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INTRODUCTION

Eurasian watermilfoil (Myriophyllum  spicatum L.}
was frst obscerved in Florida in the mid 1960°s (6). Since
then it has hecome a severe problem in several areas of
Florida including the Crystal River, Deer Point Lake,
and Lake Seminole. Other arcas of the United States such
as Currituck Sound in North Carolina (9) and the Ten-
nessee Valley? have similar problems with TFurasian water-
milfoil.

In recent years, biocontrol agents have becn given
increasing consideration as a means of controlling this
weed. Phytophagous insects have heen reported on
Kurasian watermilfoil (1, 14) but none are currently
being used as biocontrols. Other phytophagous animals
such as fish, manatees, and snails have also been investi-
gated (%) but their value as biocontrols of Eurasian water-
milfoil remains to be determined. Unfortunately, rela-
tively little attentjon has been given to pathogens of this
plant despite the obvious potentials of viruses, fungi, bac-
teria, and nematodes as biocontrols (20, 21). Although the
nematode Ditylenchus dipsachi tobuensis was collected
from Myviophyllum verticillatum L., its potential as a bio-
control of Eurasian watermilfoil has not been considered
(11).

A virus was incriminated as being responsible for the
Northeast disease which decimaied the FEurasian water-
milfoil populations in the Chesapeake Bay [rom 1965 to
1969 buc this hypothesis was never proved, and attempts
to infect plants with tobacco ringspot, alfalfa mosaic,
potato X, potato Y, and tobacco mosaic viruses were not
successful (3). In 1968 Lammers (13) ohtained 15 bacterial
isolates (b’a(illu.s Sp- Erwinia sp., Xanthomonas sp., Aero-
bacter sp., and several Corynebacteriaceae') from plants
infected with the Northeast discase. He reported that
several induced symptoms in inoculated plants of Lurasian
watermilfoil, but whether these bacteria are responsible
for the Northeast disease remains to be determined. An-
other abnormal condition of Eurasian watermilfoil was
noted in the Chesapeake Bay during the 1960s and was
referred to as the Lake Venice disease (8). Little was done
to determine its causc, however. As the decline of the
Eurasian watermilfoil population continned in the Chesa-
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peake Bay, most plants developed symptoms of both the
Lake Venice and Northeast diseases (3). These symptoms
have not been scen elsewhere on Furasian watermilfoil
and attempts to establish the Northeast disease in Florida’s
Crystal River were apparently unsuccessful.

A program to locate organisms deleterious to Eurasian
watcrmilfoil was recently initiated ac the Institute for
Plant Protection in Belgrade, Yugoslavia. Plant pathalo-
gists there isolated many fungal species, some of which
induced symptoms on Eurasian watermilfoil plants. These
fungi were: Sclevotivm hydrophyllum, Dactylella micro-
aquatica, Flagellospora sivicta, Fusartum roseum, Fusarium
solani, Fusarium oxysporium, and Fuserium moniliforme
(14).

A search for phytopathogens as biocontrols of water-
weeds, including Eurasian watermilfoil, was initiated at
the University of Florida in 1970. Although several dis-
cases of aquatic plants have been reported by workers on
this project (7, 10, 16, 17, 18), none have been reported
on Furasian watermilfoil. This paper reports the pro-
gress of this program with respect to Eurasian watermil-
fo1l.

METHODS AND MATERIALS

In October 1971, we obtained the bacteria isolated by
Lammers (13) {rom plants with symptoms of the North-
east disease. The following procedure was established for
treating the cultures: (1) Bacterial cells of each isolate
were streaked onto nutrient agar to ascertain viability
and purity. (2) The tobacco hypersensitivity test as de-
scribed by Klement et al. (12), was conducted. This test
indicates pathogenicity of certain types of bacteria to
plants. Bacterial cclls were transferred to nutrient broth
tubes and shaken for 24 hr., If, at the end of 24 hr the
broth was not turbid, the culture remained on the shaker
for an additional 24 hr. The suspension was centrifuged
at about 1000 g for 10 minutes and the pellet resuspended
in buffered saline. The inoculum was standardized spec-
trophotometrically to 10% bacterial cells/ml. Leaves of
tobacco plants were watersoaked by subcuticular injec-
tions of bacterial suspensions with a 26-gauge hypodermic
syringe. Leaves were injected with saline as controls.
Treated plants were examined for necrotic lesions indica-
tive of pathogenicity. (5) Each isolate was tested for its
ability to produce soft rot symptoms in potatoes (15).
Thin-skinned potatoes were washed with a solution of
commercial sodium hypochlorite and peeled with a knife
flamed in alcohol. Slices of potato were placed in petri
plates that contained filter paper dampened with water.
Bacterial cells were streaked on the middle of each potato



slice with a wansfer “L” stylet. Noninoculated slices served
as controls. Plates were incubated at 28 ¢ and observed
daily for 3 days, (4) Each isolate was tested for patho-
genicity on LEurastan watermilfoil. Bacterial suspensions
were standardized to concentrations of 10% or 107 cells/ml.
Sprigs of Eurasian watcrmilfoil were placed in  these
suspensions in 100 ml test tubes capped with aluminum
foil. The tubes were kept at 22-25 C under banks of
fluorescent lights on a 12-hr cycle. Noninoculated plants
served as controls. Sprigs were observed daily for symp-
toms which could be attributed to the bacteria.

Fungi from Florida were obtained from the Florida
Type Culture Collection of the Division of Plant Inclus-
try, Florida Department of Agriculture and Consumer
Services, Gainesville. These were: Fusarium voseunr, Fu-
saviim solani, Fusarivm oxysporium, and Eusavium mon-
tiforme originally from Ficus elastica, Platanus occiden-
talls, Lycopersicon esculentum, and Dracaena miarginala,
respectively. These fungi were tested as pathogens ol
Eurasian watermilfoil and parrotfeather (Myriophyllum
brasilinese Camb.). Parrotfeather, a species with cmergent
foliage, was used to evaluate effects of these fungal isolates
on plant tissue formed above the water.

Single sprigs of Lurasian watermilfoil, approximatcly
12 cm long and containing a growing point, were taken
from rooted stock and placed in 100 ml test tubes that
contained aged tap water. Plugs approximately | om
squarc were cut from plates containing potato-dextrose
agar (PDA) on which the fungus had been growing for
4 days. One plug was placed on the petiole of a leaf
about 6 cm from the top of the sprig.

LEurasian watermilfoil was also grown in 1 gallon jars
that contained fine grade quartz sand and water from
nearby Big Hatchet Creek. After the plants rooted, the
water was removed and the plants rellised on 2.5 cm mesh
poulwry wire. These plants were placed in a mist chamber
and agar plugs containing inoculum placed in the leaf
axils,

Apical sprigs were taken f{rom stock plantings of par-
rotleather. These were placed into plastic lined clay pots
that contained potting soil and 25 cm of water. These
plants were grown in a greenhousc for 4 days prior to
inoculation to allow roots to form. As described above,
agar plugs were placed in the leaf axils. Treated plants
were covered with plastic bags. Sterile agar plugs were
placed on plants as controls.

Fungi reported to be pathogens on other plant species
were testedd on Eurasian watermilfoil  (14). Species of
Phycomycetes were tested for pathogenicity to watermilfoil
because many produce zoospores which are motile in
water. The following species were tested: Pythium aphan-
idevmatiom, P carolinianum, P. helicoides, P. jrregulare,
Poopolytylum, P. wltimum, P. vexans, P. scleroleichum, P.
splendens, P. debaryanum, P. oligandriom, Phylophthora
cinmanmomi, P. citvicola, P. drechslevi, P. erylhroseplica,
P hibernalis, P. palmivora, and P. parasitica. 'These fungi
were grown on Jima bean agar for 5 days. The growth
plates were fAooded with distilled water and examined
for zoospores after 24 hr. The agar and water solution
that contained each fungus was then comminuted with
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a Waring blender. This zoospore and mycclial suspension
was used as inoculum and was added to tubes that con-
tained distilled water and Eurasian watermilfoil sprigs.

Ridings and Zettler (16) reported a lethal fungal
pathogen of Echinodovus brevipedicellatus (O, Kuntee)
Buchenau, a submergent aquatic ornamental. 'This fungus,
identified as an isolate ol Aphanomyces culeiches, was
tested as a pathogen of Eurasian watermilfoil in this study.
Growing, rooted plants as well as unrooted sprigs of
Eurasian watermilfoil planted adjacent to rooted plants
of E. brevipedicellatus contained in 1 gal jars were wreated
with zoospore and mycelial suspensions of the tungus.

A fungus was reported by Freeman and Zettler (10) as
pathogenic on waterhvacinth Eichhornia evassippes (Mart.)
Solms. This organisin, Rhizoctonia solani, was originally
found on anchoring watcrhvacinth, Eichhornia azuvea
(Schwartz) Kunth., in Panama and induces a blight on
waterhyacinth. Tests were undertaken to determine its
eltects on Eurasian watermilfoil and parvotfeather. Using
the agar-plug technique, watermilfoil and parrotfeather
plants were treated with this fungus. In addition, parrot-
tecather was also treated by planting sprigs in pots that
contained soil in which fungal mycelium and sclerotia
had been incorporated. These plants were grown in a
grechouse and observed daily for foliar symptoms. Plants
were uprooted at 1, 2, and 5 wecks for observation ol
roots. These were compared with noninoculated plants,
Waterhyacinth plants were treated as controls to verily
the pathogenicity of the isolate used.

RESULTS

All bacterial 1solates from planc tissuc chat displayed
symptoms of Northeast disease grew when streaked onto
nutrient agar and appeared not to be contaminated. No
lesions were observed on any of the tobacco [caves injected
with the bacterial suspensions or with the saline solution.
Similarly, no isolate consistently caused rotting on the
tested potato slices, and after three weeks, no differences
were noted between inoculated and control plants of
Eurasian watermilloil.

No evidence of infection was observed on any of the
plants inoculated with the Fusariwem, Phytophthora or
Pythinm species from Florida and, after 4 weeks, inocu-
lated plants did not differ in appearance from noninocu-
lated ones used as controls.

Stmilarly, A. ewteiches did not infect Lurasian walter-
milfoil. Within 10 days, however, lecaves ol . brevipedi-
cellatus used as controls became necrotic at the base. Over
a period of 4 weeks, the leaves were almost totally skele-
tonized and many plants had died. The Eurasian water-
milfoil plants growing in the same containers showed
no symptoms at the end of 4 weeks.

Variable results were obtained from the Rliizoclonia
trials. In all experiments, necrosis occwrred but degree
of infection and time required to induce symptoms varied,
With agar plug reauments of parrotfeather, mycelium
grew out from the plug within 48 hr and extended over
the plant surface. The leatlets covered with myveelium
began to turn brown. For scveral days the necrosis spread
in both directions along the stem. In most cases the



emersed portion ol the plant toppled over within 5 days.
However, in no case did infection result in death of the
plant, and healthy side shoots emerged from the lower
stems. No symptoms were obscrved on plants growing in
soil into which mycelia and sclerotia had been in-
corporated. Leaves of waterhyacinth plants used as con-
trols became necrotic within 48 hr, however.

DISCUSSION

Our data do not support the hypothesis that a phyto-
pathogen was responsible for the Northeast and Lake
Venice diseases of Eurasian watermilfoil. Thus, the precise
causc of Northeast disease remains unsolved. Lammers’
results  (13), which suggested that bacteria would infect
watermiltoil, were not reproduced in this study even
when concentrations of bacteria far surpassing those found
under natural conditions were used to tweat Eurasian
watermilfoil.

It is possible that the demise of the Eurasian water-
milfoil populations of the Chesapeake Bay was due to
abiotic causes. Workers such as Steenis® have suggested
that pollution, siltation, autotoxins, or a combination of
some [actors may have heen involved. Whatever the cause,
it has been effective, and interest in this condition has
waned since the plant is no longer a problem in the
Chesapeake Bay (4).

The preliminary report from Yugoslavia of fungi patho-
genic to Eurasian watermilfoil seems to Dbe the most
promising work to date. Inoculations with Florida isolates
of some of the fungi described in Yugoslavia did not re-
sult in infection, however, although different isolates of
fungi can vary greatly in pathogenicity. It is interesting
to note that some of their fungi such as Dactylella micro-
aqualim and Flag(fllo‘s'pom stricfa are organisms commonly
found in the United States as saprophytes on decaying
submerged vegetation (2, 8). This work should be con-
tinued after cultures of the isolates from Yugoslavia are
obtained before conclusions can be drawn.

The waterhvacinth isolate of Rhizoctonia caused symp-
toms in Eurasian watermilfoil and parrotfeather but the
infections by this fungus were limited. Rhizoctonia infec-
tion did not kill Lurasian watermill>il or parrotfcather
plants and it is doubtful that this isolate could be an
cffcetive biocontrol of these species.

Although only Limited success was achieved with phyto-
pathogens in this study, this research should be continued.
About 40 species of Myriophylhon occur throughout the
world (19). Because of the possibility that Eurasian water-
milfoil was introduced into areas of the U. 8, without
its natural enecmics, other areas of the world should be
surveyed for pathogens attacking Myriophyllion species.
Eurasian watermilfoil is native to Kuwrope and Asia and in
these areas it presumably has attained a balance with its
cnvironment in large part due to natwral control. The
large number of fungi isolated from Eurasian watermil-
foil in Yugoslavia by Lekic (M) and the phytophagous
insects found on this plant in Yugoslavia and Pakistan (1)
is evidence ol this. It is highly unlikely that Eurasian

s8teenis. H. H. 1970, LFuarasian  watermilfoil and  associated sub-
merged species in the Chesapeake Bay area. Paper prepaved for the
Weed Sci. Soc. Meceting in Montreal, I'eb. 3-5.
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watermilfoil has no viruses, fungi, nematodes, or bacteria
as natural enemics and the paucity of reports of Eurasian
watermilfoil diseases is probably due to insuthcient re-
search.
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