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Abstract Sudden vegetation dieback (SVD) is defined as
the loss and lack of recovery of smooth cordgrass (Spartina
alterniflora) in salt marshes. A new species of a moderately
pathogenic fungus called Fusarium palustre is consistently
found in SVD sites, but greenhouse tests revealed that it is
not capable of causing mortality of healthy plants.
Similarly, root-knot nematodes (Meloidogyne spartinae)
are also found in SVD sites, but their incidence in marshes
affected by SVD is not known. To understand more about
the ecology of F. palustre and M. spartinae, salt marshes
along Connecticut’s Long Island Sound and Massachusetts’
Cape Cod that exhibited SVD and those that did not, were
visited during the summers of 2007, 2008, and 2009.
Belowground and aboveground tissues of smooth cordgrass
plants from 18 marshes were removed, washed, and
assayed for Fusarium spp. to determine if patterns between
the incidence of the different species of Fusarium, their
virulence on S. alterniflora, root-knot nematodes (M.
spartinae), and the health of the marsh could be revealed.
There were significantly more colonies of Fusarium
growing from plants in SVD sites (6.1%) than in healthy
marshes where no SVD was present (<1.0%). The
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incidence of Fusarium spp. from plants at the perimeter
of the SVD site was not statistically different from
asymptomatic plants 10-20 m from the SVD edge. The
majority of isolates could be assigned to one of two species,
F palustre or another slightly pathogenic group called
Fusarium cf. incarnatum (88% in 2007, 62% in 2008, and
96% in 2009). The ratio of F. palustre to F. cf. incarnatum
was 6.7, 2.7, or 2.1 for 2007, 2008, or 2009, respectively.
Greenhouse tests on healthy S. alterniflora revealed that
isolates of F palustre were more virulent than F. cf.
incarnatum, regardless of whether they were recovered
from plants in healthy marshes or in SVD sites. Root-knot
nematodes were found sporadically and could not be
associated with SVD. Factorial greenhouse experiments
did not demonstrate any interaction between F. palustre and
M. spartinae providing no experimental evidence that
combining Fusarium and root-knot nematodes could cause
mortality. The presence of Fusarium on S. alterniflora in
healthy marshes also suggests an endophytic relationship
that may subsequently function in the breakdown of tissue
when plants are compromised.

Keywords Smooth cordgrass - Plant pathogens - Dieback -
Fungi - Nematodes

Introduction

In the late 1990s, large areas of salt marshes along tidal
creeks on the Atlantic and Gulf Coasts became barren,
leaving areas of remnant peat (Alber et al. 2008; McKee et
al. 2004; Smith 2009). In the absence of any known causes,
the condition was initially termed sudden wetland dieback,
then changed to sudden vegetation dieback (SVD), when it
was concluded that only vegetation, primarily Spartina
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alterniflora, was affected (Alber et al. 2008). Examination
of aerial photography suggested that many SVD sites in
New England may have experienced dieback years before
(Smith 2009). Many of the SVD sites in New England may
have been coincident with the massive dieback of salt
marshes along Louisiana’s coast in 2000, when over
150,000 ha suddenly died in less than 8 months (McKee
et al. 2004). This condition was referred to as brown marsh
to denote the rapid transition from living to dead tissue
(McKee et al. 2004). Sudden vegetation dieback is still
occurring in many sites along the Atlantic Coast and the
causes are not clear.

Initially, observers implicated several possible factors
causing SVD such as top down consumer control, drought,
soil chemistry changes, wrack smothering, and fungal
pathogens. A detailed examination of how these factors
relate to SVD has been addressed (Alber et al. 2008). In
southern marshes where SVD had occurred, heavy metal
toxicity (Al, Mn, Fe) associated with drought and grazing
by the periwinkle snail, Littoraria irrorata, was shown to
affect plant growth (Silliman and Newell 2003; Silliman et
al. 2005), but an extended drought has not been associated
with SVD sites in the mid to northern Atlantic marshes
(Alber et al. 2008) and the periwinkle snail, L. irrorata, is
not found in New England. There are also reports of bare
spots that are believed caused by the purple marsh crab,
Sesarma reticulatum (Chrichton 1960; Holdredge et al.
2009). A study on Cape Cod found that densities of the S.
reticulatum were strongly correlated with SVD sites
(Holdredge et al. 2009). In both of these situations,
herbivory has been shown to be ecologically important in
expanding SVD sites and in restricting recovery from SVD,
yet experimental evidence demonstrating causality is lacking
at present.

The hypothesis that SVD was caused by a plant
pathogen was first investigated in Louisiana, where
researchers isolated potential fungal pathogens and tested
them for pathogenicity on healthy S. alterniflora plants
(Useman and Schneider 2005). Fungi that belong to the
genus Fusarium were found to incite leaf spot and stem
rots; however, there was no evidence that the pathogen(s)
alone could cause plant mortality. A similar survey was
conducted in SVD sites along the Atlantic Coast (Elmer
and Marra 2011) where over 190 isolates of Fusarium were
collected from Connecticut, Delaware, Georgia, Maine,
Massachusetts, New York, and Virginia. Over 85% of the
isolates fell into two undescribed morphospecies that were
found in all sites. These morphospecies differed from the
ones found in Louisiana. Sequencing three genes from a
subset of isolates revealed that one of these morphospecies
was closely related and represented a new species that was
later named Fusarium palustre (from the Latin palus,
referring to the marsh habitat; Elmer and Marra 2011).
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The other morphospecies was more diverse and probably
contained many species within a complex of Fusarium
species known as the Fusarium incarnatum—Fusarium
equiseti species complex (O’Donnell et al. 2009). These
species were labeled as F. cf. incarnatum. Pathogenicity
tests in the greenhouse on wound-inoculated S. alterniflora
stems and seedling roots revealed that isolates of F. palustre
were more virulent than F. cf. incarnatum, but no Fusarium
isolate was able to cause mortality on healthy plants. F.
palustre may be an endophyte that increases in SVD sites
due to other stressors that may be present.

Endophytes like Fusarium are common in many terrestrial
monocots like asparagus (LaMondia and Elmer 1989), maize
(Schneider and Pendery 1983), and winter wheat (Sieber et al.
1988). Certain species function as opportunistic pathogens
that exploit their host tissue and increase in numbers once
defense mechanisms have been compromised by a stress,
such as drought, salinity, poor nutrition, or insects. It is still
unclear if a stress factor similar to that on terrestrial plants
may exist in S. alterniflora that could lead to SVD. In
addition, root-knot nematodes (Meloidogyne spartinae) are
pathogens that are specific to S. alterniflora (LaMondia and
Elmer 2009). They have been associated with SVD sites in
Connecticut and Massachusetts, and may impose an additional
plant stress (LaMondia and Elmer 2009).

If Fusarium spp. and root-knot nematodes increase in
density on S. alterniflora following a stress event, it would
be reasonable to expect a higher incidence of these
organisms on S. alterniflora in SVD sites as opposed to
marshes where SVD is absent. In addition, relatively
healthy appearing plants in an SVD site that are proximal
(10-20 m) to plants on an SVD perimeter may have similar
levels of Fusarium colonization as the declining plants
provided the entire marsh experienced the same stress
event. The objectives were to sample S. alterniflora plants
in healthy marshes and marshes where SVD has occurred in
Connecticut and Massachusetts for relative incidence of
Fusarium spp., to identify them, and to determine the
pathogenicity of a subset of isolates on S. alterniflora.
Roots were also examined for galls produced by the root-
knot nematodes, M. spartinae. Factorial greenhouse experi-
ments were conducted to investigate potential interactions
between F. palustre and M. spartinae on S. alterniflora.

Materials and Methods

Salt marshes in Connecticut and Massachusetts (both SVD
sites and healthy sites) were visited in 2007, 2008, and
2009 (Table 1). All of the SVD sites were located along
creek banks in low marsh areas that were dominated by S.
alterniflora. Three declining plants near the perimeter of
each SVD site (SVD edge) were sampled. These plants
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were often stunted and thin, but occasionally appeared
robust and healthy. Evidence of herbivory was rare, but
noted when it was observed. In six marshes, three
additional plants were removed from the same site, but
approximately 10-20 m away from barren peat (SVD area).
These plants were sampled to determine if Fusarium were
present on plants proximal to an SVD site, but not on its
perimeter. Three additional plants were removed from a
neighboring marsh that was within 50-300 yards from the
SVD site, but where no signs of SVD were present (healthy
area). Many times the healthy marsh was adjacent to the
SVD site, but demarcated by a forest or a road.

Plants and the associated peat were dug to a depth of
approximately 30 cm and transported to the greenhouse,
washed in tap water, and were examined for signs of leaf
spots and stem rots. Roots were examined for galls of the
root-knot nematode (M. spartinae). From each plant, 20
pieces (0.5x0.5 cm) of aboveground tissue (stems and leaf
pieces) and 20 pieces of belowground tissue (roots and
crowns) from each plant were washed again in tap water,
surface disinfested in 10% bleach (0.053% NaHCLO,),
rinsed in tap water, and placed on peptone PCNB agar that
is selective for species of Fusarium (Leslie and Summerell
2006). Plates were incubated at room temperature and, after
5-8 days, colonies were sub-cultured to carnation leaf agar
(CLA; Leslie and Summerell 2006). These plates were held
for 7-10 days at room temperature (20—25°C) under cool-
white and black-light fluorescent lights set for a 12 h
photoperiod. Cultures were examined under an Olympus
microscope (Olympus, Center Valley, PA) BX41 at x100

and x400 magnification. Colonies found to be Fusarium
spp. were again sub-cultured to new CLA plates by
transferring a single spore and incubating as described
before. Cultures were incubated under the same conditions
described above and then used for identification (Elmer and
Marra 2011; Leslie and Summerell 2006). All or a subset of
cultures of each species/site were stored on silica gel
(Windels et al. 1988). In 2009, more healthy marshes were
sampled. Isolates from previously sampled SVD sites were
not saved in 2009. The total number of Fusarium colonies/
total number of pieces plated from each plant was recorded
and expressed as the percent colonization of that plant. Data
from replicate plants were used in analysis of variance
(ANOVA) and means were separated using the Kruskal—-
Wallis test at P=0.05.

Pathogenicity tests were conducted with a subset of
Fusarium isolates. Each isolate was cultured on quarter-
strength potato dextrose agar (PDA; 9.75 g Difco PDA plus
15 g agar/L) for 5 days under the culture conditions
described above. Inoculations were done on 9-month-old
healthy S. alterniflora plants that were produced from seeds
removed from a healthy marsh in Madison, Connecticut,
with no known history of SVD. Freshly collected seeds
were disinfested in 0.053% Na hypochlorite (10% house-
hold bleach) for 1 min to eliminate any surface contami-
nation by Fusarium spp. Seeds were immediately rinsed in
tap water and germinated in wet sand. Seedlings were
fertilized with 20-10-20 soluble fertilizer approximately
once a month. Inoculations were done by making a small
puncture with a sterile needle in the two largest stems

Table 1 Location of healthy

marshes or marshes where Location SVD 2007 2008 2009 Coordinate N,W

sudden vegetation dieback

(SVD) was present that were Alewife Cove (New London, CT) No X 41.308, —72.102

sampled in 2007-2009 Banca Marsh (Branford, CT) Yes X X X 41.269, —72.755
Great Meadows Marsh (Stratford, CT) No X 41.150, =73.139
Hammonasset Beach State Park (Madison, CT) Yes X X 41.271, —72.564
Herring River (Harwich, MA) Yes X X 41.176, —70.739
Lieutenant Island (Wellfleet, MA) Yes X X 41.922, —70.066
Milford Point (Milford, CT) No X X 41.177, =73.101
Mill Creek (Chatham, MA) No X 41.675, =70.020
Neck River (Madison, CT) Yes X X X 41.278, —72.628
Patchogue River (Westbrook, CT) No X 41.274, =72.473
Pleasant Point Marsh (Branford, CT) Yes X X X 41.269, —72.761
Ryder’s Cove (Chatham Port, MA) No X 41.687, —69.511
Salt Pond Bay Marsh (Eastham, MA) No X 41.827, —69.969
Scorton Creek (West Barnstable, MA) No X 41.704, —70.359
Sesuit Neck (Dennis, MA) No X 41.745, —70.162
Sherwood Island (Greens Farms, CT) No X X 41.117, =73.324
Sippewisset Marsh (Falmouth, MA) Yes X 41.575, =70.632
West River (Guilford, CT) Yes X X 41.280, —72.690
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Fig. 1 The incidence of Fusarium colonies growing from Spartina
alterniflora sampled from salt marshes where sudden vegetation
dieback (SVD) had occurred or from healthy marshes where no SVD
was observed. In 2007 and 2008, samples removed from SVD sites
were taken along the perimeter of the dieback (SVD Edge) and from
plants in the vicinity of the dieback (SVD Area)

below the first node on each plant. Wounding was done to
place additional stress on the plant. Isolates were cultured
on quarter-strength PDA from which colonized agar plugs
(4 mm in diameter) were placed over the wound.
Inoculation sites were wrapped in Parafilm (American
National Co., Chicago, IL) to prevent dehydration. Stems
inoculated with sterile agar plugs served as controls.
After 1 month, the length of the lesion was measured to
the nearest millimeter and compared with controls that
were stab-inoculated with sterile PDA plugs. Two plants
were inoculated per isolate on different stems, and the
experiment was repeated the next year on a different set
of isolates. Isolates of Fusarium solani that were found in
previous studies (Elmer and Marra 2011) to be avirulent were
included in the first trial as nonpathogenic controls. Lesion
length from each species or morphospecies was analyzed by
the Kruskal-Wallis one-way ANOVA at P<0.05.

The potential interaction between M. spartinae and F.
palustre on the health of S. alterniflora was investigated in
factorial greenhouse experiments in 2008 and 2009. S.
alterniflora seedlings were placed into plastic cone-like
pots (3.5-cm-diameter) in 90 cm® of a 1:1 mix of
pasteurized field soil (72% sand, 23% silt, and 5% clay)
and Sunshine #3 potting mix (Sun Gro Horticulture,
Bellevue, WA). After 6 weeks of establishment in 2008 or
12 weeks in 2009, plants were inoculated with water alone
or a suspension of 3,000 eggs and juveniles of M. spartinae
in two 0.75-cm-diameter holes 2 cm deep per container.
Two weeks later (2008) or 1 day later (2009), plants were
drenched with water alone or a suspension of 8x10°
colony-forming units of F. palustre per container in
10 ml. Plants were maintained in the greenhouse for
8 weeks. Plants were watered as needed with tap water
and were watered once per week with 10,000 ppm NaCl
(5 ml per container). After 8 weeks, roots were removed
from the soil mix and roots, shoots, and stolons weighed.
Roots were rated for disease using a scale of 0 to 10 where
0=no disease, 1=10% of the surface with discolored tissue,
and 10=100% affected. In both years, plants were
evaluated in the second week of August. Two people made
independent ratings that were averaged. Data were analyzed
by ANOVA and rating data were transformed by the square
root of X+1 prior to analysis.

Results

In all 3 years of the study, there were significantly more
colonies of Fusarium growing from plants in SVD sites
than in healthy marshes where no SVD was present
(Fig. 1). The mean colonization of plant pieces sampled
from SVD sites was 6.6% in 2007, 5.4% in 2008, and 3.5%
in 2009. The relative incidences ranged from 0% to 30%.
Over 80% of the isolates in all areas was found colonizing
the aboveground tissue compared to roots (data not shown).

Table 2 Identification of

Fusarium isolates from Spartina Location Root-knot nematodes Total Species® Other®

alterniflora collected from

sudden vegetation dieback sites F palustre F. cf. incarnatum

in Connecticut and

Massachusetts in 2007 Hammonasset Beach Yes 48 31 10 7
Banca Marsh No 19 19 0 0
Pleasant Point Marsh Yes 10 10 0 0
West River No 15 14 0 0
Neck River No 10 6 2 3

*Morphospecies were based on Sippewisset Marsh No 9 5 2 0

morphological characteristics Licutenant Island Yes 8 8 0 0

described in the text Total 118 94 14 10

°Other species of Fusarium
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Table 3 Identification of

Fusarium isolates from Spartina Location Root-knot nematodes ~ Total ~ Species® Other®

alterniflora collected from

sudden vegetation dieback F palustre  F. cf. incarnatum

sites in Connecticut and

Massachusetts in 2008 Hammonasset Beach Yes 14 1 1 12
Banca Marsh No 2 1 0 1
Pleasant Point Marsh Yes 5 1 1 3
Sherwood Island State Park  No 0 0 0 0
West River No 35 27 7 1
Neck River No 6 2 4 0
Patchogue River Yes 11 10 1 0
Salt Pond Bay No 0 0
Ryder’s Cove No 0 0

*Species were based on Sippewisset Marsh No 17 - 2 15

morphological characteristics Lieutenant Island Yes 2 1 0 1

Sgst;:fzd 1n. the ;ext ) Herring River Yes 4 1 0 3

pecies of Fusarium Total 96 44 16 36

‘Isolates not identified

In 2007 and 2008, the incidence of Fusarium spp. from
plants at the perimeter of the SVD site was compared with
asymptomatic plants 10-20 m from the SVD edge. In an
SVD site, there were no differences in the incidence of
Fusarium colonization between symptomatic plants and the
adjacent asymptomatic plants in either year (Fig. 1).

In all 3 years, the majority of isolates could be assigned
to either F. palustre or F. cf. incarnatum (88% in 2007,
62% in 2008, and 96% in 2009; Tables 2, 3, and 4). A
greater number of F. palustre isolates were observed than F.
cf. incarnatum. The ratio of F. palustre to F. cf. incarnatum
was 6.7, 2.7, or 2.1 for 2007, 2008, or 2009, respectively.
This declining ratio probably reflects the increasing number
of non-SVD sites sampled in 2008 and 2009 where the
incidence of F. palustre was lower than on plants from SVD
sites. The cool wet summer of 2009 may have reduced

stress in the marsh and lowered the incidence of Fusarium
spp. Root galls, consistent with those caused by M.
spartinae, were occasionally noted in SVD sites and in
one site where no SVD was observed. When galls were
detected, they were usually associated with only one plant
and sometimes in very low densities, obscuring any pattern
from being detected.

A subset of different isolates from each Fusarium species
was tested for pathogenicity on healthy S. alterniflora by
wound-inoculating stems with agar plugs that were colonized
by the test isolate. Although there was considerable
variation in how each isolate behaved, in general, F.
palustre was significantly more virulent than the F. cf.
incarnatum group in both repetitions of the study (Table 5).
The amount of stem rot and discoloration within the stems
varied from 0.3 to 3.7 cm for F palustre. In the first set of

Table 4 Identification of

Fusarium isolates and root-knot Location Root-knot nematodes Total Species® Other®

nematode galls from Spartina

alterniflora collected from F palustre  F. cf. incarnatum

sudden vegetation dieback sites

in Connecticut and Banca Marsh No 3 2 1 0

Massachusetts in 2009 Alewife cove No 1 1 0 0
Pleasant Point Marsh No 0 0 0 0
Neck River No 8 3 5 0
Milford Point No 3 2 1 0
Sherwood Island No 4 4 0 0
Mill Creek No 1 0 0 1
Scorton Creek No 3 3 0 0
Sesuit Neck No 0 0 0 0

*Species were based on Great Meadow No 1 1 0 0

morphological characteristics Herring River No 2 1 1 0

described in the text Total 2% 17 3 |

Other species of Fusarium
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Table 5 Mean reaction,

standard error of the mean Stem inoculations Mean lesion length (cm) SEM n
(SEM), and number of isolates
(n) of F. palustre and F. cf. Experiment 1
incarnatum used in stem and Control 0.462 0.03 6
root inoculations of Spartina
alterniflora in 2007 and 2008 F. palustre 171 0.16 37
F. cf. incarnatum 0.73 0.12 18
F. solani (nonpathogen) 0.49 0.17 4
Kruskal-Wallis one-way analysis of variance P<0.001
Experiment 2
Control 0.25 0.12 2
"Mean values based on n ontro
isolates for that species; each F. palustre 2.15 0.08 22
isolate represents four F. cf. incarnatum 1.14 0.14 12
measurements (two plants, two Kruskal-Wallis one-way analysis of variance P=0.018

stems/plant)

tests, F. cf. incarnatum produced reactions not statistically
different from the known nonpathogenic species (F. solani)
or the control, but in the second set of tests, the isolates of
F. cf. incarnatum produced larger lesions and were
significantly more virulent than the control.

To determine whether or not the pathogenicity of an
isolate was associated with whether the site exhibited SVD,
a test between isolates of F. palustre and F. cf. incarnatum
was performed comparing the mean lesion length from S.
alterniflora collected from seven SVD sites to lesion length
from plants collected from six sites without SVD (Fig. 2).
Pathogenicity of either species was not associated with site,
suggesting that isolates of Fusarium from SVD sites were
probably similar to those from healthy marshes.

The interaction between M. spartinae and F. palustre on
the health of S. alterniflora was investigated in factorial
greenhouse experiments in 2008 and 2009. Plants inocu-

2.5

C— No SVD (healthy)
= SVD

by - g
[=3 (% [=)

Mean Lesion length (cm)

o
wn

0.0

F. palustre F. cfincarnatum

Fusarium species

Fig. 2 Comparison of isolates of Fusarium palustre and F. cf.
incarnatum from Spartina alterniflora in healthy salt marshes and
from the ones affected by sudden vegetation dieback (SVD). Error
bars represent the standard error of the mean
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lated with F. palustre exhibited reduced stolon weight and
increased root disease ratings in 2008 (Table 6). There were
no significant effects of M. spartinae infection, and there
was no interaction between the two pathogens. There were
significant effects of M. spartinae and F. palustre on the
health of S. alterniflora in the 2009 experiment (Table 7).
In both years, M. spartinae root galls were only found on
plants inoculated with the nematode.

Discussion

SVD is an Atlantic and Gulf Coast phenomenon that was
reported in 1999, but may have occurred before that. A key
signature of SVD is the death of rhizomes. We found that
Fusarium spp. were recovered in significantly higher
frequency in S. alterniflora in SVD sites than in plants
from marshes where SVD did not appear. Eighty percent of
the isolates (n=240) collected over the 3 years was placed
into one of two species (F. palustre, n=155, and F. cf.
incarnatum, n=38). Isolates of F. palustre were significant-
ly more virulent on stems than F. cf. incarnatum, which
confirmed earlier studies (Elmer and Marra 2011). We have
no reason to suspect Fusarium to be a causal factor in SVD.
However, the pattern of observing higher incidences of
Fusarium in SVD sites than in healthy marshes suggests
that Fusarium may function in the secondary destruction of
S. alterniflora. Since there were no differences in the
incidence of Fusarium colonization between symptomatic
plants and asymptomatic plants sampled from an SVD site,
it is unlikely that Fusarium infection is a primary factor in
causing SVD. Another reason to discount Fusarium as a
primary factor causing SVD is that the fungus was isolated
preferentially from the aboveground tissue and not from the
roots or rhizomes. For the pathogen to cause mortality, it
would need to infect and destroy the belowground organs,
and thus, would be recovered from these tissues in greater



Estuaries and Coasts

Table 6 The effects of Fusarium palustre and Meloidogyne spartinae infection on Spartina alterniflora shoot, root, and stolon weight and root

disease rating (2008)

Fusarium Meloidogyne Shoot wt (g) Root wt (g) Stolon wt (g) Disease”
None None 2.6 1.6 1.9 1.6
None Inoculated 2.4 1.8 2.0 1.8
Inoculated None 2.8 1.8 1.5 2.2
Inoculated Inoculated 2.8 1.8 1.5 2.2
ANOVA Factor P=

Fusarium 0.14 0.68 0.03 0.002

Meloidogyne 0.77 0.56 0.90 0.37

Interaction 0.65 0.73 0.92 0.63

*Disease ratings of 0—10 where 0=no disease and 10=100% root disease. Rating data were transformed by the square root of X+1 prior to

analysis to stabilize variance

numbers than the aboveground tissue. We found that the
root-knot nematode, M. spartinae, was found sporadically
on roots in SVD sites and in some sites where there was no
SVD. Given that M. spartinae is an obligate parasite, its
parasitic relationship with S. alferniflora may be more
complex than that with Fusarium. Therefore, single plant
samplings probably provided an incomplete picture. F.
palustre reduced stolon growth and increased root
disease ratings in one of two greenhouse experiments.
These effects were seen in 2008 when the plants
inoculated were younger (and smaller) than in 2009.
Nematode infection reduced root and stolon weights in
2009, but results were not significant. We did not
observe any interactions between M. spartinae and F
palustre in either year, regardless of whether plants were
inoculated with both pathogens simultaneously or whether
nematodes were inoculated 2 weeks prior to the Fusarium.
This differs from results on terrestrial plants. Wilt on
tobacco, caused by Fusarium oxysporum, was increased by
co-infection with Meloidogyne, but wilt development was
greater when nematodes were inoculated weeks prior to

inoculation with Fusarium compared to simultaneous
infection (Porter and Powell 1967).

Disease was suspected to be the cause of dieback of
Spartina townsendii Agg. in the UK in the 1950s, where
over 200 ha was completely denuded (Goodman 1959;
Goodman et al. 1959; Goodman and Williams 1961).
Although more than 20 fungal species were isolated from
dead plants onto nonselective media, Fusarium was not
reported. Attempts to transmit the dieback from unhealthy
plants to healthy plants also failed. They concluded that a
parasite was not involved (Goodman et al. 1959). Our
current understanding of endophytic Fusarium spp. would
suggest that if Fusarium was present, Goodman and
colleagues probably failed to recover the fungus since dead
plants were examined instead of declining plants. Furthermore,
more aggressive saprophytic organisms may have colonized
the dead tissue making it very difficult to observe
Fusarium. In contrast, Useman and Schneider (2005) reported
that declining S. alterniflora plants on the perimeter of SVD
sites in Louisiana had symptoms of black leaf spots and
internal stem rots that were incited by Fusarium proliferatum,

Table 7 The effects of Fusarium palustre and Meloidogyne spartinae infection on Spartina alterniflora shoot, root, and stolon weight and root

disease rating (2009)

Fusarium Meloidogyne Shoot wt (g) Root wt (g) Stolon wt (g) Disease®
None None 11.5 3.1 3.5 32
None Inoculated 11.1 2.6 32 3.6
Inoculated None 12.1 32 4.1 33
Inoculated Inoculated 11.1 2.7 32 33
ANOVA Factor

Fusarium 0.73 0.79 0.41 0.88

Meloidogyne 0.40 0.08 0.06 0.60

Interaction 0.69 0.94 0.29 0.60

*Disease ratings of 0—10 where 0=no disease and 10=100% root disease. Rating data were transformed by the square root of X+1 prior to

analysis to stabilize variance
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Fusarium fujikuroi, and an undescribed species of Fusarium,
all belonging to the Gibberella fujikuroi species complex
(Elmer, unpublished; O’Donnell et al. 2000). Our survey in
Connecticut and Massachusetts found different species of
Fusarium than those found in Louisiana. It is not uncommon
for the Fusarium species structure on a host to change with
climate and geography (Burgess et al. 1981; Elmer et al. 1997,
Francis and Burgess 1975; Kommedahl and Windels 1981).

Numerous terrestrial plants are asymptomatically colonized
by Fusarium endophytes (LaMondia and Elmer 1989;
Schneider and Pendery 1983; Sieber et al. 1988), so it is not
surprising to add S. alterniflora to the list. Endophytic
colonization allows fungi the first opportunity to exploit
the tissue upon senescence and increases the competitive
saprophytic ability once the tissue dies. The dominant
species in this study, F. palustre, appeared to be more
prevalent than F. cf. incarnatum. A previous survey from
SVD sites along the Atlantic Coast found surprisingly
close genetic relatedness among isolates of F. palustre in
every marsh (Elmer and Marra 2011). Certain endophytic
species may function as opportunistic pathogens that
exploit their host tissue once defense mechanisms have
been compromised by a stress such a drought, salinity,
poor nutrition, or insects. At the present, the stressors that
lead to SVD are not clear. The underlying factors
associated with SVD may differ by region. In the Gulf
region, heavy metal toxicity associated with drought was
demonstrated to selectively kill S. alterniflora and was
implicated as a primary factor that was causal to SVD
(Brown Marsh; McKee et al. 2004). Silliman and Newell
(2003) found a close association between grazing from L.
irrorata and plants in southern US marshes where SVD
was observed. Conversely, in the north Atlantic, drought
was not believed to be associated with SVD sites (Alber et al.
2008). Similarly, herbivory by marsh crabs (S. reticulatum)
has been associated with SVD sites in New England marshes
(Holdredge et al. 2009; Smith 2009), but experimental data
demonstrating causality have not been demonstrated.

While the difficulties of experimentally manipulating
biotic and/or abiotic agents in salt marshes hinder attempts to
resolve the etiologies of SVD, it is imperative that a successful
completion of Koch’s Postulates between an agent(s) and
SVD be demonstrated in order to advance any management or
restoration attempts. In the current study, pathogenicity tests
demonstrated pathogenicity, but symptoms of SVD, mainly
death of the rhizomes, was not observed.
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