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Evaluation of resistance of different tomato cultivars against Fusarium
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Abstract

The present study aimed to evaluate the resistance of 14 common tomato cultivars in the south of Kerman
province and Hormozgan province, including Afra, Badro, Basimo, Bernetta, Brivio, Canyon, Comodoro,
Elisa, Golsar, Karun, Matin, Sunseed 6189, 4129 and 8320 at the stage of four true-leaves against Fusarium
oxysporum f. sp. radicis-lycopersici, under greenhouse conditions and to study the presence or absence of frl
resistance gene in the tomato cultivars based on the SCARg; marker. Based on the results of comparison of
the disease index, morphological characteristics including root length, shoot height, root fresh and dry
weight, shoot fresh weight and total fresh weight as well as frl gene amplification using SCARfi-F/SCAREg-
R primers, Canyon, Comodoro, Karun and 4129 were recognized as the most resistant and Bernetta, Elisa,
Golsar and Matin were recognized as the most sensitive cultivars to FORL UJFCC1919. Other cultivars
including Afra, Badro, Basimo, Brivio, Sunseed 6189 and 8320 showed different degrees of sensitivity to
this pathogen. Using SCARr1-F/SCARF1-R primers, a 1000 bp fragment was amplified in the cultivars
Canyon, Comodoro, Karun and 4129 which indicates the presence of frl gene with dominant homozygous
(RR) alleles. Using this primer, a 950 bp fragment was amplified in Bernetta, Elisa, Golsar, Matin and 8320
cultivars, which indicates the absence of the frl gene and the presence of homozygous recessive (rr) alleles.
In addition, in Afra, Badro, Basimo, Brivio and Sunseed 6189 cultivars, two 900-1000 bp fragments were
amplified, which indicates the existence of heterozygous (Rr) alleles in these cultivars.
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Table 1. Characteristics of Fusarium oxysporum isolates used in this research.

No. Speciesname  Host Isolate code Region name
1  F.oxysporum Tomato UJFCC 1532 Bagher Abad (the south of Kerman Province)
2 F.oxysporum Tomato UJFCC1846  Anbar Abad (the south of Kerman Province)
3  F.oxysporum Tomato UJFCC1654 Bagher Abad (the south of Kerman Province)
4 F.oxysporum Tomato UJFCC1919 Eisin (Hormozgan Province)
5 F.oxysporum Tomato UJFCC1918 Eisin (Hormozgan Province)

(F. oxysporum f. sp. radicis-lycopersici __.la1)
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Table 2. Primers used to identify the formae specialis of Fusarium oxysporum isolates.

Formae specialis Reference

Primers  Target gene Sequence (5'>3')

spl3-F GTCAGTCCATTGGCTCTCTC
sp13R PO (4SID) 1o TG ACACCATCACAGAG
sp23-F CCTCTTGTCTTTGTCTCACGA
sp23-r P9 BI8D) oA ACAGGTCGTGGGGAAAA
sprl-F GATGGTGGAACGGTATGACC
sprR  PO4O4TOD) oo oA CACAAGAACACAGGA

F. oxysporum f. sp. lycopersici race 1 and 3
F. oxysporum f. sp. lycopersici race 2 and 3

F. oxysporum f. sp. radicis-lycopersici

Hirano & Arie 2006

Hirano & Arie 2006

Hirano & Arie 2006
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Table 3. Scoring scale of root and crown rot disease symptoms in tomato seedlings inoculated with

isolates of Fusarium oxysporum f. sp. radicis-lycopersici (Ye et al. 2020).

Score  Symptoms
0 No disease symptoms

1 Light or moderate brown lesions on taproots and lateral roots, without rot
2 Light or moderate rot of taproot, no disease symptoms on the leaves
3 Light or moderate wilting of leaves, stunting, severe rot on taproot and lateral roots, crown rot, and vascular discoloration in the stem
4 Stem bases constricted into lines, dead or almost dead plantlets
(Shal’ma et al 2018) A WL>=A \ A_Eab )\ osla il l_v (DI) LS)LQ.:J u,a}l.w ‘J;"’..M
Y (Classfrequency X scoreofratingclass)
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Table 4. Grouping of Fusarium oxysporum f. sp. radicis-lycopersici isolates in terms of virulence on the
seedlings of tomato Superchef cultivar.

Virulence Disease index (%)
Non-pathogenic 0-10
Low pathogenicity 11-30

Moderate pathogenicity 31-60
High pathogenicity 61-100
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Table 5. Sequence and size of the fragments amplified using SCARF-F/ISCARFq-R primer pair.

Primers Target gene Sequence (5'—>3') Resistance/susceptibility alleles Reference
SCARgr-F CACATTCATCATCTGTTTTTAGTCTATTC
1000 R/950 S Mutlu et al., 2015
SCARgL-R CACAATCGTTGGCCATTGAATGAAGAAC
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Table 6. Analysis of variance of root and crown rot disease index caused by the isolates of Fusarium

oxysporum f. sp. radicis-lycopersici on the seedlings of tomato Superchef cultivar.

Source of variations (S.V.) D.F. Mean squares (M.S.)
Treatments 5 226.053™
Error 12 421
Coefficient of variation (C.V.%) 12.69

** Significant at P < 0.01
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Table 7. Mean comparison of root and crown rot disease index caused by the isolates of Fusarium

oxysporum f. sp. radicis-lycopersici on the seedlings of tomato Superchef cutivar 15 days after

inoculation.
Pathogen Isolate code Mean of disease index (%6)
F. o. f. sp. radicis-lycopersici UJFCC1846 252
F. o. f. sp. radicis-lycopersici UJFCC1919 22.222
F. 0. f. sp. radicis-lycopersici UJFCC1654 16.66°
F. 0. f. sp. radicis-lycopersici UJFCC1918 16.66°
F. o. f. sp. radicis-lycopersici UJFCC1532 16.66°

10 S L (gl e Sl SOl O 051 Aoy SO Jlai| mhaw 3 cdiitees S xie G G gl Blas S ole 1 SKle
Means followed by the same letters are not significantly different at P < 0.01 according to Duncan Test.
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Figure 1. Yellowing, wilting, stunting, and root and crown rot of susceptible cultivars, A: Bernetta, B:
Sunseed 6189, and stunting and root and crown rot of resistant cultivars, C: 4129 and D: Afra
inoculated with Fusarium oxysporum f. sp. radicis-lycopersici UJFCC1919.
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Table 8. Analysis of variance of root and crown rot disease index, root length, shoot height, root fresh and dry weight, shoot fresh weight

and total fresh weight in the tomato cultivars inoculated with UJFCC1919 isolate.

Mean squares (M.S.)

Source of variations (S.V.) D.F. Diseaseindex Rootlength  Shoot height  Root fresh weight ~ Root Dry weight  Shoot fresh weight ~ Total fresh weight
Cultivar 13 268.4295™ 2.9450™ 6. 505" 0.0013™ 0.000029™ 0.1072™ 0.0997™
Inoculation 1 105364.583™ 30.964™ 34.714™ 0.0038™ 0.00026™ 0.720™ 0.6921™
Cxl 13 268.4295™ 0.6567"" 3.598™ 0.00012™ 0.000012™ 0.078™ 0.077™
Error 56 96.7262 0.9370 2.062 0.00008 0.000009 0.02787 0.0281
Coefficient of variation (C.V.%) 27.769 22.22 13.58 29.45 28.97 22.39 21.42

** Significant at P < 0.01
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Table 9. Mean comparison of root and crown rot disease index, root length, shoot height, root fresh and dry weight, shoot fresh weight and
total fresh weight in the tomato cultivars inoculated with UJFCC1919 isolate.

No. Cultivar Disease index (%) Root length (cm)  Shoot height (cm)  Root fresh weight (gr)  Root dry weight (gr)  Shoot fresh weight (gr)  Total fresh weight (gr)
1 4129 25.00° 5.58? 11.66% 0.063? 0.013° 0.940° 1.004*
2 Afra 25.00° 3.58% 10.50°¢ 0.037* 0.010%® 0.744%*¢ 0.845%¢
3 Brivio 29.16% 4.91%¢ 11.16% 0.043% 0.010® 0.808*¢ 0.782%¢
4 Badro 29.16% 3.66°¢ 11.33% 0.057° 0.011® 0.870% 0.927%®
5 8320 33.33%¢ 4.50%¢ 10.58¢ 0.034% 0.010%® 0.766*¢ 0.800**®
6  Basimo 33.33*¢ 5.25% 9.00% 0.030%" 0.010® 0.669>¢ 0.700%®
7 Karun 37.50%¢ 4.91%¢ 12.83% 0.037 0.013% 0.944* 0.955%®
8  Canyon 37.50%¢ 4,25 10.83% 0.051° 0.010%® 0.817*¢ 0.861*°
9  Matin 37.50%¢ 4.41%¢ 10.16"¢ 0.014% 0.009° 0.637% 0.651°*®

10  Golsar 37.50%¢ 3.50% 10.08"¢ 0.019% 0.012%® 0.641 0.657¢*

11 Bernetta 37.50%° 3.16° 8.66¢ 0.013 0.004° 0.463¢ 0.582¢

12 Comodoro 41.66® 4.16"¢ 10.08"¢ 0.025¢" 0.009° 0.733*¢ 0.759%¢

13 Sunseed 6189 45.83° 4,75%¢ 10.410 0.020% 0.010® 0.605% 0.625%

14 Elisa 45.83% 4.33** 10.66™ 0.021%f 0.011%® 0.793*¢ 0.815%¢

\YV
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Means followed by the same letters are not significantly different at P < 0.01 according to Duncan Test.
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Table 10. Grouping of 14 tomato cultivars in terms of susceptibility/resistance to UJFCC1919 isolate

based on SCARgrL marker

No. Cultivar Alleles  Susceptibility/Resistance  No. Cultivar Alleles  Susceptibility/Resistance
1 Karun RR Resistant 8 Afra Rr Sem_l-sus_ceptlble/
semi-resistant
2 Canyon RR Resistant 9 Basimo Rr Sem_l-sus_ceptlble/
semi-resistant
. Semi-susceptible/
3 Comodoro  RR Resistant 10  Sunseed 6189  Rr Lo
semi-resistant
4 4129 RR Resistant 11  Matin rr Susceptible
5 8320 Rr Sem_l-susceptlble/ 12 Golsar rr Susceptible
semi-resistant
6 Brivio Rr Sem_l-su§cept|ble/ 13 Elisa rr Susceptible
semi-resistant
7 Badro Rr Semi-susceptible/ 14  Bernetta rr Susceptible

semi-resistant

2ol 5 ol d Ju8 ke 5 Gole o e
Jele lie 53 olS sl |y cblim 51 o slaw (Sl
(o slin 2L 51 sl Lol eiylad o ol 3 (55l
Solam =l S e JLSely o SeslaBl 5 Sags
OLalS S5 eslin (5,854 35 o s
i JLSely S& Ol Sola Jslse 4 s
Co s Sl e Csy BB 31 el 5 U8 LG

128

Eow
d

S =SS FORL 3l _sbassb gain, Saws

o S S glagslen on S 5 n e
O f SLS 3 s 0 Olow bole ) 0 led
St s Vb e 4 5 L e Sl
Davis & Paulus ) u=S o i 1) 555 5 plhcns
sla,Sel, = 5« 51.(2014, Sasaki et al. 2022

VYA



VVFAFY N FY Dl /Y o led /08wl / aLE sla s low

Glacs 53 Jolie 3 1) @S5 sen pslie slaca s
(Mutlu et al. 2015) 53l oo LOlSl & 55 e

e SO a3l il oo (il 3
S par S il 0550 Caglie b5l ke &
ol el ol IS Lt FORL o
sl b ol Aol ghie 4 55 SCARRn LS
© b e glaesls by 4 el s S plail B
3 = 05 sl Ll gLl caly s sk (golay e ls
aS ol Ol IS 5 0ss s el 505y i, SEF
S gols SaSG b s 3550 (e S 6B
ks oy SO el a3 s e &bkl
5aies St Golen a5l do s aslis bl
Cidisa o5, 1Y 3 UIFCC919 Ll 51 L2t b
e i Ao o xS LRATA 5 3 eB sl (S b S
L anlie 5o 1) Coglie o 2t (Ao )3 YO/00) (olay
oo sl OLE B 3550l 4 o 2B L
e ld o ity L PN Uil 5 Ll ()
e ol Sl s 51 (A3 YOIAY) (6 lacy
b imen A3 15, 55, UIFCCI919 wlis
S 505 s aky, Sis 5 5 035 ks Jsb Sl
= =l Lol 53 s b e IV )
s DS (1 L ) S (6 iy Canslia (B
gLl s Jyb Sl cp ,maS 51 2 035 5Dl
seoleatll 5 05y wadyy SEF 5 5 05 esluls
= 2islen GO se3T 53 535 sy 0 IS 5 05
L el sl ¢ el o3, 0l o

Coiz Vore aalad G SCARRn SOLES Sl ealizal b
il i A0 asdad SO pslie sl T sl 3k
(Mutlu et al. 2015) 355 0 5 olem sla VT
& — SCARmn S 5l esliwl sl aalllas s
L FORL sl e oS o5l Ll

o e S pslie pBl plalid 3 1 (S sl 5

174

Devran et al. ) culea s alis alS slacs las
.(2018, Mutlu et al. 2015, Staniaszek et al. 2014
Olym s OLalS 5155 ool s laasl 61~
Gl Se S0 5e gla Sl Sl eslinal & g 5 LG
s s b Sl ol Sl sl ul Uy 6 S 6
Lnd o sl 38l Jalss @ pslie ALS Slac 55
sl LS 5l eslixwl (Devran et al. 2018) .
et 5 Bl 0 iSO Ol ccplin a0 a4 ata s
Jeelse s Cod LS slacs 55 cslie b conli
sl lmasel p Lol 5o sl o ol 3 1 10 kes
Bl 5 oY bzl 4 SCAR sl Silis olalS sl
Mutlu et ) dxes Jls, 45 5 bio Sl 1S Sl pslis
L SCAR (sla SiLis 054 olal s 4 (al. 2015
S IS5 esldls s aalss S Ll Sl sl
ol pl SCAR ls Silis Kos slaca e 5l 35 0
B P C PR PN E N PP
SR o5 Fdesk s 4 Kos s 5122 5 s
sl SLas U aslin o Lgl 5l eslan = SCAR
Kumar & Gupta ) 5,15 s sivs s i) S5 RAPD
05 4z 4w 50 SCARR LGS (Y410 JLw 51.(2008
S0 4S5 3 S par S g glaasl s frl o glis
s 5o S S, Ol 5 485 )5 oslind
S Ay Sobew & pslis plol oLl 55 Oleabl LG
Mutlu et al. ) col sl 3 ms a35b 5 als ) o555 58
S a3 LAl 03 L ool 5l eslizad L (2015
JB e S ilise U515 e en 3 YL
S g fr1 05 5 KL pl o 4.l Lo,
sdes 5155 RAPD (sla KL L avglie 3 (5 5 0 Soms
SCARF1 LS 3l esliwl (Fazio et al. 1999) .
ilie ALS Glac 555 Gds 5 m e oLl O
S o a3 al3solen L0 se5T plowil LS 05
s G ol 03 5 5olps ol e sdls

129



0358 g 53 FONl 2,6 4 s (K5 o 58 s 61 iS5 101, e 5 (sobiomns sl

o) pslas aad U pli dad Aoy TY 5 (35 Sler)
LA el e (o)
2o o5k 4 055 5 SCAR (sl KLz 0l 5l 5o
Gl (S50 ows s Solew 4 o Cuglie Lol
L (Spar S 5581581 ol 5 (TSWV) (S e S
Alas S 51,5 esleul 5, 56 C. lindemuthianum: Lsle
~— .(Nasirinia et al. 2021, Hosseini et al. 2021)
3NS5 DSl b
FORL U5 & s (S e 58 Ciliin o551 5|
s o sds 4l O a5 0o S g0kl 5o
el caslie 05 slos, 5l i)l sy sl
Ol 55 SCAREn KLt ool S sa o S
Tl 53 Al e G il b s s
Sk Solan o e gl s 5 gla il
Ly e Oledbl (SO par S adsb 5 aly; sassl5sh
Sl s K e S Byl s 5 Sl b bl s
3 0LsLaS 3leelST das 13 5508 O g 015508
53 FORL & s pslis aasd b pslie S5 s S 05
53 e am pB) ul Sleslital @ aro 5 5 5508 g
asb g i) sl Sdes golen &S ibls
@3l 0L rals 5 oleny Cu e 53 il mLS
SCARr1 LS wodle 4 .o g by e 0F 51 36
FORL « ¢l SN par S N aan s s LS e

V. upl.sab'-‘bj}-c&.g\) deSJJBW

References

SCAREi- S5Lel cmim 5l esliul Ly .oils JLss
(0558 35U L5 5l S s s FISCARR
A ST ok e Ve aadaB SO VYA 5 50505
Sloa JIT LTl o slis 0F 5525 sdmsolis &S
L el 51 sl RR) Il 5 S5 50
SCARei- S 3lel i Sl aslanad LATY 5 2o LIS
S Al S8 g5b e 00 asks S F/SCARF-R
Cdie s Sssen s T 5 Tl 05 s et Sl
el 3 ol 3550 )l s .l (IT)
33 ST nl 5l eslimal L PVAS el 5 g 5 sk
Lls iSO g3l Cam Vo=l e gdse s askd
o530 G P s s edasolis Slakad cpl 2SS
Jole s el ¢ sazme 3 el #51 o) s RY)
Plis Sty ol St ld do)s anglis Sl
Jold bacsn; gla Shs Shewa wisb 5 4ty
O35 ey S 5 5 055 ol gLl caly; Jsb
el caslie 05 oLy 5 IS 5 055 s lsls 5
el 5 o pslds TIYA 5 5550505 «05lS 0508
e G Lagdy o b (e 5 LS (Ll
530 5] ple 03 o3ls Lasis UIFCCIO19 olir
3PN Al (s s el B el o
o Sl Iy o glie/ ol 31 dlises Sl 5 AYY
i S 3V Sl sl 0L gl
Al A S o3 YA ey 3y e S5
e 2o YA (o5 gz o5lis UIFCC1919

C}‘__J.a

Ashraf-Jahani M. 2023. Agricultural statistics 2021-2022. Tehran: Information and Communication

Technology Center of the Ministry of Agricultural Jihad.

Baysal O., Lai D., Xu H.H., Siragusa M., Caliskan M., Carimi F., Teixeira da Silva J.A. and Tor M. 2013. A
proteomic approach provides new insights into the control of soil-borne plant pathogens by Bacillus
species. PLoS ONE 8(1): e53182.

Collard B.C.Y. and Mackill D.J. 2008. Marker-assisted selection: an approach for precision plant breeding in
the twenty-first century. Philosophical Transactions of the Royal Society of London. Series B, Biological

130 AN



VVFAFY N FY Dl /Y o led /08wl / aLE sla s low

Science 363: 557-572.

Davis R.M .and Paulus A.O. 2014. Fusarium crown and root rot, pp. 25-27. In: J.B. Jones, T.A. Zitter, T.M.
Momol and S.A. Miller (Eds). Compendium of tomato diseases and pests. 2" ed. APS Press, St. Paul,
MN, USA.

Devran Z., Kahveci E., Hong Y., Studholme D.J. and Tor M. 2018. Identifying molecular markers suitable
for Frl selection in tomato breeding. Theoretical and Applied Genetics 131: 2099-2105.

Edel-Hermann V., Gautheron N. and Steinberg C. 2011. Genetic diversity of Fusarium oxysporum and
related species pathogenic on tomato in Algeria and other Mediterranean countries. Plant Pathology 61.:
787-800.

Fazio G., Stevens M.R. and Scott J.W. 1999. Identification of RAPD markers linked to Fusarium crown and
root rot resistance (Frl) in tomato. Euphytica 105: 205-210.

Hirano Y. and Arie T. 2006. PCR-based differentiation of Fusarium oxysporum f. sp. lycopersici and
radicis-lycopersici and races of F. oxysporum f. sp. lycopersici. Journal of General Plant Pathology 72:
273-283.

Hosseini F., Mirlohi A. and Sharifnabi B. 2021. Molecular identification of bean cultivars for partial
resistance to Colletotrichum lindemuthianum based on SCAR markers. Iranian Journal of Plant Pathology
57(3): 189-201.

Kumar J. and Gupta P.K. 2008. Molecular approaches for improvement of medicinal and aromatic plants.
Plant Biotechnology Reports 2: 93.

Manafi R., Babai Ahari A., Arzanlou M. and Valizadeh M. 2012. Evaluation of the resistance of common
cultivars of greenhouse tomato in East Azarbaijan province to Fusarium wilt disease and investigation of
the possibility of biological control of this disease. Journal of Agricultural Science and Sustainable
Production 22(1): 145-158.

Morid B. and Haj Mansour Sh. 2012. Detection of resistant genes against Fusarium wilt disease in tomato
cultivars using CAPS marker. Agroecology Journal 8(2): 65-74.

Mutlu N., Demirelli A., llbi H. and Ikten C. 2015. Development of co-dominant SCAR markers linked to
resistant gene against the Fusarium oxysporum f. sp. radicis-lycopersici. Theoretical and Applied
Genetics 128(9): 1791-1798.

Nasirinia G., Nasrolahnejad S., Ahmadvand R. and Koolivand D. 2021. Molecular screening of some
commercial tomato cultivars and their F6 generation for resistance against Tomato spotted wilt virus
(TSWV). Agricultural Biotechnology 12(2): 43-52.

Parsa N., Viani A. and Arzanloo, A. 2018. Evaluation of different tomato varieties cultivated in East-
Azerbayjan province for resistance to the race 1 of Fusarium oxysporum f. sp. lycopersici. Journal of
Applied Research in Plant Protection 7(3): 77-89.

Rahimipour P., Amirmijani A.R. and Goudarzi A. 2024. Identification of fungal agents causing tomato root
and crown rot in Hormozgan province. Iranian Journal of Plant Protection Science 54(2): 207-224.

Saremi H., Saremi H. and Okhovvat S.M. 2008. Major Fusarium diseases on crops and their control
management with soil solarisation in northwest Iran. Communications in Agricultural and Applied
Biological Sciences 73: 189-199.

Sasaki K., Ito y., Hamada Y., Dowaki A., Jogaiah S. and Ito S.I. 2022. FOMC69 gene in Fusarium
oxysporum f. sp. radicis-lycopersici is essential for pathogenicity by involving normal function of
chlamydospores. Pathogens 11: 1433.

Scott J.W. and Jones J.P. 2000. Fla. 7775 and Fla. 7781: tomato breeding lines resistant to Fusarium crown
and root rot. HortScience 35(6): 1183-1184.

Sharma A., Sharma N.K., Srivastava A., Kataria A., Dubey S., Sharma S. and Kundu B. 2018. Clove and
lemongrass oil based non-ionic nanoemulsion for suppressing the growth of plant pathogenic Fusarium
oxysporum f. sp. lycopersici. Industrial Crops and Products 123: 353-362.

Staniaszek M., Szczechura W. and Marczewski W. 2014. Identification of a new molecular marker C2-25
linked to the Fusarium oxysporum f. sp. radicis-lycopersici resistance frl gene in tomato. Czech Journal of
Genetics and Plant Breeding 50(4): 285-287.

7Y 131



0358 g 53 FONl 2,6 4 s (K5 o 58 s 61 iS5 101, e 5 (sobiomns sl

Vakalounakis D.J., Laterrot H., Moretti A., Ligoxigakis E.K. and Smardas K. 1997. Linkage between Frl
(Fusarium oxysporum f.sp. radicis-lycopersici resistance) and Tm-2 (tobacco mosaic virus resistance-2)
loci in tomato (Lycopersicon esculentum). Annals of Applied Biology 130: 319-323.

Ye Q., Wang R., Ruan M., Yao Z., Cheng Y., Wan H., Li Z., Yang Y.and Zhou G. 2020. Genetic diversity
and identification of wilt and root rot pathogens of tomato in China. Plant Disease 104(6): 1715-1724.
Yezli W., Hamini-Kadar N., Zebboudj N., Blondin L., Tharreau D. and Kihal M. 2019. First report of crown

and root rot of tomato caused by Fusarium equiseti in Algeria. Journal of Plant Pathology 101: 1249.

Zhao S., Chen X., Deng S., Dong X., Song A., Yao J., Fang W. and Chen F. 2016. The effects of fungicide,
soil fumigant, bio-organic fertilizer and their combined application on chrysanthemum Fusarium wilt
controlling, soil enzyme activities and microbial properties. Molecules 21: 526.

Zhong S. and Steffenson B.J. 2001. Virulence and molecular diversity in Cochliobolus sativus.
Phytopathology 91(5): 469-476.

132 Y'Y



