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Summary 
Barley (Hordeum vulgare L.) is a major field crop grown worldwide. Field research was 
undertaken at ICARDA's (International Center for Agriculture Research in Dry Area) main 
station in Northwest Syria to evaluate barley doubled haploid (DH) and mutants lines for 
agronomic traits (grain yield, plant height and days to heading) and resistance to scald 
(Rhynchosporium secalis) under natural infection conditions for two consecutive years. 
Significant differences were found among lines in the percentage of infected leaf area. 
However, they exhibited a continuous range of response from very susceptible to resistant. 
Seven lines had significantly lower percentage of infected leaf area with disease than did the 
other lines, which are associated with potential for grain yield and earliness. These lines could 
be considered as possible donors in further barley breeding programs. 
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Introduction 
Scald of barley (Hordeum vulgare L.), caused by the pathogen Rhyncosporium secalis 

(Oudem.) J. J. Davis, is an important foliar disease that occurs frequently in the cooler and 
semi-humid parts of the barley-growing areas of the world. This disease has a significant 
detrimental effect on both yield and quality (Brown et al., 1996). The primary loss from scald 
is reduced yield, which may exceed 20% (Mamluk et al., 1997; Abbott et al., 1991). In Syria, 
scald is considered a serious problem particularly in the Northern and Northeastern regions 
which are characterized by temperate and humid climates (Van Leur and Ceccarelli, 1990). 

Barley is one of the most important cereal crops in Syria with 1.S -2 million hectares 
seeded annually, almost exclusively under minfed conditions (Van Leur et al., 1989). 
Changing farming systems, in particular, the replacement of traditional barley rotations as 
well as the replacement of traditional cultivars may have a large influence on plant diseases 
(Van Leur and Ceccarelli, 1990). 

The development of resistant cultivars is the most practical way to control scald 
(McLelland, 1989). Sources of resistance to this disease have been identified in several 
countries (Ceoloni, 1980; Robbertse et al" 2000). However, sources of complete resistance to 
scald have not been identified, and current Syrian barley cultivars are considered to be only 
moderately resistant toward this disease. Various major genes conferring race-specific 
resistance to R. secalis have been determined (Starling et al., 1971; Habgood and Hayes, 
1971; Garvin et al., 1997). 

Doubled haploid production and mutation breeding in barley are widely used in selection 
programs. Rapid production of recombinant resistant lines by the doubled haploid method has 
been used for barley leaf stripe (Skou and Haahr, 1984) and powdery mildew (Fridet et al., 
1984). Development of resistant lines by mutation breeding has been also used for barley 
powdery mildew (Lundovist and Lundovist. 1991). 
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This study was undertaken to investigate the level of scald resistance in barley lines derived 
from barley cultivars presently used in Europe and West Asia to identify new sources of scald 
resistance in adapted genetic backgrounds and in plant types agronomically acceptable to 
farmers. 

Materials and Methods 

Plant materials 

This study was started with 122 lines obtained by Arabi (1991). The cultivars and lines 
used represent a wide genetic variability for foliar diseases. Bach line was tested for 6 years at 
different sites in Syria. On the basis of agronomic characteristics (disease resistance and high 
yield production), 18 lines were selected for scald resistance screening (Table 1); 11 of these 
were derived from a cross involving H. vulgare and H. bulbosum genotypes. These hybrids 
were produced through crosses made between ten different cultivars possessing a high genetic 
variability. The other 7 lines were obtained by mutagenesis using gamma irradiation. 

Table 1. Barley parents used to obtain doubled haploid and mutants lines examined in this 
study 

Genotype 
Arrivate 
A79-BD047 
Banteng 
CI-5791 
DOR51-76-10 
Furia 
Golf 
Massif 
Smash 
Thibaut 

Row type 
6 
6 
6 
2 
6 
6 
2 
6 
6 
6 

Experimental site and design 

Country 
USA 
France 
Germany 
Ethiopia 
France 
France 
England 
France 
Belgium 
France 

The experiments were conducted for two seasons (1995-96 and 1996-97) under natural 
rainfed conditions at Tel Hadya, which is the main station of the International Center for 
Agriculture Research in Dry Area (ICARDA) located 350krn north of Damascus in Northwest 
Syria. Each experiment comprised the selected doubled haploid (DH) and mutant lines. Seeds 
were sown in a randomized complete design, with six replicates. Bach replicate consisted of 
five rows spaced 25 cm apart and 1.5 long, with I-m border, and where hand-sown at a rate 
of 110 kg seedlha. Prior to the initiation of the study, soil samples were taken to a depth of 
0.15 cm from the experimental site for analysis. Details on soil type, rainfall, and planting 
date are given in Table 2. The experiments were netted to prevent bird damage. 
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Table 2. Site information 

Soil 

Classification 

Clay (%) 
Silt (%) 
Sand(%) 
pH 
Av. rainfall (nun) 
Yearly rotation 
Fertilizer application before 
planting (kglha) 

N (urea 46%) 
P (P20S) 

Planting date 
Harvest date 

Planting date 
Harvest date 

1995-96 season 

1996-97 season 

SCALD RESISTANCE 

Very fine (clayey) 
montmorillonimc,thermic, 
chromic 
Calcixeret 
55 
33 
7 
between 6.2 and 8 
330 
Vetchlbarley 

50 (kglha) 
27(kglha) 

25 Nov. 
I-Jun 

3 Dec. 
6-Jun 

The location was chosen to be favorable for scald infection, since R. secalis has been 
observed to barley in this location annually. In addition, to enhance infection by this disease, 
scald infected stubble from the previous growing season was distributed in the field at the 
second leaf stage of development. The infested straw was cut into 3-5 cm pieces and spread 
at a rate of 50 gm-2• Host infection reaction was made at growth stage (OS) 49 (Zadoks et al., 
1974) using a numerical scale of 0 to 9 where; 0-3 (resistant), 4-5 (moderately resistant) and 
6 to 9 (susceptible). 

Date of harvesting was noted at maturity stage (OS 91), while plant height was measured at 
the heading stage (OS 50). The rows of each plot were hand harvested and grain yield 
determination was based on a lOm-2 area. 

Statistical analyses 

Data for percent disease infection and yield responses were analyzed by Analysis of 
Variance (Newman-Keuls test), using the STAT-ITCF program (Anonymous, 1988). 

Results and Discussion 

The reaction of 18 barley lines to scald under field tests are recorded in Table 3. 
Significant differences (P = 0.05) in mean severity values were detected among different 
lines. with severity values being consistently higher in some lines. 

479 



ARABI & JA WHAR: SCALD RESISTANCE 

The data showed that seven of 18 lines (AECS 3, 4, 6, 7, 8, 9 and 16) were classifiecl as 
resistant in both seasons, whereas lines AECS 1 and 2 were more susceptible than the other 
cultivars (Table 3). The other lines had scald ratings that ranged between moderately resistant 
and susceptible. A highly significant correlation coefficient (r = 0.97, P = 0.05) was found 
between the two seasons for scald reaction, indicating that lines reacted similarly to R. secalis 
populations under field conditions. 

Mutant AECS17 appeared to be moderately resistant (Table 3). Mutant AECS16 had the 
earliest harvest date. 

The results showed clearly that lines where resistance genes were introgerssed using DH 
techniques were more resistant than those derived by mutation. The rapid production of barley 
lines and selection for disease resistance and productive DH lines in breeding programmes 
has been demonstrated by Choo et al. (1994) and Jui et a1. (1997). 

Significant differences (P<O.OOI) were found among lines for grain yield, heading date and 
plant height (Table 3). In addition, a significant regression coefficient, (r= 0.67, P<O.OI), was 
obtained between the two seasons for grain yield. No significant differences were found for 
heading date and plant height between the two seasons, therefore, the results of one season are 
presented here. 

In a histological study of scald infection, Xi et al. (2000) observed differences in the 
infection process between resistant and susceptible cultivars. However, in another study, the 
extensive presence of cell wall appositions in susceptible cultivars led to the conclusion that 
resistance mechanisms were not related to apposition information (Lehnackers and Knogge, 
1990). Resistance mechanisms in the seven resistant DH lines may operate by preventing 
mycelia penetration through the cell wall, or by reducing mycelia growth rate after successful 
penetration. 

Tests revealed a continuous distribution of disease reactions from slower of l.2 to 7.5 
suggesting a lack of complete resistance and the potential involvement of a number of major 
genes (Barua et al., 1993; Eckstein et al., 2000). This will likely make breeding for resistance 
more difficult than if the resistance had been controlled by single genes having major effects. 

Scald development was found to be high at the ICARDA main station. This is not 
surprising since, in addition to high moisture and moderate temperatures at this site, this 
location has been used for extensive cultivation of barley germplasm of different origins and 
genetic constitutions, which may have favoured a more diverse pathogen and inoculum build 
up, leading to the high observed level of disease development. 

It is tempting to relate some plant morphological characteristics to disease attack, although 
this is beyond the scope of this investigation. The results revealed that the taller plants tended 
to exhibit more disease attack than shorter ones, which calls for further investigations. These 
results are in agreement with those obtained by Yitbarek et al. (1998). Although our data 
showed no clear evidence that late maturing lines tended to be more resistant to the disease, 
this observation stresses the need of further investigations. 

This study has provided barley development programs with seven sources of scald 
resistance that have good yields. It also aimed to identity greater diversity of resistance for 
breeders with the possibility of providing replacement cultivars in the near future. However, 
resistance to scald is assumed to operate as a multi-line effect (Alemayehu, 1995) and the 
distribution of disease reaction in the resistant lines found in this study points to the need for 
further investigation. 
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Table 3. FJeld reaction of barley lines to Rhynchsporillm secalis and some agronorric characteristics during two ~rowing seasons, 1996 

iGenotype Ooss Severity I Disease Severity Disease (hin yield (kg/lOm1) Days to heading 
: DHlines classification classification (day) 

I n I n 
iAOCSl 0-5791 X Golf - DHI-5 8.Oa S 758 S 2.9cd 3.9bc 152.Oef 
iAOCS2 DH4-5 6.2ab S 6.7ab S 3.4Ix: 3.4c 149.3g 
iAOCS3 OORSI-76-10 X A 79 ED047 DHI-8 3.<bc R 3.«kd R 3.3bc 3.9bc lSS.Oab 
iA0CS4 DH31-3 l.5ef R 1.2g R 3.8ab S.Oa IS3.3ef 
A'OCS5 DlDI-l 3.8bc MR 3.Ode R 3.4Ix: 4.1ab lS7.Oec 
IAOCS6 Massif X A 79 ED047 DH1S-9 2.3cd R 2.3ef R 2.8cd 4.3ab 145.01 
iA'OCS7 Thibaut x Smash DH42-2 1.7de R 2.2ef R 3.4Ix: 4.3ab IS2.Oef 
A'OCS8 Anivate X Smash DH23-1 1.17f R 1.3fg R 3.9a 4.6ab 149.7g 
AOCS9 DH23-1 1.7de R l.3fg R 3.7ab 4.5ab lS4.Ode 
AOCSI0 Banteng X Smash DID-9 4.5bc MR 4.2cd MR 2.4e 4.3ab 160.Oab 
'AOCSl1 DID-I S.5b S S.8ab S 2.8cd 4.5ab 161.3a 
! Mutant lines 
i A'OCS 12 Thibaut 24MS 5.2b MR 6.Oab S 2.7cd 4.Oab IS8.Oab 
iAOCS13 Thibaut 32MSN3 S.<b MR S.<bc MR 3.1cd 3.8bc lSS.(kd 
:AOCSI4 Thibaut 32M6 4.2bc MR 3.Scd MR 3.6ab 458b 1S6.«kd 
iAOCSlS Thibaut 32MSN2 3.7bc MR 3.5de MR 2.6de 3.9bc 1S7.<bc 
iAOCS16 Thibaut 24M6 3.<bc R 2.8de R 3.7ab 3.4c 144.7h 
,AOCSI7 Arrivate 12M6 4.<bc MR 3.Scd MR 3.8ab 4.3ad IS2.3ef 
iAOCS18 Furia 32MSNI 4.5bc MR 4.2cd MR 3.lcd 4.4ad lSS.Oab 
:~=resistant, MR=troderately resistant, S: susceptible 

Means within columns followed by the same letter do not differ significantly at P=O.05 based on the Newman - Keuls test. 
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