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4 Dsles 5 Slsl R cp i Ol 51 s (et al., 2005
F. solani sensu lato s F. oxysporum slas & b
5 Soleler 55387 (Gody gn) o LU ST 50 ST
Jole zo6 (Sharifi et al., 2009) cul sz sloks
Giob 3 Bes o3 55 00 033 & s 5 43 306 (6 )la
JB s Jom 5 Sls s Ol s odd sl e slap=
)35 b ol Yl Shls Ol L e ol
Frlisylse Fp 9 de 3 YOU P Lawge jsb 4 g ls,Ul
L .(Stefanczyk et al., 2016) ol odis 5,57, Lo ys
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3 S e ok S ol 0504 F ol 55 Solen oaal
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315 A 0T b g s W5 (Jslatrs p slaps 5T coleb
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(Stefanczyk et al., 2016; Tiwari et al., 2021)
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F. avenaceum (Fr.: «@cuminatum Ellis & Everh.
F. crookwellense L. W. Burgess, P. E. (Fr.) Sacc.
F. culmorum (Wm. G. (Nelson & T. A. Toussoun.
F. (. equiseti (Corda) Sacc. Sm.) Sacc.
F.  oxysporum (graminearum  Schwabe.
F. F. sambucinum Fuckel. Schlechtend: Fr.
F. semitectum Berk. scirpi Lambotte & Fautrey.
F. solani (Mart.) Appel. & Wollenw. & Ravenel.
F. sporotrichioides Emend. Snyd. & Hans.
Julse Olsea F. tricintum (Corda) Sacc. , Sherb.
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Forward: 5° ) CLOX1/CLOX2 _olas! sls 55T
CAG CAA AGC ATC AGA CCA CTA TAA
Reverse: 5° CTT GTC AGT AAC TGG ,CTC 3’
OMF Jsb 4 askis oS W 5 8 (ACG TTG GTA CT 3
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4 S puly o o 53 45 o VO s (o gedin 53 4F s
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F. solani , F. oxysporum F. sambucinum !, 46

Sea of Oman

9 (S 4w b AlE (595 (510 4iged Gl Ol 2l (S e EU3H (S0 aw E11 30 N 0D (510 p diged 2L > Gblo ) IO
Sl 0l i (A ) F. Oxysporum g (m) F. sambucinum «(e) Fusarium solani sensu lato b sud ol sl

Figure 1. Geographic areas sampled from potato fields near the cities of Iran. Sampling areas are marked on
the map with color backgrounds and identified isolates are marked by (e) Fusarium solani sensu lato, (m) F.

sambucinum, and (A) F. oxysporum.
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1- Least Significant Difference (LSD)
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Table 1. Characteristics of potato seed samples collected from different provinces of Iran

Sample Cultivar Sample site*  DI” Sample Cultivar Sample site*  DI”
code code
PFAO1 Agria A-A 1 PFF19  Colomba A-F 0
PFA02 Agria A-A 0 PFF20 Colomba A-F 0
PFAO3 Agria A-A 2 PFF21  Colomba A-F 0
PFA04 Agria A-A 0 PFLO1 Agria K-L 1
PFAQO5 Agria A-A 3  PFLO2 Banba K-L 0
PDCO1 Agria B-CB 0  PFLO3 Banba K-L 0
PDCO02 Banba B-CB 0 PFLO4 Jelly K-L 0
PDCO03 Jelly B-CB 0  PFLO5 Sante K-L 0
PDCO04 Jelly B-CB 0 PFLO6 Sifra K-L 0
PDCO05 Jelly B-CB 0 PFMO1 Agria A-M 0
PDCO06 Sifra B-CB 0 PFMO02 Agria A-M 0
PDCO7 Sifra B-CB 0 PFMO3 Banba A-M 0
PDCO08 Fabula B-CB 2 PFMO04 Banba A-M 0
PDC09 Fabula B-CB 1 PFMO05 Jelly A-M 0
PDC10 Colomba B-CB 0 PFMO06 Challenger A-M 0
PDC11 Colomba B-CB 0 PFHO1 Agria R-H 0
PFRO1 Agria F-RK 1  PFHO02 Agria K-H 0
PFRO2 Agria F-RK 0 PFHO3 Agria B-H 0
PFRO3 Agria F-RK 0 PFHO4 Agria R-H 1
PFRO4 Agria F-RK 0 PFHO5 Agria R-H 2
PFRO5 Agria TH-RK 0 PFHO6 Agria B-H 0
PFRO6 Agria TH-RK 1 PFHO7 Jelly K-H 0
PFRO7 Banba TH-RK 0 PFHO8 Jelly B-H 0
PFRO8 Jelly TH-RK 0 PFHO09 Jelly B-H 0
PFZ01 Agria K-Z 0 PFH10 Jelly R-H 0
PFZ02 Agria K-Z 0 PFH11 Jelly R-H 0
PFZ03 Agria K-Z 1  PFH12 Jelly K-H 0
PFZ04 Challenger K-Z 0 PFH13 Jelly B-H 0
PFZ05 Sagitta K-Z 0 PFH14 Jelly B-H 0
PFZ06 Sante K-Z 0 PFH15 Jelly R-H 0
PFZ07 Fabula K-Z 0 PFH16 Jelly B-H 1
PFZ08 Fabula K-Z 0 PFH17 Jelly B-H 0
PFFO1 Challenger A-F 0 PFH18 Ramus R-H 0
PFF02 Challenger A-F 0 PFH19 Ramus K-H 0
PFFO3 Challenger A-F 0 PFH20 Ramus R-H 0
PFFO4 Sagitta A-F 0 PFH21 Ramus B-H 0
PFF05 Sagitta A-F 0 PFH22 Ramus B-H 0
PFFO6 Sagitta A-F 0 PFH23 Ramus K-H 2
PFFO7 Sagitta E-F 2 PFH24 Sante R-H 0
PFFO8 Sifra A-F 0 PFH25 Sante R-H 0
PFFO09 Sifra A-F 1  PFH26 Sante K-H 0
PFF10 Sifra E-F 0 PFH27 Sante B-H 0
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Sample Sample

Cultivar Sample site*  DI” Cultivar Sample site*  DI”

code code

PFF11 Fabula E-F 0 PFH28 Sante R-H 0
PFF12 Fabula E-F 0 PFH29 Sante R-H 0
PFF13 Fabula E-F 0 PFH30 Sante B-H 0
PFF14 Fabula E-F 0 PFH31 Sante R-H 2
PFF15 Fabula A-F 1 PFH32 Sifra K-H 0
PFF16 Colomba E-F 0 PFH33 Sifra R-H 0
PFF17 Colomba A-F 0 PFH34 Fabula K-H 1
PFF18 Colomba A-F 0 PFH35 Fabula K-H 0

“DI: Disease incidence

*A-A: Ardabil-Ardabil, B-CB: Borujen-Chaharmahal & Bakhtiari, F-RK: Fariman-Razavi Khorasan, TH-RK: Torbat-e
Heydarieh-Razavi Khorasan, K-Z: Khodabandeh-Zanjan, A-F: Abadeh-Fars, E-F: Eqlid-Fars, K-L: Khorramabad-
Lorestan, A-M: Arak-Markazi, R-H: Razan-Hamadan, K-H: Kabudarahang-Hamadan, B-H: Bahar-Hamadan

L cwiy 4 bylg. cuwioww S Sond i onds (gillas Fusarium Ciliseo saiss sladlvs Jeg0 lolid —F (<
waly) X {TEF-FSAf/TEF-Fs4r & 3&T 1 F. solani sensu lato 4 gz AA24 9 ALOO (GF12 (CCO03 SHE5 (cwio WaLi)
FH17 3 AA26 AHOO ¢ (cwio wali) M ({CLOX1/CLOX2 5 3&T b F. oxysporum « ahwie FC12 ¢ JH51 SFO3 ¢ (cuie

(&b e Voo SL) FSFL/FSR1 5 3&T b F. sambucinum & gdzieo

Figure 2. Molecular identification of different isolates of Fusarium species isolated from potato seed tubers.
The bands L (positive control), SH65, CC03, GF12, AL00 and AA24 belonging to F. solani sensu lato with
TEF-Fs4f | TEF-Fs4r primers; X (positive control), SF03, JH51 and FC12 belonging to F. oxysporum with
CLOX1/CLOX2 primers; M (positive control), AH00, AA26, FH17 and belonging to F. sambucinum with
FSF1/FSR1 primers respectively; (Ladder 100 bp Fermentas).
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Figure 3. The dry rot volume caused by different isolates of Fusarium spp. in potato tubers. Control (a);
Potato tubers inoculated by F. solani sensu lato isolates AH11 (b), AL0O (c), GF11 (d) and GF12 (e);
inoculated by F. oxysporum isolates JH51 (f), AA12 (g), FC (h) and SF03 (i); inoculated by F. sambucinum
isolates FH17 (j), AHOO (k) and AA26 (I).
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Figure 4. A comparison of disease index (mean +* standard error) of different isolates of Fusarium spp. on
potato seed tubers of Agria cultivar; 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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Figure 5. A comparison of dry rot volume (mean * standard error) caused by different isolates of Fusarium
spp. on potato seed tubers of Agria cultivar; 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 2. Characteristics of Fusarium spp. isolates recovered from potato seed samples based on sampling site,
maximum level of extracellular enzyme activities and fusaric acid production

Fusaric acid production

Maximum of enzyme activity

Isolate  Sampl . o mL*
code codl?e i Species " V'tr_? Cellulasépg )Amylase
(ng kg") (72-96 hpe)  (144~168 hpc)
AA12  PFAO03 F. oxysporum ND 394.0+1.7m 169.2+1.9]j
AAl13  PFAO03 F. oxysporum 13 4437109 189.2+26h
FC12 PDCO08 F. oxysporum 19 5195+25e¢ 248.7+2.0d
SF03 PFFO9 F. oxysporum ND 363.2+24pg 150.0+1.5mn
FFO6 PFF15 F. oxysporum 18 4905+3.2f 231.2+17e
AH12  PFHO05 F. oxysporum ND 373.0+18n0 155.0+1.61
JH51 PFH23 F. oxysporum ND 341.5+3.2r 135.0+£0.80
SH66 PFH31 F. oxysporum ND 377.0x2.1n 160.0+ 0.4k
AA24  PFAO5 F. solani sensu lato ND 368.0+1.1op 152.7+£0.8Im
AA25  PFAO05 F. solani sensu lato ND 2905+21uv  106.2+09s
FC11  PDCO08 F. solani sensu lato 14 451.2+24i 1952+05¢g
CC03 PDCO09 F. solani sensu lato ND 286.0+15v 1035+1.2s
AR00  PFRO1 F. solani sensu lato ND 423.7+ 28k 186.5+15h
ARO1  PFRO6 F. solani sensu lato ND 208.5+1.8t 117.2+11q
AZ00  PFz03 F. solani sensu lato ND 294.7+23tu 1132+ 0.6qr
GF11 PFFO7 F. solani sensu lato 16 4775+36¢ 209.7+16f
GF12 PFFO7 F. solani sensu lato 32 675.0+1.2a 317.0+x1.2a
ALOO  PFLO1 F. solani sensu lato ND 416.0+ 1091 1755+ 1.4i
AH11  PFHO05 F. solani sensu lato ND 296.2+151u 1112+ 14r
JH52 PFH23 F. solani sensu lato ND 3585+3.4¢q 146.0+£2.1n
SH65  PFH31 F. solani sensu lato ND 334.2+16s 125.0+25p
AA00 PFAO1 F. sambucinum 15 466.2+0.8 h 199.2+1.7¢g
AA26  PFAO05 F. sambucinum 24 576.7+2.0¢c 291.0+09b
AHOO  PFHO4 F. sambucinum 28 622.2+49b 2950+ 1.1b
JHO5 PFH16 F. sambucinum 22 543.7+1.7d 256.0+21c
FH17  PFH34 F. sambucinum ND 3385+25rs  129.0+x1.2p
LSD (0.05) 0.68 6.71 4.27

ND: Not detected, hpi: hours post inoculation, Average + standard error, Means within a column indicated by the
same letter were not significantly different according to the least significant difference (LSD) test at P < 0.05.
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Figure 6. A comparison of activity levels of extracellular enzymes of cellulase (a) and amylase secreted by

Fusarium spp. isolates in virto during 240 hours. Data are means + standard error; the experiment was
repeated twice with similar results.
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Abstract
Background and Objective
Fusarium dry rot is one of potatoes' most significant postharvest fungal diseases, reducing crop
yield and seed tuber quality. Utilizing certified seed tubers treated with chemical fungicides is the
simplest and most cost-effective method for preventing dry rot disease damage to potatoes.
Monitoring for diseases transmitted by tubers enhances the quality of seed tubers produced and
reduces the risk of disease establishment and soil contamination. This study aimed to identify the
causal fungal agents of potato seed tubers dry rot, determine the susceptibility of seed samples
from potato seed farms to Fusarium dry rot agents, as well as to evaluate some of the effective
factors in disease severity, particularly the levels of extracellular enzyme activity and fusaric acid
production on the disease index and dry rot volume of potato tubers.
Materials and Methods
To identify Fusarium species responsible for dry rot disease in the seed tubers of Agria, Banba,
Jelly, Challenger, Ramus, Sagitta, Sante, Sifra, Fabula, and Colomba cultivars of potato grown in
Ardabil (Ardabil), Chaharmahal & Bakhtiari (Borujen), Razavi Khorasan (Fariman and Torbat-e
Heydarieh), Zanjan (Khodabandeh), Fars (Abadeh and Eqlid), Lorestan (Khorramabad), Markazi
(Arak) and Hamedan (Razan, Kabudarahang, and Bahar) provinces were sampled according to
the standard guidelines of the National Seedling Health and Propagation Materials Laboratory.
The pathogenicity test was carried out on artificially inoculated potato tubers tubers cv. Agria for
determining the volume of dry rot caused by Fusarium isolates. Furthermore, spectrophotometry
and high-performance liquid chromatography (HPLC) methods were used to evaluate in vitro
activities of amylase and cellulase, as well as fusaric acid production.
Results
The results indicated that approximately 18% of the seed tubers samples collected from different
fields were infected with Fusarium dry rot disease in the 1 to 3% range. A total of 26 isolates
were identified based on morphological and molecular characteristics belonging to F. solani
sensu lato (13 isolates, 11%), F. oxysporum (8 isolates, 7%), and F. sambucinum (5 isolates, 5%).



Analyzing the activity of extracellular enzymes revealed that all recovered Fusarium isolates
were capable of producing amylase and cellulase enzymes but at varying levels. The maximum
amount of extracellular enzymes produced by Fusarium spp. isolates ranged from 286 to 675 g
mL* for cellulase and from 103.5 to 317 ng mL™ for amylase. According to the results, cellulase
peaked sooner than amylase, but both enzymes contributed to the development of dry rot in
potato tubers. The results revealed that approximately 38% of the isolates produced fusaric acid
in the 13-32 pg kg* range. Moreover, the disease index level and the volume of dry rot caused by
different Fusarium species isolates on potato tubers varied.

Discussion

It appears that the amount of dry rot caused by Fusarium spp. isolates on potato tubers are
affected by the production of fusaric acid and the activity levels of cellulose and amylase. This
research provides new insights into the health status of potato seed tubers, the predominant
Fusarium species causing dry rot disease, and the effect of the level of extracellular enzymes and
fusaric acid secreted by fungal isolates on the disease progress in potato tubers, which can be
applied to the revision of the national standard for seed tuber health and effective disease
management during storage. The dry rot disease and its detrimental impact on tubers significantly
threaten the official seed tubers certification system, production, and storage procedures. The
current study is the first report on identifying the Fusarium dry rot disease agents from potato
seed tubers in Iran and investigating the relationship between the disease severity of isolates and
their extracellular enzyme activity, and fusaric acid production.
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