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ABSTRACT 
Resistance to net blotch and scald in the seedling and in the adult growth stages were evaluated in 56 accessions of wild barley (Hordeum 
spontaneum, H. marinum and H. murinum) and seven varieties of H. vulgare. Generally, the screened barley genotypes were more 
resistant than the four checks for net blotch and scald diseases. Results of net blotch evaluation indicated that 88 and 51% of the barley 
genotypes were significantly more resistant than the most resistant check in the seedling and the adult growth stages, respectively. The H. 
marinum genotypes collected from Algeria and Egypt (accessions 4, 5 and 7) and the H. spontaneum genotypes collected from 
Afghanistan, Iraq and Syria (accessions 14, 25 and 43) were the most resistant in both growing stages. For both diseases (net blotch + 
scald), 36% of the evaluated barley genotypes were significantly more resistant than the most resistant check to a mixture of isolates. 
According to their reaction to both diseases, the accessions of H. murinum from Armenia, of H. marinum from Algeria, Egypt and 
Kazakhstan, and of H. spontaneum from Afghanistan, Azerbaijan, China, Egypt, Iraq, Lebanon, Libya, Syria, Turkmenistan, Turkey and 
Uzbekistan showed the highest level of resistance in the field. For scald, 45 and 15% of the evaluated barley genotypes exhibited more 
resistance than the mid check at seedling and adult growth stages, respectively. Among the evaluated barley genotypes, three accessions of 
H. marinum collected from Algeria and Egypt (accessions 4, 5 and 7) and two accessions of H. spontaneum collected from Afghanistan 
and Egypt (accessions 14 and 22) were resistant in both stages. 
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INTRODUCTION 
 
Wild barley, Hordeum vulgare subsp. spontaneum (C. 
Koch) Thell (H. spontaneum), is the progenitor of cul-
tivated barley (Hordeum vulgare L.). H. spontaneum is a 
common species in the Fertile Crescent (von Bothmer et al. 
2003) that can be found across a wide geographic range 
extending from Israel and western Jordan to southeastern 
Turkey and covering areas from eastern Iraq and western 
Iran (Harlan 1992). H. spontaneum and H. vulgare have the 
same chromosomal number (2n = 14). These two species 
could be easily crossed because both are fully inter-fertile, 
allowing the introgression of agronomically important 
genes from wild into cultivated barley (Lehmann 1991; 
Fischbeck and Jahoor 1992). Natural hybrids can occur 
when these two species coexist in the same field. In ad-
dition to H. spontaneum, von Bothmer et al. (1995) repor-
ted about 30 other wild species of Hordeum throughout the 
world. Among Hordeum species, H. marinum and H. muri-
num, commonly known as sea and wall barley, respectively 
are widespread in several areas including North Africa and 
the Middle East. However, the use of these two species in 
barley breeding programs is difficult due to strong sterility 
barriers and chromosomal instability between the wild spe-
cies and H. vulgare (von Bothmer and Jacobsen 1990). In 
this case, the transfer of genes from wild species to culti-
vated barley is possible only by using transformation tech-
niques. 

Net blotch, incited by Pyrenophora teres [(Died.) 
Drechsl.] and scald, caused by Rhynchosporium secalis 
[(Oudem.) J.J. Davis], are the two most important foliar 
diseases of barley in Tunisia (Cherif et al. 1994) that are 

associated with high severity levels (70-80%) in some 
regions particularly during favorable weather conditions 
(pers. obs.). Among the various strategies to manage crop 
diseases, disease resistance is of immense practical impor-
tance. Although sources of resistance to these diseases have 
been identified from international and Tunisian material of 
H. vulgare (Bjørnstad et al. 2002; Afanasenko et al. 2004; 
Cherif et al. 2007; Silvar et al. 2009; Kamel et al. 2010), 
they do not represent the greatest potential diversity avail-
able for breeding purposes. Several studies have shown that 
H. spontaneum represents an alternative and rich reservoir 
of diverse alleles for disease resistance, which are rarely 
found in the cultivated barley germplasm. Sato and Takeda 
(1997) found that most accessions of H spontaneum eval-
uated at the seedling stage for their reaction to four P. teres 
isolates were highly resistant as they exhibited 1 to 2 on the 
rating scale, as described by Tekauz (1985). Also, Fetch et 
al. (2003) reported that resistance to net blotch at the seed-
ling stage was frequent in H. spontaneum, where about 70% 
of accessions from both Israel and Jordan exhibited 1 to 5 
on the rating scale. In the study of Steffenson et al. (2007), 
about 90% of the H. spontaneum accessions assessed were 
resistant to net blotch. Moreover, net blotch resistance is 
common in H. marinum and H. murinum. Sato and Takeda 
(1997) identified five accessions of H. marinum with an 
extremely high level of resistance to all isolates of P. teres. 
Wild barley also contains diverse resistance to barley leaf 
scald (Garvin et al. 1997; Genger et al. 2003). Since disease 
resistance is frequent in H. spontaneum, it may be possible 
to identify accessions with resistance to both net blotch and 
scald diseases that will be crossed with advanced barley 
breeding lines to simultaneously transfer resistance genes of 
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both diseases. Thus, the objective of this study was to assess 
the reaction of several wild barley accessions from 
ICARDA and some known cultivars of H. vulgare to Tuni-
sian isolates of P. teres and R. secalis in the seedling and in 
the adult growth stages. 

 

MATERIALS AND METHODS 
 
Plant materials 
 
Plant material evaluated in this study consisted of 56 accessions of 
wild barley (H. spontaneum, H. marinum and H. murinum) pre-

Table 1 Data of wild and cultivated barley. 
N° Latin name Origin country (wild barley) 

/ Name (cultivated barley) 
Province Longitude Latitude Altitude 

1 H. murinum Armenia Vayots Dzor E045 11 N39 43 44 1,354 
2 H. marinum Azerbaijan Abseron E49 41 55 N40 30 06 50 
3 H. marinum Cyprus Kyrenia E33 04 N35 18 300 
4 H. marinum Algeria Guelma E07 24 N36 25 240 
5 H. marinum Algeria Constantine E07 01 N36 22 660 
6 H. marinum Egypt Marsa Matruh E27 13 N31 15 30 
7 H. marinum Egypt Alexandria E29 57 N31 10 10 
8 H. marinum Iran Lorestan E48 00 N32 45 - 
9 H. marinum Kazakhstan Chimkent E69 27.86 N42 23.59 500 
10 H. marinum Morocco Nord Ouest W06 18 N33 54 500 
11 H. marinum Morocco Centre Nord W004 54 N33 51 24 1,150 
12 H. marinum Russia - - - - 
13 H. marinum Russia - - - - 
14 H. spontaneum Afghanistan Badakhshan E70 34 N37 06 1,220 
15 H. spontaneum Afghanistan Baghlan E68 N36 637 
16 H. spontaneum Armenia Ararat E45 22 N39 47 - 
17 H. spontaneum Azerbaijan Abseron E49 28 49 N40 29 54 90 
18 H. spontaneum China Tibet E91 05 N29 41 - 
19 H. spontaneum China - - - - 
20 H. spontaneum Cyprus Famaqusta E34 01 N34 59 20 60 
21 H. spontaneum Cyprus Famagusta E34 03 N34 59 110 
22 H. spontaneum Egypt Marsa Matruh E27 10 N31 21 10 
23 H. spontaneum Iran Fars E050 50 N30 04 - 
24 H. spontaneum Iran Hamadan E48 29 N34 06 - 
25 H. spontaneum Iraq As Sulaymaniyah E44 50 N35 32 640 
26 H. spontaneum Iraq Ninawa E43 00 N35 35 250 
27 H. spontaneum Jordan Irbid E35 50 N32 32 590 
28 H. spontaneum Jordan Ma’an E35 29 N30 18 1,510 
29 H. spontaneum Kazakhstan Chimkent E69 41.85 N42 25.26 650 
30 H. spontaneum Lebanon Rachaiya E35 46 N33 31 1,050 
31 H. spontaneum Lebanon Zahle E36 01 N33 48 1,180 
32 H. spontaneum Libya Al Fatih E20 54 N32 33 320 
33 H. spontaneum Libya Al Jabal al Akhdar E21 43 N32 46 590 
34 H. spontaneum Pakistan Baluchistan E66 54 N30 18 1,400 
35 H. spontaneum Pakistan Baluchistan E66 54 N30 18 1,400 
36 H. spontaneum Palestine Jerusalem E35 03 53 N31 44 - 
37 H. spontaneum Palestine Tel Aviv E34 50 N32 10 - 
38 H. spontaneum Russia Dagestan E48 22 N41 56 40 
39 H. spontaneum Russia - - - - 
40 H. spontaneum Syria Lattakia E35 49 15 N35 36 20 20 
41 H. spontaneum Syria Damascus E36 05 40 N33 47 25 1,500 
42 H. spontaneum Syria Dar’a E36 10 30 N32 50 01 - 
43 H. spontaneum Syria Aleppo E37 46 12 N36 29 02 490 
44 H. spontaneum Syria Homs E36 38 07 N34 54 23 360 
45 H. spontaneum Syria Idlib E36 53 34 N35 33 50 420 
46 H. spontaneum Syria Sweida E36 46 25 N32 37 30 1,385 
47 H. spontaneum Syria Al Hasakah E41 N37 428 
48 H. spontaneum Syria Al Hasakah E41 N37 477 
49 H. spontaneum Tajikistan Khudzhand E69 20 40 N40 08 20 410 
50 H. spontaneum Tajikistan Kulyab 70.05054 38. 17984 1,315 
51 H. spontaneum Turkmenistan Ashkhabad E57 07 N38 35 950 
52 H. spontaneum Turkmenistan Krasnovodsk E56 32 26 N38 53 11 -50 
53 H. spontaneum Turkey Hakkari E44 29 N37 15 1,125 
54 H. spontaneum Turkey Gaziantep E37 21 04 N36 52 55 610 
55 H. spontaneum Uzbekistan Tashkent E69 02 N41 10 410 
56 H. spontaneum Uzbekistan Dzhizak E068 04 N39 42 46 1,550 
57 H. vulgare ‘CI 14373’ - - - - 
58 H. vulgare ‘CI 7584’ - - - - 
59 H. vulgare ‘CI 1197’ - - - - 
60 H. vulgare ‘CI 9776’ - - - - 
61 H. vulgare ‘CI 2750’  - - - - 
62 H. vulgare ‘CI 9819’ - - - - 
63 H. vulgare 'Compana’ - -  - 
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served and provided by the International Center for Agricultural 
Research in the Dry Areas and seven resistant (Afanasenko et al. 
1995) cultivars of H. vulgare (Table 1). The Tunisian commonly 
used cultivars ‘Martin’, ‘Manel’, ‘Rihane’ and ‘Roho’ were used 
as susceptible checks. 

 
Pathogen isolates and inoculums preparation  
 
Three Tunisian isolates of P. teres collected from ‘Tunis’, ‘Mor-
neg’ and ‘Mograne’ and four Tunisian isolates of R. secalis col-
lected from ‘Jdidi’, ‘Boussalem’, ‘Krib’ and ‘Teboursouk’ were 
used to screen the wild and the cultivated barley. These isolates 
were chosen according to their aggressiveness on barley genotypes. 
Nevertheless, their virulence was not tested. Therefore, they are 
considered as geographic isolates. 

The isolates of P. teres were cultured on V8 juice agar (200 ml 
of V8 juice, Cambell Soup Co. Ltd.; 20 g agar; 3 g CaCO3; 800 ml 
distilled water) in Petri dishes at 20°C under cool white and near 
ultra violet light with a 12-h photoperiod for 7 days (Steffenson et 
al. 1996). The R. secalis isolates were increased on LBA agar (20 
g LBA, 5 g agar) in Petri dishes at 18°C for 13 days in the dark 
(Bouajila et al. 2006). 

Inocula were prepared by scraping conidia from fungal cul-
tures using a small volume of distilled water. The suspensions of 
conidia were filtered through double layers of gauze and the con-
centration was adjusted to104 conidia/ml for P. teres and to 106 
spores/ml for R. secalis. Tween 20 was added as one drop/100 ml 
of distilled water (Steffenson et al. 1996; Bouajila et al. 2006). 

Moreover, for net blotch disease, barley seeds inoculum was 
produced in order to increase chances of such infection at the adult 
growth stage. This inoculum was prepared by growing 1 ml of P. 
teres suspension adjusted to 104 conidia/ml on 200 g of moistened 
and autoclaved barley seeds that were incubated at 20 ± 0.5°C 
under a 12-h photoperiod for 20 days. 

 
Disease assessment 
 
For seedling test, five seeds of each accession of wild barley and 
variety of cultivated barley were planted in a plastic tray (60 × 40 
× 4 cm) using a completely randomized design with two replica-
tions. The trays were placed in a growth chamber maintained at 
20-23°C and a 16-h photoperiod. Fifteen days after sowing, seed-
lings were inoculated separately with ‘Morneg’ isolate of P. teres 
and ‘Krib’ isolate of R. secalis. Inoculum was applied with an ato-
mizer until the plants were uniformly wet. Inoculated plants were 
incubated in a mist chamber at 100% RH at 20°C for 48 h and 
then returned to the growth chamber. The infection responses of 
barley seedlings to P. teres were rated 12 days after inoculation on 
the qualitative 1 to 10 scale of Tekauz (1985). Symptoms on the 
second leaves of inoculated plants with R. secalis were scored 21 
days after inoculation using the numerical disease (0 to 5) des-
cribed by Salamti and Tronsmo (1997). 

For the adult growth stage, tests for disease resistance were 
carried out at INAT (Institut National Agronomique de Tunisie). 
Barley lines were sown on December 7, 2009, using an augmented 
design with three replications. Each line was sown in single 1 m 
long row spaced 0.4 m apart. No spreader rows were planted. The 

trial was conducted following optimal cultural practices, but with-
out applying fungicides. At the early-tillering stage of growth (GS 
22-26) (Zadoks et al. 1974), plants were artificially inoculated by 
both net blotch and scald pathogens. Net blotch inoculation was 
made by spraying a spore suspension and by scattering pre-infec-
ted barley seeds (approximately 30 g/m row line) with a mixture 
of the three isolates (‘Tunis’, ‘Morneg’ and ‘Mograne’ isolates) of 
P. teres. However, artificial inoculation of scald has been achieved 
by spraying a spore suspension of the four isolates of R. secalis: 
‘Jdidi’, ‘Boussalem’, ‘Krib’ and ‘Teboursouk’. The mixture of iso-
lates was used in order to identify genotypes with general resis-
tance as in the natural conditions. Inoculated plants were then 
covered for at least 24 h with transparent polyethylene sheets in 
order to provide a high relative humidity to promote infection. Net 
blotch and scald symptoms on the foliage were recorded at the 
flowering (GS 61-65) (Zadoks et al. 1974) growth stage using the 
percent disease severity (Burleigh and Loubane 1984) on five 
randomly selected plants per line. 

 
Statistical analysis 

 
The frequency distributions of disease reactions among the barley 
genotypes were generated using Excel. An analysis of variance 
(ANOVA) was performed to determine differences among wild 
and cultivated barley genotypes for their reaction to net blotch and 
scald in the seedling and adult growth stage using PROC GLM 
(SAS institute 1988). Models I and II were used for data estimated 
in the growth chamber and in the field, respectively. 
 
Model I: Yij = � + Gi + �i(j) 
 
where Yij is the observation of genotype i in replication j, � is the 
general mean, Gi is the effect of genotype i and �i(j) is the residual 
effect. 
 
Model II: Yij = � + bj + ci + Xi(Ci) + �ij 
 
where Yij is the observation of genotype i in block j, � is the 
general mean, bj is the block effect, ci is the check, Xi(Ci) is the 
genotype effect and �ij is the residual effect. Then, barley geno-
types were compared to the most resistant check and to the mid 
check (the mean of the four checks) using the LSD0.05 (least sig-
nificant difference) and the LSI0.05 (least significant increase) for 
the growth chamber and the field data, respectively. 
 
RESULTS AND DISCUSSION 
 
For the growth chamber experiment, net blotch develop-
ment progressed rapidly and symptoms appeared on suscep-
tible accessions and cultivars seven days after inoculation. 
However, scald symptoms appeared 10-12 days after inocu-
lation. Therefore, net blotch and scald reactions on barley 
genotypes were recorded 19 and 21 days after inoculation, 
respectively. 

Seedling response of barley genotypes to P. teres and R. 
secalis isolates was variable. In general, higher disease 
scores were observed on susceptible check of cultivated 

Roho                                                     Manel  Rihane              MartinB

 
Fig. 1 Frequency distributions of disease reactions among the 56 accessions of wild barley and the seven cultivars of cultivated barley evaluated 
at the seedling stage. (A) Net blotch reaction. (B) Scald reaction. 
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barley. The reaction of all 56 accessions of wild barley and 
the seven cultivars of cultivated barley to ‘Morneg’ isolate 
of P. teres and to ‘Krib’ isolate of R. Secalis is presented in 
Fig. 1. For net blotch reaction, the majority of genotypes 
were highly resistant since 73% of them exhibited less than 
1 on the 1-10 rating scale. Infection responses of ‘Roho’, 
‘Martin’, ‘Manel’ and ‘Rihane’ were 4.7, 5.0, 8.2 and 8.3, 
respectively. Thus, approximately 93% of the barley geno-
types were more resistant (to ‘Morneg’ isolate of P. teres) 
than ‘Rihane’ and ‘Manel’, and 85% were more resistant 
than ‘Martin’ and ‘Roho’ (Fig. 1A). Scald reaction varied 

from zero to 3.3 on the 0-5 rating scale. About 94, 91 and 
76% of the barley genotypes were more resistant than ‘Mar-
tin’, ‘Rihane’ and ‘Manel’, respectively; but none of the 
genotypes were more resistant than ‘Roho’ (Fig. 1B). 

ANOVA showed highly significant differences between 
barley genotypes for their reactions to net blotch and scald 
at the seedling stage (Table 2). The mean comparison test 
indicated that 88% (59 genotypes) of the evaluated barley 
genotypes were significantly more resistant to net blotch 
(‘Morneg’ isolate) than the most resistant check (‘Roho’). 
60% of these genotypes are H. spontaneum whereas 19% 
are H. marinum and 9% are H. vulgare (Table 3). All the 
evaluated accessions of H. marinum, 63% of the evaluated 
accessions of H. spontaneum and 71% of the evaluated 
cultivars of H. vulgare were highly resistant with a zero 
infection response. This would imply that the resistant 
genes of these accessions are effective in controlling Tuni-
sian isolates. The most resistant accessions of H. sponta-
neum originated from various geographic areas, mainly the 
Fertile Crescent and Central Asia. In a previous study, Sato 

Table 2 Mean squares of net blotch and scald reaction on the seedling 
stage. 
Source of variation df Net blotch reaction Scald reaction 

Genotype 66 10.73** 2.14** 
Error 67 0.84 0.65 
CV (%)  66.00 81.70 

** Significant at P < 0.01 

 

A

C

Fig. 2 Frequency distributions of disease reactions among the 56 accessions of wild barley and the seven cultivars of cultivated barley evaluated 
in the adult growth stage. (A) Net blotch reaction. (B) Scald reaction. (C) Net blotch + scald reaction. 

Table 3 The most resistant genotypes to net blotch on the seedling and adult growth stages using the LSD and LSI tests. 
Genotypes Disease reaction at the 

seedling stage 
Genotypes Adjusted disease severity 

at the adult growth stage 
1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 - 10 - 11 - 12 - 13 - 
14 - 15 - 16 - 17- 23 - 25 - 27 - 28 - 29 - 30 - 31 - 
33 - 35 - 36 - 38 - 39 - 41 - 43 - 44 - 46 - 47 - 50 
- 51 - 52 - 53 - 54 - 55 - 58 - 59 - 61 - 62 - 63 

0.00 4 - 5 - 7 - 14 - 25 - 43 -1.53 

49 - 56 0.16 32 -1.13 
40 - 42 0.25 22 -1.03 
60  0.33 31 - 49 - 52 - 56 0.00 
32  0.67 9 - 17 - 29 - 42 - 48 - 51 0.75 
48  0.75 10 - 13 - 16 - 19 - 36 - 38 - 50 - 53 - 55 0.77 
18  1.00 12 1.27 
19  1.58 54 1.75 
22  1.67 1 2.00 
26  1.83 37 2.77 
34 2.00 41 - 45 - 47 3.25 
21  2.33 ‘Roho’ 10.94 
45  3.00   
‘Roho’ 4.70   
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and Takeda (1997) found that the average resistance of H. 
spontaneum accessions was higher in accessions from 
Afghanistan, Iran, Pakistan and Russia (Central Asia). In 
addition, Jana and Bailey (1995) and Sato and Takeda 
(1997) as well as Fetch et al. (2003) reported that resistant 
accessions were frequent in the Middle East. However, in 
general, net blotch resistance was more often found in 
germplasm from the humid (e.g., Mediterranean coast) than 
these from the arid areas (e.g., Negev Desert) (Fetch et al. 
2003). On the other hand, accessions from Morocco were 
found to be susceptible (Sato and Takeda 1997). Therefore, 
resistance to P. teres at the seedling stage is widespread in 
H. spontaneum accessions of different provenance. More-
over, the cultivated barley cultivars ‘CI 7584’, ‘CI 1197’, 
‘CI 2750’, ‘CI 9819’ and ‘Compana’ showed a highly resis-
tant level to net blotch at the seedling stage. For scald dis-
ease, the LSD test showed that no barley genotype was 
significantly more resistant to the ‘Krib’ isolate than the 
most resistant check (‘Roho’), which exhibited an infection 
response of zero. However, five accessions of H. marinum 
(42%), 21 accessions of H. spontaneum (49%) and 3 cul-
tivars of H. vulgare (43%) (data not shown) were signifi-
cantly more resistant than the mid check, which had an 
infection response of 1.85%. Resistance to scald disease at 
the seedling stage was previously reported by Abbott et al. 
(1992) who observed that 77% of the evaluated accessions 
of H. spontaneum from Israel, Iran and Turkey were highly 
resistant to R. secalis according to the 0-4 scale of Jackson 
and Webster (1976). 

The frequency distributions of net blotch, scald and the 
sum net blotch + scald reactions in the adult growth stage of 
wild and cultivated barley genotypes can be observed in Fig. 
2. Net blotch severity varied from 0 to 13%. Approximately, 
85% of the evaluated barley genotypes were more resistant 
than ‘Roho’ and ‘Rihane’ and 91% of the genotypes were 
more resistant than ‘Martin’ and ‘Manel’ (Fig. 2A). Scald 
severity varied from 0 to 60% (Fig. 2B). About 71% of the 
evaluated barley genotypes had a severity < 6%. The seve-
rities of ‘Manel’, ‘Rihane’, ‘Martin’ and ‘Roho’ were 5, 21, 
24 and 57%, respectively. Thus, about 71, 80, 86 and 89% 
of the barley genotypes were more resistant than ‘Manel’, 
‘Rihane’, ‘Martin’ and ‘Roho’, respectively. Fig. 2C shows 
that net blotch + scald reaction varied from 0 to 73%. 
Almost 74, 86, 87 and 89% of the genotypes were more re-
sistant than ‘Manel’, ‘Martin’, ‘Rihane’ and ‘Roho’, respec-
tively. 

ANOVA revealed that the genotype effect was not sig-
nificant for net blotch, scald and the sum net blotch + scald 
reactions at the adult growth stage (Table 4). The LSI test 
indicated that 51% (34 genotypes) of the evaluated barley 
genotypes were significantly more resistant to a mixture of 
isolates of P. teres than the most resistant check (‘Roho’). 
76% of these genotypes were H. spontaneum, 26% were H. 
marinum and 3% were H. marinum (Table 3). However, all 
the cultivated barley genotypes known for their resistance 
to P. teres (Afanasenko et al. 1995) were susceptible under 
field conditions at INAT probably due to the high ag-
gressiveness of the mixture of the three isolates used (iso-
lates of ‘Tunis’, ‘Morneg’ and ‘Mograne’) and the favorable 
climatic conditions to net blotch expansion. The most resis-
tant H. marinum genotypes originated from North Africa 
(Algeria and Egypt) and the most resistant H. spontaneum 
genotypes originated from several areas in the Middle East 
and Central Asia (Afghanistan, Egypt, Iraq, Lebanon, Libya, 

Syria, Tajikistan, Turkmenistan and Uzbekistan). Thus, no 
relationship was noted between environmental conditions of 
temperature, rainfall or altitude and disease resistance of H. 
spontaneum. Similar results were obtained by Fetch et al. 
(2003), who identified accessions with high levels of net 
blotch resistance in the higher moisture areas of the Medi-
terranean coast to the arid region of the Negev Desert. 
Moreover, the Middle East and Central Asia, identified in 
this study as the origin of the source of resistance, could be 
considered as important centers of diversity for P. teres and 
those co-evolutionary forces are operating in this pathosys-
tem. Finally, the H. marinum genotypes collected from 
Algeria and Egypt (accessions 4, 5 and 7) and the H. spon-
taneum genotypes collected from Afghanistan, Iraq and 
Syria (accessions 14, 25 and 43) were the most resistant to 
net blotch in the seedling and adult growth stages as they 
exhibited a zero infection response and percent disease 
severity at both growing stages. For scald disease, the LSI 
was equal to 47.66, indicating that no barley genotype was 
significantly more resistant to a mixture of isolates than the 
most resistant check (‘Manel’). However, three accessions 
of H. marinum (25%), five accessions of H. spontaneum 
(12%) and two cultivars of H. vulgare (29%) (data not 
shown) were significantly more resistant than the mid check. 
Among the evaluated barley genotypes, three accessions of 
H. marinum collected from Algeria and Egypt (accessions 4, 
5 and 7) and two accessions of H. spontaneum collected 
from Afghanistan and Egypt (accessions 14 and 22) were 
resistant to R. secalis in the seedling and adult growth 
stages. For the cultivated barley cultivars, ‘CI1197’ and 
‘CI9776’ exhibited a 0 infection response at the seedling 
stage and cultivars ‘CI9819’ and ‘Compana’ exhibited seve-
rities equal to 0 in the adult growth stage. For the sum net 
blotch + scald, the LSI test indicated that 36% (24 geno-
types) of the evaluated barley genotypes were significantly 
more resistant to a mixture of isolates than the most resis-
tant check (‘Manal’) (Table 5). 79% of these genotypes 
were H. spontaneum, 17% were H. marinum and 4% were 
H. marinum. However, all the evaluated H. vulgare culti-
vars were significantly more susceptible than the most re-
sistant check for both diseases. It seems therefore that resis-
tance to both net blotch and scald is more frequent in wild 
than in cultivated barley genotypes. Jana and Bailey (1995) 
found that 4.5% of H. spontaneum accessions and only 
0.3% of H. vulgare cultivars were resistant to Cochliobolus 
sativus. In addition, they found that 22.0% of H. sponta-
neum accessions and only 0.5% of H. vulgare varieties were 
resistant to P. teres. According to their reaction to both dis-
eases, the accessions of H. marinum from Armenia, of H. 
marinum from Algeria, Egypt and Kazakhstan, and of H. 
spontaneum from Afghanistan, Azerbaijan, China, Egypt, 
Iraq, Lebanon, Libya, Syria, Turkmenistan, Turkey and 

Table 4 Mean squares of net blotch, scald and net blotch + scald reactions on the adult growth stage. 
Source of variation df Net blotch reaction Scald reaction Net blotch + scald reaction 
Bloc 2 6.18ns 40.55ns 55.33ns 
Genotype 60 25.60ns 192.04ns 309.24ns 
Check 3 11.77ns 1389.59ns 1277.60ns 

Error 6 8.81 362.18 435.91 
CV (%)  55.46 219.44 148.84 

ns: not significant at P<0.05 

 

Table 5 The most resistant genotypes to the sum net blotch + scald reac-
tion on the adult growth stage using the LSI test. 
Genotype Adjusted severity
1 - 9 - 17 - 29 - 31 - 41 - 42 - 45 - 47 - 48 - 51 - 54 -0.90 
56 -0.40 
4 - 5 - 7 - 14 - 22 - 25 - 32 - 43 -0.19 
52 0.09 
53 0.42 
49 0.49 
‘Manel’ 7.34 
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Uzbekistan showed the highest level of resistance. These 
results support the effectiveness of resistance genes to Tuni-
sian isolates of P. teres and R. secalis among these acces-
sions. Gustafsson and Claesson (1988) indicated that resis-
tance in the wild species they sampled was due to a com-
bination of different characters, including waxy layers of 
leaves, leaf pubescence or biochemical factors. 

The obtained results indicated that accessions 4, 5 and 7 
of H. marinum and accessions 14, 25 and 43 of H. spon-
taneum were highly resistant to net blotch and scald at seed-
ling and adult growth stages. However, the resistance of the 
determined genotypes should be confirmed by carrying out 
the screening trials for at least two generations for better 
credibility of the findings. The selected accessions of wild 
barley could be useful parents in barley breeding programs 
for net blotch and scald resistance. Nevertheless, the trans-
fer of genes from Hordeum species, other than H. sponta-
neum, into cultivated barley is difficult, due to the strong 
incompatibility barriers between wild species and cultivated 
barley (Pickering and Johnston 2005). Therefore, introgres-
sion of resistant factors will be more advantageous using H. 
spontaneum. Resistant accessions of this specie could then 
be crossed with superior barley lines in order to generate 
new populations of barley and to simultaneously transfer 
genes of resistance for both diseases into cultivated barley. 
Furthermore, a DNA marker study would be developed to 
map new resistance loci provided by wild barley. Then, the 
identified markers could assist barley breeders to generate 
cultivars with high level of resistance. 
 
ACKNOWLEDGEMENTS 
 
We are grateful to the International Center for Agricultural Re-
search in the Dry Areas for providing seeds of H. spontaneum, H. 
marinum and H. murinum. 
 
REFERENCES 
 
Abbott DC, Brown AHD, Burdon JJ (1992) Genes for scald resistance from 

wild barley (Hordeum vulgare ssp. spontaneum) and their linkage to isozyme 
markers. Euphytica 61, 225-231 

Afanasenko O, Filatova O, Mironenko N, Terentieva I, Kopahnke D, Man-
ninen O (2004) Genetic resources of barley resistance to net blotch. In: 
Spunar J, Janikova J (Eds) Proceedings of the 9th International Barley Gene-
tics Symposium, Brno, Czech Republic, pp 615-620 

Afanasenko OS, Hartleb H, Guseva NN, Minarikova V, Janosheva M 
(1995) A set of differentials to characterize populations of Pyrenophora teres 
Drechs. for international use. Journal of Phytopathology 143, 501-507 

Bjørnstad Å, Patil V, Tekauz A, Marøy AG, Skiness H, Jensen A, Magnus H, 
MacKey J (2002) Resistance to scald (Rhynchosporium secalis) in barley 
(Hordeum vulgare) studied by near-isogenic lines: I. Markers and differential 
isolates. Phytopathology 92, 710-720 

Bouajila A, Haouas S, Fakhfakh M, Rezgui S, El Ahmed M, Yahyaoui A 
(2006) Pathotypic diversity of Rhynchosporium secalis (Oudem) in Tunisia. 
African Journal of Biotechnology 5, 570-579 

Burleigh JR, Loubane M (1984) Plot size effects on disease progress and yield 
of wheat infected by Mycosphaerella graminicola and barley infected by 
Pyrenophora teres. Phytopathology 74, 545-549 

Cherif M, Harrabi M, Morjane H (1994) Distribution and importance of 
wheat and barley diseases in Tunisia, 1989 to 1991. Rachis 13, 25-34 

Cherif M, Rezgui S, Devaux P, Harrabi M (2007) Interaction between Rhyn-
chosporium secalis and Pyrenophora teres in the field and identification of 
genotypes with double resistance in a doubled-haploid barley population. 

Journal of Phytopathology 155, 90-96 
Fetch TG Jr., Steffenson BJ, Nevo E (2003) Diversity and sources of multiple 

disease resistance in Hordeum spontaneum. Plant Disease 87, 1439-1448 
Fischbeck G, Jahoor A (1992) The transfer of genes for mildew resistance 

from H. spontaneum. In: Jorgensen JH (Ed) Integrated Control of Cereal 
Mildews - Virulence Patterns and their Changes, RISO National Laboratory, 
Roskilde, Denmark, pp 247-255 

Garvin DF, Brown AHD, Burdon JJ (1997) Inheritance and chromosome 
locations of scald-resistance genes derived from Iranian and Turkish wild 
barleys. Theoretical and Applied Genetics 94, 1086-1091 

Genger RK, Williams KJ, Raman H, Read BJ, Wallwork H, Burdon JJ, 
Brown AHD, (2003) Leaf scald resistance genes in Hordeum vulgare and 
Hordeum vulgare ssp. spontaneum: Parallels between cultivated and wild 
barley. Australian Journal of Agricultural Research 54, 1335-1342 

Gustafsson M, Claesson L (1988) Resistance to powdery mildew in wild spe-
cies of barley. Hereditas 108, 231-237 

Harlan JR (1992) Crops and Man (2nd Edn), American Society of Agronomy, 
Madison WI, 284 pp 

Jackson LF, Webster RK (1976) Race differentiation, distribution and fre-
quency of Rhynchosporium secalis in California. Phytopathology 66, 719-
725 

Jana S, Bailey KL (1995) Responses of wild and cultivated barley from West 
Asia to net blotch and spot blotch. Crop Science 35, 242-246 

Kamel S, Ayed S, Cherif M (2010) Identification of Tunisian barley lines tol-
erant to both net blotch and scald in the adult stage. In: Daami-Remadi M 
(Ed) Tunisian Plant Science and Biotechnology II. The African Journal of 
Plant Science and Biotechnology 4 (Special Issue 2), 77-80 

Lehmann W (1991) The use of genetic resources for isolating disease resis-
tance for barley cultivar development. Barley Genetics 6, 650-651 

Pickering R, Johnston PA (2005) Recent progress in barley improvement 
using wild species of Hordeum. Cytogenetic and Genome Research 109, 344-
349 

Salamati S, Tronsmo M (1997) Pathogenicity of Rhynchosporium secalis iso-
lates from Norway on 30 cultivars of barley. Plant Pathology 46, 416-424 

SAS Institute (1988) The SAS system for windows Release 6.03, SAS Institute 
Inc., Cary, NC 1028 pp 

Sato K, Takeda K (1997) Net blotch resistance in wild species of Hordeum. 
Euphytica 95, 179-185 

Silvar C, Casas AM, Kopahnke D, Habekuß A, Schweizer G, Gracia MP, 
Lasa JM, Ciudad FJ, Molina-Cano JL, Igartua E, Ordon F (2009) 
Screening the Spanish barley core collection for disease resistance. In: Plant 
Breeding, Blackwell Verlag, Berlin, pp 1-8 

Steffenson BJ, Hayes PM, Kleinhofs A (1996) Genetics of seedling and adult 
plant resistance to net blotch (Pyrenophora teres f. teres) and spot blotch 
(Cochliobolus sativus) in barley. Theoretical and Applied Genetics 92, 552-
558 

Steffenson BJ, Roy JK, Smith KP, Muehlbauer G, Valkoun J, Yahyaoui A, 
Baum M, Grando S (2007) Wild barley diversity collection: A germplasm 
resource for mining useful alleles for cultivated barley. In: Improvement 
Plant and Animal Genomes XV Conference, 13-17 January 2007, Town and 
Country Convention Center, San Diego, CA, pp 112-116 

Tekauz A (1985) A numerical scale to classify reactions of barley to Pyre-
nophora teres. Canadian Journal Plant Pathology 7, 181-183 

von Bothmer R, Jacobsen N (1990) Interspecific hybrids within the genus 
Hordeum. In: Gupta PK, Tsuchiya T (Eds) Chromosome Engineering in 
Plants: Genetics, Breeding, Evolution (Part A), Elsevier, Amsterdam, pp 411-
431 

von Bothmer R, Jacobsen N, Baden C, Jørgensen RB, Linde-Laursen I 
(1995) An Ecogeographical Study of the Genus Hordeum, Systematic and 
Ecogeographic Studies on Crop Genepools 7 (2nd Edn), International Plant 
Genetic Resources Institute, Rome, Italy, 129 pp 

von Bothmer R, Sato K, Kamatsuda T, Yasuda S, Fischbeck G (2003) The 
domestication of cultivated barley. In: von Bothmer R, van Hintum T, Knupf-
fer H, Sato K (Eds) Diversity in Barley (Hordeum vulgare), Elsevier, Amster-
dam, pp 9-27 

Zadoks JC, Chang TT, Konzak CF (1974) A decimal code for growth stages 
of cereals. Weed Research 14, 415-421 

 
 

94


