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Abstract

The compound 1,4-dimethylnaphthalene, originally isolated from dormant potatoes, is currently in use
as a commercial sprout inhibitor. Growers and processors report a reduction in fungal infections in potatoes
treated with DMN resulting in increased yields. To assess the effects of DMN on fungal growth a culture of
Fusarium oxysporum was isolated from potato tubers and identified via DNA fingerprinting using the 18ITS
ribosomal region. Growth of F. oxysporum was inhibited by 31% after four days of exposure to DMN but overall
rate of spore germination was not affected by DMN treatment. The growth of additional fungi, including
Alternaria alternata, Aspergillus niger, Epicoccum nigrum, Gnomoniopsis smithogilvyi, Phoma medicaginis, and
Pythium ultimum was inhibited by DMN as was suppression of sporulation in A. niger. These results suggest

that DMN is fungistatic at the application levels examined.
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Introduction

Harvested potatoes are often treated with
sprout regulators to prolong storage. The synthetic
compound isopropyl-(N-3-chloro-phenyl)-carbamate
(Chlorpropham) is widely used to prevent sprouting on
stored potatoes. However, the inability to use
Chlorpropham on potato tubers used as seed, and
concerns about residue levels on tubers used for food,
has created an interest in finding alternative
compounds[11]. The naturally occurring volatile carbon
compound, 1,4 dimethyl naphthalene (DMN), is an
effective sprout control agent when applied to harvested
potato tubers [1,7,16]. Growers who utilize DMN
demonstrate reduction of potato sprout growth,
prolonged storage, and often see a reduction in product
loss due to decrease in fungal pathogens. It is unclear if
the reduction of disease in storage is a function of DMN
directly on pathogens or if DMN induces a response in
tubers that increases pathogen resistance. Gene
expression analysis on potato tubers treated with DMN
did reveal an increase in genes associated with
pathogen response [3] but the interaction of DMN
directly with fungal pathogens has been poorly
assessed.

Essential oils derived from plant material, in
many instances containing a complex mixture of
hydrophobic molecules, have been shown to have
antimicrobial and antifungal activity [2,5,12,18]. DMN is
a polycyclic aromatic hydrocarbon (PAH) and
hydrophobic molecule that is found in some essential oil
extracts. Given that growers see a reduction in loss due
to disease following treatment with DMN, and that
essential oils have been shown to have antimicrobial
activity, we undertook an evaluation of fungal growth in
response to DMN exposure.

Materials and Methods
Plant Material and Isolation of Fusarium Cultures

Potato tubers (Solanum tuberosum cv. La
Chipper) were harvested in the fall of 2016 in Erie
County, Pennsylvania. Tubers were allowed to undergo
skin for set for 14 days at room temperature and then
stored at 8 °C for five months. Skin scrapings were
placed onto Nash/Synder agar plates for selection of
Fusarium species[10]. Following two days of growth at
22 OC putative Fusarium isolates were plated onto
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potato dextrose agar (PDA). Isolated cultures were
grown at 22 °C and total DNA was isolated using a
PowerSoil DNA Isolation Kit (www.Miobio.com). DNA
was quantified using as spectrophotometer and the D1/
D2 region of the 26S rRNA gene was amplified using
the primers NL1 (GCATATCAATAAGCGGAGGA) and NL4
(GGTCCGTGTTTCAAGACGG [8]. An additional genomic
region encoding for the 18 ITS was amplified using the
primers ITS1 (CTTGGTCATTTAGAGGAAGTAA) and ITS2
(GCGTTCTTCATCGATGC). PCR products were purified
and then sent to Retrogen (http://www.retrogen.com)
for Sanger sequencing using the same primers used for
PCR amplification. DNA sequences were then analyzed
using BLASTn against the NCBI database using high
similarity and a search restricted to fungi.

Additional Fungal Strains

The fungal strains Aspergillus niger (ATCC:
16888) and Pythium ultimum (ATCC: 58811) were
purchased from American Type Culture Collection
(www.atcc.org) and maintained on potato dextrose agar
(PDA). Alternaria alternata was isolated from leaves of
hardy kiwi (Actinidia arguta) grown at the Lake Erie
Regional Grape Research and Extension Center
(LERGREC) located in North East, PA. Hardy kiwi leaves
were harvested and placed in closed petri dishes until
fungal hyphae were visible. Hyphae were then scraped
on to PDA and single isolates were selected and
maintained on PDA. Epicoccum nigrum, Gnomoniopsis
smithogilvyi, and Phoma medicaginis were isolated from
phloem tissue obtained from American Chestnut trees
located at (LERGREC) that exhibited cankers. Cultures
were maintained on PDA and isolates were identified
using DNA barcodes based on the 18ITS ribosomal
region. Single culture isolates were grown on PDA, and
DNA was isolated using a PowerSoil DNA Isolation Kit.
DNA was quantified using as spectrophotometer and
PCR was accomplished using 18 ITS primers described
above. Sanger sequencing was conducted on the
purified PCR products and results were evaluated using
BLASTn against the NBCI database narrowed to fungal
accessions.

Treatment of Fungal Strains with DMN

Fungal cultures were plated onto PDA plates and
placed in 9.5 Liter BBL GasPak chamber
(http://www.bd.com/ds/productCenter/ES-Gaspak.asp)
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containing filter paper strips that had 22.5 ul of
1,4-dimethylnaphthalene spotted on to it. Control
chambers contained 22.5 ul of water in place of DMN.
The chambers were placed at 22 °C and incubated for
two days. The rate of application of DMN was selected
based on previous experiments with potatoes that have
shown that this application rate results in a DMN residue
level on potatoes similar to that found in commercial
storage units[3].

Fungal spores from Fusarium oxysporum and
Aspergillus niger were isolated using a modification of
the procedure of Espinel-Ingroff and
Kerkering [4]. A sporulating culture was washed with 1
ml of sterile water. The water was transferred to a
microfuge tube, centrifuged at 9400 g for 1 min and the
supernatant was transferred to a sterile microfuge tube.
A 500 ul sample was placed into a sterile
spectrophotometry cuvette and percent transmittance at
530 nm was determined and then adjusted to 75 + 1%.
The solution was then diluted 1:100 with sterile water
and 10 ul was plated on PDA agar and the cultures were
incubated at 25 °C for 24 hrs with and without DMN.
Germination was determined by the presence of mycelia
and amount of growth was determined by measuring
size of the mycelial spread for each germination.

Cultures of A. alternata, A. niger, E. nigrum, G.
smithogilvyi, P. medicaginis, and P. ultimum were
washed with 1 to 3 ml of sterile water and liquid was
placed in a sterile tube and diluted 1:100 with water.
Following dilution, 100 ul sample was spread on to PDA
and then treated in a GasPak chamber as described for
Fusarium oxysporum. Cultures were photographed after
two days of exposure to DMN or the water control.

Cultures of Alternaria alternata were allowed to
grow across the surface of a plate containing PDA. Using
a sterile scalpel mycelial mats of about 0.5 cm were
placed on to fresh PDA plates. One set of plates was
transferred to a to GasPak chamber for DMN for 24 hrs
and another segment of the same culture was placed in
a GasPak chamber and exposed to water. Sporulation
was assessed after 24 hrs.

Results and Discussion

Isolation of Fusarium Species from Potato and Growth in
Response to DMN
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Species identification of the isolated strain of
Fusarium was based on DNA sequence of the ITS and
NL amplified regions. The ITS region revealed similarity
to Fusarium oxysporum while the NL regions
demonstrated sequence similarity to F. oxysporum sp.
lycopersici (Table 1).

The Fusarium oxysporum isolate, when grown in the
presence of DMN for four days, exhibited a decrease in
growth (Figure 1). The average size for Fusarium
mycelia in the controls was 9.8 + 0.7 cm while exposure
to DMN resulted in an average growth size to 3.0 £ 0.5
cm. The difference was statistically significant based on
T-test analysis. However, the difference in the number
of spores that germinated in the presence of DMN,
compared to the controls, was not statistically
significant. Suggesting that, at the concentration used
here, DMN is not fungicidal but fungistatic. DMN did not
kill the Fusarium cultures but inhibited mycelial growth
rates. The ability of DMN to suppress Fusarium growth is
significant because Fusarium spp. are the causative
agents of rots and wilts in potato[15]. While no PAH has
been shown to specifically inhibit the growth of
Fusarium, mixtures of hydrophobic oils from clove and
lemon grass have been shown to decrease the growth of
F. oxysporum sp. Lycopersici [17].

DMN Effects of Multiple Fungal Species

Treatment of Alternaria alternata, Aspergillus
niger, E. nigrum, G. smithogilvyi, P. medicaginis, and P.
ultimum with DMN resulted in suppression of mycelial
growth (Figure 2). The morphology of the mycelium
prevents quantitative assessment of the growth rates.
The mycelial growth after DMN exposure was less than 5
mm for A. alternata, E. nigrum, and P. medicaginis. The
diversity of the species examined ranged from the
Ascomycota (A. alternaria, A. niger, E. nigrum, G.
smithogilvyi, and P. medicaginis) to the oomycota
(P. ultimum) suggesting that DMN suppression of fungal
growth appears to be a broad-spectrum response and
does not involve inhibition of species-specific pathways.
Similar fungistatic activity was found with mixtures of
essential [6,9,13,14] Complex mixtures of essential oils
may contain polycyclic hydrocarbons (PAHs) with
structure similarity to DMN but there is limited literature
surrounding substituted naphthalene and mycelial
inhibition. Investigations have been conducted using a
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Table 1. Blast N results for PCR products generated from DNA isolated from fungal cultures. Descriptions are from
the NCBI database accession associated with specific E values.

Species

Primer Type

NBCI

E value

IAccession

\Alternaria
alternata

18 ITS Forward

Alternaria alternata isolate UFSMLBO09 internal transcribed
spacer 1, partial sequence; 5.8S ribosomal RNA gene and
internal transcribed spacer 2, complete sequence; and
large subunit ribosomal RNA gene, partial sequence

5.00E-107

MH819177.1

18 ITS Reverse

Alternaria alternata isolate ALT2 small subunit ribosomal
RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer
2, complete sequence; and large subunit ribosomal RNA
gene, partial sequence

4.00E-113

MH578598.1

Epicoccum
nigrum

18 ITS Forward

Epicoccum nigrum strain CCTU118 internal transcribed
spacer 1, partial sequence; 5.8S ribosomal RNA gene,
complete sequence; and internal transcribed spacer 2, par-
tial sequence

3.00E-97

MH_758719.1

18 ITS Reverse

Epicoccum nigrum isolate Au-V-1.1 small subunit ribosomal
RNA gene, partial sequence; internal transcribed spacer 1
and 5.8S ribosomal RNA gene, complete sequence; and
internal transcribed spacer 2, partial sequence

1.00E-96

MF_475942.1

Fusarium
oxysporum

ITFS Forward

Fusarium oxysporum small subunit ribosomal RNA gene,
partial sequence; internal transcribed spacer 1 and 5.8S
ribosomal RNA gene, complete sequence; and internal
transcribed spacer 2, partial sequence

2.00E-101

MG252282.1

ITFS Reverse

Fusarium oxysporum isolate DSM 106834 small subunit
ribosomal RNA gene, partial sequence; internal transcribed
spacer 1, 5.8S ribosomal RNA gene, and internal transcribed
spacer 2, complete sequence; and large subunit ribosomal
RNA gene, partial sequence

2.00E-106

MH575293.1

NL1

Fusarium oxysporum f. sp. lycopersici strain CBS 758.68 large
subunit ribosomal RNA gene, partial sequence

0.00E+00

MH878407.1

NL2

Fusarium oxysporum f. sp. lycopersici strain CBS 130307 large
subunit ribosomal RNA gene, partial sequence

0.00E+00

MH877312.1

www.openaccesspub.org | JAR CC-license DOI:10.14302/issn.2639-3166.jar-18-2502 Vol-1 Issue 3 Pg. no. 30



http://www.openaccesspub.org/
http://openaccesspub.org/
https://openaccesspub.org/journal/jar
https://openaccesspub.org/journal/jar/copyright-license
https://doi.org/10.14302/issn.2639-3166.jar-18-2502

OPEN (

Freely vailable Online

ACCESS

<D
(jpenaccess

Gnomoniop-
SIS
smithogilvyi

Gnomoniopsis smithogilvyi isolate THDAS 2016_1120A
18S ribosomal RNA gene, partial sequence; internal

18 ITS Forward ftranscribed spacer 1, 5.8S ribosomal RNA gene, and internal [9.00E-119
transcribed spacer 2, complete sequence; and 28S ribosomal
RNA gene, partial sequence

KY_695232.1

Gnomoniopsis smithogilvyi culture-collection ICMP:14040
18S ribosomal RNA gene, partial sequence; internal

18 ITS Reverse transcribed spacer 1, 5.8S ribosomal RNA gene, and internal |1.00E-126
transcribed spacer 2, complete sequence; and 28S ribosomal
RNA gene, partial sequence

KC_145868.1

Phoma
medicaginis

Phoma medicaginis strain 7_ITS1F_E06_17Q 18S ribosomal
RNA gene, partial sequence; internal transcribed spacer 1,
18 ITS Forward [5.8S ribosomal RNA gene, and internal transcribed spacer 2, [5.00E-100
complete sequence; and 28S ribosomal RNA gene, partial
sequence

KF_293990.1

Phoma medicaginis strain 7_ITS4_E05_17Q 18S ribosomal
RNA gene, partial sequence; internal transcribed spacer 1
and 5.8S ribosomal RNA gene, complete sequence; and
internal transcribed spacer 2, partial sequence

18 ITS Reverse 2.00E-103

KF_293988.1

Control

Figure 1. Fusarium oxysporum isolated from potato tubers grown the presence of
DMN for two days.
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Figure 2. Fungal cultures grown in the presence of DMN for two days: a. Alternaria alternata, b. Aspergillus
niger (ATCC: 16888), c. Epicoccum nigrum, d. Gnomoniopsis smithogilvyi, e. Phoma medicaginis, f. Pythium
ultimum (ATCC: 58811)
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suppression of sporulation.

Figure 3. Mature of cultures of Aspergillus niger (ATCC: 16888) grown in the presence of DMN showing

number of fungal species to mitigate PAH soil
contaminants via metabolism but the effect of PAH on
rate of growth of fungi was not evaluated.

DMN and Sporulation

Treatment of A. Alternaria with DMN resulted in
a decrease in sporulation compared to controls
(Figure 3). The suppression of sporulation may be a
function of reduced growth rate by DMN and not a result
in the alteration of the sporulation developmental
pathway directly.

Conclusion

DMN, a compound that is utilized as a sprout
regulator in the potato industry, has fungistatic activity
against species in the Ascomycota and Oomycota. At the
dosage utilized in the potato industry to prevent
sprouting, DMN does not inhibit germination of fungal
spores nor kill fungal cultures. However, DMN inhibited
mycelial growth of all fungal species tested and
decreased the rate of sporulation in A. alternaria. Thus,
anecdotal evidence where growers and processors find a
reduction in fungal disease in potato sheds is supported
by the fungistatic effects of DMN.
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