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Abstract
Background and Objective
Stripe diseases, caused by species of the genus Pyrenophora, are among the most significant
diseases affecting barley worldwide. These pathogens can be transmitted through seeds to the
next generation, reducing seed quality and crop yield. As a result, the use of healthy, certified
seeds represents a primary management strategy for improving seed quality and seedling health.
This study aimed to compare different diagnostic methods for detecting stripe disease agents in
seed samples, assess the transmission rates of stripe and net blotch diseases from seed to the
next generation, and evaluate the effects of seed infection on several traits related to
germination and early seedling growth.
Materials and Methods
To identify Pyrenophora species responsible for barley stripe diseases in seed samples of the
Sahand, Goharan, and Y oosef cultivars grown in Lorestan (Borujerd), East Azerbaijan (Bostan
Abad), Alborz (Karaj), and Tehran (Varamin) provinces, seeds were collected following the
International Rules for Seed Testing (ISTA). Infected seeds were detected using osmotic and
agar cultivation methods. Fungal isolates obtained from the agar medium were identified and
confirmed based on morphological characteristics and species-specific primers. To determine
the disease index, a pathogenicity test was conducted on the barley cultivar Rihane seedlings,
which were artificially inoculated with Pyrenophora isolates. Subsequently, the effects of seed
infection by Pyrenophora spp. on traits related to seed germination, the transmission process,
and stripe disease incidence in the next plant generation were evaluated.
Results
The results of the osmotic test indicated that the proportion of Pyrenophora-infected seeds in
samples collected from different fields ranged from 0% (no infection) to 19%. A total of 61
isolates were identified based on morphological characteristics and species-specific molecular
markers, including P. teres (38 isolates, 62%) and P. graminea (23 isolates, 38%). The highest
infection levels in seed samples were 8% for P. teres and 5% for P. graminea. Pathogenicity
tests showed that all Pyrenophora spp. isolates obtained from seeds could induce varying levels
of disease index in barley seedlings. Germination and seed vigor indices varied among the seed
samples, likely influenced by the barley cultivar and seed infection by seed-borne fungi,
particularly Pyrenophora spp. Seed infection by Pyrenophora isolates negatively affected
germination percentage and seedling quality, depending on the pathogenicity level and
prevalence of the isolates. The transmission rate of stripe disease from seed to the next-



generation plant showed that disease incidence caused by P. teres ranged from 3.18% to
11.94%, while incidence caused by P. graminea ranged from 1.06% to 5.40%. Natural infection
by Pyrenophora spp. also reduced seed yield in the tested barley cultivars, with yield losses
ranging from 3.44% to 18.76% compared to uninfected control cultivars.

Discussion

The results of this study indicate that, due to a limited understanding of the effects of
Pyrenophora isolates on seed quality and cultivar response, accurately predicting seed yield
and the incidence of stripe diseases in the next plant generation remains challenging. The
presence of infection in seeds alone does not directly determine seed quality. Instead, seedling
growth indicators are influenced by the complex interaction between fungal isolate
pathogenicity and environmental conditions affecting host plants. These findings provide new
insights into the impact of Pyrenophora-infected seeds on germination-related traits and the
field transmission rate of stripe diseases. The outcomes of this study could contribute to revising
national standards for barley seed quality assessment and certification.
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Table 1. Characteristics of barley seed samples collected based on cultivar and location

Initial seed under investigation

Next generation seed

Sample code Cultivar Sample site Sample code  Cultivar
S1L34 Sahand Lorestan — Borujerd S2L.34 Sahand
S1A36 Sahand East Azerbaijan - Bostan abad ~ S2A36 Sahand
S1C03 Sahand Alborz — Karaj S2C03 Sahand
G1A48 Goharan Alborz — Karaj G2A48 Goharan
G1T42 Goharan Tehran — Varamin G2T42 Goharan
G1C04 Goharan Alborz — Karaj G2C04 Goharan
Y1A59 Yoosef Alborz — Karaj Y2A59 Yoosef
Y1T57 Yoosef Tehran — Varamin Y2T57 Yoosef
Y1C05 Yoosef Alborz — Karaj Y2C05 Yoosef

2 - Sodium hydroxide, NaOH

1 - Sucrose, C12H22011
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6 - Genomic DNA isolation kit, Pishgam Biotech, Iran

7 - Loading Dye, Yektatajhiz, Iran

8 - DNA Ladder 100bp, Pishgam Biotech, Iran

9 - NanoDrop 2000; Spectophotometer, Thermo
Scientific, Wilmington, USA

10 - 2X PCR Master Mix, Pishgam, Iran
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3 - National Center for Biotechnology Information, NCBI
4 - Potato Dextrose Broth, Ibresco, Iran

5 - Shaking incubator, Certomat IS, Sartorius Stedim
Biotech, Germany
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Table 2. Sequence of specific primers, product sizes and polymerase chain reaction conditions used
for detection of fungal species isolated as causal agents of seed-borne brown stripe diseases in barley

seed samples

Product Polymerase chain reaction
size (bp) conditions

Species Primer Sequences (5°—3°)
PG2F CTTCTTAGCTGGGGCTACCGTC
Pyrenophora
graminea PG2R  ACCGACTCGGGAAAAGAGCA
Pt5 AGCACCTTCGCCTGTAA
Pyrenophora teres

Pt7  GGCGCATATGCAAGGGGGTTTC
PTTF CTC TGG CGAACCGTTC

P. teres f. teres

PTTR ATGATGGAAAAGTAATTTGTA

PTMF TGCTGAAGCGTAAGTTTC

P. teres f. maculata

PTMR ATGATGGAAAAGTAATTTGTG

94 °C for 3 min, 40 cycles at 94
435 ‘Cfor60s;56°Cford40s;72°C
for 50 s, 72 °C for 10 min

95 °C for 5 min, 30 cycles at 94
1600 °Cfor60s;52°Cfor60s;72°C
for 90 s, 72 °C for 10 min

94 °C for 10 min, 10 cycles at 94
380 °‘C for30s;65°Cfor30s
reducing 1 °C per cycles; 72 °C
for 60 s, followed by 24 cycles
at 94 °C for 30s; 55 ‘C for 30 s;
411 72 °C for 60 s, and then 72 °C
for 10 min

3 - Seedling length vigor index; SLVI

1 - Germination percentage; GP
2 - Seedling weight vigor index; SWVI
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Table 3. Comparison of the level and type of infestation detected in barley seed samples to causal agents of seed-
borne brown stripe diseases based on different methods (osmotic test and cultivation method in agar)

Initial seed under investigation Next generation seed
sample Osmotic test Cultivation in agar medium Osmotic test Cultivation in agar medium
code Infection by Infectionby  Infectionby 40 Infection by Infection by Infection by
Pyrenophoraspp.  Pyrenophora  Pyrenophora Pyrenophora Pyrenophora Pyrenophora teres

(%) graminea (%) teres (%) spp. (%) graminea (%) (%)
S1L34 6 1 3 S2L.34 3 1 1
S1A36 7 ND 5 S2A36 4 ND 3
S1C03 ND ND ND S2C03 ND ND ND
G1A48 10 2 4 G2A48 5 2 2
G1T42 19 5 8 G2T42 11 3 4
G1Co04 ND ND ND G2C04 ND ND ND
Y1A59 5 2 3 Y2A59 3 1 2
Y1T57 7 3 3 Y2T57 3 3 ND
Y1C05 ND ND ND Y2C05 ND ND ND
Total Total
number of 54 13 26 number 29 10 12
isolates of isolates

*ND: Not detected

1 - Disease incidence, DI
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Figure 1. Comparison of osmotic test (a-d) and cultivation method in agar (e-h) for detection of the fungus
Pyrenophora spp. in seed samples. Barley cultivars including (a, d and g) Yoosef, (b and h) Goharan and (c,
e and f) Sahand; isolation from seed samples of Y1CO05 (a), G2C04 (b), S1L34 (c), Y1T57 (d), S1CO03 (e),

S2L.34 (f), Y2T57 (g) and G2T42 (h).
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Figure 2. Level of disease index of different isolates of Pyrenophora graminea (a and c) and Pyrenophora teres (b
and d) isolated from the initial seeds and next generation samples on barley seedlings of Rihane cultivar
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Table 4. Means comparison of vigority and germination indices as affected by natural seed-borne fungal
infection of Pyrenophora spp. in initial seed and next generation samples of different barley cultivars

(Sahand, Goharan and Yoosef)

Initial seed under investigation

Sample Germination .Segc.i Defor_med Dead Seedling Seedlipg D_ry S_eedlir_lg
code (%) V|ab|I:‘ty seedllr;gs seedg Iengt? Ien_gth V|¥gor we|g¥ht welght V|¥gor
(%) (%) (%) (cm) index (9) index
S1L.34 93.25¢c 92.00 ¢ 1.25a 6.75a 17.85¢ 1642.20 ¢ 0.164 c 15.06 ¢
S1A36 94.25h 93.00b 1.25a 575b 17.88b 1662.84 b 0.166 b 15.46 b
S1C03 96.50 a 96.25 a 0.25b 3.50c 18.35a 1765.95 a 0.179a 17.20a
LSD (0.05) 0.84 0.46 0.79 0.84 0.01 - 0.001 -
G1A48 90.50 b 88.00 b 2.50a 9.50b 20.49b 1803.34 b 0.211b 18.74b
G1T42 88.25¢ 85.25¢ 3.00a 11.75a 19.79 ¢ 1687.10 c 0.206 c 17.58 ¢
G1Cco4 95.00 a 94.75 a 0.25b 5.00c 22.37a 2120.04 a 0.233 a 22.05a
LSD (0.05) 0.70 0.65 1.03 0.70 0.07 - 0.004 -
Y1A59 94.75 b 93.50 b 0.75a 525b 20.76 b 1941.06 b 0.174 b 16.29b
Y1T57 93.50 c 91.75¢ 1.25a 6.50 a 20.72c 1901.52 ¢ 0.169 c 1555¢
Y1C05 99.00 a 99.00 a 0b 1.00b 21.67a 2145.08 a 0.183 a 18.09a
LSD (0.05) 1.03 1.03 0.65 1.03 0.03 - 0.003 -
Next generation seed
S2L.34 93.00c 92.00 ¢ 1.00a 7.00a 17.84c 1641.74 ¢ 0.164 c 15.08 c
S2A36 93.75b 92.75h 1.00 a 6.25b 17.88b 1658.14 b 0.166 b 15.39a
S2C03 96.25 a 96.00 a 0.25a 3.75¢ 18.34a 1761.36 a 0.178 a 17.09a
LSD (0.05) 0.65 0.46 0.88 0.65 0.01 - 0.001 -
G2A48 90.75 b 88.50 b 2.25a 9.25b 20.51b 1815.58 ¢ 0.226 b 20.02b
G2T42 88.50 ¢ 86.00 ¢ 2.50a 11.50a 19.83¢c 1705.60 b 0.217¢c 18.68 ¢
G2C04 95.25a 94.75 a 05b 4.75¢ 22.37a 2119.30 a 0.232a 22.00a
LSD (0.05) 1.13 0.70 1.16 1.13 0.07 - 0.002 -
Y2A59 94.75 b 93.25h 1.00 a 525b 20.75b 1945.78 b 0.173b 16.26 b
Y2T57 93.75¢c 92.25¢ 150 a 6.25a 20.71c 1910.72 ¢ 0.167 c 15.43c
Y2C05 99.00 a 98.75a 0.25b 1.00c 21.67a 2139.90 a 0.183 a 18.09a
LSD (0.05) 0.99 1.09 1.70 0.99 0.04 - 0.004 -

"ND: Not detected

¥Different letters indicate significant differences according to least significant difference (LSD) test at the level P < 0.05.
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Table 5. Incidence level of seed-borne brown stripe diseases (stripe and net blotch) from planting initial

seed samples of different barley cultivars (Sahand, Goharan and Yoosef) as affected by natural fungal
infection by Pyrenophora spp. in field experiment

Sample cultivar Incidence level of seed-borne Incidence level of leaf  Incidence level of net  Total plants
code brown stripe diseases (%0) stripe disease (%) blotch disease (%0) (number)
S1L.34 433+043 1.09 £ 0.02 3.24+041 92+1.73
S1A36  Sahand 7.73+1.09 ND 7.73+1.09 91+1.08
S1C03 ND ND ND 93+ 1.47
G1A48 7.31+2.07 2.08+0.83 523+1.24 95+1.29
G1T42  Goharan 17.34+2.81 5.40+1.12 11.94 +1.69 92+0.91
G1co4 ND ND ND 96 +£0.71
Y1A59 4.25+1.62 1.06 £ 0.75 3.18 £ 0.87 941041
Y1T57  Yoosef 5.39+0.99 1.08 £ 0.43 432 +0.56 92+1.58
Y1C05 ND ND ND 96 +1.08

"ND: Not detected
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Figure 3. Appearance of leaf stripe (a) and net blotch diseases (b) on the seedlings of cultivars Sahand of
sample S1L34 (a) and Gohran of sample G1T42 (b) in the field
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