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Table 1. Sequence of specific primers, product sizes and polymerase chain reaction conditions used for
detection of fungal species isolated in vetches seed samples
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s as Polymerase chain reaction
Sequences (5'—37) conditions

axlad o310
Product size (bp)

Species 455 Primer 51 :
Reference

Al ) AaltFor GTGCCTTCCCCCAAGGTCTCCG 94 °C for 3 min, 35 cycles at Kordalewsk
., lfe’r ’;‘;: ’a" 184 94°C for 30's; 58 ‘C for 60's;  a et al.
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CLOX2  CTTGTCAGTAACTGGACGTTGGTACT 72 °C for 50 s, 72 °C for 7 min
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Table 2. Characteristics of vetches seed samples based on sampling site and time, type and level of
infection by fungal isolates identified based on morphological characteristics
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Alternaria spp. Fusarium spp. Level of infection Sampling time (Crop Sampling site Scientific name Cultivar name Sample code
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Figure 1. Seed samples of different vetches cultivars (a-e), isolation (f-h), colony color and morphological
characteristics (i-n), and molecular identification (o) of fungal isolates isolated from seeds.

Forage vetches cultivars including (a) Maragheh, (b) Golsefid, (c) Gholshan, (d) Tolo, (¢) Lamesi; isolation from seed (f)
sample code of TK308, (g) sample code of MI294, (h) seed sample code of SA279; (i) Alternaria alternata colony, (j)
Fusarium oxysporum colony; (k) mature conidia isolate AM506 and (1) conidia-forming isolate AG365 of 4. alternata, (m)
macroconidia isolate FT018 and (n) microconidia isolate FE034 of F. oxysporum, staining with lactophenol cotton blue. (0)
The bands of lanes AM365, AM529, AM573, AM327, AM584, AM341 and AMS506 belonging to A. A. alternata amplified
with AaltFor/AaltRev primers, Control-AA positive control of 4. alternata, FT018 and FE034 belongs to F. oxysporum
amplified with CLOX1/CLOX2 primers, positive control of F. oxysporum, respectively. Ladder 100 bp Fermentas.
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Figure 2. A comparison of disease index (mean =+ standard error) of different fungal isolates isolated on vetches
seedlings; means within a column indicated by the same letters were not significantly different according to the least
significant difference (LSD) test at the level P < 0.05.
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Table 3. Comparison of the levels of infestation detected in vetches seed samples to seed-borne fungi with
the disease incidence caused by them in the field
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A total of 400 seeds from each sample were cultivated and evaluated under the same environmental conditions.
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Table 4. Means comparison of germination and vigor indices as affected by natural seed-borne fungal
infection in vetches seed samples

4ol 4 GP DS SD SL RL FW DW sLvi SWY
Sample code I
GK207 2 93.50 ab 0.25 ab 93.25 ab 14.25b 17.00 ¢ 0277b 0.024 be 2921.50¢c 2.23bc
TK245 1 94.00 ab 0b 94.00 ab 2225a 24.75 a 0.345a 0.031a 4418.00 a 297 a
TK308 ND 95.25a 0b 95.25a 23.00 a 25.50 a 0.352a 0.032a 4619.50 a 3.06a
SA279 1 94.50 a 0b 94.50 a 16.50b 19.50 be 0.292b 0.026 b 3402.00bc 2.48b
SK331 ND 94.75 a 0b 94.75 a 16.75b 19.75b 0.295b 0.027b 3459.25b 2.52b
LA253 ND 92.50 be 0b 92.50 be 21.50 a 24.50 a 0.337 a 0.032a 424925 a 299 a
MI294 5 91s0c  075a  9075¢  1450b  1725bc  0272b  0022¢  291125¢c  2.09c
LSD (0.05) 1.90 0.60 209 299 251 0.03 0.003 - 3

RL (o ilw) azddle Job .Sl SL ol 098 0o,0 SV cazily JSK& 15 sbvazalS ao)o Kl DS« Sjals> o j0 GP (> B slaa o slass :NFI
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ab LSS alie mls b b ge Sholejl o azials o Sl wo s iy e ;3 (LSD) Jls s DS Bl O905] 4 4z b dileas eols olas calisea

NFI: number of fungal isolates, GP: Germination percentage, DS: the average percentage of deformed seedlings, SV: Seed viability, SL: the
average shoot length (cm), RL: average root length (cm), FW: fresh weight (g), DW: dry weight (g), SLVI: seedling length vigor index,
SWVI: seedling weight vigor index. Different letters indicate significant differences according to least significant difference (LSD) test at the
level P < 0.05. Each experiment was repeated two times with similar results.
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Table 5. Means comparison of germination and vigor indices in seed treatments of vetches inoculated with
seed-borne fungal isolates

Treatmeants b,)ls  GP DS SD SL RL FW DW SLVI SWVI
ST sl 93.75a Oa 93.75a 15.00 a 17.50 a 0.282a 0.0241a  304725a 226a
Control - Gholshan
AG365 93.75a Oa 93.75a 1475 a 17.25a 0.280 a 0.0241a  3000.50a 2.26a
AG327 91.50b 0.75b 90.75 b 13.75b 16.25b 0.265 a 0.0236 b 274525b 2.15b
LSD (0.05) 1.35 0.46 1.33 0.99 0.84 0.01 0.0004 - -
gk~ aals 95.25a O0a 9525a 23.00a 2525a 0.36 a 0.032a 4630.50a 3.04a
Control - Tolo
FTO18 95.00 a 0a 95.00 a 2250a 24.75a 0.35a 0.031 a 4489.00a 3.03a
LSD (0.05) 1.53 0 1.53 1.22 1.69 0.01 0.0007 - -
95.50 a O0a 95.50 a 16.75a  20.00a 0.30 a 0.0265a  3509.50a 2.53a
Control - Golsefid
FE034 94.75 a 0a 94.75 a 16.50 a 19.50 a 0.29 a 0.0263a  341125a 249a
LSD (0.05) 0.93 0 0.93 0.93 1.22 0.01 0.0007 - -
4ol 2l 92.00 a Oc 92.00 a 1425a 17.25a 0.26 a 0.0203a  2898.00a 1.87a
Control - Maragheh
AM341 91.50a 0c 91.50a 13.75a 16.75 a 0.26 a 0.0202a  2791.50a 1.84a
AMS584 87.50c 0.75ab 86.75 ¢ 11.25b 14.50 be 0.24b 0.0194c  2253.00c 1.70c¢
AMS506 8525d 1.00a 84.25d 10.50 ¢ 13.75¢ 0.22¢ 0.0191d  2067.50d 1.63d
AMS573 90.00b 0.50b 89.50 b 11.75b 1525b 0.24b 0.0198b  2430.00b 1.78b
AMS529 91.75a 0c 91.75a 14.00 a 16.50 a 0.26 a 0.0201a  279825a 185a
LSD (0.05) 1.19 0.46 1.22 0.70 0.78 0.01 0.0002 - -

FW (e 5l) iy Job 50bs RL (yia 5l) drails Jobo c:50ben S canal 03 00,5 SV catsly JSb youks (sloazedlsS a0 cyiSiloe DS o gl aoys GP
J3laz 5031y g5 b ailoads ool lis alisee g > b a5 golael azmalS ay 559 as Lo SWVIiazels a Jsb (a3ls SLVI «(p,5) iz o35 DE «(p,5) 5058

o LS5 Al s b b 50 GialesT o aszsls o me iglss duoyo i s ,0 (LSD) Jlo ime (M3
GP: Germination percentage, DS: the average percentage of deformed seedlings, SV: Seed viability, SL: the average shoot length (cm), RL:
average root length (cm), FW: fresh weight (g), DW: dry weight (g), SLVI: seedling length vigor index, SWVI: seedling weight vigor index.
Different letters indicate significant differences according to least significant difference (LSD) test at the level P < 0.05. Each experiment
was repeated two times with similar results.
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Abstract

Fungal pathogens are one of the most important factors affecting the growth, yield, and production rate
of forage vetches. The aim of this research was the isolation and identification of the seed-borne fungi from
forage vetches seed samples, to evaluate the effect of seed infection on vigor and germination indices, and
also to investigate the process of infection transmission from seed to the next generation plant. In order to
detect fungal infections in seed samples, different cultivars of forage vetches produced in fields of West
Azerbaijan, East Azerbaijan, Ardabil, Ilam, Kermanshah, and Kurdistan provinces were sampled. A total of
9 isolates were identified based on morphological characteristics and species-specific primers belonging to
species, Alternaria alternata (7 isolates, 78.8%) and Fusarium oxysporum (2 isolates, 22.2%). The results of
pathogenicity test showed that all F. oxysporum isolates and about 42.8% of A. alternata isolates (3 isolates)
were endophyte and non-pathogenic, while the remaining 4. alternata isolates (4 isolates, 57.2%) isolated
from seeds could cause the different levels of disease index on vetch seedlings. The results of the study of
the transmission rate of Alternaria blight disease from seed to the next generation plant showed that the
disease incidence caused by the fungus 4. alternata was in the range of 0.35% to 2.17% under natural seed
infection condition and in the range of 1.09% to 3.22% under artificial inoculation condition. The results of
the standard germination test showed that there was a significant difference among the seed samples of
different forage vetches cultivars studied in the vigor and germination indices. Seed infection by endophytic
and non-pathogenic isolates of A. alternata and F. oxysporum fungi did not affect the indicators related to
the germination characteristics, while pathogenic and/or less pathogenic isolates of A. alternata can affect
the germination percentage and seedling quality, depending on their level of pathogenicity.
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