l d  (a) and in 
greenhouse (S) ; Seasons 1988/89-1991/92. 

Aegilops Caranon bunt Septoria blotch 
spp. NO. NO. NO. No. 

years accessions years accessions 

1. Ae. bicanris 
2. Ae. biuncidis 
3. Ae. crmdata 
4. Ae. oolunmaris 
5. Ae. CxJmsa 
6. Ae. crassa 
7. Ae. cylindrica 
8. Ae. jwenaZis 
9. Ae. kotschyi 
10. Ae. langissima 
11. Ae. nutica 
12. Ae. ovata 
13. Ae. prq* 
14. Ae. 
15. Ae. spltoides 
16. Ae. squarra~ 
17. Ae. triaristata 
18. Ae. triuncialis 
19. Ae . wnbellulata 
20. Ae. uniaristata 
21. Ae. vavilovii 
22. Ae. vertricasa 

w i t h  typical disease synptm 

irrnnuE w i t h  no disease syuptoms. These are Ae . caudata, Ae. w m a ,  
Ae. cylindrica, Ae. jwenalis, Ae. longissim, Ae. mtica, Ae. 



speltoides, Ae. squarrasa, Ae. umbellulata, and Ae. uniaristata. The 

remaining 12 species were susceptible and exhibited of 

septoria blotch, i . e. , nerrosis and pycnidial formation. Percentage 

WQlidial fomtion on the affected accessions of susceptible 

species ranged between 6 aml 35, with the highest on Ae. vavilovii 

and Ae. searsii. The least pyddial formation was on Ae. 

triuncialis . 
To confirm the results obtained in previous sssons on wnnnon 

bunt, 24 Aqilops accessions of 12 species were tested in the 

1991/92 season for their resistance to the disease. The species 

were: Ae. bicornis, Ae. oormsa, Ae. jwenalis, Ae. kotschyi, Ae. 

lculgissh, Ae. mtica, Ae. p=tqrina, Ae. searsii, Ae. spltoides, 

Ae. umbellulata, Ae. uniat-istata, and Ae. ventriaasa. T h e  test w a s  

mducted in two replicates. Susceptible checks had 85.6% head 

infection by comnon bunt. 

wether with the testing of previous years, a total of 328 

accessions f m  22 species were smeer~I  for their resistance to 

mmnon bunt (Table 56). All species tested over the last four 

seasons m i r s e d  disease free, except Ae. kotschyi and Ae. 
squarra~ with slight infection of 3.6% and 1% head infection 

respectively. It can be concluded that llegilops species present an 

excellent source of resistance to Septoria tritici blotch and amnion 

bunt of wheat. - O.F. Mamluk, M. van Slageren, M. Naimi, 8. 

aawatmi. 

4.11. Entumlogy - Hessian Fly Screedq 

A collaborative project between ICiUUX, INRA (Morocco), and INAV 

(Morocco) was initiated to identify sources of Hessian fly 

resistance in wheat relatives and duruin wheat la-dnces and to 

incorporate resistance genes into commercially acceptable varieties 



using tissue culture. Screening and tissue culture is performed in 

b%mxco, while backstorsping and same crosses are made at ICXUR. 
More infomtion on m s e s  is contained in the section on auUm 

Wheat Breeding. - R.H. Miller 

4.12. Intxumational Nurseries 

Regional d m  wheat nurseries assembled by the joint cDMYT/ICXUR 

d m  wheat project at ICAROA in 1992 are given in Table 57. mere 
were 13 different nurseries/gemplasn pools with a total of 423 sets 

being distributed. This year the crossing Block was not prepared, 

h t  a special nursery called l*IXruin Segregating Popilations - 
Crosses with Wild Relatives1* was assembled. The agreerent between 

CIMMYF and ICXEA on spring wheat nursery preparation and 

distribution was implemented starting last season. Under this 

agreement the names of the observation nurseries were changed from 

Lciw Rainfall to Semi-arid arid from Moderate Rainfall to Favorable in 

order to reflect better the target areas of the nurseries. These two 

nurseries included lines supplied from the ClMMYT base program in 

Mexico (with seed multiplied at Tel Hadya, Syria) and were 
restricted to the hNNA region. Three germplasm p l s  for sources of 

resistance to yellm rust, stem rust arid cannon M t ,  respectively, 

were made available by the wheat pathologist. - S.K. Yau 



Table 57. I)unrm wheat international nurseries for 1992-93. 

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

naditerraaean ooestal and Continental Areas: 

Regular Nurseries 
Seqqat ing  Populations E P  103 3 3 
Ckervation Nurseries: 
- Semi-arid Areas CON-SA 3 12 33 
- Favorable Areas CON-FA 3 12 35 
Yield Trials: 
- Law Rainfall areas DYT-IRA 24 47 
- Moderate Rainfall A r e a s  DJPT-MRA 24 64 

Specifictrait  Nurseries 
Dmxght & H e a t  Tolerance Obs. N I X .  IX-rKIN 48 43 
D r a q h t  & Cold Tolerance Obs. N u r .  DCTON 48 25 

Special Nursery 
Seqqat ing  Populations - Cnsses E P W R  45 15 

w i t h  Wild Relatives 

GeInIplasm Pools for Soumes of Disease Resistance 
Y e l l c w  Rus t  D Y E P  22 3 1 
Stem Wt DSRGP 17 30 
Caarnron Eunt DCEX;P 16 29 

Mediterranean Highland Areas: 

Regular Nurseries 
observation Nursery 
Y i e l d  Trial 

' HAA - H i g h  Altitude Areas 

4.13. W i d e  crosses in durrm 

Aegilops species which are not crossable in the field but carrying 

important resistance genes were chosen for wide rrossing w i t h  durum 



wheat. Iiybrid d r y o s  w i l l  be rescued on ar t i f ic ia l  medium and 

backmcsed with durum wheat. Cytological control w i l l  ensure a 

tetraploid ploicly level and reccmbination between ABgilop6 and durum 

chrcanoscanes. - M. mull 

Cereal annual reports: Dmm Improvem~t in: Cereal inpmement 
p m  1986, 1987, 1988, 1989, 1990, and 1990. ICWX Rbl. 
Aleppo, Syria. 

M.M. Nachit and ~.Jarrah, 1986. Association of some 
moqhophysiological characters t o  grain yield in  durum wheat 
under &itemanem dryland conditions. Rackis vo1 .5, No. 2. 

M.M. Nachit. 1989. Moisture stress tolerance and yield stabil i ty in 
durum wheat (T. tuy ichnn  L. var. durum) under medihmansm 
drylarid conditions. X I 1  Eucarpia oongress, Goettingen, 
Germany- 



5. spring Bread Wheat Iup3xnmmnt 

5.1. spring Bread Wheat Bseediag 

5.1.1. mt2mdwtion 
Bread wheat is the most important crop in West Asia and North Africa 

(WAN?i). It ccanprises approximately 70% of the total wheat (bread 

wheat + durun) grown. Sane 16 million ha are rainfed, of this 7-8 

million ha have less than 400 nun annual rainfall. In these areas 

variation in rainfall and tmprature is large. Diseases and insed 

pests also constrain wheat prcciuction. 

T h e  CIMMYT/IcARDl spring bread wheat breeding project eqbsizes 

gerrrplasm developnent for rainfed areas in WINA by breeding material 

with high and stable grain yields. 'Ihis is m i n e d  with tolerance 

to local abiotic and biotic stresses. Miltilocation testing, 

includiq different planting dates, has proved a pawerN selection 

straw. Coupled with taqeting material, this has increased 

germplasm adoption by NAILS, particularly in lm-rainfall 

ernrilmnmmts. 

One visiting scientist and two graduate students joined the 

project during 1992. This has allawed upstream research in 

b ~ p h y s i o l q  with the physiolcgists to identify 

morphophysiological traits associated with yield under moisture 

stress. Sane parental lines have been characterized for their 

-rise to vernalization and photoperiod. Cooperation continued. 

with biotechnology, pathology, entcnnology, grain quality, 

specialists in the cereal program and with FaMP in nitrcqen/misture 

use and wheat adoption studies. 

Interaction with NARS has included training, germplasm 

evaluation and selection, fanners field verification trials, 

consultancy, and participation in program planning meetings where 

research results, networks, and future areas of collaboration were 

-. Details of activities and achievements follaw. 



5.1.2. miab i l i ty  of bread wheat under rainfed conditions 

Cn farm verification trials in Syria and Algeria & i n n  the 

reliability of bread wheat in dzy environments of the region (annual 
rainfall less than 350 mn). Current varieties and promising 

selections were  tested by NA€?S in fanwr's fields using, reamnended 

agmncanic packages. Table 58 gives grain yields for ten years in 
Syria, and three in Algeria. Bread wheat outyielded durum in 7 out 

of 10 years in Syria by 55, and in all years in Algeria by 25%. 

Table 58. Avarage grain yield of bread wheat and dunm in  the dry (< 
350 pm) m of Syria anU Western Mgeria. On faun verification 
yield trials 1983 to 1992. 

G r a i n  Y i e l d  flm/ha) 
Year S v r i a  A l s e r i a  

% % 
BW CW BW>IW NL BW C W m W m N L  

Mean 1879 1798 105 - 4110 3299 125 - 

EW = bread wheat; IW = durum wheat. 
NL = nunber of locations. 

This confirms that bread wheat is as reliable as durcrm in areas 
where drought is the main constraint to production. CIMMYT/ICARCA 

varieties Cham 6 in Syria and Zidane 89, Zidi O W ,  and N e s s e r  in 

Algeria have been released and increasingly are grown by farmers. 



Cham 6, released in 1991 as a m i d l  variety in Syria for 
areas with less than 350 nun was identified t h x c q ? ~  the international 

testing prugram. Table 59 gives its perforname in WANA for three 

years in a minirmrm of 27 dry locations per year. It outyielded the 

national checks by between 105 and 123 percent. 'Ihe data c o n f h  

the ccanpetitiveness of bread wheat with durum in harsh envimmts. 

Table 59. Grain yield and agmnanic attrikutes of Cham 6, inpmved 
bread wheat variety, in tba dry areas (< 400 m) of W e s t  Asia and 
North Africa. Regional h m o  Yield h i a l s  for I m  Rainfall Areas 
1989 to 1991. 

Year Cultivar Yield % >  DHE CMA FKC 
(kg/ha) NC (a) 

1989 Cham 6 (IBWC) 2933 112 119 153 68 
1990 Cham 6 (IN) 2412 105 112 145 63 
1991 Cham 6 (IBWC) 3228 123 111 149 71 

1989 Om rabi 5 (TYDE) 2866 109 118 154 81 
1990 Om rabi 3 (W) 2395 103 116 151 75 
1991 Om rabi 5 (WE) 2976 113 111 151 83 

1989 Cham 3 (IN) 2630 100 118 154 71 
1990 Cham 3 (IDWC) 2298 99 112 146 68 
1991 Cham 3 (IDWC) 2788 106 108 148 74 

1989 National Check (NC) 2628 100 119 154 78 
1990 National check (NC) 2311 100 113 146 72 
1991 National check (NC) 2622 100 109 149 76 

1989 No. of locations 35 35 29 22 27 
1990 No. of locations 30 30 25 13 28 
1991 No. of locations 27 27 25 15 26 

CHE = Days to heading; CMA = Days to maturity; pHT = Plant heiqht; 
IEWC = Impwed bread wheat check; TYDE = Top yielding durum entry; 
IIlWC = Imprwved dunsn wheat check. 



'Ihe Government in Syria distributed 4000 tons of certified seed of 

Cham 6 to farmers for the 1992-93 ~ n p  season. Full cross details of 

lines in all Tables are in the Annual Report for ClMMYT/ICARDA 

Regional Bread Wheat Museries 1990-91, CP-ICARDA, Syria. 

Zidane 89, Zidi Okba, Nesser, and other pdsing varieties w e r e  

tested in nine regions across Algeria during 1991 in the National 

Yield Trial program. The locations cavered a wide range of rainfall, 

tenprature, and biotic stresses. Table 60 gives the results, Nesser 

and Zidi Okba had a yield advantage of 179% and 166%, respectively, 

aver the widely gram local variety Mahon Demiaz. tue to their 

potential, the area gruwn to these two varieties may be expanled to 

other regions of the country. 

5.1.3. Enhanchq gemplasm adaptation 

T h e  breeding strategies used in our project have been published 

elsewhere (Ortiz Ferrara, G. et al., 1987, Ortiz Ferrara, G. and 

Dqhaiz, M., 1988, Ortiz Ferrara, G. et 61. 1989). Multilocation 

testing, the projectf s most important strateqy for selecting and 

identifying material tolerant to different stresses, occurs at two 

levels: (1) international rrolltilocation testing, in w h i c h  data fmau 

50 to 75 locations in the region are obtained thrcugh the 

CDWT/ICARIIA International Nursery System, and (2) ICARDA based 

rrolltilocation testing, consisting of five different environments in 

Syria and Lebanon. The latter provides initial screening of 

segregating populations and advanced lines under different moisture 

and temperature conditions. 

Improved gemplasm is distributed, taking in a m t  local 

agroclimatic conditions, to NAFS in WANA upon request. TWO 

objectives when distributing gemplasm are: (1) providing pdsing 
lines for potential release as wnunercial varieties, and (2) 

collecting infonnation on adaptation. Multilocation testing and 
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taryeting of gemplasm has incl.Based adoption of material by MLRS, 

particularly in lm-rainfall e m i r o m .  Tables 61 gives the 

yields of pranking lines i n  seven d q  locations i n  WANA. The 

seasmal rainfall  for  these locations ranged from 200-350 m. The 

yield inpmmt of these lines over the national checks, w h i c h  are 

widely grown varieties a t  each location, ranged frcan 110% to 205%. 

Table 61. Parfonnance* of bread wheat gemplasm in the low-rainfall 
(< 400 nm) taperate areas of m. Regional Yield Trials for faw 

Cauntry Line 
G r a i n  
Yield % > ISD.05 F 
(kg/ha) NC (%) 

IRAN Kcelpee 'sY 2722 155 539/19 6 
(Gachsaran) NC 1756 

* = Based on its statistical superiority aver the national check 
variety a t  each particular location. 

F = # of lines yielding significantly higher (p < 0.05) than the 
~ t i o m l  check. 

c = ~ t i 0 M l  Check. 



Many lines significantly cutyielded the checks (P<0.05), especially 

in Tunisia anl Algeria. 
'JXese are being extensive tested by national p ~ ~ .  Sonne are 

used in N?BS b& programs as mts possessing high yield and 

gocd adaptation. 

T h e  adaptation of bread wheat material in moderate to high 

ra.in£all areas (>400 m) of WANA is illustrated in Table 62. The 

Table 62. Perfo-(*) of bread wheat gemplasm in the rainfed (> 
400mn) or s u p p l ~ t a r y  irrigated and mdemte -ture areas of 
m. R&onal Yield Trials for Moderate Rainfall Areas 1990-91. 

- - 

ccuntry Line 
Grain 
Yield %> ISD.05 F 
(ks/ha) NC cv (%I 

J O r n  
(-) 

AU;ERIA 

(-1 

TUNISIA 
(Wja) 

EGYPT 
(-1 

UBYA 
(Benghazi) 

S. ARABIA 
(Riyaah) 

TuFxEx 
(I&) 

* = Eased on its statistical superiority over the rational check 
variety at each particular location. 

F = # of lines yielding significantly higher (P < 0.05) than the 
IMti0~1 Check. NC = National check. 



yield advantage of these lines over the nationd checks ranged frcsn 

108% to 153%. GOpMm, Gonbara, and W e e 2  are under extensive 

test ing in North Africa. These lines are disease resistant, a 

camnon problem in the high rainfall envimnmmts of the region. 

5.1.4. G r a b  yiald (Udl yield stability 

'Ihree major QOP agroecological zones have been identified in WANA 

based on moisture availability and tenprature regimes. 'Ihese are: 

(1) areas of law rainfall associated with law teqerature, (2) areas 
of mcderate rainfall with mcderate to high teqerature, and (3) 

irrigated areas. 

We develop germplasm suitable for zones 1 and 2, and rely on 

~ C O  for zone 3. Grain yield and stability are the mst 

ixportant objectives in zones 1 and 2. Table 63 shms the stability 

of promising bread wheat germplasm canpred to inproved bred and 

durum checks for at least 18 dryland locations in WANA in each of 

four years. The top yielding errtries (TYE) differed each year. The 

results allow stability over locations of the TYE to be ccPapared 

with the improved checks Cham 6 and Belikh. 

5.1.5. Identification and disWtion of genetic stocks 

In collaboration with NARS staff in WANA, a nunker of hpmed 

genetic stocks have k e n  identified. These have desirable traits 

and are a~ilable as prental material to NARS for use in their 

b- P-. 
Table 64 gives the rnrmber and attributes of bread wheat lines 

that have been identified and distrihtd to NARS in WANA during the 

last six years. ?hey are distrihtd as crossing blocks to 
decentrdLize our breeding adivities to national p~ugranrj so they 

can generate new sources of genetic variability. 



Table 63. Yield and yield stability of bread wheat gen~plasm in the 
low-rainfall (< 400 nm) areas of West Asia and North Africa. RWW- 
IAA 1988 to 1991. 

Year TYE Cham6 E!elikh No. Of 
(I=) (1-1 sites 

1989 GY 
Rank 

1990 GY 
Rank 

1991 GY 
Rank 
b Qef 
d2 

- - --- 

TYE = Top yielding entry; IBWC = Impmed bread wheat check; IDWC 
= Impmed dwxm wheat check; GY = Grain yield; d2 = deviation man 
square; RWYT-IRA = Regional wheat yield trial for law-rainfall 
areas. 

5.1.6. Wheat gemplasm adoption and techaology transfer 
Before they can have any impact on cereal pmcluction inpmed 

cultivars nust reach farmers. To assist in this we collaborate with 

NARS in conducting on-farm trials i n  Syria, Algeria, Sudan, Iehtmn, 

k B m ,  Tunisia, and l3gypt. A nunber of bread wheat varieties have 

been released as a r e su l t  of this collaboration. Nzmy countries 
requested and obtained mll amunts of newly bred cultivars 

registered in the region. 



An adoption study conducted in Syria by the FRMP of 1- 
during 1991 showed that, modern high-yielding varieties (HWys) 

account for 87% of the area planted and are grown by 86% of the 

farmers surveyed (FRMP, Ann. Rep. 1991). 

Table 64. Nlrmber of bread wheat lines with desirable genetic traits 
distrituted to national progranrs as genetic stocks during the last  
8iX pars, 1987 to 1992. 

Genetic Traits 
Average No. 
Per Year Tatal 

High yield and stability: 

Abiotic stress resistance: 

Cold 
-t 

Termindl heat 

Biotic stress resistance: 
Yellm rust 
Ieaf rust 
Stem rust 
Septoria leaf blotch 
cxamcm bunt 
Wheat stem sawfly 
Hessian fly 

Eread naking quality: 

Total 1024 

since 1983, the Syrian national program has released six 

inproved bread wheat varieties. These are: Bohouth 2, 4, and 6; and 

Cham 2, 4, and 6. The list of the 5 bread wheat varieties multiplied 

by GOSM during 1991-92 and distributed to farmers for the 1992-93 

season is presented in Table 65. Approximately 350,000 ha will be 



planted this year with these varieties. T h e  data in Table 65 

s q p r t s  the findings of the adoption study carried out by the FRMP 

of IcAFai. 

IUe to pricing policy in Syria, durum is gmwn on a larger area 

than bread wheat (the ratio was 70:30 in 1991). A new policy 

intraluced this year is to bdlarce (or even reverse) that ratio to 

approximately 40:60 over the next five years. Prices for bread wheat 

have been increased and a new bread wheat cultivar ( G m )  has been 

suhitted for release as a cawnercial variety. 

Table 65. Bread wheat varieties and amount of seed pmclwad by tbe 
Ocrvemnent Orqanization for Se& Multiplication of Syria and 
distdhted to fanners for 1992-93. 

Variety Year of Quantity % of total % 
release (lbns) bread wheat I > L 

Cham4 (1) 1986 16500 45.6 300 
Bahauth 4 (I) 1987 10000 27.6 182 
U p a k  (L) 1969 5500 15.2 100 
Cham6 (1) 1991 4000 11.1 73 
Echcmth 6 (1) 1991 175 0.5 3 

I = inpmed; L = local 

Table 66 gives data on another pranking bread wheat line 

(Chorizo). In 1992, the average yield superiority over the local 

check was 8% and 5% in dry areas of Syria (<350 mn). It also 

performed better than the checks in 28 rainfed locations of WANA 

during 1990. Chorizo has been included in on-farm trials for a 

semmd year and seed is being multiplied by ICARm's seed unit. 

Four years of collaboration with the national program of Algeria 

in conctucting joint on-farm verification trials has resulted in the 



release of three CIbMYT/ICARDA bread wheat varieties: Zidane 89 

(=Gv/Ald), Z i d i  Okba (Cham 4) ,  and N e s s e r .  On average these 

varieties were reported to yield respedively 97, 80, and 87% mre 

than the local check Mahon Demiaz un3er farne.rs conditions, at three 

dry locations in West Algeria. 

Table 66. P e r f o m  of Qlorizo, @sing bread wheat l b ,  in 
axparison to the inproved and local checks in 1-rainfall 
locations of rWMI aad Farmerrs Field Verification Trials (M) in 
Byria. 

1990 1992 
WANA RANK m 

Chorizo 2476 2 3113 108 
Cham 6 (IC) 2496 1 2977 103 
W p a k  65 (LC) 2305 15 2879 100 

No. of sites 28 
A l l  sites mean 2307 
I S D  5% - 
cv (%I - 

WANA = West Asia and North Africa; I C  = Improved check; LC = Local 
check. 

'Ihere are appmximtely 250,000 ha of wheat in the dzy areas of 

West Algeria (Tiaret ard Sidi Bel Abbes). Farmers there have already 

adapted Zidane 89, Cham 4, and Nesser. Table 67 presents results of 

the IFAD/ItGC/ICARDA Technology Transfer Project corducted i n  

Western Algeria. It ocanpares differences between lccal and m e d -  

released varieties of bread wheat with dunnu wheat and barley in 

f m y s  fields (FS) and on research s t a t i ons  (OSS) . me three bread 
wheat varieties substantially weryielded the load check under 0%. 

Only Nesser, a variety released in Syria f o r  the less than 350 mm 



areas, maintained its yield superiority under FS. Table 67 also 

shows the advantages bread wheat varieties have over the dunnn and 

barley cultivars under those harsh conditions. 

W e  67. Ccupamtive differences between local and i n p e  
released varieties of hread wheat, duruo, and barley within fa-' s 
and on-station sites in Western Algeria, 1991-92. (Modified fmm 

M. 1992). 

G r a i n  Y i e l d  ~ka/ha) 
Varieties FSa I > L  C S P  I > L C6S-FS 

mead wheat 
Mahon Demias (L) 1765 - 1869 - 104 
Cham 4 (1) 1450 -315 2064 195 614 
Nesser (1) 2450 685 2255 386 -195 
Zidane 89 (I) - - 2341 472* - 

IXlrum heat 
Oved -ti (L) 1310 - 1419 - 109 
waha (1) 1735 425 1927 508* 192 
Kebir (I) - - 2390 971* - 

Barlqr 
Saida 183 (L) 1550 - 1085 - -465 
Rihane (1) 1750 200 1699 614 -051 
Baaia (I) - - 1430 345 - 
WI 2269 (I) - - 1297 212 - 

No. of sites: 2 2 3 3 5 

I = Impmed;  L = Local 
FS = Fazmer's sites; 0% = On-station sites 
* = Significantly different (p i 0.05). 
a = Plot size 0.5 ha 

5.1.7. Wal studies 

5.1.7.1. Qvrracterization of w h a t  gemplasm for their response to 

pbDtcperiod and vernalization 

'Ihe rain cbjectives of this study were: (1) to characterize 



prental wheat germplasm for their reqmnse to photoperid and 

vernalization, (2) to ccnpare test environments (plastic house vs 

amiron), and (3) to identify potential genetic variability for 

their respnse to these two factors. 20 bread wheat and 20 dunnn 

pdsing cultivars from WAIiA, having a wide range of genetic 

variability were tested for their response to photoperid (8, 12 and 

16 hours light) and with and without vernalization. The experiment 

was conducted in a plastic house and in controlled conditions in 
I I - ~ ~ I I  cabinets. Results show a wide range of genetic 

variability amnq the gen- tested. The developrent data f m  

the plastic house and the conviron correlated well (r = 0.887). 

Screening in the plastic house is adequate for testing a larger 

number of genotypes. Crop modeling studies using the collected data 

are under way in collaboration with other scientists at ICARDA. 

5.1.7.2. BbistUre regimes axperiment 

The main cbjedive was to identify mrphophysiolcgical traits 

associated w i t h  yield under four watering regimes (35%, 55%, 75%, 

and 95% of field capacity). Four bread wheat and four durum wheat 

g e .  with a wide range of genetic variability were evaluated 

for 30 agronomic traits in a plastic house. Results shw that same 

traits may be useful as selection criteria for dnxqht tolerance. 

The results w r t e d  findings reported in the literature that bread 

wheat uses water more efficiently than dunnn wheat. Plant grawth and 

developent was also studied and the data will be used in crap 

modeling. In collaboration with program's physiologists the results 

will be validated under field conditions in the 1992-93 season. - 
G. O r t i z  Ferrara, M.A. Moussa, M.G. Mosaad. 



5.1.8. Bread Wheat G r a i n  Quality 

5.1.8.1. Detamhation of bread wheat flour strength by 

infrared analyzer 
Flour strength is reported to be the mt important q l i t y  factor 

used in classifying wheats for end-prcduct potential ( W i l l i a m ,  P.C. 

et al, 1988) . -- 
!lYE mDst widely used methcds for measuring bread wheat flour 

strength are the Brabender Farimgraph and &win Alvecgraph. 

Disadvantages of these methods include the large flour sample and 

the time required to perform the tests. Because of this ,  a reliable 

test which could measure flour strength in  early segregating 

m a t i o n  is not available. 

A s  a result of the cooperation between the CaMdian Grain 

Carpnission and ICARDA, a paper w a s  published (Williams, P.C. eta, 

1988) which describes a sm11 scale test to determine wheat 

strength using a near-infrared analyzer. 

!lYE cereal quality laboratory a t  ICARDA is naw using an advanced 

near-infrared analyzer (male1 NIEystm 5000) for maswing flour 

strength. Other quality pramters such as protein and tehxdnes are 

also measured with this equipnent. The advantages include the m a l l  

sample (5 g) required and the availability to run 200-300 sample per 

&Y - 
W i n g  1992, calibrations w e r e  developed using the -stem 

5000 to predict f a r k q a m  stabi l i ty  time, protein and hardness in 

bread wheat samples. Table 68 summarizes the efficiency of 

prediction for the three quality parameters measured. Results 

indicate that a l l  pxameters were predictable and highly accurate so 

guaranteeing its use in the breeding program. - F. Jabi El- 

Haramin, G. O r t i z  Ferrara 



Table 68. Acuuacy of prediction of breafl wfieat quality by aear 
hfmrd reflectance "t6u 5000g'. 

F'arincgraph stability 1.20 1.29 0.87 
Protein 0.17 0.17 0.998 
Hardness 1.30 1.42 0.985 

= Standard ermr of perfomam= = standard deviaticn of 
differences. 

= Msan difference. 
= Coefficient of correlation between near-in£- reflectance 
and reference analyses. 

5.2. Rrysiology/?qnmmy 

5.2.1. Intro&ction 
mis resear& forms part of a collaborative project with the 

Dqartmmt of Plant Ecology and Emlutionary Biology, University of 

Vtrecht, 'Ibe Netherlands. Dr. E. V e n e k l a a s  fmm Vtrecht worked in 
Syria f m  January to July, during the growing sexan, and at 

Vtrecht for the remainder of the year. During the year the project 

in Syria was visited by Professors Hans L a n b x s  and Marinus Werger 

and by a Phd student, Hendrika van den -. John Peacock also 

visited the group in Utrecht. T k e  aim of the project is to identify 

the physiological and morphological plant traits that determine the 

efficiency of water use. Experiments were conducted on two selected 

varieties grown in tubes in grmth roc~ns in Vtrecht and in the field 
at Tel Hadya and on eight contrasting genotypes in the field at Tel 

Hadya and Breda. Results of the v i m e n t s  described here will be 

available in 1993. 

5.2.2. Water Use efficiency of bread wheat genotypes 

At the crop level, water use efficiency (WE) can be defined as the 



yield (total dry mass or grain) per unit water used (consisting of 

soil evaporation and crop transpiration). Earlier investigations at 

ICARDA shawed a linear relation be- yield and seasonal rainfall 

(or irrigation level), but in imst cases the differences 

gencrtypes were insignificant. Based on an analysis of all available 

infomation, a selection of eight b r e d  wheat geno- was made to 

test for differences in prcductivity in dry versus mist conditions. 

The genahlpes were Nesser, Flk/Hork, Katya, Vulture, Seri 82, 

Maya/SAP, RBS/Anza and Mexipak. The material was gmwn at E r d a  

(rainfed) and Tel Hadya (rainfed and irrigated). 

At the plant level, WUE was defined as the rate of dry matter 

accumulation per unit of transpiration. To investigate the 

importance of physiological traits in dekmhirq WUE, a detailed 

pot expriment was carried out. 'Ihe genotypes Mexipak and Katya were 

qrown in tubes (1.5 meter length; 12.5 centimeter diameter) that 

were placed in holes in the field at Tel Hadya. A rain shelter was 

placed above the expriment. Water content of the tubes was 

monitored and manipulated to create two treatments: moist and dry. 

Frequent samplings allawed a detailed analysis of growth. In 

addition ~otxsynthesis, transpiration and water relations were 

measured. 

In the leaves, C 4  is fixed and water is lost. 'Ihe gas exchange 

pmcesses in the laves are the most important, but are not the only 

pmcesses determining plant WUE. Both assimilation and transpiration 

are greatly affected by the stmatal am-. At the leaf level, 

A gc (Pa-Pi) 

W1= - = 
E g, (ei-ea) 

A net photmsynthesis, 

E transpiration, 

q, gc leaf c o m m  for water vapm and CO2, 



pa, pi ambient and leaf internal pressure, 
ei, e, ambient and leaf internal vapaur pressure. 

Since the ratio of g, and g is mtant ,  leaf conductance U d  not 

seen to be important for WE. Hawever, a lower conductance (due to 

e.g. W t )  will cause a decrease in a$ pressure in the leaf and 
thus a reduction of photcqnthesis. Transpiration will decrease as 

well, causing leaf tenprature to rise, especially in dry and sunny 

amlitions. Since at higher leaf tenpratues ei will also be higher, 

the reduction of transpiration will not be proportional. 

Ehotaqnthesis is also tenperatwe-deependent; it may either h x s s e  

or decrease when the leaf tenpra ture  rises. 

'Ihe use of carbon isotape (c13) discrimination to screen for 

differences in WUE is based on the above theory. Especially in 

extreme clktes the shplifications of the theory may complicate 

the use of the c13 technique. Extensive mammmmts were made at Tel 

Hadya in June to test the interrelationships of these physiological 
variables under field conditions. - E. Vemklaas, A. Dakbeel, I. 

N a j i ,  G. Ortiz Ferrara, J.M. Peacock 

5.3. hlthology 

We are hiqhlighting results on the Bread Wheat Key Lacation Nursery, 

on the germplasm pools for sources of resistance to diseases, and on 

cnp loss assessment trials. 

5.3.1. Surmary of D i s e a s e  Data fran the Key Ucatim Disease Nursery 

(-91) 

Data summary of the Wheat Key Location Disease Nursery (-91) was 

ccwpletd in September 1992. Table 69 shows the sites frcun which 

useful disease data were received. T h e  perfommce of the lines in 
the WKL91 is presented in Fig. 13. Out of the 234 lines in the 



nursery, there were 195 (83%) lines resistant to pzdery mildew, 113 

(48%) lines resistant to BYW, 81 (35%) lines resistant to W l c w  

rust, 63 (27%) lines resistant to stem rust, 29 (12%) lines 

resistant to leaf rust, 24 (10%) lines resistant to Septoria tritici 

blotch and 1 (0.5%) lines resistant to camon bunt. 

Table 69. Bcreeniag site and disease for the Bread Wheat Key 
Ucation Disease Nursery (-91). 

Site 
D i s e a s e '  

Syria 
Ha* + + + + + + 

Latakia + 
Lebanon 
Terbl + + + 
Esypt 
Sakha + 
Gennneiza + + 
Iran 
Sari + + 
Ahwaz + 
-rsan + + 
Kerrrranshah + 
Mexico 
Ciano + 

m w  
Elms + 

'~kzmse: YR = yellcw rust, LR = leaf rust, SR = stem rust, ST = 
septoria tritici blotch, PM = pcxdery mildew, TS = tan spot, CB = 
camrm m. 

However, faur lines entries ( #  92, 167, 168 and 192) &wed multiple 

resistaxe to the three rusts, eleven (entries # 6,  8, 21, 39, 181, 

182, 183, 252, 257, 258 and 259) to septoria blotch, powdery mildew 

and BYW, and two entries ( #  8 snd 21) with multiple resistance to 

stem rust, leaf rust, septoria blotch, BYW and @cry mildew. - 
O.F. Manluk, A. Y a l j a r o u k a  



%resistant lines (WKL-91) 

loo 0 

powdery BYDV yellow leaf se toria comrno 
mildew rust Dig&se rust bpotch bunt 

Fig. 13. Feramt resistant lines in the m d  Wheat Key Laxtion 
Disease Musery (-91) to the different diseases; selection 
criteria: pxdery mildew, BYW and septoria = smre 5; yellow rust 
= 2 ACI; stem and leaf rusts = 5 ACI; mrtanon bunt = 15%head 
infedion. 

5.3.2. Germplasm Pools for Gaurces of Resistants to Wheat Diseases 

Forty sets of the Bread Wheat Gemplasm Pool for Stem Rust 

Fksistance (WSRGP 92) were dispatch to collaborators in WANA and 

beyom3 for the 1992/93 season. %is pool includes 24 lines which 

performed hell against the disease aver three sesons at Tel Hadya, 

Syria, the main screesling site. Selection criterion was <15MR 

(severity and reaction type) in any of the seasor?s (Table 70). The 

performno= of the lines to non-meted diseases yellow and leaf 

rusts, septoria tritici blotch, and commn bunt, in our 

multilocation screening is also included in the table. - O.F. 

Mamluk, M. N a h i  



Table 70 .  The perfomamzel' of selected bread wheat liaers to atem 
rust, Puccinia uraminis, adl other diseased' (-2). 

Ent. Narrre or Cross , S m e m i g  Year Other dkeased' 
1989 1990 1 9 9 1  YR IR ST CB 

1. Ald/Baw lOMR 5MR t R  6 0 s  1% 8 - 
2. Au/Kal/Bb/3/Bon/4/Bow 10R t R  5R tR t R 6 -  
3. Au/Kal/Bb/3/mn/4/BaJ 10R t R  t R  t R  t R 7 -  
4. Baw 5MR tR tR 5R - - - 
5. Baw 5MR t R 5 R  t R  - - - 
6. Baw lOMR t R  t R  tR - - - 
7. Baw/Nkt 5R t R t M  l O M R t R  5 -  
8. Dwe/Bow tR t M R t R  t R  lOMR 3 2 
9. ma/Chm/Sa175/3/ 

cdr/.  . . . 10R t R t M R  t R  5 R 7 -  
10 .  HI 66O/Pavon/2/ 

Nacozar i  7 6  lOMR t R  t R  t R  - - - 
11. Hahn *2/Prl  tR t R t R  5R 5 R 8 -  
12 .  Jup 73/% y/Bow tR tR t R  WS 20MS 7 28 
13. KvZ/3/COLYe CdminC6/ .... 5MR t R  t R  10R - - - 
14. IhrZ//Qlo67/Pj 62/3/ 

IA78112 5MR t M 5 R  WS t R 4 -  
15. KvZ//Qlo67/Pj 62/3/ 

IA78112 5R t R  t R  tR t R 4 -  
16.  KvZ//CT3%7/Pj 62/3/ 

Pj/.... lOMR t R  tM tR 10R 7 - 
17. KvZ//CT3%7/Pj62/3/SNB 5MR tR 5R tR 5 R 4 -  
18. Maya/Sap 15MR t M R t M R  5R t R 4  - 
19. P a t o / w y a 7 4 / 4 / B b /  

3/. . . . 10R t R t M R  m t R 2 -  
20. Rbs/Anza/3/Kvz/Hys/ 

Ymh/. . . . 10R t R  t R  5R 5 M R -  - 
21. ~ b s / ~ n z a / 3 / ~ v z m /  

Ymh/.... lOMR t R  tR tR 5 R - -  
22. Rbs/Anza/3/mz/nys/ 

Ymh/.... 1OR tMR tR 5R 5 R 2 -  
23. Rbs/Anza/3/mz/yls/ 

Ymh/.... t R  t R t R  tR 5 M R 8 6 3  
24. V ~ e / S n b  10R tM 5R t R  t R 7 -  

" Mornarce  : % severity ard reaction type.*' Other diseases : YR 
and IR = yellcw rust and leaf rust; ST = septoria tritici blotch m 
0-9 scale ; CB = conrmon bunt, % head infection. 



5.3.3. mop lpss AsseccEarant Trials 

Results of this season's trials on yellow rust for the bread wheat 

cultivars are presakd in (Table 71). Both fungicides rectuced 

disease score, mainly on susceptible cultivars, i.e., Mexipak 65, 

Chma 6, Emhoth 6 and Cham 4. A significant yield inaease (P = .05) 

due to either of the two fungicides was &served only in Bahouth 6 

and Cham 4. The treatnient with F'ungicide I affected the yield 

negatively in cultivar Tevee and an adverse affect on yield was also 

olxsemed when using Fungicide I1 on cultivar DOUlM 9013. - O.F. 
Mimluk, M. 8ingh (CBBU), M. Naimi, 8. Khawatmi, A. Y a l j a m u k a  



Ta
bl
e 
71
. 
Ef
fe
ct
 
of
 y
el
la
r 
ru
st
 
(m

c
c
in

ia
 s

t
r
ii

€
m

)
 on
 g
ra
in
 y

ie
ld

 a
ad
 y
ie
ld
 c

a
q
m

m
n
ta

 o
f
 b

re
a

d
 w

he
at

 
d

ti
v

a
rs

; 
!lW

 
E

ad
ya

, 
B

y
ri

a
 1
99
2.
 

-
 

-
 

Y
el

lo
w

 r
u
s
t 

Y
ie

ld
 

% 
Y

ie
ld

 
N

o.
 

T
il

le
rs

 
N

O
. 
se
ed
 

1
0

0
0

W
 

C
ul

ti
va

r 
'r
re

a
b
2
n
t 

S
c
o

re
/ 

A
C

I 
t/

h
a 

in
cr
ea
se
 

p
e

rm
 

p
er

 S
P* 

(9
-r
.)
 

-
 

-
 

M
e

x
ip

a
k

6
5

 
M

e
d
e
d
 

8
5

 S
 

8
5

.0
 

3
.1

1
 

1
2

1
 

2
5

 
F

u
n

g
ic

id
e 

I
 

2
3

 m
i%

 
20

.0
 

3
.4

3
 

9
.2

 
1

3
9

 
28

 
F

u
q
ic

id
e
 1

1
 

32
 K

-S
 

28
.7

 
3

.4
6

 
1

0
.2

 
1

4
3

 
2

6
 

T
ev

ee
 

In
fe

c
te

d
 

13
M

R
-W

 
9.
0 

3
.9

2
 

1
0

4
 

35
 

F
u

n
g

ic
id

e 
I 

4 
R-

M
S 

2
.9

 
3

.7
8

 
-3

.7
 

1
0

0
 

3
5

 
F

u
n

g
ic

id
e 
I1
 

4 
M

R
-M

S 
2

.2
 

3
.4

5
 

-1
3.

4 
9

9
 

33
 

- 90
1

3
 

In
f&

 
1
 M

R-
M

 
0

.5
 

3
.7

0
 

1
3

7
 

29
 

R
u
g
ic

id
e
 I

 
2 

R
 

0
.5

 
4

.3
3

 
1

4
.5

 
1

5
0

 
3

0
 

F
u

n
g

ic
id

e 
T
I
 

1
 R

 
0

.2
 

4
.0

6
 

8
.7

 
1

4
6

 
3

0
 

tk
x
lla

 
1

1
0

5
5

 
M

e
d
e
d
 

1
2

 E
-

S
 

1
0

.3
 

3
.8

1
 

1
1
1
 

2
6

 
F

u
q
ic

id
e
 I

 
5
 R
+S
 

4
.1

 
3

.8
3

 
0

.5
 

1
1

8
 

27
 

F
u

n
g

ic
id

e 
1
1
 

1
 M

R
~%

 
0

.6
 

3
.4

5
 

-1
0.

4 
1

0
5

 
2

5
 

C
h

o
ri

zo
 

In
fe

d
e

d
 

37
 S

 
36

.7
 

3
.3

2
 

1
0

8
 

3
3

 
F

u
n

g
ic

id
e 

I 
7 

MR
* 

4
.9

 
3

.9
8

 
1

6
.5

 
1

0
9

 
32

 
F

u
n

g
ic

id
e 
I
1
 

4 
M

R
-K

S 
3

.0
 

3
.4

2
 

2
.7

 
1

3
4

 
2

9
 

a
Z

a
m

6
 

In
f-
 

8
0

 S
 

8
0

.0
 

3
.2

9
 

1
5

7
 

2
4

 
F

u
n

g
ic

id
e 

I
 

1
2

 M
-S 

1
0

.3
 

3
.8

5
 

1
4

.7
 

1
5

4
 

2
5

 
F

u
n

g
ic

id
e

 I
1
 

1
8
 E

-S
 

1
7

.3
 

3
.8

2
 

1
4

.0
 

1
5

7
 

27
 

-0
th

 
6 

In
fe

c
te

d
 

6
8

 S
 

6
8

.3
 

3
.0

6
 

1
0

4
 

3
0

 
F

u
n

g
ic

id
e 

I
 

1
7

 M
-S 

1
4

.3
 

4
.1

2
 

25
.8

 
1

2
2

 
32

 
F

u
n

g
ic

id
e 

1
1
 

3
0

 E
-S

 
2

6
.7

 
3.

94
 

2
2

.5
 

1
1

4
 

32
 

c
h

a
m

4
 

In
fe

d
e

d
 

72
 S

 
7

1
.7

 
3

.0
6

 
1

7
0

 
22

 
F

u
n

g
ic

id
e 

I 
1

7
 M

-S 
1

5
.0

 
4

.2
5

 
2

8
.1

 
1

6
3

 
24

 
F

u
n

g
ic

id
e 

T
I

 
2

3
 S

 
2

3
.3

 
4

.0
8

 
2

5
.2

 
1

7
1

 
2

5
 

St
an
da
rd
 e
rr
or
 o

f 
-:
 

S
E

 1
 

0
.2

4
 

9
.6

1
 

1
.8

8
 

2
.1

 
S

E
 2

 
0

.2
2

 
8

.2
5

 
1

.6
7

 
1

.7
 

CV
 

%
 

11
 

1
2

 
1

0
 

8
.0

 

F
ig

u
re

s 
=

 m
ea

n 
o

f 
3 
re
p.
 
ea

ch
 7

. d
,
 

ha
rv
es
te
d 

3
.6

d
, 

f
m

 
s

p
li

t 
p

lo
t 

in
 m
 

(t
re

a
tm

a
t 

as
 w

ai
n 

p
lo

t 
fa

ct
o
r:

 c
v

lt
iv

ar
 a

s 
su

b
p

lo
t)

 
In

fe
c

te
d

 =
 a

rt
if

ic
ia

l 
in

o
c

u
la

ti
o

n
 a
pp
li
ed
 t

w
ic

e
 

R
u

g
ic

id
e

 I
 =

 '
T

ri
a

d
ir

e
m

l 
(B

y
fi

d
an

 E
C 

2
5

0
) 
:
 0

.5
 
I/

h
a,

 
ap
pl
ie
d 
th
re
e 
th

s
 

F
u

n
g

ic
id

e 
I1

 =
 Z

en
eb

 
(

Z
h

t
 7

0
 %

 W
P)
; 

0
.9

 
k
g
/h

a,
 

a
p

p
li

e
d

 s
ix
 

ti
m

e
s 

SE
 
1
 
to

 c
c
~
r
p
a
r
e
 tr
ea
tm
en
t 

a
t 
s
a
n
e
 o

r 
d

if
fe

re
n

t 
le

v
el

s 
o

f 
a

l
t

i
v

a
r

s
 

SE
 

2 
to

 c
an
pa
re
 d

ti
v

a
r
 a

t 
sa
me
 l

ev
el

s 
o

f 
tr

e
a
tm

n
t 



5.4. Entarnology 

5.4.1. mt Eltern ((swfly 8creeniag 

As in  past years, bread wheat and durum wheat lines with relatively 

solid stem generally performed better than hollm stemd lines 

(Table 72). threshold infestation level to retain lines for  

further testing prior to inclusion in germplasm pools is 10%. 

Adequate rainfall during the graving season deed the Screening 

anandlies reported in 1989/90. With the fonrailation of a core of 

sawfly-resistant wheat and, to a lesser extent, barley lines, future 

efforts w i l l  be direded primarily to  testing offspring of crosses 

between lines of proven res is tane and lines w i t h  good yield and 

other desirable characters. 'Be selections are naw i n  the Fq o r  

higher generation. 
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5.4.2. Wheat 8ten Sawfly Yield Trials 

Ttm resistant varieties and the w i v e  checks of barley, durum 

wheat, and bread wheat were planted in six mws 2.5 m long. Plarrts 
were  exposed to naturally occurring wheat stmu sawfly pqulations 

and infestation rates and yields were measured (Table 73). In 

barley, the check line outyielded the WSS-resistant lines but also 

had the highest level of infestation. In d m  wheat, both WSS- 

resistant lines outyielded the check and had substantially 1- 

infestation rates. Similarly, WSS-resistant bread wheats cutyielded 

the check, the.@ with a lawer margin than durum wheat, and had 

significantly 1- sawfly infestation. 

5.4.3. Russian wheat Aphid 
Subsequent to the publicity generated by the Russian wheat aphid's, 

D i d i s  Mordvilko (RWA) , devastating impad in North America 

since 1986, ICARaA has teamed with other organizations to determine 

its distribution and impact worldwide. 

In early April 1990, scientists from Washington State 

University, ICARaA and the Morocco-kased USAIC-MIAC project surveyed 

North Africa and the eastern Medibxmnem for IWA and natural 

enemies in Momcco, Jodan, Syria, and south-central Turkey (Pike & 
dl., 1990; Miller a., 1992). In general, IWA density was law to 

mx3e.rat.e in all the regions sampled. Same sites had a hi* 

percentage (abaut 80%) of infested plants and natural enemies. FHA 

was most often found in law-humidity areas where plants were sparse 

and subjected to msderate drought stress. RWA occurred least in 

hmid ernrirmnents with him plant density and vigorous plant 
gmwth- 

In early May 1992, scientists from I C m ,  Washington State 

University, and CUkurova University (Adana, Turkey) surveyed 

northern Syria and central Turkey. IWA and numerous natural e.nemies 



Table 73. Results of yield wheat stem sawfly yield tridls 
aoPlauetea at Tal Hadya in 1991/92 under natural infestationa. 

Variety % Infestatim Adjusted Yield 
m/ha 

Barlev 

FW3-075 10.28a 4.004ab 

w//APi/a67/3/ 7.78a 3.58% 
ael/WI2269//0re 

Arabi Abiad (check) 22.64 b 4.401 b 

IhJxm wheat 

Gezira l7/Scaup 7.64a 

Haurani (check) 67.64 b 3.747a 

Bm2d wheat 

'lki/Vee'"~~~ 

Bol's'/Pvn's' 
CM58696 

Bnw$ers followed by the same nw$er are not statistically 
significant at P = 0.05) . 
were again located in dmught-stressed, isolated plants near Aleppo 
in northern Syria. Densities were 1- than in 1990 because of the 

unusually cool, rainy spring weather in 1992. In Turkey, FWA was 

found. in sparsely planted wheat and rye fields in the Tarsus- 

Aladaglar Range near Fuzanti at about 1200 m elevation and in 

foothills north of Tarsus. A heavy infestation devoid of natural 

d e s  other than q q h i d s  was found. in a patch of wheat located 

east of near the village of Narli. No RWA were fovnd 

on the AMtolian Plateau f m  Konya to Nevsekir, probably because of 

the severe winter and cool spring the region expexienaed in 1992. 

Corny with this survey, IWA was identified in a t  at 



ICARWfs Terbol research fann in Lebanon's Bekara Valley, near 

Zahle, and on a farm v t e d  by the American University of 

Beirut. RWA is widespread thmqhout the rainfed wheat- ard barley- 

producing areas of w e s t e r n  Asia and northern Africa (Fig. 14). Its 

impact on production in these regions appears t o  be closely linked 

to precipitation received during the v i n g  season. In years of 

mnnal rainfall, RWA is relegated to isolated reservoir m a t i o n s  

along the edges of irrigated fields and in drou$k-stressed patches 

on ended h i l l s  and in isolated canyons. W i n g  periods of 

prolmqd drcught, F&iA populations expand t o  infest laqe areas, 

threatening the most productive wheat- and barley-grming areas. 

Howwer, the actual inpact of RWA during these years is dif f icul t  t o  

seprate f r m  crop losses associated w i t h  abiotic stresses such as 

water stress, cold, and heat. In addition, TWA synptms frequently 

have been, and often still are,  confused with those of drought, 

heat, and cold w h i c h  makes impact assessllerrt difficult .  

RPA w i l l  probably continue to be a mazqinal pest in most areas 

of Africa and western Asia, w i t h  the exception of southern Africa, 

Ethiopia, Yemen, and prhp the Ma@reb states of North Africa 

where its past performrice suggests that  it can cause serious 

econanic loss unless m g e d  properly. RWA w i l l  probably became a 

more serious pest i f  wheat ard barley are sawn in increasingly 

marginal rainfed environments, as is currently the trend in cereal- 

deficient countries of w e s t e r n  Asia. 

Sawe WA-resistant wheats ard barleys have been identified a t  

ICARDA (Table 74) for  use in the Witemanem region, but almmt 

dl1 exotic varieties have proven hi-y susceptible to local 

diseases and maladaptad to the unpredictable, harsh climate typical 

Of the region (I-, 1992). More promising are sources of 

resistance from landraces or from lines originating i n  areas l o w  

infested by RWA (Fig. 15). With this in mind, ICARIlA has increased 





Table 74. Belected barley and wheat lines sbowixq resistants to 
Russian wheat aphid in hill plot s u w n i r q  trials at l?el liaUya 
in 1991/92. 

Line ID Mean ~OOOKW Yla/head (g) 
Score 

Barley 

68-004 

36-012 

36-031 

30-038 

22-001 

10-003 

10-004 

66-023 

30-005 

19-037 

30-035 

66-091 

Egyptian bread wheat 

136X5.69 629/6 

768/2 

757/3 

714/3 

697/1 

772/4 

786/2 

134X5.69 494/1 

136X5.69 456/3 

723/2 

784/2 



Table 74 (Contfd. ) 

134X5.69 519/3 1.15 9.85 0.09 

134X5.69 614/1 1.15 10.15 0.06 

136X5.69 472/2 1.15 7.91 0.06 

136X5.69 604/3 1.15 11.30 0.03 

mm wheats 
-1 2.00 17.60 0.15 

Dcma SH-1343 2.00 12.50 0.12 

Cham2 2.35 0.00 0.00 

Tz~p*2/Ane 2.50 0.00 0.00 

H-2120 2.70 21.80 0.37 

Lahn 2.70 18.36 0.25 

Qmabi 5 2.70 13.85 0.09 

Cham3 2.85 18.20 0.27 

-13358 2.85 12.71 0.26 

DcaM H-2313 2.85 21.24 0.17 

H-2220-B 2.85 14.60 0.02 

LR-12807 2.85 18.85 0.25 

ACSAD65 3.00 17.85 0.15 

ICARIYL bread wheat 

201205 GRU 22 1.35 5.30 0.05 

202276 GRJ 79 2.50 0.00 0.00 

201197 GRU 21 2.70 0.00 0.00 

202095 GRU 65 2.80 0.00 0.00 

Tsi/VeefSCM64335- 2.80 0.00 0.00 
3AWCB11 



( Jordan > 
8 

Saudi Arabia 

Fig. 15. FYequency of seledion (lower insert) and collection sites 
of barley l ines (circles) resistant t o  EWA a t  T e l  Hadya. L m  
variation in  tested Lines among sites is sham by the densely 
clustered plots of the f i r s t  two canonical variables (uppr insert) . 



its IWA screening program, concentrating on wheat and barley 

larxkaces, wild relatives and advanced lines originating within 

WANA. Very effective field screening techniques, including a 6 

pint scoring system canbinhg plant damage due to the aphid's 

saliva with aphid density per plant (l=resistant, Wghly 

susceptible), were adapted £ram those developed at ClMMYT (Ro$imcm, 

et al., 1992). As might be e x p e c k d ,  most wheats and barleys 

initially meened were fllsoeptible to highly susceptible, although 

sawe lines &awed tolerance to saliva1 toxins and will be re- 

(Fig. 16). I(aROAts breeding program seeks to combine IWA 

resistance with heat and drought tolerance and with disease 

resistance in both wheat and barley. We hope that the use of FWA- 

resistant varieties, mupled with the preservatimn and enhancement 

of endemic natural enemies, will provide adequate pratection against 

EWA outbreaks in the lcw input wk& and barley areas of the region. 

- R.H. Miller 
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5.5. International Nurseries 

Fbqional bread wheat nurseries assembled by the joint CDlMYT/IC;ARDA 

bread wheat project at ICARLYL in 1992 are given in T a b l e  75. 'Ihere 

were 7 nurseries and 5 gernplasn pools, with a total of 452 sets 

being distrhted. The rqular and trait-specific nurseries rerrrained 

unchanged from last year. The agreement between CIMWT and ICARDA on 

Table 75. Bread wheat regional nurseries for 1992-93. 

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

Regular Nurseries 
CbJssirlg Block WB 140 39 
Segregating Populations WSP 135 25 
Observation mcseries: 
- Semi-arid Areas WON-SA 291 37 
- Favorable Areas WON-FA 278 41 

Yield Trials: 
- Lrrw Rainfall areas WYT-IRA 24 58 - Werate Rainfall Areas wYFM€a 24 79 

((pecific-trait Nurseries 
Heat Tolerance Obs. Nur. HIlXJ 60 51 --- 

Sub-- 330 

Gemplasm Pools for ELaurces of Disease Resistance 
Stem Rust WSRGP 24 41 
Yellow Iblst WYEP 65 20 
Leaf Iblst WUGP 26 2 1 
Carrmrm Bunt WCBZP 13 20 
Septoria Tritici Blotch  WSII;P 25 20 

----- 
Total 452 



spring wheat nursery preparation and distrhtion was h'plemerrted 

starting last season. Under this agreement the ~ m e s  of the 

observation nurseries were m e d  fmw L m  Rainfall to semi-arid 

and frm Werate Rainfall to Favorable in order to reflect better 
the wet areas of the nurseries. These two nurseries included 

lines supplied frum the CIMMYT base program in Mexico (with seed 

mltiplied at Tel Hadya, Syria) and were restrict& to the WINA 

region. A new'germplasm pool for stem rust resistance was assembled 

by the wheat patholagist, in addition to the four disease resistant 

germplasm pools made available last year. - S.K. Yau 

5.6. Biotezhnolcqy 

5.6.1. lB/lR-substitutions in wheat 

In collaboration with Prof .T.Lelley University Vienna, ard the Plant 

Breeding Institute in Giittirqen 1R chrcanoscanes frm 15 different rye 

lines will be intrcduced into 10 of the best local wheat lines. The 

initial cross between wheat and rye-lines was started this year, the 

chranosame m&er of the hybrids has to be doubled using colchicine. 

The hybrids will be ba- to wheat, spontanecus substitutions 

and/or translocations will occur. The substitutions will be 

mnitored and described. C-banding of the wheat and rye chrcanosomes 

and DNA-marker techniques will be used to identify the substituted 

chromosames. 

Wheat lines used were: Cham 4, Cham 6, Sawari-I, NS 732/Her, 

Pri/pew, SHI#4414/Crm, me/Buc, TR 380-16-3~617/chat, BB/- 

(3)/Coc, and Chori 20. Rye lines used included 10 inbred rye lines 

frw Dr.G.Scoles, Saskatoon, CaMda and 5 inbred rye lines from Dr. 

T. Wley, Vienna. - M. Bauu 
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6. Facultative Bread Wheat (W) Breeding 

6.1. Intmduction 
Rssessnent of project method and direction was stimulated by visits 

of Feter A. Pox-tmm, De-t of Agriculture, Western Australia 

and Tony Rathjen, Waite Institute, South Australia. The 

standardization of methods, and honing of objectives were the 

hallmarks of their reviews. 

Ceredl Prcgram project plot size at Tel Hadya, and other 

ICARDA/Syria locations has been standardized. This will facilitate 

ccqzetation between prcgrams, projects and Fanning Operations. All 

yield trials will be gram in 8 Itow, 3.25m plots, 20cm separating 

individual rows. Mechanization of all aspects of the Program, 

especially sawing and harvest, is gradually being accepted by all 

projects. 
Border trimming of yield trial expriments is an operation that 

may mnflict with peak dexlard labor supply, and can intrcduce random 

error due to uneven edge triTRRing. A deviation of lOan in driving 

the straight plot/buffer line would result in a maximum error of 8% 

(actual error around 4%) in hanrest area of a 5m plot. This is the 

level of genatypic difference which our yield trials are designed to 

detect. Plot technique errors may obscure results. 

A technique gleaned fmm experience at Nebraska and Western 

Australia, all- simultaneous marking of both ends of the plot 

range with nozzles fixed to a spray boam. Constant plot widths are 

achieved with one tractor pass across the field. Errors in 

plot/alley placenwt or marker-driving will thus result in variable 

alley widths (nat ~lots!) . This technique allows full vegetative 
coverage of the field, fram plant eneqence to physiological 

mturity. This increases land area utilized and decreases bare 

ground (thereby reducing erosion and weed habitat), and provides an 

inter-range (between plot ends) ccaopetitive buffer. To mintdin a 



amptitive buffer between rarges, mar* is delayed until the crop 

has just reached heading. In environments similar to that at !Pel 

Hadya a significant portion of stored soil moisture has been 

utilized at heading and f ixkher  rainfall is unlikely. 

In collaboration with J q e n  Diekmann and Peter Eichhom, a 

spray bwm was designed, construct& and tested in FBW fields at Tel 

&dya A small width ( l O D Q n ) ,  4 *eel drive vineyard tractor served 

as the tool carrier. Tbe bwm all- full alley-width coverage 

behind the tractor, a d  half alley-width awerage on bocsn arnrs 

extending (plot + alley width) either side of the tractor. T h e  

alleys covered by the half width units are where error corrections 

for driving irregularities cccur, tractor sprayed alleys and plots 

will have a constant width across the field. Standardization of 

plot size, acmss the Cereal Program 1992/93, will allw this 

technique to be used by other projects for their plot nmqement. 

Concern of possible herbicide residue effects resulted in 

design, construction and testing of hydraulically pawered mower unit 
that allowed simultaneous sickle bar cutting of a full alley-width 

in front of the tractor, and half alley-width cutters on boQn anns 

extending either side of the tractor. m e  hydraulic p e r  required 

to operate these mawer units, haever, exceeded that available from 

the tractor particularly when the cutter bar ran perpendicular to 

the planted raws, and row upon mw of lush, green plants enter& 

(and ultimately clogged) the cutter bars. In ccanparison, the 

herbicide llcutting" method was preferred because of the sinplicity 

in equipnent manufacture and operation. 

6.2. B i n p l i f y i n g  the tedious 

A ccaoparison of Days to Heading, versus Physiological Developental 

Score, as an indicator of relative maturity. In taking "days to 

. . ." heading or flawering notes, intensive data collection for a 



relatively s-le trait requi rs  v t e d  observation of entire 

nurswies, with several recordings per week over an extended pericd- 
-all making one wish there were a shpler, mre efficient method to 

collect relative development or maturity data. 

In mast breeding programs, the desired matxrity class of 

gernp1asi-n is achieved throqh selection in situ of material adapted 

to a particular site or area. Merely defining outlier genotypes in 

tfmns of %very czrlyrl, %arlyll, 8*lateqo, and %very late" is 

sufficient to characterize relative maturity. Differentiation should 

be based on development relative to check cultivars, or basic 

species differences (e.g., #Very -lyW barley versus l1latel1 wheat). 

This sinple segregation is sufficient for most breeding 

programs. fkwever, if the data colleded is W e d  to depict 

specific relative perfomaxe differences across a range of 

genotypes, a develqmental grcrwth stage score may be more 

apprcpriate. Scores may be based on gross morphological appearance, 

or by dissection of a particular event to determine when it occurs 

(e.g., embryonic spike initiation, pollen maturity or dehiscence, 

ovule fertilization, or initiation of caryapsis grcrwth and 

differentiation) . 
The H. M. Fisher Phemlcgical Developnerrt Scale categorizes 

grcss morphological vegetative and reproductive plant developrent 
into 51 stages. Using this score, material can be classified with 

one or two visits to the trial, rather than the 6-10 visits required 
for "days to.. .I* data, resulting in a reduction in workload by 80% 

or more. %cse stages appropriate to relative maturity 

classification are: 



Score General stage Description 
- 

Flag leaf emqerce and Tip of flag leaf (m) emqed. 
head develqxnent 

FL auricle appearing. 
FL well emerged. 

stage--head well developed. 
Head aneryence and 

anthesis llHead FeeplI stage--Head appearing. 
Head em?qed. 
Base of ~ a r  level with FL auricle. 
Base of ear above FL auricle. 
Head on extxmded peduncle 
mAnthesisff--anthers extruded. 

Days to heading (HD) and the Fisher Phenological Devel-t 

Scale (PD6) data were recorded for the Winter, Facultative, Spring 

Wheat Ccrmparative Yield Trial (WFSYT92, seventy two entries, 3 

replications) grawn at Tel Hadya in 1992 with sqlementally 

irrigated (IRR) and rainfed (RF) conditions. 

Conparison Correlation Entries Equation r2 

IRR HD: PLE all 33.87 - 0.0421x 0.0037 
WF 33.38 - 0.0301x 0.0019 
S 36.43 - 0.1176X 0.0278 

RF HD: FDS all 36.48-0.1473~ 0.3252 
WF 37.31 - 0.1776X 0.4215 
S 34.40-0.0709~ 0.1092 

HD 1m:RF all 26.14 + 0.0671x 0.0029 

PC6 1rr:W all 23.49 + 0.271- 0.3037 

?he association between HD and PLE was higher in the rainfed 

trial, and separation of entries into vernal habit groups affected 



the mrrelations between HD and PC6. Between trials, PC6 data were 

more closely associated than were HD data. 

General obsenrations. 

-The law correlation between HD: E ) E  in the IRR trial indicates that 

either paamter may be a poor irdicator of relative devel-t. 

--High correlation between HD and PDS is not expzted because HD 

data will reflect m e s  in crop developmmt, as influenced by the 

envirament, over a pericd of time. PC6 will reflect genotypic 

develmtal differences, at a particular point in time. 

--One problem that was observed in using the Fisher PC6 was that the 

scoring system records progressive vegetative changes that lead to 

a culmination of certain reproductive events. However, 

developentally, the step wise progression from flag leaf w e n = -  

-head deve1opner-k--head emqence to anthesis is an untenable 

association. We observed ins- in which reprodudive anther 

extrusion (stage 36) occurred during the vegetative stage 32. 

M p s  this is an issue that is more applicable to Tel Hadya where 
a forced anthesis may occur. Given this comtraint, a PC6 that is 

more suitable to our conditions will be investigated. A better , 
definition of the actual vegetative-tO-rep?du&ive transition 

(embryological spike initiation) and inflorescent fertilization is 

needed. 

6.3. hmmer planting at Tel Hadya 

Tne FBW project uses a sunnner planting at Tel Hadya (- early 

July) to screen germplasm for degree of vernalization requirement. 

T h e  nurseries planted in this test are intended for cbservational 

screening ~wposes only, seed is not required. Any appreciable 

quantities of seed obtained fram this nursery will be f m  gen0typ.s 

with law vernalization requirement; just the genotypes to be 



disxded. 

Association between Field and Hill observations was tested in 

1 F W ,  WSWYI92, and CBFW-Turkey92. Conventional yield plots have 

heen used in the past to screen for this trait. Hmever, the area 

allocation is wasteful. Fifty hill plots occupy an area equivalent 

to one conventional mcro yield trial plot. 

Year Field area (ha) Plot type No. genotypeS tested 
- ~p 

1991 0.8 m m  (4.5d) 1500 
1992 0.16 Mini (3.3d) 400 

0.02 Hill (0.09I8) 1382 
1993* 0.03 Hill (0.0918) 2000 

*Projected summer land use requirement (12.5 x 24m) . 

Hawever large conventional plots m y  be acivantageous if a genotype 

is heterogeneous for reqmnse to vernalization. 

Score No. Entries 

HILL VS MINI wFswry92 1FAhW3N CBFW-FJ2 Total 

1- same 61 98 100 2 59 
2 1-4 seg/mix 6 9 2 17 
3 0 4 4 25 3 3 
4 seg/mix 0-4 1 7 4 12 

-- 
321 

Score 
@Vegetative t~? t rae  
l=Tiller elongation ssegregating 
2=Booting e=early, l=late 
3=Heading -=s ing  
4=%t anthesis 



'Ihe data above shows that, development in hill plots accurately 
reflects mini-field plots. In 86% of p1ot:plot ccrmparisons, the 

same, or similar, scores were recorded (category 1+2). In 10% of 

the ccwparisons, hill-plot sample size was apparently insufficient 

to account for segregation or mixture variability okserved in the 
field plot trials (catqory 3) . In 4% of the comparisons, hill- 

plats incorrectly identif ied field plot respnse (category 4) . 
Category 4 ermrs are most troublesome, yet may point to a planting 

density by respnse to lack of vernalization interaction that may be 

worth investigatinq. 

Use of hill-plots to screen for respnse to lack of 

vernalization is warranted, given the land savings involved and 

asscciated savings in nursery maintenance (sawing, watering, 

weeding, data aolleztion, etc. ) , and the law error rates. 

6.4. Charactarization of Tel Hadya-&rived FBW germplasm 

FEW germplasm selected at Tel Hadya has diverse vernalization 

requirements. Unfortunately, a preponderance of low vernalization 

requiring genotypes may result fmm unrestrided selection, 

particularly in material frcan spring by winter crosses due to 

genetic daminance for l ow  vernalization requirement. 

'Twenty seven Tel Hadya-derived FBW genotypes ( I W -  cross 

identifiers), entries in the lFAWEN, were characterized for 

vernalization requirement by fllmmer swing in hill plots at Tel 

Hadya. Response to (lack of) vernalization is presented in Table 76 
for these entries, and standard check cultivars. 'lkugh a 

relatively small sample, it represents elite germplasm developed as 

"FBW germplasm", through selection and yield trials at Tel  Hadya. 

Fifteen of the 27 lines screenel were law vernalization requiring 

types. In addition, twenty five percent (137/546) of entries in the 

previously unscnxaed (for vm response) F'EW92 A d v d  Lines 



nursery were low vernalization requiring genotypes. 

Because these low vernalization types are thoqht to be more 

sensitive to frost and cold, amstraints of primary concern in 

facultative and winter wheat environments, population shifts toward 

verndl requiring genotypes is desired. Surr~ner planted screening of 

early selection advamxd lines will allow identification of low 

verndlization requiring genotypes, allowing efforts to be 

concfmtrated on facultative and winter genotypes. 

6.5. Perfonaance of vernalization requiring wheat to nort3m.m Byria 

Fifty five facultative and winter wheat genotypes of diverse origin, 

and 17 spring wheat genotypes were gram in a replicated yield trial 

(WFSrrS2) at Tel Hadya d e r  supplementally irrigated and rainfed 

field conditions in 1992. This germplasm was also sown in a summer 

planting at Tel Hadya, under high tenperatures to screen for (lack 

of) vernalization response. 

Figures 15 and 16 represent the association between grain yield 

(g m-') and vernalization soore (C~=~Winter~, vernalization requiring 

genotypes; 8=Itspring", non-vernalization requiring gem-) for 

WFSYT92 entries. Under supplementally irrigated conditions, little 

difference is noted between grain yield and vernalization 

requirement (Fig. 17). Genotypes that have a vernalization 

requirement, however, appear to be better adapted to conditions of 

increased stress (Fig. 18). 

Five hundred forty six facultative and winter wheat a d v d  

lines (FBW -2) --hitherto selected in previous years on pheri&ypic 

a m ,  relative perfomaxe and frost tolerance-and checks 

were grawn in a replicated yield trial (supplementally irrigated) 

and non-replicated yield trial (rainfed) at Tel Hadya in 1992. This 

germplasm was also sawn in a summer planting at Tel Hadya, is hot 

corditions, to screen for (lack of) vernalization response. 



Table 76. Tel Hadya derived FEkO lFMKw entries screened for 
to lack of vernalization under high mininarm -ture 

srm~er planted field d t i m s ,  in hill plots planted on July 1, 
1992, at  Tel Hadya. Where Wegetative, =ill= elongation, 

I and 4=Past anthesis develqmental s-89. 

Dateobsenred 

-Y 07.IX 21.1~ 05.X 18.X V m  r-t 

101 BEZmAYA 0 0 0 0 H i g h  
102 SERI82 2 3 4 4 LLX 
103 B o r n  0 0 0 0 H i g h  
104 GEREK79 0 0 2 3 F a c u l t a t i v e  
105 ATAY85 0 0 0 0 H i g h  
97 ICWH- 4 4 4 4 
98 ICWH- 0 0 0 0 
99 ICWH- 3 3 4 4 
106 ICWH- 4 4 4 4 
107 ICWH- 4 4 4 4 
108 ICWH- 2 3 4 4 
109 ICWH- 1 3 4 4 
110 ICWH- 0 0 0 0 
111 ICWH- 2 3 4 4 
112 ICWH- 2 3 4 4 
113 ICWH- 2 3 4 4 
114 I W -  3 3 4 4 
120 BEZOSTAYA 0 0 0 0 
121 ICWH- 3 3 4 4 
122 ICWH- 2 3 4 4 
123 ICWH- 2 2 4 4 
124 ICWH- 3 3 4 4 
125 ICWH- 0 0 1 3 
126 ICWH- 0 0 3 3 
127 ICWH- 0 0 2 3 
128 ICWH- 0 0 2 3 
129 ICWH- 0 0 0 0 
130 ICWH- 0 0 0 0 
131 I W -  0 2 3 4 
132 ICWH- 3 3 4 4 
133 ICWH- 0 0 0 2 
134 ICWH- 0 0 3 4 
135 ICWH- 0 0 2 4 
140 SERI82 2 3 4 4 
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VERNALIZATION SCORE (O="WINTER") 

Fig. 17. Association between grain yield (g i 2 )  and vernalization 
score (C=strong vernalization -t, %inter1' type) for 72 
bread wfieat entries grmm in the Wmter Facultative Spring Wheat 
Yield Trial, 1992 at Tel Hadya, Syria under supplementally irrigated 
field condition. 

The FEW AL92 represented a diverse range in response to 

vernalization with nearly 25% categorized as 1m vernalization 

genotypes. Figures 19 and 20 represent the association 

between grain yield (g m-2) and vernalization smre for the top 10% 

of FEW AL92 entries. U n d e r  supplementally irrigated conditions, 

little difference is rioted between grain yield and vernalization 

requirement (Fig. 1 9 ) ,  thcugh one "facultative" and one "spring" 
genotype were superior performers. Genotypss that have a 

vernalization requiranent, hawever, appear to have an advantage in 

conditions of increased stress (Fig. 20). 



W FSYT92 
TEL HADIYE, RAINFED 

VERNALIZATION SCORE (O="WINTER) 

Fig. 18. Association between grain yield (g m-2) and vernalization 
score (@=strow vernalization m q u i m ,  v'winterv type) for 72 
bread wheat entries grown in the Winter, Facultative, Spring Piheat 
Yield Trial, 1992 at Tel Hadya, Syria under rainfed field condition. 

Categorical definition of an '5dealM genotype fit for an 

enviromt is difficult, if not impossible, to make, particularly 

in transitional envimrnnents. Future research will m e  away from 

inter-varietal ccanparisons, and taward assessing the affect on 

performnce and adaptation of distinct genes controlling various 

aspeds of genotype adaptation and performance (e. g. , micronutrient 
tolerance or efficiency, nematode resistance, plant heiqht, 

vernalization, or photoperid). !Ihroqh this research, it is our 

ultimate goal to define better the complex agmnmic constraints, 

an3 breed- objedives , prevailing throughout WANA, "-t** and 

"inter hardiness". - T.8. Pam 



FWW ADVANCED LINES '92 
TEL HADIYE, IRRIGATED 

VERNALIZATION SCORE (O="WINTER") 

Fig. 19. Association between grain yield (g m-') and vernalization 
smre ((3=strorg vernalization requirement, '%interff type) for the 
top 10% yieldhq bread wheat entries grown in the Facultative and 
Facultative and Winter Wheat Advanad Lines, 1992 at Tel Hadya, 
Syria under supplementally irrigated field condition. (Note: FBW 
Fdvanced Lines '92 contained 546 entries, 137 of which were 
classified with a vernalization score of 7 or 8). 

6.6. Facultative Bread Wheat 

6.6.1. Sunn Pest  Integrated Pest w e m e r i t  
A joint FAO/ICARDA fact-finding mission was c o n d u a  in the spring 

of 1992 to assess the need for, goverrunent interest in, and 

potential for success of a regional inkgrabxi pest mnagement (IR?) 

project on sunn pest. The mission was organized in Syria, Turkey, 



FWW ADVANCED LINES '92 
TEL HADIYE, RAINFED 

VERNALIZATION SCORE (O="WINTERM) 

Fig. 20. Association between grain yield (g  -') and verndlization 

score (O=stmng vernalization requirement, "winter"type) for the tcp 

10% yielding bread wheat entries grum in the Facultative and Winter 

Wheat Advanced Lines, 1992 a t  Tel Hadya, Syria under rainfed field 

&tion. 

and Iran in  -rise to requests f m  mtional prcgram to FA0 for 

help with sunn pest control, and to ICARDA for research activities 

dealing with sunn pest. Ministry officials frcan the institutes 

responsible for pest control and agricultural research, and 

university staff irnrolved in sunn pest research w e r e  consulted in 

each country. 



The history and present methodology of sunn pest control in each 

country follms a commn thread. In the 1950's and 1960's FA0 

organized several working groups on sunn pest in the region. These 

groups met several times to discuss the impact and methods of 

corrtrolling sunn pest. Control projects based on cultural 

techniques and biological control were initiated in several 

countries and met with scnne success. In the mid-1960's effective 

chemical pesticides were develaped and taryeted for use on sunn 

pest. These chemicals were so effective that interest waned in 

alternative control techniques. Extensive spray prcqrams were 

develaped for sunn pest in Turkey and Iran, technology which was 

later adopted by other countries in the region including Syria. A 

negative side effect was that research on nonchemical methods 

virtually ceased in all sunn pest affected areas, a condition which 

persists to this day. 

The gwernments of Syria, Turkey, and Iran assume responsibility 

for controlling sunn pest, as they feel it is beyond the means of 

the private sector and individual farmers. As a result farmers have 

little input into sunn pest controls applied to their awn fields. 

Pdditionally, there is little atten@ to monitor the werall cost of 

sunn pest control. Each pest control group is cognizant of the 

amrxlnt spent on its particular activity, such as the cost of renting 

spray aircraft, for example, but many I1hiddent1 costs are not 

accounted for. These hidden costs primarily include labor and 

maintenaxe eqenses and contribute to the perception that sunn pest 

control is hexpensive. 

We estimate that the total annual outlay for sunn pest control 

in these three countries is about $250,000,000 US, based on current 

market prices for chemicals and the amount of labor and equiprent 

needed. 



In same cases govemnsnt policy promotes the use of pesticides over 

alternative control methods. In Turkey, for example, the chemical 

klustry itself conducts efficacy trials witkin the country, bearing 

all associated e~q3enses. The gwemmm~t then uses these data to 

determine whether or not to approve the coqamd for use. 

Another "hidden costf enwuntered was the lack of monitoring of 

the effect of pesticides on the environment and on the health of 
those living in treated areas or eiqaged in pesticide application. 

In all countries, ministry officials were w r t i v e  of the idea 

of reducing depdency on chemical pesticides to control sunn pest, 

and were generally surprised at the amount the current control 

programs were costing their countries, both envimnmentally and 

econawically. 'Ihe successful control of sunn pest over the past 10 

or so years by chemical sprays has lead to ocsnplacency among pest 

ma~gers, and has perhaps contributed to the under funding and 

dismantling of research institutes and pmjeds that could provide 
cheaper, more effective, and safer sunn pest control. 

'Ihe mission concluded that sum pest IPM could significantly 

reduce pest control outlays in W t  and barley, protect the 

environment and health of the regions inhabitants, and contribute to 

the sustainability of wheat and barley in WUA. Potential sunn pest 

mamgement techniques include enhancing natural enemies, using 

double tier harvesting, inproving scouting and application me-, 
and employing other cultural. control techniques. Tawards this end 

an expert consultancy has been planned for the spring of 1993 where 

gwernnent designated exp?3s from interested countries will discuss 
the sunn pest problem and formulate strategies to resolve it. - 
R.H. Miller 



7. Collaborative Research 

7.1. Wqhreb Region Program mrt 
7.1.1. Introduction 

'Ihe activit ies reported here w e r e  carried out p r k i l y  by nati-1 

program scientists  assisted by ICMEA scientists based in both North 

Africa anl at base. Algeria and Libya received most support and 

c o l l ~ r a t i v e  selection, survey and training activit ies took place 

primarily in these countries. Training o p r t u n i t i e s  a t  A l e p  also 

were  aimed a t  these two  countries. ?his is to increase the strength 

of these prqrams t o  the level of those in Morocco and Tunisia. 

Collaborative research activit ies were varied. Together Ma- 

scientists  carried out wheat and barley disease and i .  surveys 

a d  trained s taff .  

7.1.2. Production Conditions 

?he climatic conditions of the 1991-1992 crop season were favorable 

in eastern North Africa. Rainfall was generally above average and 

w e l l  distributed. Rnpratures  w e r e  favorable for cereals growth 

except i n  February, when t-tures w e r e  above average. In 

Tunisia, production exceeded two million tons despite unfavorable 

weather conditions in central and swthern areas. Y i e l d s  in 

Northern Tunisia were as hi* as those of the previous year's record 

crop. In Libya barley was  predcnninant and covered some 80% of the 

cereal acreage. Weather w a s  favorable in Eastern Jabal Akdar region 

but average elsewhere. 

In w e s t e r n  Algeria and Morocco, temperatures and rainfall  were 

unfavorable t o  asreal production . An early drought ( N o v m k r  t o  

March) w a s  follawed by heavy rains (April and May). Total  crop 

losses occurred even in high rainfall areas. Prcduction of a l l  

cereals in M o m  f e l l  from 8.5 million tons in 1990/91 (a record) , 
to 2.2 million tons (the lmest level in 4 5  years). Prcduction in 



Algeria (3.5 million tons) was similar to the previous season, 

despite droqht in parts of the country. Iack of rain in sane areas 

was ampensated for by in@mved agronomic practices rnainly in the 

eastern regions. 

7.1.3. Regional -tion: Breedhg Activities 

Table 77 shows the types of nursery and their distribution in 

N.Africa. l%le 78 lists the promising genotypes identified for 

further testing frcan the nurseries by country and Table 79 lists 

varieties r e l d  by the national prograrrmes. Table 80 shws the 

d i m  identified by surveys as important in 1991/92 by country 

and Table 81 lists new sources of resistance to diseases. These five 

tables sumnarize the regional breeding activities in North Africa. 



Table 77.  Nursery di&r&uticm in North Africa 1991/92. 

Site RX H.F. Sept. CCMN BYDV 
B D W  

Algeria 
Khraub 
SB Abbes 
Tiaret 
Setif 
Guelma 
El Ha?zach 
Cued Smar 

Libya 
EL Maj 
Misrata 
Z a h r a  
Azizie 

Tunisia 
Eeja 
Kef 
INAT IAB 

X X X  
X  X  

X X X  
X  

X  X  

X  X  X  
X X X  
X X X  
X X X  
X X X  

(1) W i n i a  d'obslvation Maghrebine (FOM) : The PCM provides 
elite germplasm from ~~, Tunisia ard Algeria. 'Ihese FCM are 
important in distributing lccal, adapted germplasm f m  NARS. Many 
lines were selected for £mther testing. H.F and Sept nurseries 
carry specific resistance to hessian fly and septoria respectively. 
'Ihese were supported by the UNDP project. CDNN (Cereal Disease 
Monitoring Nursery) nursery monitors pathogen virulence changes in 
priority wheat anA barley diseases. It was also grawn at ICARm Tel 
Hadya, in Syria. B = Barley, D = turm, W = Wheat. 



Table 78.  Pranising genotypes' identified in North Africa fmm 
regional trials in 1991/92. 

Barley l x r ~ n n  &eat Bread wheat 

Algeria Soufara 
Begoha 
Badia 
lYU06/DY/ST205 

Libya C-BYT 1 2 
BON-IRA 1 1 
BSNNA 1 347 
BY'FACSAD 1 10 

Tunisia BYT-MRA: 1-2-4 
5-11-16-21 
BYr-IR'i-cold 
1-5-7 
BYT-IRA: 
1-3-18-22-23 

Morocco EON-IRA (COOL) : 
10-27-48 

BSNNA: 75-124 
129-139 
166-264 
288-297 
329-339 

Zahera 3 
zahera 5 
Zahera 1 
RDYT 1 16 
ADYT 1 22 

Seri 82 
punll~ll/pr~ll~ll 
Seri 82 
Yaco/Junw 
pUn"S" /,rlsll 
~lls"/QI"S" 
Veeg1Sf1 

moth 202 
Misurata I1 
Misurata VI 
Germs 
Zahera N 
Zahera VIII 
zahera I1 
Misurata VIII 
Bohoth 106 
AWYT 1 106 
WON-IRA 1 33 

WYT-MRA: 103-109- 
111-114- 

WYT-IRA: 104-108- 
117-118- 
119 

WON-MRA: 1-2-24- 
56-73-85-217- 
238-244-248- 
259 

' A r e  considered prumising genotypes among selected entries, those 
lines identified as valuable parental material, or for direct 
a d v W  testing. 



Table 79. V a r i e t i e s  released by national in 1991/92. 

caUntry Barley mrum Bread Wheat 

Algeria' BADIA NESSER 
ZIDENE 

Libya WLDI KUF 
WADI GATrAFA 

' Official variety registration catalog is being established in 
Algeria where m r e  than 10 varieties per crop species are 
awaiting registration. 
Six lines, two of each for barley, bread wheat and durum wheat, 
already registered in the Morocco Varietal Catalog, will be 
officially released to farmers after two years of extensive 
testing in farmers fields. 



Table 80. Major diseases by country in the 1991/92 season. 

Disease and Wts 

Algeria 
Barley X  X  X  
IXuum X  X  X X  
BJx& wheat X  X  X X  

Libya 
Barley 
IXuum 
Bread wheat 

M o m  
Barley 
IXuum 
Bread whaat 

Tunisia 
Barley 
lxmml X  
Bread wheat X 

X X  X  X X  X  X  
X  X X X  
X  X X X  

X X  
X X  X  
X X X X  

LR = leaf rust; SR = stern rust; YR = yellow rust; ST = septoria 
tritici; FM = paJdery mildew; NB = net blotch; SC = scald; BL = 
barley leafstripe; CB = common kunt; 'IS = tan spot; IS = loose smut;  
CS = cavered smt; FS = flag &; CR = casrmon root r o t  (C. 
satiws) ; FR = foot rot (msarim) ; HF = hessian fly. 



Table 81. New sources of resistance. 
- 

Q-Cf? species Disease Source of resistance 

rlrum 

Bread wheat 

NB 
BYW 

H. fly 
BYW 

BYW 

H. fly 

- H, and%: f m T .  Tauschii 
- SIK/4/JO/3/JO/Cr/CIT 71 
- YAV 79/12.IDSN 227 

- QJ 079*2/PRL "S" - ANB llSll/yA~ IISII 
- IAS 20 
- SbN 12686 

Other Activities: 

Cereal Rarellbg Workshop 

Scientists fmm Algeria, Libya, Morocco, Tunisia, CIMMYT an3 I C .  

participated in the 1992 cereals travelling workshop held in 

Algeria, May 16-21, 1992. Participants selected material at Guelma, 

EL IUrcub, Setif, Tiaret, Saida and Sidi Be1 Abbes stations and 

discussed inter-Maghreb moperation. It was a gad training 

opportunity for junior staff. Joint Maqhreb Trials for variety and 

site characterization were planned for 1992-1993 season. 



7.1.4. haining 

Regional expertise was used in training thmughout the region and 

included: selection, disease and insect screening, imculum 

presenmtion, note taking and data mllection. The cereal program 
enccurages mutual scientific supprt ,  self reliance and devolution 

of responsibilities to NARS to exploit their expertise for regional 

and international benefit. In oooperation with ICARDA, Momman, 

W s i a n  and Algerian scientists trained large numbers of junior 

staff from all Maghreb camtries in diseases identification and 
saeenbq at EN-KEF in Tunisia am3 on cereal breeding techniques 

at El Xhroub, Algeria. Various intensive, specialized courses were 
also run. These included evaluation of hessian fly resistance 

(Morocco), isolation, evaluation and multiplication of barley 

Pawaery mildew (Tunisia) . 

7.1.5. Virulence studies 

Viniience studies and developent of screening techniques occurred 

for physiolagical races in Septoria tritici [Tunisia), net blotch 

(Tunisia) , pcwkry mildew (Tunisia) and yellow rust (Tunisia), the 

gall causing fly attacking barley was identified as Mayetiola hardei 
Keiffer ( M o m ) .  It is called Barley Gall Midge. Tkchniques for 

evaluating and screening for root rot and tan spot resistance are 

king developed (Mormm) . 

7.1.6. Others 

The dual purpose use of barley as a grazing and grain crop was 

demmstrated on large scale in farmers fields ( M o m ) .  

If only one supplementary irrigation is possible, it is more 

beneficial if applied at tillering rather than at other grawth 

stages (Mormm). 



It was Shawn that up t o  30% barley grain can be mixed with 

bread wheat for bread making and two m pearled barley can be used 

as a rice substitute ( M ~ ~ D x o ) .  

Assistance was  given in on-farm agrommic t r i a l s  (Algeria, 

I 'bKCKX0).  - M.8. l4dm.i 



. . 
8. Tratmng and Visits 

In 1992, 8 in collaboration with other 1- Prograrrs and NARS in 

WANA have colrlucted 5 group courses and individual training at 

hea- and two short courses in the region. The decrease in 

total number of participants (113 versus 145 in 1991 an3 147 in 

1990) reflects the Center's stratesy on priorities and resource 
allocation to germplasm enhancement activities as d ~ ~ ~ ~ i b e d  in the 
m. 

. . 
8.1. hauung at Headquarters 

'here were 77 participants in training activities cmdu&ed at Tel 

Hadya (Table 82). The large number of trainees from Syria, the host 

caultry, is largely due to two short courses requested by NARS in 

this ccuntry. 

While the long-term course covers breeding and several related 

disciplines, the other courses are highly specialized. Participants 

in the LNA cmrse were senior researchers or university professo~s. 

In other courses, they generdLly have the BSc level. mere is still 
a laqe demand for the insect control and the ENA courses both of 

which will be offered the ccming season. Details on course contents 

are found in respective course brochures and CP Annual =port for 

1991. 

Individual non-degree training was of f e d  to young researchers 

in the areas of breeding, patholqy, entamlogy and biotednmlogy. 

Most of these trainees conducted a -11 research project under the 

supervision of ICARDA scientists. This appears as the most effective 

way of imparting training to young -em from NARS, and will 

be emphasized in the future, with a better balance among requesting 

NARS. Five students, supported by CP graduated in 1992, and 7 others 

started or continued PN) or MSc research at 1- with financial 

support f m  ICAF?DA (3 students) or other sources (4 students). 



Researrh topics k l u d e d  cereal breeding, pathology, and physiology. 

Table 82. N u t k e r  of participants in cereal courses conducted at Tel 
HILdyll, 1992. 

Course* 
Total 

LTC B&C D[X; INS DNA IND IIX: 

Algeria 1 1 1 1 4 
china 2 1 3 
Colcmbia 1 1 
cyp- 1 1 
Egypt 2 1 3 
Ethiopia 1 1 2 
India 2 2 
Iran 4 2 1 7 
Jordan 1 1 2 
Lebanon 1 1 1 3 
Libya 1 1 2 
mram 1 1 2 
Netherlands 1 1 
OnBn 2 2 
Pakistan 1 1 1 3 
Sudan 1 1 1 1 4 
Syria 2 6 5 1 4 7 2 27 
Tunisia 1 1 1 3 
Turkey 1 2 1 4 
Yaoen 1 1 

L E  = long-term courje on cereal irpxwement; B&C = application of 
bi-trical methods and mqxters in  agricultural research; D06 = 
cereal diseases: diagnosis and smring; INS = insect control in 
legumes and cereal crops; DNA = DNA molecular markers techniques for 
germplasm evaluation and crop improvement; IN0 = irdividual non- 
degree train-; IIX: = indivichal degree training. 

. . 
8.2. Rauung in the Region 

courses were conducted in North Africa (Table 83) in  

wllaboration w i t h  NARS in this  region. me f i r s t  course focussed on 



field handling of cereal research v h t s  (including disease and 

insect scoring, hybridization, and selection) and the second course 
- implemented by CBSU and NAELS, Tunisia- dealt with experimental 

design and data analysis. 

Table 83. Nunbar of participants in cereal courses amduckl in the 
moll, 1992. 

Total 
CIT IxS 

Algeria 19 2 21 
Libya 2 1 3 
Mor-rxco 2 3 5 
Tunisia 7 7 

Total 23 13 36 

CIT = Cereal improvenent techniques, Xhroub, Algeria. 
DAE = Design and analysis of experhts for variety trials, Tunis, 
TUnisia. 

8.3. Visits, Meetings, and Workshops 

8 scientists visited NARS in WANA and other countries to observe 

germplasm and discuss collaborative work. A m e  in CP breeding 

strategy was proposed to NARS in North Africa in a move to 

decentralize breeding and test early-generation germplasm in the 

bqet emironrent rather than northern Syria. The proposal was 

accepted and will be further discussed with NARS for hplementation 

in the ccwing season. 
In 1992, anxlnd 70 scientists from within and outside WANA 

visited the Program for mutual consultation, exchange of 

information, selecting germplasm, discussing joint projects etc. 

A large number (161) of students and from Syria came 

for a one day visit to the Program as part of tour of 1 ~ ' s  



facilities and on-going research and training activities. 

. . 
8.4. hauung S t a t e S y  

T h e  review of CP training activities of the last decade &awed 

differences among countries for their training needs and a gradual 

shift of these needs. m e  steady improvement of cereal research 

capabilities in sane countries is attributed to increased camt ry  

camitment to staff education and to a fruitN partnership in 

research with regional and international organizations. While 

certain NARS lxlw provide --on training to their junior staff, 

others still want to send some of their staff to ICARDA for long- 

t e r m  training. Althoqh such needs are reccgnized by CP, the 

prioritization of research ard training activities within the E I A R  

(mre work on resource mnagement and less on germplasm enhancement) 

will mean less e@wsis on the long-term training course in the 

future. 

With respect to short courses, some are requested on a regular 

basis and will be offered in the region wherever feasible (e.g. 

disease methodology) . Other couzses, (e.g. N markers techniques) 

of mre a sophisticated nature, and requi1b-q specific equipwnt are 

not always available in the region. These will continue to be held 

at headqurters. Training workshops will be strergthened and may be 

held at headquartem and in the region. Individualized training, 

will emphasize initiation to research project planning and 

inplementation with sqervision by IcARtN scientists. ?he Cereal 

Program will therefore decrease its training of research technicians 

and assistants and masize senior level training. - H. Ketata 
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10. Cereal varieties Released By N a t i o n a l  Prugmus. 

mtl3' Year of release variety 

Algeria 

Australia 

Blivia 
Brazil 
Chile 

China 

Ecuador 

Ethiopia 

Iran 

Jordan 
Libya 

Morocco 

Nepal 
Palcistan 

Peru 

Portugal 

Harm31 
Badia 
Yagan 
a* 
Kzlntuta 
uumi 
Leo 
centaur0 
Shenmai 1 
V-24 
Kantara 
(Mari/Aths*) 
shyri 
Calicuchima-92 
Atah~alpa-92 
BSH 15 
BSH 42 
Aldu 
Aras 
Kavir 
star 
Ran (6-row) 
Wadi Kuf 
Wadi Gattara 
h i  
Tamellat 
Tissa 
Tessaout 
WlQJ 
Rihane 
Tiddas 
E!€lnus 
Jau-83 
Jau-87 
Frontier 87 
Una 87 
NaM 
Bellavista 
Sereia 
CE 8302 



Caurtry Year of release Variety 

Portugal 
Qatar 

s. Ambia 
spain 
Syria 

Thailand 

Vietnam 
Y- AR 

mnal omeat 

Algeria 

cyp- 

Egypt 

Greece 

Jordan 

Anmra 
Gulf 
IEarma 
Gusto 
ResaM 
Furat 1113 
Furat 2 
Semangl - 
mj 
Faiz 

Sahl 
Waha 
Korifla 
Qnrabi 6 
ZB S FG'S1/IITIrS GO 
Tinqad 
Mesoaria 
Karpasia 
sohag I 
sohag I1 
BMi Suef 
sohag I11 
W S u e f  I 
Selas 
Sapf o 
Skiti  
Sams 
w 
Korif la=Fetra 
c h a i u l ~  
N-432- 



- Y e  o f  release Variety 

Libya 

Saudi Arabia 

Syria 

Bread vaeat 

Algeria 

S t o r k = = 5  
Belikh 2 
Sebou 
Marjawi 
oluodwa 
zorda 
Paraka 
Qara 
Fazan 
mar 92 
Marzak 
Sebou 
Om Rabi 
-if 
Brachoua 
- 5  
WadhaI?ak 
Celta 
TimpaMs 
Qsticn 
Heluio 
Cham1 
Mew 
NUM 
Cham1 
Cham3 
Bohouth 5 
Cmuabi 3 
rmlrab3 
Lahn 
Razzak 
Susf bhd 
B a l c i l i  
EGE 88 



Oountzy Year of release Variety 

Brend vheat 

Algeria 

Jordan 

Libya 

1988 
1988 
1991 
1988 

Ethiopia 1984 
1984 
1984 

Greece! 1983 
1983 
1983 

Iran 1986 
1986 
1988 
1988 
1988 
1990 
1988 
1988 
1985 
1985 
1985 
1984 
1984 
1986 
1989 

Qatar 
Sudan 

ACSAD 59-=ON 
Cham 4Sidi Okba 
Sie te  -el 
A l m = 2 l A D  -- 
Giza 160 
G i z a  162 
Giza 163 
Giza 164 
Gameiza 1 
Sakha 92 
Jxshen 
Batu  
Gara 
Iauros 
Pinics 
Arachhcs 
Golffitan 
Azadi 
rFl?z3b 
Sabalan 
Quds 
Falat 
NASMAJubeiha 
L88-+d&d 
Zellaf 
Sheba 
Germs 
Jouda 
Merchcuche 
Saada 
Saba 
Kanz 
Wadi puriyat 151 
Wadi Quriyat 160 

1986 Sutlej 86- 
1986 L I Z  1 
1986 U Z  2 
1988 Doha 88 
1985 Debeira 
1987 Wadi El Nee1 
1991 Neelain 



Country Year of release Variety 

Bsead wheat 

Tanzania 

Tunisia 

'J=key 

Cham2 
Cham4 
EchoUth4 
oLam6 
Bahouth 6 
Gcwam 
T-VIRI-Ve€Zy 'S' 
T-DUMA-D6811-IllIat 
69/BD Tunisian release. 
Byr;a 
Salambo 
vaga 92 
Kaklic 88 
Kop 
OOSU 88 
Es14 
Yuregir 
Karasu 90 
Katia 1 
Marib 1 
Mulchtar 
Aziz 
Dhwuan 
mf 
SW/83/2 
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Dr. John Han-blin 
Dr. Salvatore Ceccarelli 
Dr. Habib K e t a t a  

Dr. QM1- Farculr muk 
Dr. Ross Henzy Miller 
Dr. John Michael Eeaock 
Dr. Mohamed Tahir 
Ir. ~ o o p  A.G. van uur 
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Dr. Guill- Ortiz-Ferrara 

Dr. M i l d  Nachit 

Dr. lknlas stewart Payne 
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Dr. Stefania Grand0 
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Dr. Sui ICwcsrg Yau 
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Mr. Alfredo Inpiglia 

Mr.  Mohamed Mad Mousa 

Mr. AMel Jawad Sabouni 

M r .  Antohe Pierre Asbati 
Mr. Fcuad Jabi El-Hamiwin 
Mr.  Adonis Kourieh 
M r .  Michael Michael 

Prosram Leader 
Sprirq Barley Breeder 
Senior Training Scientist/ 
Breeder 
Cereal Pathologist 
C e I F d  Ehtamlogist 
Cereal Physiologist 
w i n t e r  Barley meed- 
Barley Pathologist 
Biotechnologist 

EweadWheatBreeder 
(CIMMYT-Liaison) 
IXlnrmWheatBreeder 
(CIMMY!?-Liaison) 

W i n t e r  hl-mt Eweeds (CIMMYT) 

Cereal Scientist (North Africa) 
Barley W e r  (Mexico) 

Barley Research Scientist 
(Special Project) 
Aqrmcdst 
International Furseries Scientist 
Post-Dodoral Fellow 
Barley Patholcgy/Breeding 
Consultant - Pnysiolcqy 

IXlnrm Resear& Associate 
(Special Project) 
Research Associate 

Trainirq Assistant 

Research Assistant-I1 
Assistant-I1 



Mr. Mohamed Mushref 
Mr. Munzer Nahni 
Mr. Henri Fashayani 
M r .  Riad S a d  
Mr. Nicolas Rbeiz 

Mr. RizMlah Atd 
Mr. Mazen Jarrah 
Mr. George Eshcur 
Mr. Haitham Kayali 
Mrs. Anette say& 
Mrs. Sonia sultan4 

Mr. mfid Ajami 
Mr. Ziad Alamlar 
Mr. i'nmwd Azrak 
M r .  Adrian Ayyan 
M r .  Qnar mhamsss 
Mr. Zuhair Murad 
Mrs. Suzan Khawatini 

Mr. Izzat Ghamnnn 
Mr. Bassam Shamno 
Mr. Taralji 
Mr. Atdel pi3hmn Touma 
Mr. Zuhair Haj Younes 

Mr. Ahmed El salehs 
Mr. Joseph Aziz 
Mr. Salan Farrouh 
Mr. Riad mtfi 
Mr. mhamd Mosbahi 

Mr. Fahd Rahmani6 
I%. Nadia Fadel 
Mr. Ghassan Haj Mousa 
Mr. Malek Korani 
Mr. Ziad Cuaira 
Mr. Ala'a Y a l j a r o u l c a  

Research Assistant-11 
Research Assistant-I1 
Research Assistant-I1 
Research Assistant-11 
Research Assistant-I1 (-1) 

Research Assistant-I 
Research Assistant-I 
Research Assistant-I ~ ~ 

Research Assistant-I 
Research Assistant-I 
Research Assistant-I 

Senior Research Technician-I 
Senior Reseanh Technician-I 
Senior Research Technician-I 
Senior Research Technician-I 
Senior Research Technician-I 
Senior Research Technician-I 
Senior Research Technician-I 

Research Technician-I1 
Research Technician-I1 
Research Technician-I1 
Research Technician-I1 
Research Technician-I1 

Research Technician-I 
Research Technician-I (Terlml) 
Research Technician-I 
Research Technician-I 
Research Technician-I (Tunis) 

Research Technician 
Research Technician 
Research Technician 
Research Technician 
Research Technician 
Research Technician 

M r .  Asaad ?!hmd El-Jasem 



Mr.  Abdalla Steif AMalla 

Mr.  Obeid El-Jasem 

Mr. Hasan El-Khatib 

Mr.  Michael Abu Nakad 

Ms. Rita Nalbandian 
M s .  SamiraMaksoud 
Ms. Najla -' 
Ms. mi Toutcnm'i 
Ms. WWd d 

Ms. Anna Maria Gallo 
Ms. Antonella ~ r i l l o ~  
Mr.  Rxli Petti 
Ms. h i k a  Mihammlo 

Mr. Farid Makdis 
Mr. Qlassan Na'ase 
Mr.  Erik van Oostemm 
Mr. Daniel Kiezebrink 
M r .  Fdnan Y a s i n  
Mr.  Amir M3hamed Eiussein 
M r .  m a y  Simane 
Mr. w&en mehata 

Visitim Scientists: 

Dr. Mcwa -is  maa ad" 
Dr. v. ~ a h a l a k s h m i ' ~  

Assistant Technician 

Farm Iabourer 

Assistant - Technician 
(-1) 
Assistant R E s e a d l  Technician 
(-1) 

Prosram -tary 
Secretary 
-tazy 
Secretazy 
Secretary 

rxuVm i4-ez.t ( V i t e r b )  
Barley Inprovement (Femgia) 
Barley Improvement (Perugia) 
Biotechmlogy (Paris) 

Visiting Scientist 
IARC Visiting Scientist 



Joined the Program as Biotechnolqist, Janwaq 1992 
Joined the Program as Post Datoral Fellm, N w a h r  1992 
Left the Program, June 1992 
Left the pro3ram, June 1992 
Joined the Prqram, N O V a h r  1992 
Left the Program, October 1992 
Left the Program, April 1992 
Joined the Pmgram, June 1992 
Left the Prqram, April 1992 

lo Left the Prqram, April 1992 
" Joined the Program as Visiting Scientist, July 1992 
lZ ~oined the ~rogram a s  visiting Scientist, ~anuary 1992 






