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Allelopathy In Threesquare Burreed

(Sparganium americanum) and American Eelgrass

(Vallisneria americana)
TAI-SHENG CHENG AND DONALD N. RIEMER?

ABSTRACT

Water extracts of dried threesquare burreed (Spar-
ganium americanum Nutt.) shoots, threesquare burreed
roots, and American eelgrass (Vallisneria americana Michx.)
plants were shown to have allelopathic properties when
tested by a bioassay technique using lettuce (Lactuca sativa
L. var. “Buttercrunch”) as the test organism. Allelopathy
was manifested as a reduction in germination percentage
and in radicle growth and it showed a concentration re-
sponse. Osmotic potentials of less than 70 milliosmols per
kilogram (mOs/kg) did not affect lettuce germination or
gowth. The pH of the plant extracts was shown to have no
effect on germination or growth. Extract of burreed roots
caused the lettuce hypocotyls to be short and bulbous but
the same phenomenon was not observed with extract of
burreed shoots

Key words: allelopathy, aquatic plants, burreed, eelgrass,
leachates, Sparganium, Vallisneria.

INTRODUCTION

The existence of allelopathy has been well documented
over the past few decades. A myriad of weed species have
been reported to have allelopathic properties (Putnam,
1985; Rice, 1984). Most of these reports pertain to terres-
trial weeds but a few workers did report on allelopathy in
aquatic species (Ashton, et al., 1985; Szczepanski, 1977).
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Documenting the extent of allelopathy in aquatic weeds
and isolating and identifying the allelochemicals which
occur in them is an important undertaking. It could lead
to the use of these compounds in the control of terrestrial
or aquatic weeds. It could also lead to the eventual commer-
cial extraction of these compounds from mechanically har-
vested aquatic weeds which would provide a market for the
harvested biomass, thereby reducing the disposal problem
and the cost of harvesting to the consumer. The commercial
use of natural products is not without precedent. At least
17 natural products have already been developed for com-
mercial use as pesticides or plant growth regulators (Rice,
1983; Misato, 1982).

To prove the existence of allelopathy, several proce-
dures must be undertaken. Among the most important of
these are bioassays. Although no standardized and univer-
sally accepted bioassays have been developed, they are still
useful and necessary tools in the study of allelopathy
(Leather and Einhellig, 1986). However, many non-al-
lelopathic factors can atfect seed germinanation when con-

ducting bioassays to study allelopathy. Among these are
the osmotic potential, ionic strength, and pH of the plant
extracts being studied (Duke et al., 1983; Chou and Young,
1974; Anderson and Loucks, 1966; Bell, 1974; Leather,
1983a, b; Leather and Einhellig, 1985; Chou and Chung,
1974; Fl-Ghazal and Riemer, 1986 Reynolds, 1975). The
studies reported on herein were conducted to determine
if crude water extracts of aquatic angiosperms had the abil-
ity to inhibit or delay seed germination in terrestrial plants
or to affect radicle growth after germination. The effects
of osmotic potential and pH of the water extracts were also
considered.
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MATERIALS AND METHODS

Preliminary Screening of Species. Six species of aquatic
plants were collected from wild populations in New Jersey
to be screened for possible allelopathic properties. The
species chosen were variable watermilfoil (Myriophyllum
heterophyllum Michx.), purple cabomba (Cabomba caroliniana
Gray), American eelgrass, giant duckweed (Spirodela
polyrhiza (L ) Schleid.), threesquare burreed, and common
cattail (Typha latifolia L.). The threesquare burreed plants
were separated into shoots and roots for individual testing.

The plants were oven dried, water extracts of the dried
tissues were prepared, and lettuce seed germination tests
were conducted with the extracts as described in the follow-
ing section. Based on these screening tests, threesquare
burreed shoots, threesquare burreed roots, and American
eelgrass were selected for more detailed testing.

Detailed Studies. Threesquare burreed and American eel-
grass were collected from natural populations in central
New Jersey on 26 September 1986. They were washed with
tap water to remove soil and debris and air-dried at 80°C
for three days. The burreed roots were then separated
from the shoots and all plants were cut into sections approx-
imately 2 c¢m in length and stored in the dark at room
temperature.

Twenty gm (dry wt.) of each of the three types of tissues
were extracted in 300 ml (1:15 W/V) of deionized water at
room temperature for 2 hr. The extracts were filtered
through Fisher’s quantitative filter paper (9-795-C IPK)
and serially diluted with deionized water into five concen-
trations (5, 25, 50, 75, and 100%) They were then used
immediately in bioassays without storage. The osmotic po-
tential of each dilution was measured with a Wescor 5500
Vapor Pressure Osmometer and the pH was measured with
a glass electrode pH meter. The germination tests were
conducted by counting 12 lettuce seeds into a plastic petri
dish (15 x 150 mm) with four layers of filter paper on the
bottom, and adding 7 ml of aquatic plant extract or
deionized water as a control. The lettuce seeds were pre-
soaked in deionized water for 1 hr and only seeds which
sank to the bottom during this time were used in the ger-
mination trials. Each experiment was repeated three times
and there were four replications per experiment.

The dishes were kept in a germinator with 24 hr of
darkness, a constant temperature of 28 = 1°C, and 100%
relative humidity. Seeds were examined every 24 hr and
the germination percentage was determined and recorded.
Germination was defined as the emergence of the radicle
2 mm or more beyond the seed coat. At the end of 72 hr,
the final germination percentage was determined and the
length of each radicle and the pH of the solution in each
dish were measured.

In order to study the effects of osmotic potentials on
germination, mannitol solutions with osmotic potentials of
34, 64, 105, 150, and 208 mOs/kg were prepared. Germi-
nation tests were conducted using these mannitol solutions
in exactly the same way that tests had been conducted with
the plant extracts These experiments were repeated four
times with four replications per experiment.
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RESULTS AND DISCUSSION

Preliminary Screening of Species. Figure 1 shows the per-
cent germination of lettuce seed in water extracts of the
species used in the preliminary screening test. Itis apparent
from this graph that threesquare burreed shoot (E) and
American eelgrass (C) extracts depressed germination per-
centages far below the controls and the other extracts tested,
including those of threesquare burreed roots (F).

Figure 2 shows the lengths of the radicles and coleoptiles
of the lettuce seedlings from the same tests at the end of
72 hr. It can be seen that extracts of threesquare bur-
reed shoots (E) and American eelgrass (C) inhibited growth
of both radicles and coleoptiles more than any other ex-
tracts except that of purple fanwort. As a result of these
preliminary trials, American eelgrass, burreed shoots, and
burreed roots were selected for further study.

Detailed Studies. The effects of osmotic potential on radi-
cle growth in the mannitol experiments are shown in Fig-
ure 3. It can be seen from this figure that radicle growth
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Figure 1. Percent germination of lettuce seed in water extracts of various
aquatic plants. A = variable watermilfoil, B = purple fanwort, C =
American eelgrass, D = giant duckweed, E = threesquare burreed

shoots, F = threesquare burreed roots, G = common cattail leaves, and
H = controls.
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Figure 2. Radicle and coleoptile lengths of lettuce seedlings germinated
in water extracts of various aquatic plants. A = variable watermilfoil, B
= purple fanwort, C = American eelgrass, D = giant duckweed, E =
threesquare burreed shoots, F = threesquare burreed roots, G = com-
mon cattail leaves, and H = controls. *Seeds germinated but radicle died
before measurement.

was not affected by osmotic potentials below 70 mOs/kg.
Table 1 shows the effect of osmotic potential on the germi-
nation percentage of lettuce. It is obvious that no supres-
sion of germination occured at any of the osmotic poten-
tials used in these experiments. These results are similar
to those of Bell (1974) who demonstrated that osmotic po-
tentials greater than 75 mOs/kg inhibited early radicle

%

TABLE 1. EFFECTS OF OSMOTIC CONCENTRATION ON GERMINATION
AND RADICLE GROWTH IN LETTUCE. RADICLE GROWTH MEASURED AT
THE END OF 72-H GROWTH PERIOD.

*Germination % *Radicle
Treatment Length
(milliosmols) 24 hr 48 hr 72 hr (mm)
Control
(22) 99%a 100a 100a 21a
Mannitol
(34) 96a 98a 98a 20a
(64) 97a 99a 99a 20a
(105) 98a 98a 98a 15b
(150) 95a 97a 97a 13¢
(208) 83b 90b 90b 7d

*Means in each column followed by the same letter are not significantly
different at the 5% level of probability according to Duncan’s Multiple
Range Test.

growth. Delayed germination at osmotic potentials above
150 mOs/kg was reported by Leather (1983a) and Leather
and Einhellig (1985) but was not observed in the experi-
ments being reported on herein

Table 2 presents the results of the germination trials
with water extracts of threesquare burreed shoots, threes-
quare burreed roots, and American eelgrass. It can be seen
from this table that the half-strength burreed shoot extract
(osmotic potential of 70 mOs/kg) resulted in a highly signif-
icant reduction in germination percentage and radicle
growth at 72 hr. Figure 4 shows lettuce seedlings from

TABLE 2. EFFECTS OF WATER EXTRACTS {1:15 wW/V) OF THREESQUARE

BURREED AND AMERICAN EELGRASS ON GERMINATION AND RADICLE

GROWTH IN LETTUCE. RADICLE GROWTH MEASURED AT THE END OF
72-H GROWTH PERIOD.

Osmotic *Germination % *Radicle
Concentration length
100 T Control Treatment (milliosmols) 24hr 48hr 72hr (mm)
Control 22 96a 98a 99a 18b
Threesquare
Burreed
- Shoot
’6 5 26 96a 98a 99a 19a
= ° 25 55 90a 94a 96a 13d
"E 50 70 33¢ 50¢ 60c 5f
o 75 88 17¢e 18e 23e 1g
0 50— 100 108 8e 8f 8f lg
L .
e} American
o Eeelgrass
ES d 27 952  100a  100a 19a
L 25 55 94a 98a 98a 15¢
50 72 76b 94a 95a 12d
75 91 36¢ 78b 80b 8e
100 113 28¢ 30d 35d 2g
I | ] | 1 ] Control 22 99a  99a 100a 19a
20 60 100 140 180 220 i ccoquare
Burreed
Osmotic Concentration Root
100 50 98a 100a  100a 14b

(milliosmols)
Figure 3. Effect of osmotic concentration of mannitol solutions on growth

of lettuce radicles. Data are presented as percent of growth of radicles in
control plants.
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*Means in each column followed by the same letter are not significantly
different at the 5% level of probability according to Duncan’s Multiple
Range test. Comparisons can be made only above the dotted line or below
the dotted line.
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Figure 4. Comparison of radicle length of lettuce seedlings germinated in various concentrations of a water extract of three- square burreed shoots.
The concentrations are, from left to right, 100%, 75%, 50%, 25%, 5%, and control.

each of the concentrations of threesquare burreed shoot
extract.

The half-strength American eelgrass extract (osmotic
potential of 72 mOs/kg) resulted in a significant reduction
in radicle length, but not in germination percentage. Com-
paring these results to the mannitol test results presented
in Table 1 and Figure 3, shows that the reductions caused
by the plant extracts were not due to osmotic potential. A
comparison of lettuce radicle growth in extracts of shoots
of threesquare burreed and American eelgrass is pre-
sented in Figure 5.

Reynolds (1975) found that pH had no effect on lettuce
seed germination in the light or in the dark within the
range of pH 2.6 to 10.6. Chou and Young (1974) suggested
that the pH of germination media be adjusted to 6.0 for
use in lettuce seed germination trials. All of the plant ex-
tracts used in our experiments had pH values between 5.75
and 6.00 and we therefore believe that the observed effects
were not caused by pH. We did observe, however, that the
pH of the American eelgrass extract increased from 6.0 to
8.0 during the 72 hr course of the trials. The senior author
observed similar pH changes in earlier experiments and
they were frequently associated with thin, dark colored
radicles (Cheng, unpublished data). These symptoms are
frequently caused by ammonia and other alkaline com-
pounds.

The results of lettuce seed germination trials with undi-
luted threesquare burreed root extract are presented in

J. Aquat. Plant Manage. 26: 1988.
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Figure 5. Effect of osmotic concentration on growth of lettuce radicles in
water extracts of threesquare burreed (A) and American eelgrass (B).
Data are presented as percent of growth of radicles in control plants.
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Figure 6. Photograph of shortened, bulbous hypocotyl on lettuce seedling germinated in a water extract of threesquare burreed roots (left), compared

to a control plant (right), germinated in distilled water.

Table 2. This extract results in radicles that are approxi-
mately 70% as long as the controls but there is no reduction
in germination percentage. It is interesting to note that
this extract produces bulbous, shortened hypocotyls on the
lettuce seedlings as shown in Figure 6. The mechanism of
this phenomoenon is unknown at the present time.
Lurssen and Konze (1985) suggested that ethylene
analogues shorten cereals by suppression of cell elongation
and enhancement of cell expansion. There is no direct
evidence that ethylene or its analogues were instrumental
in causing the shortened, bulbous hypocotyls we observed,
but we believe it may play some role.

CONCLUSIONS

Crude water extracts of threesquare burreed and
American eelgrass at various concentrations were shown
to have the ability to decrease germination percentage and
radicle growth in lettuce. It was demonstrated that the ob-
served effects were not due entirely to osmotic potential or
pH and it was therefore concluded that both species of
aquatic plants contain allelopathic chemicals. Work is pre-
sently underway to isolate and identify these compounds.
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Mineral Deficiency Symptoms of Waterhyacinth'

S. NEWMAN AND W. T. HALLER?

ABSTRACT

Healthy waterhyacinth (Eichhornia crassipes (Mart.)
Solms) ramets of known size and weight were selected from
a monoclonal population and transplanted to polyethylene
tubs containing culture media deficient in either N, P, K,
S, Mg, Ca, or Fe. The plants were observed daily, photo-
graphed after 4 weeks, and the visual mineral deficiency
symptoms recorded. The most apparent symptom of the
various deficiencies was the change in color; all plants
grown in N-, P- and S-deficient media exhibited blue roots.
Foliar chlorosis was observed in both N- and S-deficient
plants, while P-deficient plants exhibited dark green
leaves. Magnesium-deficiency resulted in a necrotic area
first appearing at the apex of the leaves and then chlorosis
spreading basipetally. Iron-deficient plants exhibited inter-
veinal chlorosis. Potassium-deficient plants displayed
brown bands across the mid to upper leaf region. Calcium-
deficient plants exhibited brown spots on the leaves and
petioles and then subsequent necrosis. The deficiency
symptoms of waterhyacinth are discussed and presented
in a tabular form similar to other mineral deficiency keys.

Key words: Eichhornia crassipes, nutrition, nitrogen, phos-
phorus, potassium, sulfur, magnesium, iron, calcium.

INTRODUCTION

Recently, interest in waterhyacinth (Eichhornia crassipes
(Mart.) Solms) has increased as their potential for use in
removing nutrients from water bodies, particularly in
wastewater treatment facilities, has become more widely
recognized. Although the plant has not been studied as
extensively as traditional crop plants, scientists have
studied the ability of waterhyacinth to remove N and P.
Phosphorus reduction values from 32 to 61% and N reduc-
tion values of 75 to 94% are reported (Clock, 1968; Shef-
field, 1967; Reddy et al.,, 1982). However, the extent of
nutrient removal is dependent on the growth rate of the
plants, the detention time of the effluent in wastewater
retention ponds, the water depth (Cornwell et al., 1977)
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and the nutrient content of the growth media. Apart from
N, P and K, research conducted on other nutrients has
emphasized correlations between plant tissue and the
growth media nutrient concentrations (Gossett and Norris,
1971; Wolverton and McDonald, 1979; Boyd, 1976; Haller
et al., 1970). Cooley et al. (1978) and Cooley and Martin
(1980) used radioisotopes to conduct a more indepth study
of waterhyacinth nutrition. They observed a positive corre-
lation between root retention of various nutrients and the
solubility of sparingly soluble salts such as metal carbo-
nates. El-Sharkawi et al. (1980) investigated the nutrient
fluxes of roots of waterhyacinth stressed by reduced water
potentials. This was one of few studies which have
examined S nutrition of waterhyacinth.

There are a number of potential problems associated
with using waterhyacinth for nutrient removal. In a waste-
water treatment system growing conditions for
waterhyacinth are variable, and it is not known what condi-
tions would maximize nutrient uptake and subsequent
plant growth. For years agronomists have been able to
diagnose plant nutritional problems related to soil fertility
by observing symptoms plants display when nutrient stres-
sed. Several comprehensive guides have been written
which describe these symptoms (Chapman, 1966; Sprague,
1964). A key describing nutrient deficiency symptoms of
waterhyacinth would be a useful tool not only as a means
to rapidly determine possible nutrient imbalances in waste-
water effluent, but also, it could be used to give an indica-
tion of the nutrient status of natural lakes within which
waterhyacinth may be growing.

Desougi (1984) studied the growth and reproduction
of waterhyacinth that were deprived of N, P, K, Ca, or Mg.
The total nutrient concentration of these solutions varied
considerably, and therefore it was not valid to make quan-
titative comparisons, and qualitative comparisons were not
described. This paper qualitatively describes the symptoms
displayed by waterhyacinth which were grown in nutrient
deficient media.

MATERIALS AND METHODS

Healthy waterhyacinth plants approximately 4 weeks
old were selected on the basis of uniform size and weight
from a monoclonal population maintained in outdoor cul-
ture tanks. The stock plants were maintained in 900 1
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