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he pathogenicity of 33 isolates of Fusarium spp. isolated from

potato tubers showed varied reactions. Nineteen isolates were
pathogenic to tuber slices cv. Spunta and the remaining 14 isolates
were non-pathogenic. ’

Ten isolates from the tested Fusarium spp. were chosen, five of
them showed avirulent interaction with potato tuber slices and five
were virulent, whether they belong to one species or not. The ability
of chosen isolates for producing mycotoxins in culture filtrates or in
inoculated potato tuber slices was studied. Qualitative and quantitative
determination of secreted toxins .indicated that the tested isolates
produced four mycotoxins which were identified as fusaric acid.
fumeonisin. zearalenone and T-2 toxin,

Data indicated the presence of significant positive correlation
cocfficient between fusaric acid preduction and disease incidence
which reached to +0.676 and +0.691 in cultural filirates and in
inoculated slices, respectively. On the other hand. correlation
coefficient between T-2 toxin and disease incidence reached -0.07!
and -0.668 in ¢ultural filtrates and inoculated potato tuber slices.
respectively. There was no relation between fumonisin  and
zearalenone production and virulence or avirulence state.

Therefore, the effect of fusaric acid in three concentrations on the
interaction between avirulent isolates and potato tuber slices was
studied. Treating potato tuber slices by fusaric acid prior to
inoculation by avirulent isolates changed the interaction from
avirulent to virulent state. Fusaric acid increased all figures of disease
incidence, fe. infection (%), disease severity (%), weight of rotted
tissue and sporulation capacity of the tested isolates.

It was also found that fusaric acid has an inhibitory effect on
peroxidase and polyphenol oxidase activity either in potato tuber
slices or in extracted protein of treated tubers. Moreover, fusaric acid
prevented periderm formation in potato tuber slices. It decreased
number of periderm layers from 6£0.8 in non treated slices to 2+0.2 in
slices treated with 0.448 and 0.8%6 pg/ml of fusaric acid.

Keywords: Fumonisin, fusaric acid. periderm formation. peroxidase.
polyphenol oxidase, T-2 toxin and zearalenone.
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Fusarium dry rot of potatoes is a worldwide economic problem (Nielsen, 1981).
The disease may cause greater losses of potatoes than any other post-harvest disease
(Powelson er al., 1993).

Crop losses attributed to dry rot have been estimated to an average of 6 to 25%
(Chelkowski, 1989). There are many species of Fusarium reported to cause dry rot
of potato-worldwide (Nielsen, 1981). Some of these Fusarium species also produce
mycotoxins (Marasas et af., 1984).

It is well established that different Fusarium spp. causing dry rot differed in their
pathogenicity on potate tubers (Hanson et af, 1996; Ray and Hammerschmidt,
1998; El-Hassan et al, 2004), Fusarium spp. have the ability to produce different
mycotoxins, ie trichothecene (T-2 toxin), zearalenone, fumonisin, fusaric acid and
other mycotoxins during growth in cultures (Logrieco et al, 1990; Bacon er af,
1996; Voss et al., 1999; Prange er al, 2005 and Jurado er al, 2005). Also, they
produced these mycotoxins in potatoes infected naturally with these fungi in the
field or in storage (Desjardins and Plaitner, 1989; Herrmann et al., 1996; Venter and
Steyn, 1998).

This study was planned to investigate the relationship between mycotoxins
production and the pathogenicity of different Fusarium isolates on potato tuber
slices,

Material and Methods

Fungi:

Different Fusarium species were isolated from potato tubers show dry rot
symaptoms collected from different locations in Kalyubia governorate, Egypt. Fungi
associated with dry rot tubers were isolated and identified according to Booth
(1971). The purified fungi were cuitured on PDA medium and incubated at 25°C for
7 days and used for preparing spore suspensions. Spore suspensions were carried out
in sterilized distilled water from 8 day old culture and adjusted to 10° spore/mi for
inoculating potato tuber slices.

Potato tubers and pathogenicity:

Newly harvested and uniform in size potato tubers, cv. Spunta, were kindly
obtained from the Committee of Potato Producers, Egypt. Tubers were washed
under tap water to remove adhesive soil, then dried and stored at 6-8°C till used.
Tubers were taken and left at room temperature for 24h before being used. Tubers
were surface sterilized in 0.5 % sodium hypochlorite solution for 10-15 min. and
rinsed in sterile water, then cut into slices {10 mm thick) with a sterile knife, after
removing the base and the top of tuber. Slices were rinsed in sterile water, placed on
wet sterile filter paper in 15 cm Petri dishes and left for 2h before inoculation with
the fungal spore suspension. Inoculation of potato tuber slices was carried out by
spreading the spore suspension on slice surface till droplet run off. Each tuber slice
was inoculated with 0.5 ml spore suspension of each tested Fusarium isolates, and
incubated for 4 days at 25+1°C in the dark. Control slices were inoculated with
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0.5ml sterile water. The progress of infection was examined daily on 8 replicate
slices for each isolate (El-Hassan et al., 2004), The percentage of infection, disease
severity, weight of rotted tissue and sporulation capacity were determined.

Disease severity was assessed using the scale described by Sharawy (1988) as
follows; 100 % when all the surface of slices was completely covered with infection,
50 % when half of the surface of slices was covered with infection, 25 % when 1/4
of the surface of slices was infected, 12.5 % when 1/8 of the surface of slices was
infected and 0 % when no infection occurred. Sporulation capacity of isolates on
tuber slices was determined as number of spores / cm” of inoculated surface after 4
days from inoculation.

Production of Fusarium roxins in culture filtrates:

Ten isolates of Fusarium sp. (five virulent and five avirulent) were tested for
their ability to produce mycotoxins (zearalenone, fumonisin, T-2 toxin and fusaric
acid).

1. Production of zearalenone, fumonisin and T-2 toxin:

Single disks (0.5¢m in diameter) of each Fusarium isolate were grown on 50 mi
of PDB (potato dextrose broth) in 200 ml Erlenmeyer flasks. Five replicates of each
isolate were prepared and incubated at 25%1°C for 21 days after which the toxins
were extracted.

2. Production of fusaric acid in culture filtrates:

Production of fusaric acid in culture filtrates was carried out according to the
method described by Venter and Steyn {1998). Single plugs (0.5cm in diameter)
from the mycelium of Fusarium isoiates were used to inoculate Erlenmeyer flasks
containing 50 ml culture medium. The culture medium consists of the following:
0.74g MgS0,.7H,0, 0.045g MnS0O,4H,0, 0.018g ZnSO,7H,0, *5.0mg
CuS0,.5H,0, 0.84g FeSO,.7H,O, 0.11g Na,EDTA, 0.1g myoc-inositol, 2.0mg
glycine, 0.3mg nicotinic acid, 0.5mg pyridoxine HCI, 0.1mg thiamine HCI, 10.0g
glucose, 2.0g L-asparagine, 1.0g KH,PO, and 5.0pg biotin in 1000m1 distilled water.
The flasks were incubated at 22+1°C in the dark on an orbital shaker (50 r.p.m.) for
2 1days after which fusaric acid was extracted.

Extraction of Fusarium toxins from cultural filtrates and inoculating of potaio tuber
slices:

Mycotoxins of Fusarium spp. were exiracted from cultural fiitrates of virutlent or
avirulent isolates according to the method described by Mule er al. (1997) as
follows: 25 ml of culture filtrate was defatted with n-hexane (25 ml per extraction
for three extractions) and then extracted exhaustively with dichioromethane (15 mi
per extraction for three extractions). The organic extracts were collected and
evaporated to dryness under reduced pressure at room temperature (24 to 28°C), and
the residue was dissolved in 1 ml methanol. Mycotoxins were extracted from (20g)
inoculated surface of potato tuber slices {2 mm) in a solution consisted of methanol:
NaCl 1% (55:45 v/v) then treated as mentioned before.
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Separation and quantitative determination of toxins:

Mycotoxins were determined quantitatively according to the method described
by Venter and Steyn (1998) by HPLC (High Performance Liquid Chromatography).
A 50 pl sample of methanol was eluted isocratically using a reversed phase of
Bondclone 10 Ci8 column (10 mm, 300=3.9 mm) with 40% methanol and 60 % of
an aqueous solution of 0.62 mM Na;EDTA and 2% H;PO, (Jullien, 1988) at a flow
rate of Iml min’'. The elute was monitored at 254 nm, using a Beckman System
Gold Model 166 UV detector. The flow rate was 1 ml min”'. Standard curves were
established with pure mycotoxins (Sigma, USA). The column was stored in 100%
methanol and equilibrated with eluting buffer 1h before use. Samples were injected
as methanol solutions,

Effect of fusaric acid on dry rot incidence:
. Potato tubers slices were treated by fusaric acid (Sigma, USA) solution
according to the method adopted by Doke er al (1976). Fusaric acid was firstly
dissolved in 0.5 ml methanol and the volume was completed by distitled water to
give required concentration. The compound was tested in three concentrations 0.224,
0.448 and 0.896 1g/ml, in addition to slices dipped in distilled water amended with
the same volume of methanol. Slices were placed on wet sterile filter paper in 15 ¢cm
glass Petri dishes, three dishes were used for every particular treatment, every one
contained 4 slices. Spore suspension of 3 avirulent isolates FSA2 of F. sambucinum,
FEQS of F. equiseti and FOX 14 of F. oxysporum were used for inoculation of either
treated or non-treated slices. Dishes were incubated at 25+1°C in the dark for 4 days.
Disease incidence was determined as previously mentioned.

Effect of fusaric acid on periderm formation:

Effect of different concentrations of fusaric acid on the histological aspects
{periderm formation) was studied in the upper layer of ireated potato tuber slices.
Samples were taken for histological studies from potato slices treated with (0, 0.224,
0.448 and 0.896ug/ml) for 2 h and incubated at day light for 7 days. Samples were
prepared according to the method described by Miksche (1976). Sections were
microtomed at 9-12 microns. Ribbons of serial sections were fixed to slides by
means of Albusel adhesive (5ml albumin, 10 mi formalin and 185 ml distilled
water), then stained with safranin-light green solutions, and then mounted in Canada
balsam. Photomicrographs were obtained by a Nikon camera Type 115 (Nikon FX-
35.

Effect of fusaric acid on peroxidase and polyphenol oxidase activities:
L. In potato tuber slices:

The upper layer of potato tuber slices (2 mm) treated by fusaric acid and
inoculated or not was collected, then kept under -8°C till use. One g of potato
sample was treated by liquid nitrogen and ground with 2 ml sodium phosphate
buffer pH (6.5) 0.1 M using a mortar and pestle. Samples were transferred to
Eppendorf tubes, and then centrifuged for 20 min at 12000 rpm at 4°C.

Supernatant, containing water-soluble enzymes were stored at -8°C till use.
Three replicates were prepared for each treatment. Peroxidase and polyphenol
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oxidase activities were determined according to the method of Biles and Martyn
(1993) using catechol as a substrate and measuring was carried out every 30 second
at 495nm using spectrophotometer model Unico-2100. Peroxidase and polyphenol
oxidase activities were expressed as (A) change in absorbance of optical density
{OD} per gram fresh weight.

2. In extracted protein of untreated tubers:

Potato tubers were peeled, sliced then total protein was extracted by sodium
phosphate buffer pH (6.5) 0.1M using a mortar and pestle. Total protein was
determined by Coomassie brilliant blue G-250 as described by Asryvants er al
(1985). The activity of peroxidase and polyphenol oxidase was determined in
protein extracts under the influence of different concentrations (0.224, 0.448 and
0.896 ug/ml) of fusaric acid. Peroxidase and polyphenol oxidase activities were
determined as mentioned above using catechol as a substrate and measuring was
carried out every 30 seconds at 495nm. Peroxidase and potyphenol oxidase activities
were expressed as (A) change in absorbance of optical density (ODYmg protein.

Statistical analysis:

All experiments were set up in a complete randomized design. Data were
subjected to analysis of variance (ANOVA) using the Statistical Analysis System
{SAS Institute, Inc., 1996). Means were separated by Duncan’s multiple range test at
P<0.05 level. :

Results

1. Pathogenicity test of Fusarium spp. isolated from potato tubers showing dry rof

Symptoms:

The pathogenicity test of Fusarium spp. isolates werd carried out on potato tuber
slices cv. Spunta. It is shown from data in Table (1) that Fusarium spp. isolates
varied in their pathogenicity. They ranged from highly pathogenic isolates,
i.e. isolates FSA7 and FSA9 of F. sambucinum; FSOI15, FSO17, FSO21, FSO24,
FSO27 and FSO30 of F. solani, FOX3t of F. oxysporum to completely
nonpathogenic isolates, ie. FSAl, FSA2, FSA3, FSA23 and FSA28 of
F. sambucinum; FOX6, FOX32 and FOX33 of F. oxysporum, FCU4 of
F. culmorum; FEQB and FEQ!1 | of F. equiseti and FSE |12 of F. semitectum.

2. The ability of Fusarium spp. for toxin(s) production:

Five isolates of highly pathogenic Fusarium spp. lsolates, ie. FSA7 of
F. sambucinum, FSO15, FSO21, FSO24 and FSO27 of F. solani and five isolates of
avirutent isolates, ie. FSA2, FSA3 of F. sambucinum, FEQS8 of F. equiseti and
FOX14, FOX33 of F. oxysporum were chosen to study their ability for their
mycotoxins production, as clear in Tables (2 & 3).

Toxins produced in cultural filtrates and in inoculated slices by all isolates of
Fusarium spp. were identified as zearalenone, fumonisin, T-2 toxin and fusaric acid.
The isolated toxins were determined quantitively.

The virulent Fusarium spp. isolates produced high amounts of fusaric acid in
liquid culture filtrates ranging from 0.80ug/ml to 0.31ug/ml and 0.448ug/mi as
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Table 1. Variation among Fusarium spp. isolates as inducing potato tuber slices

rot
) . Wei i
| Fusarium sp. ; Isolate code Inﬂeocnon Dlsi:aseo* of gﬁ:& ng;tlglt?n
(%) severity (%0) | issue (g) (10%em?)

FSAI 0.0° 0.0% 0.0’ 0.0°
Fsa2 0.0¢ 0.0~ 0.0’ 0.0°
FSA3 0.0 0.0t 0.0! 0.0°
FSA7 1004 100* 2138 i14.6°
FSA9 100" 958¢ 14,5° b4 5tM
F. sambucinum FSAILQ 0.0° 0.0t 0.0' 0.0°
FSAL9 83" 62.6° 7.38 53.61
FSA23 0.0% 0.0" 0.0! 0.0°7
FSA26 16.67 (0 1.3 1.7
FSA28 0.0¢ 0.0t 0.0' 0.0°
FSA29 66.4° 47 5.4 67.26
FSOS5 838 . 60.7° 6.91" 14.6'M
FSOI5 100* 97548 19 911"
FSO17 100* 95.8°8¢ 23.8% 129.8*
FS0OI8 507 25! 1.5 132Mn
_ FSO20 16.6° 5.3% 0.3 9.3°
- solani FSO21 100 94.20 19.75€ 4"
FS024 100* 90.5% 1235 89.45
F$025 83® 50.7% 9.3¢ 77.9F

FSO27 100 90.6° 233% 12.8M |

FSO30 100* 92.2P 19.3 166" |
FOX6 0.0¢ 0.0 0.0’ 0.0°
FOXI13 33.3% 28.6' 1.7 109.5°
FOX14 0.0% 0.0" 0.0’ 0.0
F. oxvsporum FOX16 333 12.4/ 14! 23.1¢
| FOX31 100* 737 11,17 25.7
FOX32 0.08 0.0% 0.0! 0.0°
FOX33 0.0% 0,0 0.0¢ 0.0°
- FCus | 00° 0.0 0.0 0.0°
- cutmorun FCU22 | 830 82 13.3% 12167
o FEQ8 | 0.0° 0.0 0.0' 0.0°
Frequsett TR 0.0° 0.0° 0.0 0.0°
F.semitectum | FSEI2 0.0° 0.0 0.0/ 0.0°

* Mcasured as percentage of surface colonized by the fungus.
Values with the same letters in each column are not significantiy different at P = 0.05.
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Table 2. Concentrations of Fusarium spp. toxins (pg/ml cultural filtrate)
produced in artificial medium by pathogenic and non-pathogenic
isolates in vitro after 21 days from inoculation

F . Isolate Dlsea'se Fusaric |Fumon-| Zearal- T-2
usarium sp. severity . .. .
code (%) acid isin enone toxin
F. sambucinum |FSA2 0.0 0.29 0.68 0.0 0.51
F. sambucinum |FSA3 0.0 0.13 0.18 0.03 0.0
F. equiseti FEQS 0.0 0.0 0.75 0.35 0.01
F. oxysporum |FOX14 0.0 0.28 0.52 0.0 0.32
F. oxysporum |FOX33 0.0 0.0 0.71 0.31 0.0
Average 0.0 0.140 | 0.568 0.138 0.168
F. sambucinum |FSA7 100 0.31 0.44 0.04 0.12
F. solani FSOIi5 97.5 0.31 0.02 0.0 0.0
F. solani FS0O21 94.2 0.45 0.58 0.05 0.12
F. solani - FSO24 90.5 0.37 0.73 0.0 0.07
F. solani - [FS027 90.6 0.80 0.91 0.07 0.43
Average 94.56 0.448 0.536 0.032 | 0.148 |
Correlation coefficient - 0.676* | -0.097] -0425 | -0.071 |

* Correfation is significant at the 0,05,

Average. In infected tissues, fusaric acid ranged from (0.82pg/g to 0.0ug/g, and
0.48ug/g fresh weight as average. In case of the avirulent isolates, fusaric acid 'n
culture filtrates ranged from 0.2%ug/mi to (.0pg/ml, and 0.14ug/ml as average and
in infected tissues ranged from 0.25ug/g to 0.0pg/g and 0.066pg/g fresh weight as
average. Significant correlation between disease incidence and fusaric acid
production in culture filtrates and in infected tissues reached + 0.676 and + 0.691,
respectively,

No clear difference in production of zearalenone. fumonisin and T-2 toxin
between virulent and avirulent Fusarium isolates. Virulent isolates produced
zearalenone, fumonisin and T-2 toxin reached at average 0.032, 0.536 and 0.148
pg/ml in liquid filtrate and 0.12, 0.262 and 0.16 pg/g fresh weight in infected
tissues, respectively, While avirulent isolates produced zearalenone, fumonisin and
T-2 toxin reached an average of 0.138, 0.568 and 0.168 pg/mi in liquid filtrate and
0.04, 0.098 and 0.374 ng/g in infected tissues of potato tuber slices, respectively.
Concentration of zearalenone was low comparative to other toxins, either in culture
filtrate or in infected potato tissues. Correlation coefficient between disease
incidence and zearalenone, fumonisin and T-2 toxin production in cultured filtrates
and in infected tissues were -0.425, -0.097, -0.071 and +0.337, +0.393, -0.668,
respectively. No significant correlation between disease incidence and zearalenone,
fumonisin, T-2 toxin production in cultural filtrates. Meanwhile, T-2 toxin gave only
the negative significant correlation in infected tissues.
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Tabte 3. Concentrations of Fusarium spp. toxins (ng/g fresh weight) produced
in potato tuber slices by virulent and avirulent isolates in vitro after

4 days from inoculation

Fusarinm sp. Ii(())];;e Fusaric acid| Fumonisin | Zearalenonej T-2 toxin
Avirulent -- -- - - -
F . sambucinum | FSA2 0.05 0.13 0.18 0.57
F. sambucinum | FSA3 0.0 0.0 0.01 0.30
F. equiseti FEQS 0.0 0.0 0.0 0.43
F.oxpsporum | FOX14 0.03 0.33 0.0 0.27
F. oxysporum | FOX33 0.25 0.03 0.0 0.30
Average 0.066 0.098 0.038 0.374
Virulent -- -- - - --
F. sambucinum | FSA7 0.35 0.72 0.01 0.18
F. solani FSOI5 0.75 0.0 0.42 0.36
F. solani F5021 0.48 0.31 0.02 0.07
F. sulani FS024 0.0 0.0 0.07 0.03
F. solani FS027 0.82 0.28 0.08 0.16
Average 0.480 0.262 0.120 0.160
Correlation coefficient 0.691* 0.393 0.337 -0.668*

* Correlation is signtficant at the 0.05.

3. Effect of fusaric acid on potato dry rot incidence:

The effect of four concentrations of fusaric acid on infection of potato tber
slices by 3 avirulent isolates (FSA2, FEQ8 and FOXI4) was evaluated. Data in
Table (4) indicate that fusaric acid at concentrations of 0.448 and 0.896pg/ml
change the interaction between the fungus and tuber tissues.

It changed the state from avirulent to virulent. 1t increased significantly the
infection percentage, disease severity, weight of rofted area and sporulation capacity
of avirulent isolates, while the lower concentration (0.224pg/ml) of fusaric acid was
ineffective in comparative to the control (Table 4 & Fig. 1).

4. Histological studies: :

As clear in Figs, (2 & 3), examination of sections from non-treated tuber slices
revealed that the periderm was composed of 5-8 layers of bricklike, thin-walled
cells, one over the other, without intercellular spaces and with suberized cell walls
(Fig. 2A). While sections from treated potato tuber slices by different concentrations
(0.224, 0.448 and 0.896 pg/ml) of fusaric acid revealed that the periderm was
mainly restricted to the outermost cell layers where fusaric acid prevented periderm
formation in treated potato tuber slices. 1t decreased number of periderm layers from
6+0.8 in non treated stices to 2+0.2 in slices treated with 0.448 and 0.896 pg/ml of
fusaric acid as clear in Fig. 2 (C & D) and Fig. (3).
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Table 4. Effect of different concentrations of fusaric acid on infection of potato
tuber slices cv. Spunta by three avirulent Fusarium isolates

Fusaric | . Disease | Weight of [Sporulation
Fusarium isolate Iszl::e acid Inf(‘eo;:t)lon severity | rotted tissue capacitg
¢ pg/ml ’ (%) ® | (0%m?)
0.896 | 75° 46 6.6° 1.8%
. 0.448 §100* 728 1117 3.8%
F. sambucinum | ESA2 1=455 T 6.6 0.0° 0.08 0.0°F
0.0 0.0° 0.0° 0.0F 0.0°
0.896 |100" 42° 4.5 2.67
. 0.448 100" g1t 11.2% 42%
F. equisen FEQS 0274 T o0.” 0.0° 0.0% 0.0°
0.0 0.0° 0.0" 0.0% 0.0F
0.896 { S0 307 3.57 1.37
0.448 | s0° 37t 4.3% 2.58
F. oxysporum | FOX14 —= 0.0 00° | 005 | 0.0F
0.0 0.0” 0.0% 0.0% 0.0%

* Values with the same letters in each column are not significantly different at P= 0.05.

3. Effect of fusaric acid on soluble peroxidase and polyphenol oxidase activities:
5.1. In potato tuber slices:

Soluble peroxidase and polyphenol oxidase activities extracted from inoculated
treated and untreated by fusaric acid tissues were determined using catechol as
a substrate. The activity was determined in potato tuber slices treated by different
concentrations (0, 0.224, 0.448 and 0.896 pg/ml) of fusaric acid and non-inoculated
or inoculated by the avirulent isolate (FEQRB) of F. equiseti after 4 days from
inoculation. Data of peroxidase and polyphenol oxidase activity are iflustrated by
Figs. (4 & 5). It's clearly shown from Fig. (4) that peroxidase and polyphenol
oxidase activity was varied according to the treatment. Treated potato tuber slices by
0.448 and 0.896 pg/ml of fusaric acid showed low level of activity in comparison to
control, '

Peroxidase and polyphenol oxidase activity in potato tuber slices treated with
fusaric acid and inoculated by avirulent isolate (FEQB8) of F. equiseti showed high
level of activity with low concentration of fusaric acid and low level of activity was
correlated with high concentrations of fusaric acid (Fig. 5).

5.2, In extracted protein of non treated tubers:

Protein containing peroxidase and polyphenol oxidase was extracted from potato
tuber tissues. Solution was mixed with different concentrations of fusaric acid, left
for one hour then peroxidase and polyphenol oxidase activity was determined
spectrophotometrically using catecol as substrate. Data obtained indicated that
fusaric acid has an inhibitory effect on the activity of both enzymes (Fig. 6).
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Fig.1. Effect of fusaric acid on pathogenicity of different avirulent Fusarium
isolates on potato tuber slices cv. Spunta. FSA2: F. sambucinum, FEQS:
F, eguiseti, FOX14 F. oxysporum.

Fig. 2. Periderm formation in tuber tissues of potato cv. Spunta after treatment
with different concentrations of fusaric acid. Note that: A= control,
B=0.224pg/ml, C= 0.448ug/ml and D= 0.896pg/ml.
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Fig. 3. Number of periderm layers under the influence of fusaric acid
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Fig. 4. Effect of different concentrations of fusaric acid on peroxidase activity
(left) and polyphenol oxidase (right) in uninoculated potato slices
cv. Spunta. X= 0.448 pug/ml.
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Fig. 5. Effect of different concentrations of fusaric acid on peroxidase activity
(left) and polyphenol oxidase (right) in potato slices cv. Spunta
inoculated by avirulent isolate (FEQS8) of F. equiseri. X= 0,448 ng/ml.
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Fig. 6. Effect of different concentrations of fusaric acid on peroxidase (left) and
potyphenol oxidase (right) activity in extracted protein of non treated
tubers. Data were determined as (A) changed in absorbance of optical
density (OD) at 495 nm. Every reading is average of three
measurements. X= 0.448 pg/ml.

Discussion

Dry rot of potato tubers is considered as one of the devastating diseases infecting
tubers during storage. The Disease is caused by different Fusarium spp. Fusarium
spp. isolated from infected tubers varied in their pathogenicity (Ray and
Hammerschmidt, 1998 and El-Hassan et al,, 2004).

Testing of 33 Fusarium spp. isolates isolated from diseased tubers showed the
presence of great variation among isolates. Some isolates were highly pathogenic on
tuber slices. whereas others were completely avirulent as they caused
hypersensitive-like reaction, nevertheless that they belong to different species, for
example, isolates FSA7, FSA9 of F. sambucinum were highly pathogenic to tuber
slices, whereas, isolates FAS1, FSA2, FSA3 which belong to the same species were
avirulent to potato slices. The mechanisms underlying this behaviour still unclear.
Some studies proposed that mycotoxin produced by Fusarium spp. play a key role in
this respect (Desjardins and Plattner, 1989; Herrmann er @/, 1996 and Venter and
Steyn, 1998).

In the present study, it was proved that Fusarium isolates produced fusaric acid,
zearalenone, fumonisin, T-2 toxin and may be produced other toxins. Data obtained
indicated that only fusaric acid plays a considerable role in disease incidence.
Correlation coefficient between fusaric acid production in cultural fiitrate and
disease incidence was +0.676 and in infected tubers was +0.691. In the same time,
correlation coefficient between disease incidence and T-2 production in inoculated
slices was -0.668. This unexpected result revealed that T-2 toxin may play a role in
prevention of disease incidence.

The role of fusaric acid as a factor of pathogenicity was studied. This compound
was tested in three concentrations. Treating potato tuber slices by either of tested
concentrations changed the interaction between Fusarium isolates and potato tuber
slices from avirulent to virulent.
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In many studies it was found that enhancement of polyphenol oxidase and
peroxidase is a marker of disease resistance {Graskova et al., 2004; Valentines et al.,
2005 and Armas ef al, 2007). Data obtained indicated that the activities of both
enzymes were decreased owing to the treatment of tuber slices by fusaric acid
especially 0.448 and 0.896pg/ml concentrations in uninocitlated tissues. The same
trend of enzymes activities was observed in treated inoculated slices. The results
attributed the occurrence of disease partially to fusaric acid production by virulent
isolates due to its inhibitory effect on peroxidase and polyphenc! oxidase activities.

Periderm formation is a factor of resistance of tubers against post harvest disease
(Ray and Hammerschmidt, 1998 and El-Hassan et al., 2004). Fusaric acid decreased
number of periderm layers (Figs. 2 & 3), and may affect subsequently the chemical
components associated with periderm formation, ie steroid glycoalkaloides
(Weltring et al, 1997).

As a conclusion, fusaric acid was found to be one of the factors of pathogenicity
and other toxins, ie. T-2 toxin may be a factor of inducing hypersensitive like the
reaction associated with the behaviour of avirulence.

Acknowledgment

This research is a part of Ph.D. Thesis to be submitted by the first author to
Plant Path. Dept., Fac. Agric., Ain Shams Univ., Egypt. The scholarship offered
from the Egyptian government to the first author is greatly acknowledged.

References

L
Armas, R.; Santiago. R.; Legaz, M.E. and Vicente, C. 2007. Levels of phenclic
compounds and enzyme activity can be used to screen for resistance of sugarcane
to smut { Ustilago scitaminea). Australian Plant Pathol., 36: 32-38.-

Asryants, R.A.; Duszenkova, V. and Nagradova, N.K. 1985, Determination of
sepharose-bound protein with coomassie brillient blue G-250. 4nn Biochem.,
151: 571-574.

Bacon, C.W.; Porter, ].K.; Norred, W.P. and Leslie, ].F. 1996. Production of fusaric
acid by Fusarium species. 4ppl. Environ. Microbiol., 62: 4039-4043.

Biles, C.L. and Martyn, R.D. 1993. Peroxidase, polyphenoloxidase and shikimate
dehydrogenase isozyme in relation to tissue type, maturity and pathogen
induction of watermelon seedling. Plant Physiol. Biochem., 31:499-506.

Booth, C. 1971. Fhe Germus Fusarium , CMI, Kew Surrey, England., 253 pp.

Chelkowski, J. 1989. Toxinogenicity of Fusarium species causing dry rot of potato
tubers. Pages: 435-440, In: Fusarium Mycotoxins, Taxonomy and Pathogenicity,
New York,

Egyvpt. J. Phvtopathol., Vol. 35. No. 2 (2007)



66 K.I. EL-HASSAN et al.

Desjardins, A.E. and Plattner, R.D. 1989. Trichothecene toxin production by strain
of Gibberella pulicaris (Fusarium sambucinum) in liquid culture and in potato
tubers, J. Agric. Food Chem., 37: 388-392.

Doke, N.; Nakae, G. and Tomiyama, K. 1976. Effect of blasticidin S on the
production of rishitin in potato tuber tissue infected by an incompatible race of
Phytophthora infestans. Phytopathol. Z., 87: 337-344.

El-Hassan, K.I.: El-Saman, M.G.; Mosa, A.A. and Mostafa, M.H. 2004. Interaction
berween non-pathogenic Fusarium isolates and Fusarium species causing dry rot
of potato tubers. Ann. Agric. Sci., 49: 75%9-771.

Graskova, .A.; Borovskii, G.B.; Kolesnichenko, A.V. and Voinikov, V.K. 2004.
Peroxidase as a component of the signaling pathway in potato cells during ring
rot infection. Russian J. Plant Physiol., 51: 621-697.

Hanson, L.E.; Schwager, S.J. and Loria, R. 1996. Sensitivity to thiabendazoie in
Fusarium species associated with dry rot of potato. Phytopathology,
86: 378-384.

Herrmann, M.; Zocher, R. and Haese, A. 1996. Enniatin production by Fusarium
strains and its effect on potato tuber tissue. Appl and Environ. Microbiol,
62: 393-398.

Jullien, M. 1988. Effects of the Fusarium sp. toxins and selections of crude toxin

resistant strains in mesophyll cell cultures of Asparagus officinalis. Plant
Physiol. and Biochem., 26: 713-721.

Jurado. M.: Vazquez, C.; Patino, B. and Gonzalez-Jaen, T. 2005. PCR detection
assays for the trichothecene-producing species Fusarium graminearum,
Fusarium culmorum, Fusarium poae, Fusarium equiseti’ and Fusarium
sporotrichioides. Systematic and Applied Microbiol., 28: 562-568.

Logrieco, A.; Bottalico, A. and Ricci. V. 1990. Occurrence of Fusarium species and
their mycotoxins in cereal grains from some Mediterranean countries.
Phytopathol. Medit., 29: 81-89.

Marasas, W.F.O.; Nelson, P.E. and Toussoun, T.A. 1984. Toxigenic Fusarium
species. Identification and Mycotoxicology. The Pennsylvania State University
Press, University Park, 328pp.

Miksche, J.P. 1976. Botanical and Microtechnique Cytochemistry. The lowa State
University Press.

Mule, G.; Logrieco, A.; Stea, G. and Bottalico, A. 1997, Clustering of trichothecene-
producing Fusarium strains determined from 285 ribosomal DNA sequences.
Appl. and Environ. Microbiol., 63: 1843-1846.

Nielsen, L.W. 1981, Fusarium dry rots. Pages: 58-60. In: Compendium of Potato
Diseases. Hooker, W.J. (ed.). The American Phytopathol, Soc., S$t. Paul. MN,
USA,

Egypt. J. Phyiopathol., Vol. 35, Ne. 2 (2007)



VARIATION AMONG FUSARIUM SPP. THE CAUSAL OF POTATO ... 67

Powelson, M.L.; Johenson, K.B. and Rowe, R.C. 1993. Management of diseases
caused by soil-borne pathogens. Pages: 149-158. In: Potato Health Management.
Rowe, R.C. (ed.). The American Phytopathol. Soc., St. Paul. MN, USA.

Prange, A.; Modrow, H.; Hormes, J.; Kramer, I. and Kohler, P. 2005. Influence of
mycotoxin producing fungi (Fusarium, Aspergillus, Penicillium) on glutin
proteins during suboptimal storage of wheat after harvest and competitive
interactions between field and storage fungi. J Agric. Food Chem.,
53: 6930-6938.

Ray, H. and Hammerschmidt, R. 1998. Responses of potato tuber to infection by
Fusarium sambucinum. Physiol. Mol Plant Pathol, 53: 81-92

SAS Institute, Inc. 1996. SAS/STAT User’s Guide, Version 6, 12" Ed. Vol. 2.
846pp. SAS Institute, Inc. Cary, North Carolina, USA.

Sharawy, Nabela M. 1988. The effect of Gamma radiation on potato tuber rot in
Egypt., Ph.D. Thesis. Fac. Agric., Ain Shams Univ., 204 pp.

Valentines, M.C.; Vilaplana, R.; Usall, J. and Larrigaudiere, C. 2005, Involvement
of enzymatic browning and peroxidase activity as resistance mechanisms in
‘Golden Delicious’ apples. Acta Horticulturae, 682: 2041-2047.

Venter, S.L. and Steyn, P.J. 1998. Correlation between fusaric acid production and
virulence of isolates of Fusarium oxysporum that cause potato dry rot in South
Africa . Potato Res., 41: 289-294.

Voss, K.A.; Porter, 1.K.; Bacon, C.W.; Meredith, F.l. and Norred, W.P. 1999,
Fusaric acid and modification of the subchronic toxicity to rats of fumonisins in
F. moniliforme. Culture Material Food and Chemical Toxicology, 37:.853-861.

Weltring, K.M.; Wessels, I. and Geyer, R. 1997. Metabolism of the potato saponins
o-chaconine and o-solanine by Gibberella pilicaris.  Phytochemistry,
46: 1005-1009.

{Received 12:19:2067:
in revised form 17112007,

Egypt. J. Phytopathol., Vol. 35, No. 2 (2007)



68 K.I. EL-HASSAN ¢r al

p ) Y jad Aga pald 5080 (3 LD
oudalalt S U’"" cilall odalt :L_\,_wuil
Sligess 5l 7 lly LgTie

sObandl lane il gaaa cCpuadl aabl gl A
hbias s dbiag o g ga Leaf daal

ol Ay Sl e B Sl La ol et Jess
o+ Jada b Jm: e 3.;.4!_- .

U8 ol it A S Rl b ¥ il e Cilall Giedl ey
o AR a1 G aaill DY 5o G Al 0 1 Ciadl 134 cings g aT
Jio DLl e Ak 50 LalBl olld Aoy A all LG
ads sy zearalenone, fumonisin, T-2 toxin, fusaric acid
dadl gadl o ye J}l::) \Ll}.la",’.!:l‘-L_LmS}ﬂ'ﬁ

Ctu! .:lc L“J"‘"):‘F'QSP‘)L‘_)M CJY_}; u.oua’.i_).:i :..J‘J_\‘,E
sl S il e g Aeliva Sy Je SSAN B Cilis g)
GAdlial gl e ClanS i) £E e \S)d 8 DY jall Zdbisl o
Cl:u] u.'x:. 1.‘:1_)_‘5 e t;l‘)'_)a.n ;__n.aJ.q.“ SJE'I O Lf}u.akl.ﬁ)] a4 ?"'J
O Gsime Wl S Cua oyl aas Ul SlguS gl
Ul o o) gl i 39l lana il e 4ed jally DY Jall dpia yall 3,00
o 00 Sl g e Lee s elalagl) Sy a5 el Aelival
‘_).Jauﬂ-llll C.JL‘;J.‘; ‘:l:- -..'lh'-" ‘_',ilj'l \:J}-JA

a5 cailall ciall jskiy Sigan 4ol )l jauill Gmas g0 35810
Sl S o8 ol sl dasn e Adlae 38 S aditday DU B
A Rmpee Ll SYA Jsad milil Ooell b e SV
o all paa E oS Gl 13 )90 0 L Gl el Alla sediy Ao ae

D Akl el el Zigaa Adlad ARl il e G2
e o M8 ELE G el aag a8l Gleay o
Apadl (B ol Ak % ey GpasS g Jaid sy GpaeS g el
ool e g 5 gudl | dmaa e ARl b3S Al Alaladll ulstlagll i 5o
Va g o asllly L ta syl all e Aum el Al el Gae
sl aaa e pdsdeall 58 L Lk daf ) ekl

Egupt. J. Phyvtopathol.. Vol. 35, No. 2 (2007)





