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Table 1. Primers sequences and product sizes used for identification of Fusarium species

Laigs S5l (B"—") 55T Mg axlad o jlusl PR
Species Primer Sequences (5’-3°) Product size (bp)  Reference
Fusarium FOF1 ACATACCACTTGTTGCCTCG .
oxysporum FORI CGCCAATCAATTTGAGGAACG 340 (Mishra et al., 2003)
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F. solani Fs4R  GGCGTCTGTTGATTGTTAGC 658 (Arif et al., 2012)
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Figure 1. Morphological characteristics of conidia of Fusarium oxysporum and Fusarium solani isolated
from cumin seed samples.
Macroconidium (a), microconidia (b) and chlamydospores (c) isolate FM3 of F. oxysporum; macroconidium (d),

microconidia (e) and chlamydospores (f) isolate FM6 of F. solani; Staining with lactophenol cotton blue; Photographs were
taken under a microscope (Olympus BX51) at 400x magnification.
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Figure 2. Molecular identification of fungal isolates Fusarium oxysporum and Fusarium solani isolated
from cumin seed samples.
The bands FM1, FM2, FM3, FM4, FMS5, FQ1, FQ2, FK1 and FK2 belonging to F. oxysporum with FOF/FOR primers,
respectively; FM7 and FM6 belonging to F. solani with Fs4F/Fs4R primers; (Ladder 100 bp Fermentas)
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Table 2. Means comparison of germination and vigor indices as affected by natural fungal infection in in
cumin seed populations

$212 52 4iges Jxo —NFI GP DS SD SL RL FW DW SLVI SWVI
Sample site FO FS
Mashhad 5 2 46.50d 3.75a 2a 290d 3.82d 0.10d 0.04d 311.50 1.99
Quchan 3 0 6575¢ 1.00b 050b 4.78c 585c¢c 0.19¢ 0.05c¢ 698.40 3.47
Kashmar 2 0 73.00b 0.50b 0b 5.65b 7.17b 024b 0.06b 935.65 4.74
Fariman 0 0 8l1.75a 0b 0b 622a 7.64a 034a 0.07a 113290 6.28
LSD (0.05) - 3.84 1.06 0.77 0.34 0.29 0.004 0.002 - -

NFI = number of Fusarium isolates, FO = Fusarium oxysporum, FS = Fusarium solani, GP = Germination percent, DS =
deformed seedling, SD = seedling disease, SL = shoot length, RL = root length, FW = fresh weight, DW = dry weight, SLVI
= seedling length vigor index and SWVI = seedling weight vigor index. Different letters indicate significant differences
according to Duncan's test analysis using SAS software (p = 0.05). Each experiment was repeated two times with similar

results.
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Table 3. Characteristics of seed-borne fungi isolated from cumin seed samples based on sampling site,
pathogenicity and aggressiveness

alaz o5 @l SJ1o 2 diged oo ke p2 b ©yad
Isolate code Fungi Sample site Pathogenicity (DI) Aggressiveness (hpi)
FM1 Fusarium oxysporum Mashhad 0+0.0f 0
FM2 Fusarium oxysporum Mashhad 61.75+1.49d 132
FM3 Fusarium oxysporum Mashhad 8525+1.31a 84
FM4 Fusarium oxysporum Mashhad 76.75+0.85b 108
FMS5 Fusarium oxysporum Mashhad 0+0.0f 0
FM6 Fusarium solani Mashhad 0+£00f 0
FM7 Fusarium solani Mashhad 0+£00f 0
FQl Fusarium oxysporum Quchan 68.00+£0.41c 120
FQ2 Fusarium oxysporum Quchan 0+£00f 0
FQ3 Fusarium oxysporum Quchan 0+£0.0f 0
FK1 Fusarium oxysporum Kashmar 5250+ 1.55¢ 144
FK2 Fusarium oxysporum Kashmar 0+£00f 0
LSD (0.05) 2.23 -

FO = Fusarium oxysporum, FS = Fusarium solani, M =, Q = Quchan, K = Kashmar, DI = disease index, hpi = hours post
inoculation, hpc = hours post-culturing, Average + standard error, Different letters indicate significant differences according
to Duncan's test analysis using SAS software (p = 0.05). Each experiment was repeated two times with similar results.
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Figure 3. Effect of essential oils of cumin seed populations and carbendazim fungicide in concentration of
2000 ppm on the percentage inhibition of mycelia growth of fungal isolates Fusarium oxysporum
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Table 4. Identified compounds in essential oils of cumin (Cuminum cyminum L.) seed populations

w0325 6y sodei S pilul 10 09290 BLuS i (wo)3) (Slgl

o S 55 pb ad ) Abundance (%) of compounds in essential oil of cumin
- Compound $alost seed populations

Row name R?tenti? n e olrs® o5 Olos 59

index Mashhad Quchan Kashmar Fariman

1 a-thujene 930 0.2 0.3 0.2 0.2
2 a-pinene 935 0.3 0.3 0.5 0.5
3 sabinene 954 0.2 0.5 0.7 0.9
4 B-pinene 979 7.4 9.1 10.1 11.7
5 Myrcene 990 0.5 0.4 0.5 0.6
6 a-phellandrene 995 0.1 0.1 0 0.1
7 a-terpinene 1020 0 0 0.1
8 p-cymene 1024 16.4 16.8 17.9 18.3
9 limonene 1030 0.3 0.4 0.4 0.5
10 y-terpinene 1060 13.9 15.2 15.9 16.8
11 linalool 1089 0.1 0.8 0.9
12 terpinen-4-ol 1169 0.1 0.2 0.4 0.6
13 a-terpineol 1180 0.2 0.2 0.3 0.2
14 cuminic aldehyde 1253 322 32.7 32.5 32.7
15 cuminic alcohol 1283 0.2 0.3 0.5 0.5
16 B-farnesene 1443 0.1 0.2 0.3 0.4
17 carotol 1574 0.3 0.4 0.5 0.6
- Total - 72.4 77.2 81.5 85.6

*Compounds are listed in order of elution from a DB-35 column and based on retention indices. Data are means + standard
error. Different letters indicate significant differences according to Duncan's test at the level p < 0.05. The experiment was
repeated three times with similar results.

WJHF- iy o 2l Plep O3 sl cassas s 4
S s 0 easlin iy SLE s -l
oddlive yiolojl 0 90 bl LS 5 o (SawndsS LS
TFooks Ol e A G gl (0 PVl
S 5 (Y Jgaz) 0 +IYAF L +/VAY 5l by g !
5 i Slld Gl il b JFY 5
eSS oered g G L b JFo eSS
ale GalBl el Gl Ll s el

(Y Jgaz) Siog I oxysporum =B slaalas>

St @B slealar VY ggame )5 iagh cnl )

ool 2 G 05 &)l 51 (o092 $yd slrodgs |
ololp g Gilulaz a5 5Bl len B g
ol el lells (Joslse 5 owbilcsn, slo S
78 el (Josse alulid 550 po 315 (sl
Ll Glpl 5o e 0 oo 6y Glrodg o ol d

Yo

5 Ol (JFTpin s bS5 sl MIC p0lie

e gy it PPMADIY B AYA 0 yin 5-LE
VAO B YAD s oylosh bS5 sl IC50 ol
ui..g.lﬁ)'—‘ S y90 LgLa)Lo.:.J r:LQJ uL..a 30 g e PPM
-5 F. oxysporum =B sbalas ale a:3 )5 13
JFF-Gr i oS 5 4 b3 IC50 s MIC (e 00 5
whowds 2185z,6 MIC 4 IC50 polie (F Jgoz) o9
7B slalr gl 08, e sl puslanlS
oy Gy sodg 5l ealssilulas FLoxysporum
ST P ) p ekrieds pizman 09 Dglile jw
5 Ol (JFYpim s oS5 bl g B L
lagyl o g8 0y &5 (2B laged (kLS
BT =59 5nSs — nafinmms Janme (59, 03,5 saalie
ade OlS 3 ol o ob plas @l g ab cassTy
z8 cwsls sl Foooxysporum =B slaglo>
OlaS 5 Bl SIS o) jslaiear g (bia)]
9y 3 Aall lulpd o e o) sl ewlesly
azg Lol oolatul mbe e ;o (55loEd; o)9,5%



(FYO-YFONNV - /o oz ojlact [t Jlo /! 5y Sliions 5 pole PRVES

Fusarium oxysporum oz, sbaslos ogudunmo oy (S95,103lL 9oy (59, Veorr ppm Clale j o jlady ;5 S, g ol o lwbds wluS 5 -0 Jgas
Table 5. Effect of the identified compounds and carbendazim fungicide in concentration of 2000 ppm on the percentage inhibition of mycelia growth of fungal
isolates Fusarium oxysporum
Fusarium oxysporum sbaslos  cogabuo 9y (53,1050 wuo yo

T olesd The percentage inhibition of isolates Fusarium oxysporum mycelia growth
reatments FM3 FM4 FQ1 FM2 FK1 FOZ
Compound name
a-thujene 0+0.01 0+0.01 0+0.01 0+0.01 0£0.01 0+0.01
o-pinene 575€00¢ 6.5+0.0¢ 3.75+0.0¢ 8.75+0.0¢ 275+€00¢ 10.5£0.0¢
Sabinene 3.75+0.0f 525+0.0f 20+00f 6.25+00f 0.75+0.0f 85+00f
B-pinene 56.5+0.0b 59.0+0.0b 40+£0.0b 63.75£0.0b 28.75+£0.0b 715+0.0b
Myrcene 8.5+0.0d 10.75+0.0d 6.25+0.0d 14.0+0.0d 275+0.0d 16.5+£0.0d
a-Phellandrene 0+0.01 0+0.01 0+0.01 0+0.01 0£0.01 0+0.01
a-terpinene 0+£0.0i 0+£00i 0+£00i 0+£0.0i 0+£0.0i 0+£0.0i
p-cymene 0+0.01 0+0.01 0+0.01 0+0.01 0£0.01 0+0.01
Limonene 0+0.01 0+0.01 0+0.01 0+0.01 0£0.01 0+0.01
y-Terpinene 2525+£0.0c¢c 2775+£0.0¢c 20.75£0.0c 30.75+£0.0¢c 16.5+0.0¢c 3575+£0.0c¢c
Linalool 0+£0.0i 0+£00i 0+£00i 0+£0.0i 0+£0.0i 0+£0.0i
Terpinen-4-ol 100+£0.0a 100+£0.0a 100+£0.0a 100+£0.0a 100+£0.0a 100+£0.0a
a-Terpineol 0+0.01 0+0.01 0+0.01 0+0.01 0£0.01 0+0.01
Cuminic aldehyde 0+0.01 0+0.01 0+0.01 0+0.01 0£0.01 0+0.01
Cuminic alcohol 0+0.01 0+0.01 0+0.01 0+0.01 0£0.01 0+0.01
B-Farnesene 0.75+0.0h 2.25+0.0h 1.5+0.0h 425+0.0h 05+0.0h 525+0.0h
Carotol 225+00g 325+£0.0¢g 0.75+00 g 45+00¢g 05+00g 575+£0.0¢g
Fungicide
Carbendazim 100+£0.0a 100+£0.0a 100+£0.0a 100+£0.0a 100+£00a 100+£0.0a

"Data are means + standard error. Different letters indicate significant differences according to Duncan's test at the level p < 0.05. The experiment was repeated three times with similar results.
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Table 6. Antifungal activity of inhibitory compounds of essential oil of cumin compared to synthetic fungicides against mycelial growth of isolates Fusarium oxysporum
Fusarium oxysporum isolates

FM3 FM4 FQ1 FM2 FK1 FOZ
Treatments 5 E 5 E = z = z = z = z
L a 2 a8 2 a £ a8 2 a 2 a8
* * * * * * * * * * * *
Compounds
Terpinen-4-ol 385a 838a 371a 824 a 365a 813 a 315a 808 a 309 a 795a 406 a 899 a
fB-pinene 458 ¢ 865 ¢ 453 ¢ 856 ¢ 442 ¢ 841 c 433 ¢ 829 ¢ 427 ¢ 818 ¢ 467 ¢ 927 c
y-Terpinene 788 d 1438 d 762 d 1405 d 759d 1389d 751d 1381d 744 d 1357d 795d 1513 d
Fungicide
Carbendazim 472 b 895b 468 b 886 Db 454 b 871D 422 b 836D 416b 823 b 475b 901 b

MIC — minimum inhibitory concentration; IC50 — inhibitory concentration 50; * ppm - one part per million. Means within a column indicated by the same letter were not significantly
different according to Duncan's test at the level p < 0.05. The experiment was repeated three times with similar results.
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Table 7. The fractional inhibitory concentration index (FICI) of constituents of essential oil of cumin seed
against isolates Fusarium oxysporum

ouidS o wdale Ll

sl
Fusarium Olas ‘5’"’“: cadlad
oxysporum Compounds Fra.ct}onal Activity
isolates inhibitory
concentration index

Terpinen-4-ol x B-pinene 0.257 synergistic
FM3 Terpinen-4-ol x y-Terpinene 0.621 additive
B-pinene X y-Terpinene 0.918 additive

Terpinen-4-ol x B-pinene 0.285 synergistic
FM4 Terpinen-4-ol x y-Terpinene 0.633 additive
B-pinene X y-Terpinene 0.979 additive

Terpinen-4-ol x B-pinene 0.288 synergistic
FQI1 Terpinen-4-ol x y-Terpinene 0.641 additive
B-pinene X y-Terpinene 0.983 additive

Terpinen-4-ol x B-pinene 0.293 synergistic
FM2 Terpinen-4-ol x y-Terpinene 0.644 additive
B-pinene X y-Terpinene 0.989 additive

Terpinen-4-ol x B-pinene 0.296 synergistic
FK1 Terpinen-4-ol x y-Terpinene 0.675 additive
B-pinene X y-Terpinene 0.998 additive

Terpinen-4-ol x B-pinene 0.289 synergistic
FOZ Terpinen-4-ol x y-Terpinene 0.638 additive
B-pinene X y-Terpinene 0.985 additive
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Abstract
The seed is one of the most important inputs of agricultural products that its quality and health can be

affected by seed-borne fungi. The aim of this study was to identify the seed-borne fungi and their effect on
germination and vigor indices of native cumin seed populations and also to evaluate the effects of essential oils
and constituents of essential oils these seed populations on seed-borne fungi isolated. In order to identify of seed-
borne fungi of cumin seed populations from seeds produced in fields of Mashhad, Fariman, Kashmar and
Quchan in Khorasan Razavi province were sampled according to the International Rules for Seed Testing
(ISTA). After isolation and purification, fungal isolates were identified based on morphological and molecular
characteristics. Also, pathogenicity potential and the aggressiveness of isolates on seedlings were investigated. A
total of 12 isolates were identified based on morphological and molecular characteristics that belonging to
Fusarium oxysporum and F. solani species. The results of the standard germination test showed that there was a
significant difference among the seed populations studied in the germination and vigor indices. Seed infected by
seed-borne fungi significantly affects germination and vigor indices and reduces seed quality and health. The
results showed that the highest vigor and germination indices were observed in Fariman seed population
followed by Kashmar, Quchan and Mashhad seed populations. The results of pathogenicity test showed that
about 41.7% of the isolates were pathogenic and 58.3% of the isolates were non-pathogenic. Also, different
levels of pathogenicity and aggressiveness were observed for various isolates of Fusarium species. In the
continuation of this research, the essential oil was extracted by hydrodistillation using a Clevenger apparatus and
its major constituents were identified by gas chromatography-mass spectrometry. The main compounds
identified essential oils included B-pinene, p-cymene, y-terpinene and cuminic aldehyde. The results showed that
the compounds of a-pinene, sabinene, B-pinene, myrcene, y-terpinene, terpinen-4-ol, B-farnesene and carotol had
antifungal effects against F. oxysporum isolates. Synergistic effects of the main constituents of essential oils
showed that combing terpinen-4-ol with B-pinene induced a synergistic activity and combing terpinen-4-ol with
v-terpinene and also P-elemene with y-terpinene caused an additive effect against were F. oxysporum isolates.
This is the first report on the effect of essential oil compositions of native cumin seed populations on seed-borne
fungi isolated from the same seeds. The findings of this research showed that amount and the type of constituents
of essential oils of cumin seed populations are different and it can affect the abundance of seed-borne fungi and
their level of pathogenicity.
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