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breoiligulata (Poaceae) on the mid-Atlantic coastal dunes of the United States. Journal of Coastal
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Ammophila breoiligulata, American beachgrass, is the major stabilizing plant of the north and midAtlantic coastal dunes of the United States. During the past 15 years, A. breoiligulata has experienced
a dieout along the Atlantic seaboard with the coast of the state of Delaware being particularly devastated.
Several abiotic and biotic factors have been contributed as possible causes of this dieout but nonehave
proven conclusive. This study focused on the presence of plant parasitic nematodes and their relationship
with A. breoiligulata and other plant species that inhabit the dunes. Seven genera of plant parasitic
nematodes were identified from two locations in Delaware. Two new undescribed species of Trilineellus
and Meloidogyne were isolated from soil around A. breuiligulata. Other genera include Xiphinema sp.,
Longidorus sp., Pratylenchus penetrans, Hoplolaimus sp., Helicotylenchus digonicus and Helicotylenchus multicinus. Most of these species have been shown to cause suppressed growth and root damage on
corn and related grasses and were found in large enough numbers around beachgrass to account for
symptoms associated with the dieout of this species.
ADDITIONAL INDEX WORDS: American beachgrass, pathogen, Trilineellus, Meloidogyne, Xiphinerna, Longidorus, Pratylenchus, Hoplolaimus, Helicotylenchus.

INTRODUCTION

Coastal sand dunes provide a natural defense
against the sea, protecting either the natural habitat or the developed areas behind them from wave
erosion. Essential to this defense is the dune vegetation which, firstly, by decreasing wind velocity
brings about sand deposition around the shoots
thus initiating dune formation and, secondly, with
its extensive root and rhizome system, acts to stabilize the sand and protect it from wind and wave
erosion. Any threat to the health of the vegetation
increases the vulnerability of the coast to erosion.
The dominant pioneer and the major stabilizing
plant of the north and mid-Atlantic coastal dunes
of the United States is Ammophila breviligulata
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Fern., American beachgrass. During the past 15
years, this grass has been dying in sizeable patches
between Massachusetts and Virginia, the most
severely affected area being the coast of the state
of Delaware. As the dieout spreads, stabilized
dunes are becoming unstable and erosion is increasing.
The role of abiotic factors as possible causes of
the dieout has been studied. Acid rain was shown
in a greenhouse study not to be the direct cause
of the dieout, although it in combination with
another stress may be detrimental to the plants
(SELISKAR, 1992). Another characteristic of the
dieout area is low soil pH, but this phenomenon
is probably a result of the dieout rather than its
cause (SELISKAR, 1992). A problem with decreased
vigor has previously been described for A. breviligulata of the U.S. and for Ammophila arenaria
which grows on the European coasts. MARSHALL
(1965) and HOPE-SIMPSON and JEFFERIES (1966)
concluded that a decrease in vigor was related to
a decrease in sand accretion found in the more
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stable dune areas. Other studies have resulted in
similar findings (WILLIS, 1965; LAING, 1967; WALLEN, 1980; MOORE, 1982; ELDRED and MAUN, 1982;
DISRAELI, 1984; MAUN, 1990).
Biotic factors have included studies on the effect of nitrogen-fixing bacteria, Azotobacter, which
are associated with the roots of A. breuiligulata
(RALPH, 1978). In stable areas, young roots are
scarce, which may limit the growth of Azotobacter, which utilizes carbohydrates exuded from
young roots. This in turn limits nitrogen fixation
and therefore indirectly the growth of Ammophila (WAHAB and WAREING, 1980).
Other biotic factors resulting in loss of A. breviligulata have also been reported. Three insectrelated diseases have been described and can cause
severe damage in stands of A. breviligulata. These
include the scale insect, Eriococcus carolinae
(CAMPBELL and Fuzv, 1972), the gall midge, Mayetiola ammophilae (GAGNE, 1975), and the gall
midge, Rhopalomyia sp. (GLOVER, 1974). In Delaware, tests specific for insects were conducted
with negative results of their occurrence (BELCHER, U.S. Department of Agriculture, Soil Conservation Service, personal communication).
A disease of A. breviligulata, caused by the fungus Marasmiellus mesosporus has also been described (LUCAS et al., 1971; WARREN, 1972;
HALISKY and GLOVER, 1976), causing a characteristic circular death pattern in the field. Neither
the pattern of spread nor the moisture conditions
which promote spread of this fungus is consistent
with the dieout pattern observed in the present
study. Tests specific for this organism were conducted in Delaware and were negative (MULROONEY, University of Delaware Cooperative Extension Service, personal communication).
'I'he dieout of A. breviligulata observed along
the Delaware coast does not follow the pattern of
a gradual decline as that found in the studies cited
above. It occurs much more rapidly with whole
areas, up to tens of meters in length, dying in a
single season. Up to 65% of the ocean front dunes
of the Delaware coast have been affected by the
dieout at one time or another (PRATT, Delaware
Department of Natural Resources and Environmental Control, personal communication). During bad years, 25 to 30% of the vegetation on the
Delaware foredunes may be dead at any particular
time and remain that way for four to five years,
leaving that part of the coast vulnerable to erosion
(BELCHER, USDA Soil Conservation Service, personal communication). Replanting an affected

area is often not successful for several years following a dieout.
Although previous investigations of the dieout
in Delaware were unsuccessful in identifying its
cause, the rapid and devastating dieout pattern
suggests a disease-related phenomenon. The objective of the present study was to determine if
pathogenic nematode are present and associated
with A. breviligulata, and if so, whether they are
in sufficiently high numbers to be the probable
causal agents of the dieout along the mid-Atlantic
coast.
MATERIALS AND METHODS

In July 1989, initial soil samples were collected
from around Ammophila breviligulata at two sites
along the Delaware coast. Nematodes were isolated from the soil samples via the Baermann funnel technique (ALTMAN, 1965; AYOUB, 1980). Subsequent samples were collected in June and July
1990 from dunes in Cape Henlopen State Park
located at the mouth of the Delaware Bay and
from dunes just south of the Indian River Inlet
(Figure 1). Soil samples from around Panicum
amarulum Hitchc. Chase, Hudsonia tomentosa
Nuttall, and Myrica pensylvanica Loisel., as well
as A. breviligulata were collected. About five samples, 20 em deep, were taken from around each
sampled plant and in some cases the whole plant
removed from the sand. Several plants were sampled and collected per site. Nematodes were separated from sand by sugar centrifugation-flotation (JENKINS, 1964). Nematodes were identified
using a stereomicroscope and species verified by
Dr. A.M. Golden (USDA Nematology Laboratory,
Beltsville, Maryland). Nematodes were removed
from roots by gently rinsing in water and collected
in rinse over a 500-mesh screen (Newark Wire
Cloth Company, Newark, New Jersey). Nematodes were counted as described above.
RESULTS

The genera present in soil collected from four
dune plant species at the Cape Henlopen State
Park site and in the soil around Ammophila breviligulata from two locations at the Indian River
site are listed in Table 1. Seven genera of plant
parasitic nematodes were associated with these
plants. Two of these nematode species, Trilineellus sp. and Meloidogyne sp., are new and are
presently being described by Huettel.
All nematodes recovered in 1989 were still present in 1990. Only those collected during the June
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Figure 1. Nematode sampling locations on the coast of Delaware, U.S.A.

1990 sampling are listed (Table 1). Two nematodes, Meloidogyne, the root-knot nematode, and
Xiphinema, an ectoparasitic nematode, were
found at the Indian River site but not at the Cape
Henlopen site.

The relative population densities of the July
1990 samples are shown in Table 2. No major
differences were observed in the numbers of nematodes recovered in the June (data not shown)
and July 1990 samples, except that the numbers
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Table 1. June 1990 survey for nematodes associated with dune
plants in Delaware.

Table 2. Density of plant parasitic nematodes in a July
1990 sampling of soil associated with the roots of Ammophila
breviligulata in Delaware.

Associated
Nematode Species

Plant Species

Site

Genus

Cape Henlopen

Hoplolaimus
Longidorus
Trilineellus (new sp.)
Helicotylenchus

Cape Henlopen

Ammophila breoiligulata

Hudsonia tomentosa
Panicum amarulum
Myrica pensyluanica

Hoplolaimus sp.
Pratylenchus penetrans
Helicotylenchus sp.
Helicotylenchus digonicus
Helicotylenchus sp.
Hoplolaimus sp.
Pratylenchus penetrans
Helicotylenchus digonicus
Helicotylenchus sp.
Hoplolaimus sp,

I

Indian River

Ammophila breuiligulata
Site I
Ammophila breuiligulata
Site II

Indian River

Hoplolaimus sp.
Longidorus breuiannulatus
Trilineellus (new sp.)
H oplolaimus sp.
Longidorus breviannulatus
Trilineellus (new sp.)
Helicotylenchus multicinus
Meloidogyne (new sp.)
Xiphinema sp.

were slightly higher in the July collection. Except
for Hoplolaimus and Helicotylenchus, both ectoparasitic nematodes, the relative densities are
much greater at the Indian River site than at the
Cape Henlopen site, as is the species diversity
indicating that some species may have been introduced from elsewhere. The numbers of each
species of nematodes recovered were high, and
therefore potentially very damaging, particularly
the count of 95 Longidorus, another ectoparasite,
in 500 cc of soil. Again, not all species were found
on A. breviligulata at both sites; Meloidogyne
and Xiphinema were absent from the Cape Henlopen site. In addition to those mentioned above,
the only other nematode found was Pratylenchus
penetrans, a migratory endoparasite, which was
associated with both A. breviligulata and Panicum amarulum at the Cape Henlopen site (Table 1).
DISCUSSION

Typical healthy and dieout areas are pictured
in Figure 2. As seen in these comparison photographs, vegetation is often completely devastated

Hoplolaimus
Xiphinema
Longidorus
Meloidogyne (new sp.)
Trilineellus (new sp.)

Number of
Nematodes I
32

4
18
231
35
11

95
88
42

Per 500 cc soil, extracted from sand, five cores per sample.

in an area affected by the dieout. The dieout
spreads along a front, usually appearing to start
at the backside base of the foredune and spreading from here upward to the foredune crest and
back into the secondary dunes. Ammophila breviligulata is the first species to die, appearing weakened one year, i.e. exhibiting low vigor and a reduction in growth and vegetative spreading, and
completely dying the next. Other species, such as
Panicum amarulum, Solidago sempervirens L.,
and Hudsonia tomentosa are affected in subsequent years.
Because of the pattern of dieout and the fact
that the most serious spread of the disease occurs
during the hottest, driest months of the summer,
and is most severe in dry summers, and the fact
that a dieout site cannot be successfully replanted
for several years, nematodes were suspected as a
possible cause of the dieout (SELISKAR, 1990; SELISKAR and HUETTEL, 1991). Two nematode species have been previously reported on A. breviligulata. An undescribed species of Meloidogyne
was found in North Carolina (YOUNG and LUCAS,
1977). This species is a sedentary endoparasitic
nematode, which lives entirely within the root and
causes gall formation around its feeding area
(DROPKIN, 1989). The root-knot species found in
this study may be the same undescribed species
found in North Carolina. Subanguina radicicola
has been described from Rhode Island and New
Jersey (STESSEL and GOLDEN, 1961; HALISKY et
al., 1977). In Europe, recent studies completed on
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Figure 2. A comparison of healthy and dieout sites of Ammophila breviligulata. Only plant stubble remains in a severely affected
area. These photographs were taken five miles south of the mouth of the Delaware Bay, near Rehoboth Beach, Delaware, U.S.A.
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Ammophila arenaria suggest that its decline there
may be initiated by harmful soil organisms, particularly nematodes (VAN DER PU'ITEN et al., 1990;
VAN DER PUTTEN and TROELSTRA, 1990).
Another nematode species identified in this
study, Longidorus breviannulatus has been described from many locations in the United States
and is often associated with crop loss of corn (Zea
mays L.) (NORTON and HOFFMAN, 1975). Specimens of this species have been described from
Delaware and have been associated with corn yield
loss in that state (M. Golden, U.S. Department
of Agriculture, personal communication). Some
Hoplolaimus sp. (see HANDOO and GOLDEN (1992)
for taxonomic revision of this genus) and Trilineellus sp. (J~EWIS and GOLDEN, 1981), which were
identified in this study, have been associated with
loss of yield in corn and other grasses in sandy
soils. Longidorus, Hoplolaimus, Trilineellus and
Xiphinema are ectoparasitic nematodes which
feed on root surface or subsurface tissues (DROPKIN, 1989).
Some species of Xiphinema are known to transmit several kinds of viruses and have a wide host
range; but are generally associated with woody
plants (WOJTOWICZ et al., 1982). Since this nematode was found in one site and not the other, it
could have been introduced from nursery stock
into dune replant areas or from soil commonly
brought in to build dune crosswalks. The dunes
along the Delaware shore are intensively managed
by the state's Department of Natural Resources
and Environmental Control. This includes sand
stabilization by means of snow fence and extensive beachgrass planting projects.
Although other abiotic and biotic factors may
be contributors to the devastation of A. breviligulata, nematodes appear to be involved and likely play a major role in the loss of this plant in
Delaware. The numbers of many plant parasitic
nematode species recovered in the sites most severely affected by dieout are enough to cause substantial crop loss alone if compared to other nematode population densities recorded in the
literature on crop loss by these species. Further
studies are being conducted on the range of the
nematodes described above and their association
with A. breoiligulata along the Atlantic Ocean
from New Jersey to Virginia. Other studies on
pathogenicity and host range of these nematodes
will be considered to fully determine their role in
the beachgrass dieout.
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