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Potato Dry Rot: Pathogen, disease cycle, ecology and management
SANJAY KUMAR', PARVINDER SINGH SEKHON' and AMANPREET SINGH®
'Department of Plant Pathology, ’Department of Agronomy, Punjab Agricultural University, Ludhiana

ABSTRACT: Potato dry rot is an emerging disease in field as well as in cold storage and a major threat to global production of
potato. The disease caused by different Fusarium species such as F. culmorum, F. sambucinum, F. oxysporum, F. solani and F.
avenaceum etc. It causes 25-60% loss in yield in the field as well as in cold storage. Fusarium survives on infected host debris in the
soil in the form of chlamydospores as saprophytes. Fusarium spp. cannot enter the tubers through lenticels or in the absence of injury.
The infection is possible only when the potato skin is cracked. Dry rot develops in high humidity (>80%) and temperature of 15 to
20°C after one month of storage is most favorable conditions however, it can also develops even at low temperatures. An integrated
disease management (IDM) program provides the appropriate harvesting conditions to prevent tuber injury and appropriate storage
conditions. Disease free seed tuber and registered synthetic fungicides and post-harvest treatments are recommended for effective dry
rot control. Recently, several organic and inorganic salts are generally recognized as safe (GRAS) and biological agents alternative to

synthetic fungicides which could eventually be integrated into dry rot management strategies.

Key words: Potato dry rot, Fusarium species, Injury, Integrated disease management, Biological agents

The potato (Solanum tuberosum L.) is an important source
of calories, proteins and fats for humans. It is grown in 155
countries and more than a billion people around the world
consume potatoes (FAOSTAT, 2019). Total world
production of potatoes was estimated at 388,191,000
tonnes in 2017 (Anon, 2019a). India ranked second in
terms of production and third in terms of arca with a
production of 52,588.98 tonnes (Anon, 2019b). In Punjab,
the total area was 106.07 thousand hectares and
production was around 2869.95 thousand tonnes (Anon,
2020). In India, potato producer states are Gujarat,
Haryana, Uttar Pradesh, Punjab, Assam, Karnataka, West
Bengal, Bihar, Madhya Pradesh and Jharkhand. Potato
tubers are easily penetrated by pests and pathogens, and
these agents can survive, reproduce and spread because
the tubers are rich in nutrients (Delgado et al., 2017; Lal et
al., 2020b; Tiwari et al., 2020a, b).

Pathogens that include fungi, viruses, bacteria, nematode
and insects can cause various infections at different stages
of the production, processing and storage of potatoes
(Atallah and Stevenson, 2006; Fiers et al., 2012; Kumar et
al., 2019, 2020).Tuber rot is caused by various diseases
such as downy mildew (Phytophthora infestans), pink rot
(P. erythroseptica), leaks (Pythium ultimum var. Ultimum)
and dry rot (Fusarium spp.). Among many diseases, dry
rot of potatoes is an emerging disease of tubers both in the
field and cold storage (Theron and Holz, 1991;
Bojanowsky et al., 2013). It is incited by Fusarium
species. Worldwide, more than 13 Fusarium species are
causing dry rot disease in potato (Cullen et al., 2005). Itisa
major potato disease worldwide which causes post-
harvest rot and seed rot after planting (Leech and Webb,

1981; Hanson et al., 1996). Karimi (1970) reported that F.
oxysporum was a pathogen in the provinces of Fars and
Damavand. F. solani and F. sulpherum were the causal
fungi of dry rot in Iran (Ershad, 1995; Nasr-Esfahani,
1998). However, Ali et al., (2005) found that F.
graminearum was a pathogen in North Dakota. An injury
allows the pathogen associated with the soil to enter in the
tubers. This disease generally occurs when the tubers are
injured during mechanical harvesting and grading. The
tubers become susceptible to the disease and the spread of
the disease continues after two and three months of storage
(Guenthner, 2001).

Significant yield loss of 6 to 25% has been recorded by
several authors (Wharton et al., 2006; Stevenson et al.,
2001; Heltoft et al., 2016). In the United Kingdom, 50% of
crop storage was affected by dry rot; while in the south-
cast of England 100% of seed stocks were affected
(Bradshaw et al., 2001). A post-harvest loss was 28% in
Gansu province, China, where 88% tubers had been
affected by dry rot (He ez al., 2004). In India, potato dry rot
was first observed in the cultivar Kufri Ashoka at cold
storage in Sehore, Madhya Pradesh, and more than 90% of
the tubers were affected when they were taken out after six
months of storage. The symptoms have also been observed
in the cultivar Kufri Bahar (1-2%) in the cold store of
Shahabad, Haryana (Sagar et al, 2011). Due to the
uncertainty of resistance sources and control of this
disease has been achieved through the post-harvest
application of various fungicides (Secor and Gudmestad,
1999, Mecteau et al., 2002). However, since many
pathogens have become resistant to fungicides
(Desjardins et al., 1993; Holley and Kawchuk, 1996; Platt,
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1997), it may lead to increase the incidence and severity of
the disease (Secor and Gudmestad, 1999). This review
includes symptoms of potato dry rot, pathogens, the
disease cycle, ecology and integrated disease management
strategies.

SYMPTOMATOLOGY

The first symptoms appear as darker lesions on the surface
of the tubers after about a month of storage (Peters et al.,
2008b). The lesions extend in all directions and can bend
into concentric rings when the underlying dead tissue
contracts (Figure 1a) (Howard et al., 1994, Stevenson et
al.,, 2001; Kumar et al., 2016). The underlying areas of
necrotic tissue visible in light or dark chocolate brown are
characteristic of the internal symptoms of Fusarium spp.
(Cullen et al., 2005). The causal agent enters the tubers
through the injury and often leads to complete rot. The
hollow areas below the rotten area are generally lined by
Fusarium mycelium which varies from white to brown
(Figure 1b) (Kumar and Sekhon, 2016). The high relative
humidity may increase the soft rot bacterial
(Pectobacterium spp.) infection in cold storage and cause
wet rot (Powelson ef al., 1993; Stevenson et al., 2001;
Secor and Salas, 2001; Secor and Gudmestad, 1999).

PATHOGEN

Fusarium spp. belongs to the Ascomycota division, and
sexual state of several Fusarium species is unknown
(Nelson et al., 1981). Fusarium species identified as main
causal agent include F solani, F. sambucinum, , F.
sulphureum, F. coeruleum, F. roseum, F. avenaceum, F.
oxysporum and F. culmorum (Stevenson et al, 2001;
Cullen et al., 2001,2005). Major species were such as F.
solani in Iran and South Africa (Theron and Holz, 1989;
Nasr-Esfahani, 1998). F. coeruleum in the United
Kingdom (Hide et al., 1992), F. coeruleum and F.
sambucinum in North America and parts of Europe (Secor
and Salas, 2001; Duetal., 2012) and F. solani in the United
Kingdom (Peters ef al., 2004), and F. graminearum and F.
sambucinum in north central United States have been
reported. Other minor species have also been identified
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such as F. acuminatum, F. Equiseti, F. crookwellense, F.
sporotrichioides, F. scirpi, F. tricincum (Cullen et al.,
2005; Hanson et al., 1996), F. oxysporum f. sp. tuberose,
F. torulosum, F. graminearum (Gachango et al.,
2012a,b).The relative frequency of Fusarium spp. varies
with geographical location and also by other factors, such
as the cultivar used and fungicides (Peters ez al., 2008a).

INOCULATION TECHNIQUE AND DISEASE
ASSESSMENT

Recently, Chen ef al. (2020) developed a simple
inoculation technique PSW (plastic screw wounding) to
screen potato breeding lines for resistance to dry rot of
potato. Different inoculation methods have been
developed for pathogenicity studies (Leach and Webb,
1981; Estrada Jr. et al., 2010; Peters et al., 2008a,b;
Gashgari and Gherbawy, 2013; Talgo and Stensvand,
2013; Du et al., 2012; Stefanczyk et al., 2016; Valluru et
al., 2006). Autoclaved vaseline is useful for screening the
cultivars and confirm the reaction of Fusarium spp. on
different cultivars (Mejdoub-Trabelsi et al., 2012;
Ibrahim et al., 2014; Akhtari et al., 2017; Mshelia, 2018).
Langerfeld (1987) proposed a rating scale of 1-9 for
assessment of dry rot severity (Figure 2). The rot volume
is calculated using the formula given by Heltoft et al.
(2015).

MORPHOLOGY AND MOLECULAR
CHARACTERIZATION OF FUSARIUM SPECIES

Fusarium spp. produces a white dense mycelium which
may develop brown, blue and purple pigmentation with
age. It forms macro-conidia, micro-conidia and
chlamydospores in culture (Howard ef al., 1994).
Microconidia are generally not present in culture, while
chlamydospores and macro-conidia are present (Howard
et al., 1994). Three species were identified as F.
avenaceum, F. culmorum and F. sambucinum from
predominant growing areas of Punjab (Figure 3) (Kumar
et al., 2016). F. culmorum which formed whitish to
yellow, tan or pale orange suppressed mycelium (Figure
4b), but became brown to dark brown to red-brown with

Fig. 1: Symptoms of potato dry rot a) lesions enlarge in all
directions and wrinkle in concentric rings b) Cavities
underlying the rotted tissue lined with Fusarium
mycelium

Fig. 2: Disease rating scale for assessment of potato dry rot
severity (Langerfeld, 1987)
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F. sambucinum

Fig. 3: Culture of Fusarium species associated with dry rot
of potato

age. Micro-conidia were not produced. Size of macro-
conidia varied from 3.1-7.0 x 24-50 um with 3-4 septa
(Figure 4a) and chlamydospores were formed in the
hyphae too. (Figure 4c) (Kumar et al., 2016). F.
avenaceum formed aerial mycelium which varied from
light yellow to grayish rose on PDA medium. Size of
micro-conidia varied from 1.6-2.8 x 7.5-21 um with 0-2
septa whereas, the size of macro-conidia ranged from 3.3-
5.1 x 49-85 um with 3-5 septa (Figure 4d) (Kumar ef al.,
2016). While colony colour of F. sambucinum was flufty
whitish to light white mycelium. Micro-conidia were oval
shaped (Figure 4¢) and macro-conidia were straight to
slightly curve. Size of micro-conidia varied from 1.7-3.2 x
5.0-14.5 um with 0-1 septa and that of macro-conidia
varied from 2.8-5.9 x 19-50 um with 3-4 septa (Figure 4f)
and chlamydospores were in chain (Figure 4g) (Kumar et
al., 2016).

Accurate identification is very important to understand the
epidemiology of pathogen as well as from the management
point of view. Currently, polymerase chain reaction (PCR)
techniques which can make use of ITS (internal
transcribed spacers) regions of DNA ribosomes (rDNA)
are mostly preferred (Atallah and Stevenson, 2006). This
region of size range from 0.28 to 0.6 kb which is made up
of two non-coding regions (Gardes et al., 1991, Gardes
and Bruns, 1993) and can easily amplified by universal
primers (White e al., 1990). Several PCR (RT-PCR and
ISA-PCR) based techniques have been developed to detect
the Fusarium spp. such as F. avenaceum (Turner et al.,
1998), F. coeruleum, F. culmorum (Nicholson et al., 1996)
and F. sulphureum (Cullen et al., 2005). Three species (¥
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avenaceum, F. culmorum and F. sambucinum) were
confirmed by using ITS species specific primers (Fcoer,
Fsulp, JTAand Fcol) (Kumar ez al., 2016). Gherbawy et al.
(2019) identified F. sambucinum, F. verticillioides, F.
oxysporum and F. incarnatum based on morphological
characters and B-tubulin gene sequence. However, a
specific primer pair (TEF-Fs4-forword and TEF-Fs4-
reverse) has been used for identification of F. solani in
Egypt (Hussein et al., 2020).

DISEASE CYCLE

Dry rot is tuber and soil borne disease (Choiseul et al.,
2001; Cullen et al., 2005; Peters et al., 2008 a,b). Fusarium
spp. can persist for many years in the soil (Al-Mughrabi,
2010) and crop residues serve as the primary inoculum.
The pathogen enters into tuber through injury during
harvesting (Stevenson, 2001). The infected seed tubers
result in soil infestation around progeny tubers (Adams
and Lapwood, 1993). Progeny tubers are not usually
infected until the penetration of pathogen occurs through
wounds.

Dry rot develops in high humidity (>80%) and
temperature of 15 to 20°C after one month of storage is
most favorable conditions (Secor and Salas, 2001). Dry rot
also develops even at low temperatures (4-10°C)
(Stevenson et al., 2001; Kumar et al., 2016). F.
sambucinum affects stored potatoes and causes seeds to rot
after planting (Lacy and Hammerschmidt, 1993; Wharton
et al., 2006) (Figure 5).Transmission from seed tubers to
progeny tuber is affected by the related pathogen. The
transmission of F sulphureum to the progeny tuber is
greater from infected seed tubers while F. coeruleum from
rotted mother tubers (Choiseul ef al., 2001; Cullen et al.,
2005; Bojanowski et al., 2013). F. sulphureum sporulates
more easily on stems, whereas F. coeruleum on surface of
rotted seed tubers (Choiseul et al., 2001; Cullen et al.,
2005). Tivoli et al. (1986a) reported that F. sambucinum
causes extensive lesions in spite of wound type, while F.
coeruleum, F. arthrosporioides, F. Culmorum and F.
graminearum, only do so when the wound is deeper than 2
mm.

ECOLOGY

Fusarium survives on infected host debris in the soil in the
form of chlamydospores as saprophytes (Nelson et al.,
1981). When the germination of conidia aborted, certain
species can strengthen the cell walls of conidia to form
chlamydospore in conidia (Tivoli et al., 1983). Fusarium
spp. cannot enter the tubers through lenticels or in the
absence of injury. Positive correlation was found between
the injury and dry rot incidence (Kumar et al., 2016).
Pathogens cause infection if the potato peels is ruptured
(Stevenson et al., 2001). Lesions near the site of infection
may be limited by a layer of constantly deposited
subcutaneous wound cells (O’Brien and Leach, 1983;
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Fig. 4: Morphological characteristics of Fusarium species a) Macroconidia of F culmorum b) Orange sporodochia of F.
culmorum c) Chlamydospores form in the hypha of F. culmorum d) Macroconidia of F. avenaceum ¢) Macroconidia and
microconidia of F. sambucinum f) Microconidia of F. sambucinum on phialide g) Chlamydospores of F. sambucinum in

chain
Stevenson et al., 2001). Wound healing can minimize the
severity of dry rot by separating infected sites and
preventing widespread damage (Stevenson et al., 2001).
Tuber tissue infected with F. sambucinum has been shown
to accumulate many sesquiterpenes such as phytoalexin,
rishitin, fatimin, phytuberin and fituberol (Ray and
Hammerschmidt, 1998). Although no correlation has been
observed between the total concentration of sesquiterpene
or concentration of each sesquiterpene in tissue and
resistance to dry rot (Ray and Hammerschmidt, 1998), but
genetic research has shown a correlation between rishitin
tolerance, rishitin metabolism and virulence by F
sambucinum (Desjardins and Gardner, 1991; Desjardins ez
al., 1992). An increase in the content of lignin, polyphenol
oxygenase and peroxidase activities have also been
observed in tissues infected with tuberculosis. These

increases are more correlated with the amount of infected
tissue than with the resistance of the infected tissue (Ray
and Hammerschmidt, 1998). Lignin accumulation does
not prevent the progression of dry rot (Ray and
Hammerschmidt, 1998).

MANAGEMENT

Cultural practices and storage

Harvesting of tubers plays a very important role in
controlling the dry rot disease. A minimum injuries and
wounds on the harvested tubers prevent the entry of
Fusarium species. The contamination of the tubers during
storage is mainly due to the increase in dust from storage
facilities (Tivoli and Bedin, 1982). The good ventilation is
crucial for wound healing in tubers right after harvest
(Knowles and Plissey, 2008), which gives enough time for
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Fig. 5: Disease cycle of potato dry rot including field phase and storage phase

healing and reduce the infection (Knowles and Plissey,
2008). The tubers physiological age also plays a very
important role and confers resistance. Tivoli ef al. (1986b)
reported that young potato tubers showed greater
resistance to dry rot.

The tuber pulp temperature in a range between 10 to 18°C
is accurate for harvesting (Knowles and Plissey, 2008).1t is
also recommended that the tubers should be harvested
between 1 to 2 weeks after the killing of vine to allow the
skin to mature (Knowles and Plissey, 2008), although
Carnegie ef al. (2001) did not observe any positive effect
ofthe interval between the destruction of the leaves and the
harvest. However, they observed a decrease in the severity
of dry rot when the tubers were harvested earlier. After
harvest, the tubers should be exposed to conditions
conducive to wound healing. Suitable conditions for rapid
curing during storage are high humidity (95-99%), pulp
temperatures of 13-16°C, and good ventilation to avoid
condensation on tubers (Knowles and Plissey, 2008). After
a curing period (7-10 days), the temperature and relative
humidity should be reduced to 2-5°C (10°C for tubers) or
90-95% (Howard et al., 1994; Knowles & Pliss, 2008).

Before cutting the seed tubers with sharp objects, the
tubers should be heated to speed healing and minimize

injury.

Crop rotation is not a good alternative to resist the dry rot
disease (Fiers et al., 2012; Bojanowski et al., 2013). Carter
et al. (2003) observed that there was no significant
difference in the severity of dry rot when crop rotation of
potato by any of the crops likes Italian ryegrass, Red
clover, Barley or Italian red clover. Three-year crop
rotation with red clover, barley, and potatoes did not
significantly reduce the severity of dry rot (Peters et al.,
2004). Moreover, strains of Fusarium spp. from potatoes,
alfalfa, clover, and cereals have been shown to cause
potato tuberculosis, suggesting that crop rotation may
harbor pathogenic Fusarium strains that could cause
potato disease and vice versa (Peters et al., 2008b). Wale et
al. (2008) observed that application of lime in the field
reduced dry rot severity. Another interesting cultural
practice is soil solarization, whereby covering soil with
thin plastic, the temperature of moist soil is increased. In
Iran, Saremi et al. (2011) demonstrated that the solar
energy of the soil significantly reduced the population
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density of Fusarium spp. after 6 weeks of treatment.
However, strong solar irradiation and high temperatures
are needed to raise the soil temperature sufficient to
control it. Organic fertilizers could be an important tool to
control pathogens transferred by the soil (Fiers ez al., 2012,
Zaccardeli et al., 2013). It was found that white mustard
intercrop and manuring significantly improve the tuber
health and reduced dry rot disease (Glen-Karolczyk et al.,
2018). The CO, level should be in proper range for
controlling dry rot in cold storage (Pinhero et al., 2009).

Biological control

The use of antagonistic microorganisms to control plant
diseases is considered an attractive alternative to
fungicides (Wharton ef al., 2006). Bioagents such as
Pseudomonas Migula spp., Enterobacter Hormaeche &
Edwards spp. and Pantoea (Schisler and Slininger, 1994),
Burkholderia cepacia (Recep et al., 2009), Trichoderma
harzianum (El-Kot, 2008), Paecilomyces lilacinus, T.
polysorum (Kubar et al., 2019), P. fluorescens (Slininger et
al., 2004; Schisler et al. 2016; Vatankhah et al., 2019), P.
cepacia (Burkhead et al., 1994), Bacillus cereus (Sadfi et
al.,, 2002), Glomus irregular mycorhizza (Ismail et al.,
2011; Ismail and Hijri, 2012) and brown algae —
Sargassum vulgare (Nawaim et al., 2017) have been used
in controlling the dry rot. Al-Mughrabi (2010) also
observed that P. fluorescens Migula and E. cloacae were
effective under field conditions. Moreover, combinations
oftwo different bioagent strains were found more effective
than a single strain (Schisler et al., 1997). However, Al-
Mughrabi (2013) launched a bio-pesticide (Bio-save 10LP
& 11LP (P, syringae)) in USA for controlling the silver
scurfand dry rot.

Daami-Remadi et al. (2006b) and Wharton and Kirk
(2014) reported that B. subtilis was found highly effective
under the most favorable conditions. The isolates of T.
viride, T. asperellum, T. harzianum, T. virens, and T.
inhamatum controlled F. sambucinum in inoculated tubers
when stored at 24°C for 4-6 weeks (Aydyn, 2019).
Khedher ef al. (2020) investigated Bacillus subtilis V26
for biocontrol potential and growth-promoting effect
against Fusarium species. The preventive application of
V26 significantly decreased dry rot severity 21 days post-
inoculation. An endophytic B. subtilis with salicylic acid is
an eco-friendly approach to cope with storage rot during
(Lastochkina et al., 2020). Mohammadi et al. (2020) found
that volatile compound of Talaromyces flavus136
inhibited the growth of F. solaniunder in vitro conditions.

Chemical control

Management of Fusarium dry rot is achievable in two
phases (i) before planting and (ii) before storage. In the
1950s, the organic mercury compound (Semean Bel) was
effective against dry rot. Twenty years later, benzimida-
zole group of fungicide (thiabendazole) was introduced to
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control potato diseases (Leach and Nielsen, 1975).
Thiabendazole fungicide used in both pre- and post-
harvest management, was one of the most effective way to
manage the dry rot (Bojanowski ez al., 2013; Gachango et
al., 2012b). Extensive use of thiabendazole developed
resistance against F. sambucinum while rest of Fusarium
species namely F. culmorum, F. equiseti, F.
sporotrichioides, F. solani, F. acuminatum, F. oxysporum
and F. avenaceum were susceptible to thiabendazole
(Ocamb et al., 2007; Gachango et al., 2012b). After the
development of resistance, various synthetic fungicides
such as carbendazim, fenpiclonil, imazalil, nuarimol,
prochloraze and sisthane have been reported (Bojanowski
et al., 2013). Several workers have also been used
combination of fungicides as a post-harvest application
(Carnegie et al, 1990; Carnegie et al., 1998; Daami-
Remadi et al., 2006b,2010).Treatment of seed tuber is also
used to control potato dry rot (CRAAQ, 2009).
Fludioxonil was used as a seed treatment, and showed
potential reduction of pathogen infection from soil around
the tubers (Bains et al., 2001). Fludioxonil alone or in
combination with mancozeb as a seed treatment was found
effective (Wharton et al., 2007). In Canada, resistance to
fludioxonil has been reported in F. sambucinum and F.
coeruleum (Peters et al., 2008c), and F. oxysporum and F.
sambucinum in Michigan (Gachango et al., 2011a, b,
2012b). Metiram (Leach and Nielsen, 1975) and
mancozeb alone (Cwalina-Ambroziak and Czajka, 2006)
or in combination with thiophanate-methyl or flutolanil
(Wharton et al., 2007) were found effective as seed
treatment.

Systemic fungicides are absorbed by the roots when
applied through furrow irrigation, and move toward the
shoots, and protect plants against leaf diseases and
promotes healthy tuber development (Hamm ef al., 2008).
Some fungicides include mefenoxam (Ridomil Gold),
phosphorus acid (Phostrol™), azoxystrobin (Amistar™,
Quadris™) and mefenoxam + chlorothalonil (Ridomil™)
(Zitter, 2010) registered in the United States to control
potato dry rot. Gachango e? al. (2012b) concluded that 228
strains of Fusarium were sensitive to difenoconazole,
whereas insensitivity to fludioxonil was detected only for
strains of F. sambucinum and F. oxysporum. Kumar ef al.
(2016) reported that carbendazim and mefenoxam +
mancozeb were found most effective against potato dry rot
under both in vitro and in vivo conditions. However,
Sandipan et al. (2016) revealed that carbendazim and
benomyl were found effective in inhibiting the fungal
growth at concentration of 100pg/ml, whereas among
non-systemic fungicides Methoxyethyl mercury chloride
(MEMC) significantly inhibited the fungal growth at
concentration of 1000 pg/ml.

The several organic and inorganic salts are generally
recognized as safe (GRAS) alternative to synthetic
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fungicides (Mecteau et al., 2002). Under in vitro
condition, inhibition of mycelial growth and spore
germination of F. sambucinum and F. solani var.
coeruleum with application of salts were found be
effective (Mecteau et al., 2002, 2008; Kolaei et al.,2012).
Another GRAS compound, sodium silicate showed anti-
fungal activity of F. sulphureum in vitro and reduced dry
rot lesions under in vivo conditions (Li et al, 2009a).
Among these salts, sodium metabisulfite and potassium
metabisulfite showed 100% inhibition of Fusarium spp.
under in vitro conditions (Kolaei et al., 2012). Other salts
such as sodium carbonate, sodium bicarbonate,
ammonium sulfate, magnesium sulfate, potassium sulfate,
sodium sulfate, aluminum chloride and calcium and
potassium phosphorus have also been effective under in
vitro conditions (Lobato et al., 2008; Kolaei et al., 2013).
Among the GRAS compounds, vegetable essential oils
have been shown in vitro and in vivo against some
Fusarium species (Hay et al., 2019; Raigond et al., 2019).
Carvone vapors reduce dry rot incidence caused by F.
sulphureum but not by F. solani (Hartmans et al.,1995).
Cineol vapor and peppermint essential oil significantly
reduce root rot when injected with two strains of F.
sambucinum (Vaughn and Spencer, 1994). Other essential
oil of Oregano, thyme, Dictamnus and marjoram
completely inhibited the growth of F. coeruleum (Daferera
et al., 2003). Garlic oil as foliar spray was found effective
inreducing F. solani severity (Bang, 2007). The emulsifier
concentrates of fennel, peppermint and caraway essential
oil were highly toxic to F. oxysporum (Mahmoud et al.,
2008). Water cinnamon extract also inhibited the fungal
growth of F sambucinum and reduced dry rot severity
(Mvuembaet al., 2009).

Induction of natural resistance in plants using elicitors has
been more attentions over recent years. There are some
elicitors involved in induced resistance against
postharvest diseases (Krol ez al., 2015; Romanazzi et al.,
2016a, b), among them, B-amino butyric acid (BABA),
sodium silicate and chitosan have been classified as GRAS
by the FDA (Niu ef al., 2016; Romanazzi et al., 2017).
Hua-Li et al. (2017) reported that lesion diameter of F.
sulphureum was significantly reduced after BABA
treatment at 100mm for 3d and showed that expressions of
Tri gene and trichothecene production was reduced.
Chitosan is discovered as an antifungal agent (Feliziani et
al., 2013; Romanazzi ef al., 2002), and applied as powder
as well as in solution (Romanazzi et al., 2013). An
application of chitosan has been reported to reduce the size
of lesions in potatoes against F. sulphureum and F. solani
(Liet al., 2009a, b; Olivieri et al., 2009; Sun et al., 2008).
El Mohamedy ef al. (2017) showed that chitosan reduced
the mycelial growth of F. solani when added to PDA
medium at 1.0 g/L under in vivo conditions. A recent study
showed that chitosan @0.25% concentration completely
inhibits F. sambucinum growth and prevents the other
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physiological losses in tubers. Chitosan was effective in
managing dry rot in a dose-dependent manner in potato
cultivar Kufri Jyoti and Kufri Chipsona (Raigond et al.,
2019). Mejdoub Trabelsi et al. (2019) applied Chitosan at
4.0 g/L of acetic acid distilled water solution under in vitro
and in vivo conditions, and found to be very effective
against F oxysporum, F. sambucinum.

As a strong oxidant, ClO, is an A1 level broad-spectrum,
which is efficient and safe disinfectant of sterilization and
preservation that recommended worldwide by WHO and
FAO, and also be approved by FDA as the recognized food
preservative (Chen et al., 2016). Chlorine dioxide could be
rapidly adsorbed on the surface of dangerous organisms,
effectively restrain pathogens and reduce the rot of
vegetables and fruits. Thus, CIO, is internationally
recognized for the excellent performance and much better
effected food preservative (Gomez-lopez et al., 2007). In
addition, CIO, can effectively prevent methionine to
synthesize ethylene in fruits and vegetables, and destroy
the synthetic ethylene to delay fruit senescence and long-
term fresh fruits and vegetables. Li et al. (2017) reported
that C10, (0.75ug/mL)was found significantly effective in
inhibiting the growth of F. sulphureum, which is safe in
cold storage. Recently, cationic amylose-hexadecyl
ammonium chloride inclusion complex (Hex-Am) @400
pg/ml as an antimicrobial film at the wound site was found
to be an effective antifungal treatment for F. sambucinum
in vitro and in situ (Hey et al, 2019). Recently, the
superiority of IMZ (Isomelezitose) was demonstrated by
Slininger ef al. (2020) with respect to cell survival during
drying and storage, but also with respect to the ability of
cells to quickly return to active growth and to suppress
potato dry rot disease, when provided with favourable
conditions.

CONCLUSION

The Integrated disease management (IDM) program
provides appropriate harvesting conditions to prevent
tuber injury and appropriate storage conditions. Disease
free seed tuber and synthetic fungicides that are registered
and post-harvest treated are recommended for effective
dry rot control. Therefore, additional information on these
aspects is needed to develop an effective strategy to
combat potato dry rot in main production areas, especially
in breeding program for development of resistant or
tolerant varieties. Successful dry rot management will
inevitably depend on additional research and development
efforts between scientists and industry to implement an
integrated strategy towards effective and sustainable dry
rot management.
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