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wenty one Fusarium spp. isolates, collected from potato tubers

showing typical dry rot symptoms, taken from three regions in
Egypt, were found to belonging to four species, i.e. F. sambucinum,
F. solani, F. oxysporum and F. culmorum. The pathogenic ability of
these isolates on healthy potato tubers (cv. Spunta) revealed that
17 ones were pathogenic and 4 were non-pathogenic. The most
aggressive isolate of each Fusarium species was chosen for further
studies.

Host range studies revealed that carrot is not susceptible for
infection; meanwhile taro, eggplant and sweet potato were susceptible
for infection by Fusarium spp.

Eight potato cultivars were evaluated for their reaction to dry rot
disease infection. Obtained results showed significant differences
among tested cultivars. Valor cultivar recorded the highest level of
resistance; meanwhile cv. Galactica was the most susceptible one. The
rest of tested cultivars showed different levels of susceptibility.

The enzymatic activity in two potato cultivars, i.e. Galactica and
Valor, as a response to dry rot infection, showed increments in
peroxidase, polyphenol oxidase and phenylalanine ammonia lyase in
the resistant cultivar (Valor) compared with the susceptible one
(Galectica). These measurements could explain resistance and
susceptibility in tested potato cultivars.

Keywords. Ammonia lyase, dry rot, Fusarium spp., peroxidase,
phenylalanine, polyphenol-oxidase and potato.

Potato (Solanum tuberosum L.) and its products are known to be the most
important source of food for human beings al over the world. According to the
report of Anonymous (2010), the world production of potatoes reached about 324
million tonnes, of which 3.6 million tonnes are produced in Egypt.

Potato plants are vulnerable to attack by many pathogenic microorganisms,
i.e. Fungi, bacteria and viruses, which cause serious diseases on potato tubers under
field and/or storage conditions. Postharvest diseases in potato tubers, caused by
fungal pathogens, resulted in significant economic losses in the yield quality and/or
quantity during storage, transportation and marketing process (Eken et al., 2000).
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Many Fusarium spp. are known as pathogens of economically important crops,
causing different types of disease, i.e. vascular wilts and root, stalk, cob rots, collar
rot of seedlings, and rots of tubers, bulbs and cormsin awide range of plants (Leslie
and Summerell, 2006). Fusarium dry rot, caused by Fusarium spp., is considered as
one of the most important potato storage diseases all over the world (Jensen et al.,
2011) and causes extensive losses, reaching up to 25% of the stored tubers (Burkhart
et al., 2007).

Du et al. (2012) identified thirteen different Fusarium species as agents
responsible for potato dry rot disease. Moreover, Choiseul et al. (2007) reported that
Fusarium avenaceum appeared to be the greatest cause of Fusarium dry rot, having
arot index at least twice as great as that for F. solani var. coeruleum. They added
that infection by F. sulphureum was relatively uncommon. In the pathogenicity test,
F. avenaceum, F. solani var. coeruleum and F. sulphureum produced rot of similar
depths and widths and larger than those of F. culmorum.

The host range of F. equiseti included several members of the Leguminosag, in
addition to some cereals. The fungus may be one of the potential causes of damping-
off and root rot on these plant species (Goswami et al., 2008). Fusarium
sambucinum have extremely wide host range, meanwhile F. oxysporum has broad
host range (El-Kot, 2008). Host speciaization of individual isolates is more
circumscribed (Kim et al., 2001).

Potato cultivars differed in their degree of resistance to Fusarium spp. and many
cultivars react differently to F. solani var. coeruleum and to F. sulphureum, even
when similar methods of inoculation and incubation have been used (Esfahani,
2005). Moreover, it was reported that al commonly grown potato cultivars are
susceptible to Fusarium dry rot (Chérif et al., 2002).

Disease resistance in plants associated with activation a wide array of defence
responses that slow down or halt infection at certain stages of the host-pathogen
interaction. The defence mechanisms include pre-existing physical and chemical
barriers that interfere with pathogen establishment. Other methods of protection rely
on inducible defence responses in the form of enzymes that are activated upon
infection (Vanitha et al., 2009).

This study was designed to isolate and identify the causal pathogen of potato dry
rot. Also, evaluation of some commercial cultivars to disease infection was studied.
Moreover, changes associated with the disease development were taken in
consideration.

M aterials and Methods

All experiments of this study were conducted during potato storage seasons of
2010-2012 in the Lab. of Plant Pathol. Dept., Fac. of Agric., Cairo Univ., Giza,
Egypt.

Source of infected potato tubers:

Samples of potato tubers, showing typical symptoms of dry rot disease, collected
from several markets located in Giza Governorate as well as from storagesin Behera
(Nobariya) and in Fayoum Governorates, were used for isolation of causal agent.
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Disease incidence:

Potato dry rot incidence (DI) was evauated in samples, each containing 20
tubers, as the incidence (%) of any signs and/or symptoms of Fusarium dry rot, i.e.
sporulation and surface discoloration. Also, tubers with blackened and/or dead
sprout were considered as infected. At the end of storage period, disease incidence
was calculated as the number of diseased tubers in relative to the total number of
stored tubers x 100 (Townsend and Heuberger, 1943).

Isolation, purification and identification of the causal fungus:

Diseased potato tuber samples were thoroughly washed under tab water, cut into
small pieces (1.5 cm), surface sterilized by soaking in sodium hydrochloride (1%)
for 2 min., followed by washing in three changes of sterilized water then left on
folds of sterilized filter papers to remove excess water. Sterilized pieces were
aseptically transferred into Petri dishes (9-cm-diam.), each containing 20 ml of
potato dextrose agar (PDA) medium, and incubated at 25+1°C for 48 h. when
conidia were easily picked off, under a dissecting microscope, using sterile needle
and carefully placed into new PDA plates. Pure cultures were maintained on PDA
dants at 4°C for further studies. Purified fungal isolates were identified
microscopically in Mycol. and Plant Dis. Survey Res. Dept., Plant Pathol. Res. Ingt.,
ARC, according to the morphological characteristics, i.e. growth ratio, culture
pigment and shape of conidia, as described by Leslie and Summerell (2006).

Pathogenicity tests:

Apparently healthy potato tubers (cv. Spunta) were used in this experiment.
Initially, tubers uniformed in size and weight (100-120 g) were washed to remove
adhering soil, surface sterilized in 1% sodium hypochlorite solution for 2 min. and
rinsed in 3 changes of sterile distilled water (Lui and Kushalappa, 2002), then left on
folds of sterilized filter papers to remove excess water. Tested tubers were wounded
with a cork borer (7-mm-diam. x 7-mm-depth) (Peters et al., 2008) and individually
inoculated, under aseptic conditions, in the prepared holes with a disk (5-cm-diam.)
taken from the edge of 7-day-old tested Fusarium spp. cultures. A set of tubers
inoculated with pathogen-free PDA disks were kept as check. Four tubers were used
asreplicates for each tested isolate. Tested potato tubers were wrapped in paper bags
(Lui and Kushalappa, 2002) and incubated in the dark at 25+1°C for 10-14 days.

Disease assessment:

At the end of incubation period, tested potato tubers were cut through the
inoculated site and the depth and width of the rotted area were measured. The
following numerical rates were suggested to facilitate visual determination and to
give a satisfactory comparison:

0= no symptoms.

1= lessthan % of the tuber is covered by the symptoms.
2= about ¥sto ¥ of the tuber is covered by the symptoms.
3= about ¥2to ¥ of the tuber is covered by the symptoms.
4= morethan ¥ of the tuber is covered by the symptoms.

Readings were converted to disease index according to the equation suggested by
Townsend and Heuberger (1943), as follows:
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Z(nxr)
Disease severity (%) = -------------- x 100
NR

Whereas: (n) is the number of tested tubers in each numerical rate (r), and (N) is the
total number of tested tubers multiplied by the highest numerical rate (R).

Among the 21 tested isolates, four Fusarium species, i.e. Fusarium solani
(FSO1), F. sambucinum (FSA3), F. culmorum (FCU2) and F. oxysporum (FOX1),
were chosen on base of their pathogenic ability to represent the most aggressive
isolate of each tested species and used in further studies.

Host range:

Five plant species, i.e. eggplant (cv. Balady), sweet potato (cv. Apes), carrot
(cv. Danvers), taro (cv. American taro) and potato (cv. Spunta) were evaluated for
their susceptibility to Fusarium dry rot disease. Each tested plant material was
artificialy inoculated as abovementioned in the pathogenicity test section. Four
replicates were used for each tested isolate.

In this experiment, each tested plant material was artificialy inoculated by
7-mm-disc taken from 7-day-old Fusarium spp. cultures and incubated at 25+1°C.
A set of each tested materials was inoculated with pathogen-free PDA disks and kept
as control (check). Four replicates were used for each tested isolate. All tested plant
materials were wrapped in paper bags (Lui and Kushalappa, 2002) and incubated in
the dark at 25+1°C for 10-14 days, and then the average of rotted tissue area had
been measured. Tested tubers were wounded using a cork borer (7-mm-diam. x
7-mm-depth) (Peters et al., 2008) and individually inoculated, under aseptic
conditions, in the prepared holes with a disk (5-cm-diam.) taken from the edge of
7-day-old tested Fusarium spp. cultures. A set of tubers inoculated with pathogen-
free PDA disks were kept as control (check). Four replicated tubers were used for
each treatment. All tested potato tubers were wrapped in paper bags (Lui and
Kushalappa, 2002) and incubated in the dark at 25+1°C for 10-14 days.

Cultivar reaction:

Apparently healthy potato tubers representing eight cultivars, i.e. Banba, Burren,
Slaney, Galactica, Spunta, Valor, Cara, Lady Rosetta, were evaluated for their
susceptibility to dry rot disease. Tested tubers (each weighed from 100 to 120 g.)
were surface-sterilized with 1% sodium hypochlorite solution for 10 min and then
wounded using the same method described above. The inoculated tubers, three
replication of each cultivar, were incubated in the dark at 252 °C for 30 days. Data
collection and analysis were similar to those used in the pathogenicity test.

Biochemical changes associated with disease devel opment:

The enzymes changes of two potato cultivars, i.e. Galactica (susceptible) and
Vaor (tolerant) in response to dry rot infection was determined. Peroxidase activity
was estimated according to method of Kochba et al. (1977). One gram of extracted
enzyme sample was crushed well in sodium phosphate buffer. Density was read in
absorbance spectrophotometer (Miltonroy spectronic 601) at 425 nm every
30 second for 10 reads. Peroxidase activity was calculated as mg/g fresh weight.

Egypt. J. Phytopathol ., Vol. 41, No.1 (2013)



BIOCHEMICAL CHANGESOF POTATO CULTIVARSDUETO ... 57

Polyphenol oxidase activity was also estimated according to method of Kochba
et al. (1977). One tenth extracted sample was added to 0.5 ml sodium phosphate

buffer 0.1 ml at pH 7and 0.5 ml catechol 0.001 N. The mixture was completed to
distilled water and colour density was read in spectrophotometer Miltonroy
spectronic 601at 495 nm every 30 second for 10 reads (Lisker et al., 1983).

Phenylalanine ammonia lyase (PAL) activity was estimated, The enzyme
preparation was obtained from acetone powders of sweet potato tuber roots. Enzyme
estimated according to the method described by Lisker et al. (1983).

Satistical analysis:

Obtained data were subjected to statistical analysis of variance, whenever
needed, according to Rafter et al. (2002). Mean of treatments were compared by
Duncan’s multiple range test at level of 0.05% (Duncan, 1955).

Results

1. Disease incidence:

The incidence of potato dry rot caused by Fusarium spp. varied by region and
period of storage. Data in Table(1l) showed that the highest records of disease
incidence were found on collected tubers from Nobariya followed by Fayoum,
meanwhile the least infection was recorded on tubers collected from Giza
Governorate.

Table 1. Dry rot incidence on potato tubers collected from three Egyptian

Governor ates
Governorate Disease incidence (%)
Giza 5
Behera (Nobariya) 20
Fayoum 15

2. Isolation and identification of causal agent:

Various Fusarium spp. were isolated from naturally infected potato tubers
showing typical symptoms of dry rot. A total of twenty one isolates of various
Fusarium spp. were established in pure cultures. Fusarium spp. were identified on
the basis of their cultural, morphological and microscopical characteristics. The main
isolates of potato tuber belonged to four species of genus Fusarium,
i.e. F. sambucinum, F. solani, F. oxysporum and F. culmorum. Frequency of isolates
indicate that F. solani was most dominant species (38%), followed by F. culmorum
(33.3%), F. sambucinum (19%) and F. oxysporum (9.5%).

3. Pathogenicity tests:

Pathogenicity of 21 Fusarium isolates was carried out by using potato tubers
(cv. Spunta). Results presented in Table (2) indicate that there is an obvious variation
in pathogenicity of Fusarium spp. isolates to potato tubers. Fusarium species
differed in their pathogenicity, when four isolates were found to be non-pathogenic,
meanwhile seventeen isolates were found pathogenic. Moreover, the most
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Table 2. Average lesion size on potato tubers after inoculation with one of four
Fusarium species

. Isolate Rotted area (cm) Average lesion
Tested isolate code Governorate Width Depth si?g (cm)
FCU1 Giza 1.30 1.80 1.55 bc
FCU2 Nobariya 2.10 2.13 211a
FCU3 Fayoum 1.53 1.68 1.60 bc
F. culmorum FCU4 Nobariya 0.00 0.00 0.00 f
FCU5 Giza 2.08 2.10 2.09a
FCU6 Fayoum 1.33 1.18 1.25cd
FCU7 Nobariya 1.58 1.80 1.69b
FSA1 Giza 0.75 0.90 0.83e
F. sambucinum FSA2 Gizg 0.93 0.93 0.93de
FSA3 Nobariya 1.25 1.80 1.53bc
FSA4 Fayoum 0.00 0.00 0.00f
FSO1 Fayoum 1.25 1.63 1.44 bc
FSO2 Giza 0.00 0.00 0.00f
FSO3 Nobariya 0.88 0.88 0.88 de
. solani FSO4 Giza 0.00 0.00 0.00f
FSO5 Fayoum 0.80 0.78 0.79e
FSO6 Nobariya 1.45 1.38 1.41bc
FSO7 Giza 1.18 1.50 1.34 bc
FSO8 Nobariya 0.73 1.18 0.95de
F. oxysporum FOX1 Faypum 1.43 1.63 1.53bc
) FOX2 Giza 0.75 0.00 0.88 de

The same letter means no significant at level a=0.05.

pathogenic isolates caused about double size of lesions comparing with that of the
least pathogenic one. On the base of dtatistical analysis, tested Fusarium species
were divided into two groups. The most pathogenic isolate is F. culmorum (FCU2)
followed by F. culmorum (FCU5), while the less pathogenic isolate is
F. sambucinum (FSA1).

4. Host range:

Four Fusarium spp. were used to test their reaction against other crops. Resultsin
Table (3) and Fig. (1) indicate that roots of sweet potato and potato tubers were more
susceptible than those of taro corms and eggplants fruits. On the other hand, carrot
roots showed no susceptibility to the infection with any of tested fungi.

Table 3. Relative reaction of some cropsto theinfection with Fusarium spp.

Tested plant F. culmorum F. sambucinum | F.solani | F.oxysporum
Sweet potato 1.58 1.48 2.40 1.82
Eggplant 0.18 0.22 0.88 1.30
Carrot 0.00 0.00 0.00 0.00
Taro 152 0.25 1.32 0.97
Potato 211 0.93 144 153
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Fig. 1. Relativereaction of some cropsto the infection with Fusarium spp.

5. Cultivar reaction:

All tested potato cultivars were susceptible, with different degrees, to tested
Fusarium spp. Results presented in Table (4) show that lesion sizes ranged from
1.1 to 242 cm. Also, data revedled that there are significant differences in
susceptibility of tested cultivars, i.e. Banba, Burren, Slaney, Cara and Galactica,
against infection with Fusarium spp. Meanwhile, there are no differences among
tested Fusarium spp. in this concern. On the other hand, F. sambucinum and F.
oxysporum resulted in significant bigger size of lesions comparing with those caused
by F. culmorum and F. solani on cvs. Lady Rositaand Valor, respectively. Galactica
showed the biggest lesions size by Fusarium spp. Meanwhile, cv. Vaor showed
smallest lesions size.

Table 4. Potato cultivar reaction to the infection with Fusarium spp.
Fus;—r?ir?]dspp. Banba |Burren|Spunta|Slaney| Cara | Galactica Il?_:g:/a
F. culmorum 24a|20a|2la|l7a|l6a| 24a |20a| 15a |20
F.sambucinuni 1.3b |1.7a|15b|19a|19a| 19a |[13b|1l2ab |16
F. solani 15b|16a|l9a|l5a|1l9a| 20a |15b|13ab |16
F.oxysporum | 1.5ab|1.8a|l12b|18a|l4a| 18a |[1l2b| 11b |15

The same letter in each column means no significant at level 0=0.05.

Vaor [Mean

6. Biochemical changes associated with disease devel opment:

Two cultivars, i.e. Vaor (resistant) and Galactica (susceptible), were selected to
test their ability to stimulate enzymes production (Peroxidase, Phenylalaninne
amonia lyase and Polyphenol oxidase) when inoculated with the highly virulent
Fusarium culmorum isolate.
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Data presented in Table (5) and Fig. (2) clearly indicate presence of a difference
of al enzymes in both cultivars comparison with their control, noticeable increasing
with three enzymes in Valor (resistant cultivar) comparison with Galactica (sensitive
cultivar), in addition to marked increasing for Peroxidase in Vaor compared with
Galactica.

Table 5. Enzymes activities from treated or untreated two potato cultivars by

F. culmorum
Enzymes activity
Tested potato cultivar . Phenylalaninne .
Peroxidase . Polyphenol oxidase
amonialyase
Valor (Resistant) 2.266 1.094 0.191
Valor - Control 1.346 0.542 0.059
Galactica (Susceptible) 1.581 0.998 0.063
Galactica - Control 1.446 0.853 0.057
* Resistant control and ** Susceptible control.
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Fig. 2. Enzymes activities in two potato cultivars treated or not with
F. culmorum.

Discussion

Dry rot caused by Fusarium speciesis considered as one of the important potato
disease al over the world. It causes post-harvest rotting and seed piece decay after
planting. (Du et al., 2012).

Disease incidence of Fusarium spp. varied by region and period of storage.
This fact found to be in harmony with that of Ronald (2005) who indicated that dry
rot incidence and severity was lowered when potatoes were harvested under 4-week
dead vines compared to 2-week dead vines or green dug.

At least thirteen Fusarium species have been worldwide considered as causa
agents of dry rot of potato (Cullen et al., 2005). In this concern, four Fusarium spp.,
i.e. F. sambucinum, F. culmorum, F. oxysporum and F. solani, were identified in the
present study.
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Results of the present study indicated that F. culmorum and F. solani are the
major Fusarium species that associated with dry rot disease. Meanwhile, two
additional species, i.e. F. equiseti and F. semitectum, previously reported with
F. sambucinum were found to be associated with potato dry rot in Egypt and being
the most frequently species (El-Hassan, 2008).

Fusarium culmorum isolates were found to cause extensive rotting (width and
depth) of potato tubers compared with other Fusarium species. These results
disagree with those of many other researchers (Choiseul et al., 2007 and Du et al.,
2012) who found that F. avenaceum was the most common species of Fusarium that
causes dry rot in the tested samples. Moreover, Chehri et al. (2011) reported that
F. solani was recorded in the virulent group.

In the present study, twenty one Fusarium spp. isolates collected from infected
tubers were tested for their pathogenic ability on potato tubers (cv. Spunta).
Obtained results showed a great variation among tested isolates. FCU2 and FCU5
isolates were highly pathogenic on potato tubers; meanwhile FSO2, FSO4 and
FCU4 were avirulent. These results are in harmony with those of Peters et al.
(2008). In fact, the observed differences in pathogenicity among the tested Fusarium
isolates could be attributed to the differences in their aggressiveness that expressed
as various given dry rot lesion caused by individual Fusarium sp., which supported
this assumption (Esfahani, 2006). Moreover, severa factors may explain why
different Fusarium species were identified in the present survey compared to that
implemented by Du et al. (2012), including use of different rotation patterns and
different potato cultivars, as well as different environmental and/or edaphic
conditions.

Host range studies were conducted to determine the ability of tested pathogen to
infect four plant hosts, i.e. sweet potato roots, potato tubers, taro corms and eggplant
fruits. Recorded results cleared that sweet potato roots and potato tubers were more
susceptible than those of taro corms and eggplants fruits. On the other hand, carrot
roots were completely resistant to the infection with any of tested fungi. These
results are in agree with that recorded by Chavan (2007) who tested 16 different
hosts to determine their susceptibility to F. Solani. He found that tomato, potato and
guava were highly susceptible. Meanwhile, maize, sunflower, soybean and safflower
were completely resistant.

The most effective and environmentally friendly approach to control dry rot is
the utilization of resistant potato cultivars, although better handling of potatoes at
harvest and during post-harvest operations would sensibly reduce the importance of
such disease as well.

Tested clones, including commercia cultivars, show variable degrees of
susceptibility to four Fusarium species (Du et al., 2012). However, potato cultivars
generally show susceptibility to different Fusarium species worldwide.

In the present study, it was found that tested cultivars varied in their reactions
against tested Fusarium isolates. Cultivars Valor and Lady Rosita were found to be
highly resistant. Meanwhile, Galactica was the most susceptible cultivar.
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On the other hand, tested Fusarium isolates, i.e. F. sambucinum and F. oxysporum,
resulted in significant bigger size of lesions comparing with those caused by
F. culmorum and F. solani on cvs. Lady Rosita and Valor, respectively. These
results are in agreement with those of Saremi et al. (2011) who reported that tubers
of potato cultivars differed in their susceptibility to Fusarium species and none
certain tolerant cultivars were introduced. Some cultivars were tolerant to infection
when harvested but develop susceptibility during storage. He concluded that the
difference in cultivar reaction may be due to the genetic composition which regulate
the physiological and morphological defense reaction of tubers against the pathogen,
or may be as a result of different rates of wounds healing by periderm and of
suberization formation.

It is well known that plants do not have specialized cells to carry out immune
functions, however they have both structural and biochemica pre-formed barriers
that present a first obstacle against pathogen attacks. When these constitutive
defenses are overcome by a pathogen, recognition leads to a complex signaing
cascade of inducible defense responses. These responses include cell wall
strengthening, oxidative burst, metabolic changes and the expression of a large
amount of defense related Genes (D’ Ippélito et al., 2012).

Biochemical changes associated with inoculated and non-inoculated potato
tubers by Fusarium culmorum were investigated. Obtained data indicated
increments in the activity of PO, PPO and PAL enzymes more than non-inoculated
control. These results are in harmony with those of Narayanasamy (2011) who stated
that changes in the enzyme activities have been reported to be a reliable basis for
detection of certain fungal pathogens, but the largest increase was observed in case
of PO activity more than the PPO and PAL in inoculated tubers. Also, Graskova
et al. (2004) reported that peroxidase is believed to be one of the most important
factors of the plant biochemical defense against pathogenic microorganisms, which
is actively involved in the self-regulation of plant metabolism after infection.

The role of PPO enzyme in disease resistance was postulated by many authors
Graskova et al., 2004; Lozovaya et al., 2006 and Narayanasamy, 2011). Lozovaya
et al. (2006) reported that resistance levels of crops to fungi could be increased by
genetically manipulating metabolic events that lead to production of antimicrobial
compounds that are toxic to pathogens or that can strengthen the barriers of plant
cells to pathogen entry. They concluded that plant cell wall phenolics can play an
important protective role against pathogen invasion.
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