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Table 1- Identities of the fungal isolates identified as Fusarium oxysporum using classical and morphological methods obtained from 93 preliminary samples
showing yellow and wilt symptoms collected from west and north -west of Iran during 2018-2021

281 e o
s olas Sampling Location ao b 5, 1 653 . o5
)No. Isg)late Jm @ul,» UM (o )_éw" D;Ite Variety Incidince%  Severity Race
Location Geographical coordinates Elevation (m)

1 C1 relS s ST 390313N 471350 E 893 97/3/5 EN 20 2+ ool
2 C5 gl gl 3658 51 N 4507 13 E 1591 97/3/6 A 20 4 ksl
3 C6 e gm0l 365636 N4519 39 E 1430 97/3/6 EN 30 2 ool
4 C15 ekl Jslo 2 oSy 332746 N 46 34 46 E 1021 97/3/2 oY 10 2 ookt
5 C48 sl g8 S 390304N 471330 E 908 97/3/5 e 30 2 oot
6 C-54 4050 oLl 55 372532N 4504 25E 1417 97/3/15 sl 20 4 4

7 C-56 4o ysl 2o oS! 372532N 4504 25E 1417 97/3/31 oY 20 2 ookt
8 G5 adlye J5 sl 371729N 4628 24 E 1021 96/4/16 i1y 70 4 oolesb
9 Ca allye (oo a8 g8 (sliws, 37716 N 4627 23E 1706 99/3/11 sl 100 4 ool
10 C-93 Oy ST e 342330N473210E 1333 99/3/10 e poleo 4 4
11 C971 olzsle S- 595 i 342050N 464121 E 1362 99/3/8 e poles 4 ol
12 C-100 olaile S 59 | pus 341935N 472009 E 1419 99/3/10 e poles 4 4
13 C-101-1 SRS 5lsS 340048 N 462013 E 1532 99/3/6 E Pk b 4 ookt
14 C-102 % 3T sl SLT e 341038N 4640 12 E 1507 99/3/6 e pylee b 4 2
15  C-103 Jelyy S SIS 3441 02N 463320 E 1352 99/3/8 B Pl b 4 4
16 C-104-2 Lo e 36 1200 N 46 28 47 E 1534 98/5/1 e 20 4 oot
17 C-106 S5 Gl lals 345324 N 46 4500 E 1629 98/2/30 EN 20 3 ookt
18 C-107-1 ool 03,5 321612N470112E 1383 98/3/11 E 20 4 oolisls
19  C-108-1 a0 ilgy 352930 N 470241E 1645 98/5/1 B poles 2 olesb

+: Symptoms on a yellowed and wilted plant, 0=0%, 1=1 to 33%, 2 = 34 to 66%, 3 = 67 to 100%, 4=dead plant (Jimenez-Diaz et al., 1989)
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Table 1. Continued.
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20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

C-108-2

C-119
C-121
C-126
C-128
C-129
C-131
C-133
C-135
C-136
C-142
C-143
C-145
C-146
C-147
C-149
C-155
C-156
C-157
C-158

lo-0 ,ailgs0

Olws,S 51 18l 50
RENSCRECTE
SENE S RECT
SENE S RECT
SENE S RECT

RIS
k! 51 g8k )
ekl 5l (8L o
ekl 5l (8L 50
ekl 5l (8L o
LI 5l (8L o
LIl 8L 50
LI 5l (8L o
Pkl 5l (8L 5
RIS
Pkl 5l (8L 5
RIS
L1 5l (8L 5o
L1 5l (8L 5o

352930 N 470241 E
pobae U
polaa b
polee b
polee b
polee b
pylee b
polee b
pobae U
pobae U
pobee U
pobae b
polae b
pobae U
polee U
polee U
polee U
polee U
polae U
pokae U

1645
polae U
polaa b
polee b
polee b
polee b
polee b
polee b
pobee U
pobee U
pobae U
pobae b
pobee b
pobae U
polee U
polee U
polee U
polee U
pobae U
pokae U

98/5/1
pobe U
pobeo b
poleo U
poleo U
poleo U
poleo U
poleo U
pobe b
pobe b
pobe b
pobe U
pobe U
pobe b
pokee L
pokee L
pokee L
pokee L
pobee U
pobe b

F R

pobee b
pobe b
pobeo b
polee b
polee b
polee b
polee b
polee b
pobee b
pobee b
pobee b
pobe b
pobe b
pobe b
pokee L
pokee L
pokee L
pokee L
pobae U
pobe b

A A M BB

polaa U
polaa U
polae U
polae U
polae U
polae U
polae U
polae U
polee
polee
polee
polee
polae U
polae U

+: Symptoms on a yellowed and wilted plant, 0=0%, 1=1 to 33%, 2 = 34 to 66%, 3 = 67 to 100%, 4=dead plant (Jimenez-Diaz et al., 1989)
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Table 2- The specific primers used in this study to identify races

4?)0) u5~) alag;

o 551 (0777 s b et 213 e
Primers Sequence (5°-37) (ol Sl Identified Reference

Melting Point (°C) Race
Foc012f/Foc012r ;:: gi(é ?I:I: TI'(;('I% '(I':TA (? C(:: C(:: (1;— ;C/_;\(G: TA:; g'?é\,SG AT 58 - Jiménez-Gasco and Jiménez-Diaz, 2003
FocR6-02f/FocR6-02r ;:: iéigﬁig%ﬁﬁli%%ﬁﬁ;%iT A F (57) - R (61) 6 Jiménez-Gasco and Jiménez-Diaz, 2003
FocR5-L10f/FocR5-L.10r ;:: iié éi(lf -GHG—E ii’é I;f;? g_?;— AC F (58) — R (56) 5 Jiménez-Gasco and Jiménez-Diaz, 2003
FOCRIB/C-NSTIFOCR LB NS L o o e orA F (66) - R (62) IB/C  Jiménez-Gasco and Jiménez-Diaz, 2003
FDP-1 ;:: (éTCTAGTiléch gs&gﬁ%ﬁgigéiec 52-57 4 Poornima et al., 2017
FDP-14 F: GAG CAG TCAATG GCAATG G 52-57 2 Poornima et al., 2017

R: AGA GCA GGG TCA GCG TAG ATA
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Table 3- Morphological and structures of the isolates identified as Fusarium oxysporum on chickpea collected from west and north -west of Iran during 2018-2021

xS 9 Sk G 580 SggeedlS a5 o3l
Macroconidi Microconidi Clamidospore Colony Size
e s = ’;g;gt’em o) Ik (09Se) e o) I (K)o (35 ) Jsb (G355) 20 (o) sk
No. Isélaie (Number) Length (u) Wide (W) Length (p) Wide (W) Length (p) Wide (p) Diameter (cm)
Max Min Max Min Max  Min Max Min  Max Min Max Min Max Min Surface Reverse S;J:r

1 C-1 4 1 41 9 4 3 17 5 4 3 ni T n n n 6 6 7
2 C-5 4 3 39 25 4 3 12 5 3 2 n n n n 5 5 7
3 C-6 3 1 30 12 5 3 13 4 4 2 12 4 12 4 6 6 7
4 C-15 5 3 56 30 3 2 14 4 3 2 8 3 7 3 6 6 12
5 C-48 4 1 48 18 4 3 14 5 3 2 n n n 5 5 7
6 C-54 6 3 58 35 4 3 11 4 3 2 12 4 10 4 7 7

7 C-56 4 1 34 16 4 3 13 5 3 2 n n n n 5 5 7
8 C-75 4 1 46 15 5 3 14 6 4 2 n n n n 6 6 8
9 C-91 4 3 44 30 4 3 13 4 3 2 15 5 15 5 6 6 10
10 C-93 7 3 64 34 4 3 15 5 3 2 15 5 14 4 4 4 10
11 C-97 6 2 65 24 4 3 10 4 3 2 12 5 10 5 8 8 15
12 C-100 6 3 60 27 3 3 16 4 3 2 10 4 9 4 7 7 12
13  C-101 4 1 41 14 5 3 14 5 4 3 12 4 10 4 8 8 8
14 C-102 3 1 34 16 5 3 16 5 3 2 18 8 18 8 6 6 8
15 C-103 5 3 60 30 3 2 16 4 3 2 8 3 7 3 7 7 8
16 C-104-2 7 3 57 30 5 3 11 4 3 2 12 4 12 4 3 3 10
17  C-106 5 3 54 30 3 3 15 4 3 2 10 3 7 3 3 3 10
18 C-107-1 5 2 42 23 3 3 14 4 3 2 14 5 10 4 4 7 8
19 C-108-1 6 3 39 25 5 3 12 4 3 2 n n n n 5 5 10

days after inoculation :
48y o alail aga g ae s
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Table 3. Continued.

13
10
15
14
13
15
14
14
10
13
17
15
12
15
14
14
15
13

14

18

27

44
40

6
5
5
5
6
5
4
4
6
4
3
3
3
5
5
4
5
6
3
2

C-108-2
C-119
c-121
C-126
C-128
C-129
C-131
C-133
C-135
C-136
C-142
C-143
C-145
C-146
C-147
C-149
C-155
C-156
C-157
C-158

20
21

14
10
12
10

14
11
13
10

25
32
22
28
22
25
24
30
21

47

22
23
24
25
26
27
28
29
30
31

10
12

42

50
55
52
41

10

18
12

18
12

54
35
45

14
13
13
12
18
14
12

14
13
15
13
20
17
14

15

16
22
20
27
18
17
15
32
36
28

46

40

32

12
10

52

33
34
35
36
37

47

40

56
52
30

38
39

18

12

13

13

24

46

5
1

Average

10
65

Std.Dev.

Max.

15

15

18

20

17

36

18

Min.
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Figure 1- Infestation of 100% field and total yield loss due to Fusarium wilt disease, June 2018, Qush-Qayasi,
Maragheh province
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Figure 2-A and B, DNA bands in 1500 bp on agarose gel 2% amplified by FOC0-12f/FOCO0-12r primers belonging to

the fungal isolates identified as Fusarium oxysporum using classical and morphological methods in order to their
specific detection as forma specialis (f.sp.) of chickpea. Upper numbers: Codes of the isolates, Blank: Marker for DNA

size
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Figure 3- DNA band of 500 bp on agarose gel 2% using FOC R1-B/C primer. Isolate C-126 of FOC generated highly-
detective and specific band which shows it’s belonging to race 1B/C
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Figure 4- DNA band of 1000 bp on agarose gel 2% using FDP-14 primer. Isolates C-129, C-128, C-102, C-
149 and C-136 of FOC generated highly-detective and specific band which shows its belonging to race 2
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Figure 5- DNA band of 2100 bp on agarose gel 2% using FDP-14 primer. Isolates C-54, C-103, C-93, C-121, C-100, C-
157, C-145, C-146 of FOC generated specific bands which shows their belonging to race 4
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Figure 6- DNA band of 1000 bp on agarose gel 2% using FocR6-O2f/FocR6-O2r primer. Isolates C-158 of
FOC generated highly-detective and specific band which shows their belonging to race 6
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Extended abstract

Introduction: Chickpea (Cicer arietinum L.) with a high amount of protein and valuable
minerals, is considered one of the important items in the Iranian food basket. Due to its
adaptability to the harsh climatic conditions of the country's drylands, it is grown in 500,000
ha of rain-fed and dry areas of Iran. It is considered as the most important county’s rainfed
legume crop and because of its rotation cultivation with cereals, plays an important role in
the sustainability of agriculture in these areas. Yellowing and wilting disease caused by
Fusarium oxysporum f.sp. ciceris is one of the most important diseases of the plant
worldwide. The disease causes a quantitative and qualitative decrease in the production of
the crop in all areas of the country. The most effective and economical method of managing
and controlling the disease is the production and use of resistant cultivars.

Methodology: In this study, 92 infested farms with suspected plants showing symptoms of
yellowing and wilting were visited in the northwest and west of the country. The detailed
characters of the samples were recorded. Subsequently, they were transferred to the
laboratory and the pathogen was isolated from the host, purified and their pathogenicity on
a susceptible chickpea variety was verified. For identification, in the first step, classical
methods based on morphological characteristics and taxonomic keys were used, while in the
second step, molecular techniques were applied.

Research findings: Based on classical methods, all samples were characterized as a species
of Fusarium genus (Fusarium spp.). Based on taxonomic and morphological methods, 39
isolates were identified as F.oxysporum. Subsequently, by using a molecular marker, the
belonging of 32 isolates to the special form (forma specialis) of chickpea was confirmed. In
the final step, using specific markers, 15 isolates were identified as races 1B/C, 2, 4 and 6.
These results indicate the existence of races 2 and 4 among the collected samples, which is
the first report of their presence in Iran. These findings can be used in the production of
disease-resistant cultivars for the infested areas of the country.
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