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Abstract
Dark Septate Endophytes (DSE) are a type mycorrizal fungi that has mixed ecological rolls in the host plant. The cucurbit, Cucur-

bita maxima is an incredibly diverse species, and suggested to have more cultivated forms than any other crop species. C. maxima

has many medicinal uses, including anti-diabetic, anti-oxidant, anticancer, and anti-inflammatory properties, and is also a major food
source due to its fiber content, carbohydrates, β-carotene, vitamins, alkaloids, minerals, fatty acids, flavonoid, and diverse polysaccharide content. Currently, the scientific literature is missing definitive documentation of DSE associated with Cucurbita maxima in

the United States of America. This study utilizes light microscopy as supportive evidence to show dark septate endophyte relationship with different varieties of Cucurbita maxima.
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Introduction
The genus Cucurbita includes 13 species, with Cucurbita maxima

producing the most morphologically distinct fruit of any species in
this economically important clad [1]. The Latin binomial name sug-

gests vigorous growth of fruit, which is the most massive fruit on
Earth. C. maxima is an incredibly diverse species, and it is suggested

by Ferriol and colleagues to have more cultivated forms than any
other crop species [2]. The polymorphic nature of C. maxima can

result in a misidentification of the species, and lead to confusion
when using this cucurbit for botanical research. C. maxima originated in South America and are thought to have been domesticated

4,000 years ago [2]. Various forms of C. maxima were disseminated
to Europe in the 16th century, and subsequently were taken by Eu-

ropean explorers to the Indian sub-content, and Southeast-Asia [2].
Cucurbita maxima has many medicinal uses, including anti-di-

abetic, anti-oxidant, anticancer, and anti-inflammatory properties
[3]. It is also a major food source for a wide variety of world cul-

tures, due to its fiber content, carbohydrates, -carotene, vitamins,

alkaloids, minerals, fatty acids, flavonoid, and polysaccharide con-

tent [3]. Studies have shown bioactivity of certain polysaccharides
extracted from C. maxima and much of this activity is derived from

the molecular structure of these compounds, which directly affects
the hypoglycemic and anti-oxidant properties of the fruit [3].

Dark Septate Endophytes (DSE) is a group of common endo-

phytic fungi that inhabit the root systems of many plant species

(Muthukumar and Tamilselvi 2010). Jumpponen and Trappe

originally suggested that DSE are Deuteromycotina, or in common
terms, ‘Fungi inperfecti’, which are conidial ascomycetous fungi
with no known sexual stage [4]. Jumpponen and Trappe reviewed

literature and the major plant host families, as well as species level

recognition of angiosperm and gymnosperm hosts [4]. Jumpponen
and Trappe also provide a consortium of DSE species known in the

literature, and they provided the GeneBank accession numbers

for the corresponding fungi [4]. These fungi are characterized by
highly melanized hyphae, and they produce microsclerotia, which

are thought to serve as overwintering structures (Muthukumar

and Tamilselvi 2010). DSE have been shown to provide protection
to the host plant, although the extant of this protection is unknown
(Muthukumar and Tamilselvi 2010). Like many other types fungi,

DSE’s relations with its host can span from beneficial to pathogenic

in a spectrum, depending on biological and environmental factors.
Menkis and colleagues have shown DSE associations with angio-

sperms and gymnosperms in Lithuania and Sweden [5]. Mandyam

suggests that DSE function in the same ecological niche as other
mycorrhizaes, and they are multifunctional in the fact that they

acquire nutrients for the host, and they have been shown to protect the host from environmental stresses [6]. Jumpponen suggests

that the niche of DSE allows this group of fungi to colonize a variety
of hosts, which normally would not form ectomycorrhizal, or ectendomycorrhizal associations [7]. This intracellular and intercel-

lular colonization suggests that DSE are ectendomycorrhizal, and
thus should be considered mycorrhizal as an ecological role [7].

Detection of dark septate endophytic (DSE) fungi in C. maxima

has not been documented well in the scientific literature. Images

of DSE in C. maxima from the United States of America is missing

from the literature and is a crucial step in verifying the presence or
absence of a fungal endosymbiosis in North America.

The purpose of this study is to provide a detailed first report of

a DSE association with C. maxima in the United States of America.
Understanding root colonization DSE in different varieties of C.

maxima will allow researchers to make recommendations to ag-

riculturalists that are interested in organic and sustainable production of gourds. Varieties that have more colonization by DSE

could potentially have less disease prevalence and might be more
adapted to specific geographical areas.
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Methods

during three evenly spaced times during the growing season. The

Preliminary Sampling
The first phase was a survey of Cucurbita maxima roots collect-

ed from farms in the eastern United States, and the use of tradition-

al light microscopy techniques to discern the presence or absence
of DSE in the host. Various microscopic techniques are commonly
utilized to image these fungi.

Root samples were collected from 3 farms in southeastern Ohio,

sampling took place on July 2nd, August 2nd, and September 2nd -

3rd, 2015. Roots were stored in plastic bags at 4OC until processing

within 48 hours’ post-harvest. Only one, 1cm segment was used
from each root, and the rest of the sample was frozen at -80OC for
future analysis.

Light Microscopy
Root segments were examined for distinct morphological fea-

1 farm in West Virginia, and 2 locations in Maryland. Farms were

tures using bright field light microscopy and imaged with an Olym-

conventional treatment. Root samples were collected randomly

phae structures that were found in the host tissues.

selected based upon their different agricultural practices, ranging

from certified USDA Organic, uncertified organic, unsprayed, and
from multiple plants of each cultivar, and then roots were chosen at

random for microscopic analysis. The cultivars included Blue Hubbard, Burgess Buttercup, Dills Atlantic Giant, Rouge Vif d'Etampes,
Red Kuri, Sweet Meat, and Turk’s Turban.

Experimental Design

Seedlings were planted on June 2 , 2015 at Miami University’s
nd

Ecology Research Center. Roots from C. maxima were sampled
monthly, on July 2 , August 2 , September 2 and 3 . During each
nd

nd

nd

rd

sampling event, 10 plants of each variety were randomly destructively-sampled, and five roots from each plant were sub-sampled

from the total roots collected. The individual roots were randomly
cut into 1 cm segments and were selected for analysis.

pus AX-70 light microscope. Identification of DSE fungi was made
by the presence or absence of microsclerotia and melanized hy-

Results

Phase I: Preliminary Sampling Results
Preliminary Phase I sampling during the fall of 2014 of C. max-

ima roots show a diversity of fungi that included ‘Dark Septate

Endophytes’ (Figure 1 A-H) including Tetraploa sp. (Figure 2A).
Micrographs of these groups of organisms provide evidence of a
relationship with C. maxima and will help fill in the gaps that might

be missing in the literature. Images of these organisms will serve
as justification to further study the rolls of these organisms in and
around C. maxima.

Seed Germination

Seeds of C. maxima cv. Burgess Buttercup, Rouge Vif d'Etampes,

Mariana de Chioggia, and Golden Hubbard were purchased from

Seed Savers Exchange. Ten seeds of each cultivar were placed in

filter paper lined Petri-plates, moistened with de-ionized water.

This was replicated 10 times, for a total of 100 seeds of each cultivar. Seeds were incubated at 22OC under 24 hours of florescent

lights. Seedlings were transferred from filer paper to 3” peat pots,
filled with moistened Farfard 3B potting soil. Plants were grown
on light carts or in light boxes under fluorescent lights at 22OC with

a regime of 18 hours of light, and 6 hours of dark.

Field Cultivation

Research was conducted at Miami University’s Ecology Re-

search Center (ERC) on Somerville Road, north of Oxford, Butler

County, Ohio. The field is approximately 1/2 hectare in size and is
adjacent to the ERC access road. The field was disked twice and

tilled before planting. No chemical treatments were applied to the
field pre- or post-planting.

Four-week-old seedlings of C. maxima cv. Burgess Buttercup,

Rouge Vif d'Etampes, Mariana de Chioggia, and Golden Hubbard
were transplanted in a non-randomized pattern that contained

rows of 26 individuals, with 2.4m spacing between the plants, and

Figure 1: ‘Dark Septate Endophyte’ found in Phase I and

days post-planting.

melanized hyphae are shown with arrows in C. maxima cv.

between the rows. Two rows of the same cultivar were planted adjacent to each other. Plants were irrigated by hand for the first 10
Root Sampling

During each sampling event, 10 plants of each cultivar were ran-

domly destructively sampled, and five roots from each plant were
sub-sampled from the total roots collected. Sampling took place

II. A. Melanized microsclerotia are shown with arrows in
C. maxima cv. Kabocha. B. Melanized microsclerotia and

Mariana di Chioggia. C - D. Resting Spores in C. maxima cv.
Mariana di Chioggia E-H. Melanized hyphe and microscle-

rotia shown with arrows in C. maxima cv. Mariana di Chioggia. Mag. bar 50 μm.
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This study provides a first report of a relationship between

Dark Septate Endophytes in Cucurbita maxima in the United States.
The images provided in this manuscript are the first photographic

documentation of these organisms in Cucurbita maxima. Further
research into how these organisms are affecting the hosts adaptability to its environment is needed. Future research should attempt to molecularly characterize the species of fungi living in the

host tissues. This first report provides evidence of a relationship
between Dark Septate Endophytes in Cucurbita maxima in the

United States and will lead to more research on this new relationFigure 2: Tetraploa sp., a member of the Ascomycota found in

Phase I. A. Tetraploa sp. observed in C. maxima cv. Blue Hubbard, collected from Five Oaks farm, shown with an arrow,
having melanized cell wall material and attenuated cells.

Members of the Dark Septate Endophyte group were observed

during Phase I and Phase II sampling. Highly melanized hyphae,

microsclerotia, and spores were imaged with bright field light microscopy, and indicated with arrows (Figure 1 A - H). A. Highly melonized hyphae and microsclerotia were observed in C. maxima cv.

Kabocha and imaged with bright field light microscopy. B-H Highly
melanized hyphae and microsclerotia were observed in C. maxima
cv. Mariana di Chioggia.

Tetraploa sp., an asexual member of the Ascomycota, was ob-

served in C. maxima cv. Blue Hubbard, collected from Five Oaks
farm during phase I sampling and in C. maxima cv. Mariana di Chi-

oggia, collected during phase II sampling from Miami Universty’s
ERC (Micrograph not provided due to low resolution of the digital
image).

Discussion
Cucurbits are cultivated worldwide for nutrition, medical, and

cultural uses, and the species Cucurbita maxima was used as a

model organism for this research project due to a void in informa-

ship.

Acknowledgments
I want to thank Kristi Hutchinson at Five Oaks Organic Farm,

John Krowka at Kensho Farms, Scott Downing at Downing Fruit
Farm, Leroy Tracey at Mountain Valley Orchard, and Mike and Mark

Orr Farm for allowing samples to be collected and processed for
imaging. Many thanks to Miami University for providing internal

support for the Center for Advanced Microscopy and Imaging and
the Willard Sherman Turrell Herbarium during my time at Miami

University. I want to send many thanks to Jeremy Fruth for field

assistance at the Ecology Research Center during the 2015 field
season. I want to thank Jack Keegan for his horticultural expertise.

Bibliography
1.
2.

3.

tion about microbial communities in the scientific literature. Cu-

4.

either be beneficial to the host plant or can harbor parasites and

5.

curbita maxima is an economically important crop and its microbi-

al communities should be studied in more detail because they can
pathogens that may potentially kill or weaken the host organism
and reduce agricultural yields.

Distribution of DSE fungi was observed over two seasons, and

DSE was observed in almost every location and in every variety of
C. maxima sampled, although images were only provided from se-

lect varieties due to the quality of the image. This study provides
a first report of a relationship between Dark Septate Endophytes
in Cucurbita maxima in the United States. The images provided in

this manuscript are the first photographic documentation of these
organisms in Cucurbita maxima. Presence or absence of this my-

6.
7.
8.

corrhizal relationship could have potential to allow the host to be
more adapted to environmental stresses and could aid in the up-

take of nutrients that would be unavailable to the host. Molecular

identification of these DSE fungi should be carried out in the future

to determine the correct genus and species of endophytes living in
the host [8-20].

9.

Lee YK., et al. “Efficient plant regeneration via organogenesis
in winter squash (Cucurbita maxima Duch.)”. Plant science
164.3 (2003): 413-418.

Ferriol M., et al. “Morphological and molecular diversity of
a collection of Cucurbita maxima landraces”. Journal of the
American Society for Horticultural Science 129.1 (2004): 6069.
Zhou CL., et al. “Isolation, characterisation and sulphation
of soluble polysaccharides isolated from Cucurbita maxima”.
International Journal of Food Science and Technology 49.2
(2014): 508-514.

Jumpponen ARI and Trappe JM “Dark septate endophytes: a
review of facultative biotrophic root‐colonizing fungi”. New
Phytologist 140.2 (1998): 295-310.

Menkis A., et al. “Ecology and molecular characterization of
dark septate fungi from roots, living stems, coarse and fine
woody debris”. Mycological Research 108.08 (2004): 965-973.
Mandyam K and Jumpponen A. “Seeking the elusive function
of the root-colonizing dark septate endophytic fungi”. Studies
in Mycology 53 (2005): 173-189.
Jumpponen A. “Dark septate endophytes–are they mycorrhizal?” Mycorrhiza 11.4 (2001): 207-211.

Choi H., et al. “A water-soluble extract from Cucurbita moschata shows anti-obesity effects by controlling lipid metabolism
in a high fat diet-induced obesity mouse model”. Biochemical
and biophysical research communications 359.3 (2007): 419425.

Guo S., et al. “The draft genome of watermelon (Citrullus lanatus) and resequencing of 20 diverse accessions”. Nature Genetics, 45.1 (2013): 51-58.

Citation: Jonathan D Hulse. “First Report of Dark Septate Endophytes imaged in Cucurbita maxima grown in the Eastern United States". Acta Scientific
Agriculture 2.6 (2018): 61-64.

First Report of Dark Septate Endophytes imaged in Cucurbita maxima grown in the Eastern United States

10. Huang Y., et al. “Improving cucumber photosynthetic capacity
under NaCl stress by grafting onto two salt-tolerant pumpkin
rootstocks”. Biologia Plantarum 55.2 (2011): 285-290.

11. Jamiołkowska A., et al. “Fungi colonizing roots of zucchini (Cucurbita pepo L. var. giromontina) plants and pathogenicity of
Fusarium spp. to zucchini seedlings”. Acta Agrobotanica 64.1
(2011): 73-78.

12. Kim KM., et al. “In vitro regeneration from cotyledon explants
in figleaf gourd (Cucurbita ficifolia Bouché), a rootstock for Cucurbitaceae”. Plant Biotechnology Reports 4.2 (2010): 101-107.
13. Lin X., et al. “Frequent loss of lineages and deficient duplications accounted for low copy number of disease resistance
genes in Cucurbitaceae”. BMC Genomics 14.1 (2013): 335.

14. Newsham KK. “A meta‐analysis of plant responses to dark septate root endophytes”. New Phytologist 190.3 (2011): 783-793.
15. Pozo MJ and Azcón-Aguilar C. “Unraveling mycorrhiza-induced
resistance”. Current opinion in plant biology 10.4 (2007): 393398.
16. Pozo MJ., et al. “Localized versus systemic effect of arbuscular
mycorrhizal fungi on defence responses to Phytophthora infection in tomato plants”. Journal of Experimental Botany 53.368
(2002): 525-534.

17. Pozo MJ., et al. “Priming plant defence against pathogens by
arbuscular mycorrhizal fungi”. In Mycorrhizas-Functional Processes and Ecological Impact (2009): 123-135.
18. Saha P., et al. “Anticancer activity of methanol extract of Cucurbita maxima against Ehrlich as-cites carcinoma”. International
Journal of Research in Pharmaceutical Sciences 2.1 (2011): 5259.

19. Sanjur OI., et al. “Phylogenetic relationships among domesticated and wild species of Cucurbita (Cucurbitaceae) inferred
from a mitochondrial gene: Implications for crop plant evolution and areas of origin”. Proceedings of the National Academy
of Sciences 99.1 (2002): 535-540.
20. Zhang LB., et al. “Phylogeny of the Cucurbitales based on DNA
sequences of nine loci from three genomes: implications for
morphological and sexual system evolution”. Molecular Phylogenetics and evolution 39.2 (2006): 305-322.

Volume 2 Issue 6 June 2018
© All rights are reserved by Jonathan D Hulse.

Citation: Jonathan D Hulse. “First Report of Dark Septate Endophytes imaged in Cucurbita maxima grown in the Eastern United States". Acta Scientific
Agriculture 2.6 (2018): 61-64.

64

