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ABSTRACT

THE ROLE OF EMERGENT AQUATIC VEGETATION IN THE NUTRIENT
BUDGETS OF MANAGED MARSHES

BY

Karl Eugene Ulrich

Wetlands have been used as sites for the disposal of
nutrient-enriched waters. The emergent vegetation is
important in the nutrient budgets and hydrology of these
systems. However, little is known about how most emergent
plant species respond to variations in the absolute
quantities and proportions of substrate macronutrients. More
information is also needed on the establishment and
harvesting of the vegetation.

Nutrient uptake experiments were conducted on Phragmites

australis, Zizania aquatica, Typha latifolia, Typha

angustifolia, and Sparganium eurycarpum. Plants were grown

outdoors in a sand substrate in 30 1 polyethylene tubs during
the 1980-82 growing seasons. Nitrate, phosphate and
potassium fertilizers were supplied using a factorial
treatment arrangement. Nitrate-N levels were 0, 7.8, 23.4,
46.8 or 93.6 g m-zs phosphate-P was 0, 2.1, 6.3, 12.5 or 25.0
g m-2‘ K was 0, 7.8, 23.4 or 41.6 g m=2,

Nitrate and phosphate treatments and their interaction
strongly affected plant growth. Potassium treatment had
little or no effect. Nitrate strongly controlled
distribution of dry weight. The ratio of belowground to

aboveground dry weight within a species varied by a factor of



about 3 with highest ratios associated with low nitrate.
Tissue content of N or P was increased 2 to 3 times over that
necessary to obtain maximum biomass production. N:P ratios
less than about 4 were found with severely N limited growth;

ratios were greater than about 12 with severely P limited

growth. S. eurycarpum was least able to tolerate extremely
high nitrate levels.

Attempts to establish the above 5 species plus Spartina
pectinata in a clay-lined man-made marsh had mixed success.

S. eurycarpum rapidly established itself but was subject to

decline and invasion by other species. Typha spp.
established stands more slowly but maintained better stand
density and purity. P. australis sent out mainly floating
tillers from propagule clumps rather than rhizomes and
vertical shoots. S. pectinata and Z. aquatica failed to
establish,

Multiple harvests of Typha spp. resulted in biomass
removal of 130% of single harvest controls and N and P
removal of about 150% of the controls.

Nutrient budgets developed for three man-made
marsh-ponds showed a net removal of fixed N from flow-through

waters but a variable situation with total P.
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INTRODUCTION

Emergent aquatic vegetation has potential for nutrient
and other contaminant removal from sewage-enriched
substrates (Wile et al.,1981), In addition, wetland
systems can have other beneficial effects on water quality
and hydrology. They may serve as retention structures that
detain water during flood periods and reduce peak flows of
streams. During storage, substantial improvements in water
quality may occur. Certain nutrients such as phosphorus
may be sorbed to or precipitated into the sediments. Other
nutrients such as nitrogen, sulfur, and carbon may be lost
to the atmosphere as gases due to microbial transformations
which also reduce the oxygen demand of the water. A large
proportion of the sediment load may be dumped into the
marsh as the water velocity declines. Tchobanoglous and
Culp (1980) found that natural wetlands used for treatment
of wastewater removed 60% to 90% of the suspended solids.
This sediment load may include adsorbed P, heavy metals,
and organic toxicants. Wetlands may also act to reduce
pathogens (Seidel, 1976a, 1976b; de Jong, 1976; Wellings,
1976; Wile et al, 1981) Because of these properties, both
natural and artificial marshes have been used for a variety
of purposes such as treatment of urban stormwater runoff
(e.g. Hickock, 1978; Tolman, 1978), treatment of municipal
and industrial wastewater (e.g. Grant and Patrick, 1970;
Lee et al., 1976; Steward and Ornes, 1975; Ewel, 1976; de
Jong, 1976 Farnham and Boelter, 1976; Richardson et al.,
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1976 Small, 1976; Seidel, 1976a, 1976b; Spangler et al,
1976a, 1976b; Whigham and Simpson, 1976a, 1976b; Turner

15 I&

al., 19763 Cederquist, 1977; Fetter et al., 1978; Sloey
al., 1978; Wile et al, 1981), pretreatment of drinking
water (Czerwenka and Seidel, 1976), and for management of
dredge slurries (lee et al., 1976).

Since emergent plants repfesent a harvestable and
potentially valuable biomass resource (Pratt and Andrews,
1981 Farnham, 1978) as well as a potential means of
removing nutrients from a system, information is needed on
their growth and nutrient uptake over wide ranges of
nutrient supply. The nutrient uptake characteristics are
most critical for nutrients such as phosphorus and
potassium which have no volatile forms and therefore cannot
be removed from a system in the gaseous state. Although
80-90% of the phosphorus detained by a marsh is usually
trapped in the sediments or stored in belowground plant
tissues and not easily removeable by harvest (Steward,
19763 Turner et al., 1976; Sloey et al., 1976, 1978),
harvest may nevertheless be desireable if uses exist for
the biomass. Marshes have natural rates of primary
production that are among the highest of all ecosystems
(Westlake, 1963; Whittaker and Likens, 1973). Some uses
for the biomass as a source of fiber or energy have already
been established (Bjork, 1967; Pratt and Andrews, 1981).
However, there is a need for more information concerning
the optimal means of establishment, nutrient application,

and best harvesting. It may be valuable to study



3

interspecific differences in nutrient utilization since it
has been shown by Garten (1978) that certain species of
emergent macrophytes are quite distinct in their leaf
mineral compositions. These differences may be of
practical importance in designing artificial wetland
systems or in planning the utilization of natural systems
for the improvement of water quality.

The focus of this dissertation research was to gather
the necessary data for the culture of emefgent marsh
vegetation with the primary goal of removing unwanted
macronutrients from artificially enriched systems. Major
hypotheses that were tested included the hypothesis that
nutrient treatments affect both net primary production and
distribution of this production. Also, the hypothesis that
nutrients would be taken up in excess of needs for maximum
growth was examined. To accomplish these goals, a number
of common, highly productive emergent plant species that
showed promise as species for cultivation in highly
enriched waters were selected. The species most thoroughly
studied prior to this investigation included several
species of bulrush (Scirpus). !lMany species of Scirpus have
the advantages of high productivity and nutrient uptake.
They also are receptive to frequent harvesting with rapid
shoot regrowth from the cut stubs so that stands can be
maintained with young nutrient-rich tissues (Hanseter,
1975). S. lacustris has an extensive literature and
history of culture in Europe (e.g. Seidel, 1976; de Jong,

1976). In Wisconsin, S. validus, S. acutus, and S.



L

fluviatilis have been examined in some detail (e.g.

Spangler et al., 1976a, 1976b; Sloey et al., 1978). S.
robustus has been investigated in California (Cederquist,
1977). The present study was directed towards other
promising taxa, most of which have had more limited
research into their nutrient removal capabilities.

Phragmites australis (Cav.) Trin. ex Steudel, appeared

to be an ideal species for this purpose because of its
cosmopolitan distribution, and its capacity for high rates
of biomass production (Bjork, 1967). Primary production
and nutrient uptake in natural P. australis (= P. communis)
stands (Mason and Bryant, 1975; Dykyjova, 1978) and the
effects of these stands on sediment and water chemistry
(Bayly and 0'Neill, 1972; Banoub, 1975) have been
extensively examined. Changes in nutrient content with
physiological age and differences between tigsue types have
also been studied (Kvet, 1973). Dykyjova et al (1971;
1972) grew P. australis in outdoor hydroponic culture using
a standard culture nutrient solution with a variety of
dilutions. However, they did not vary the ratios of any of
the supplied nutrients. Stands apparently recover well
after harvesting and may even show an increase in the size
and density of new shoots (Dykyjova and Husak, 1973).
However, P. australis does not respond well to multiple
harvests withiﬁ a single growing season.

Wild rice (Zizania aquatica L.) was selected because

it was one of the few marsh grasses with established

economic uses as a crop species and also because of its
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value as a wildlife food (Fasset, 1957; Correll and
Correll, 1972). Because it is an annual, most of its
production remains aboveground where harvest should be
relatively easy. Peak biomass can reach over 2000 g m'2
and averages about 1200 g dry weight m"2 (Whigham and
Simpson., 1977). Whigham and Simpson (1976a) conducted
some experiments on the ability of this species to accept
municipal wastewater irrigation. Lee and Stewart (1981,
1983) have looked for correlations between sediment and
plant tissue nutrients in natural Z. aquatica stands.
There has also been considerable research done on Z.
aquatica at the Unlversity of Minnesota (e.g. Grava and
Raisanen, 1978). However, their research has focused on
maximizing grain production and control of disease rather
than whole plant production and nutrient uptake. There
_exists limited data on nutrient uptake variability and
growth patterns over widely variable nutrient application
rates. One major difficulty with the use of wild rice is
its high susceptibility to disease, especially
Helminthosporium blight (Kernkamp et al, 1976).

Species of cattail (Typha) have received some
attention for use in wastewater treatment. Spangler et al
(1976b) investigated T. latifolia L. growth on artificial
substrates but rejected its use primarily on the basis of
its regrowth characteristics. Cut shoots (mostly leaves)
showed very limited regrowth because they generally lacked
active intercalary meristems at the time of cutting. Most

" new growth came from shoots developing from underground
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buds which surfaced several weeks after the harvests. They
were unable to sustain a high biomass yield with biweekly
harvests. Hanseter (1975) also found that (in Typha spp.
stands) shoot density and size decreased after harvest.
However, even with their limited capacity for rapid
regrowth after harvest, Typha spp. warrant more attention
because of their large peak standing crops and ability to
maintain nearly puré stands. Two temperate circumboreal

species of cattail (T. latifolia and T. angustifolia L.)

have overlapping ranges which includes the northeastern
one-third of the U.S. Ecological differences between T.
latifolia L. and T. angustifolia L. have been documented

(Grace and Wetzel, 1981,1982; McNaughton, 1975). It is of
interest to know if these differences extend to factors of
importance in the culture of these species for wastewater
renovation. That is, what are the differences between
these two species in nutrient uptake, tissue production,
distribution of production, ease of establishment, and
regrowth after harvest. Even if Typha dominated marshes
are not appropriate for multiple harvest systems to
maximize P removal, they may be valuable for their N
stripping abilities. For example, a Typha dominated
Wisconsin marsh (Spangler et al, 1976b) reduced ammonium-N

1 in the influent to below levels of

values from 8 mg N 1~
detection in the effluent and reduced nitrate-N values from
0.2 to 2.1 mg 17! in the influent to 0.1 to 0.2 ng 17! in
the effluent (Sloey gg_g;;.1978).

The genus Sparganium is taxonomically related to the
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cattails and is sometimes included in the family Typhaceae
rather than béing placed in the monogeneric Sparganiaceae

(Voss, 1972). S. eurycarpum is the largest and most robust

of the North American burreeds (Fasset, 1957). It is
potentially worthy of cultivation due to its often high
primary productivity (van der Valk and Davis, 1978) and
resultant potential for removal of nutrients from
artifically enriched substrates. It resembles Typha spp.
in its poor regrowth characteristics when using multiple
harvests (Hanseter, 1975).

S. eurycarpum often forms large, nearly monospecific

stands in waters up to 1 m deep. In Pentwater llarsh
(Oceana County, Michigan), a Lake Michigan riverine coastal
marsh, it is the dominant cover type in the deepest water
of the emergent vegetation zone. This marsh is receiving
extensive study of its vegetation and the effects of the
vegetation on the nutrient budget of the marsh as part of
the Michigan Sea Grant Program (Burton and Kelley, 1983).

A second reason for studying this plant was therefore to
provide information on the growth and nutrient uptake of
this plant species under controlled conditions so that this
information might be used to help predict the response of
Pentwater marsh to additional influxes of nutrients.

Prairie cordgrass (Spartina pectinata Link) is a

productive wetland grass species chosen for study in
comparison with the other two grass species., It is a
perennial C4 grass and it was desired to examine how this

species would differ from the C3 species studied in
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properties important to its growth on sewage-enriched

substrates.

MATERIALS AND METHODS

NUTRIENT UPTAKE EXPERIMENTS

The response of 5 species of emergent aquatic plants
to varying rates of nitrate, phosphate, and potassium
fertilization was examined using a series of experiments
with each experiment in an individual tub. These
experiments were conducted outdoors at the Water Quality
lManagement Facility (WQMF) of the Institute of Water
Research at Michigan State University. Plants were grown
in 30 1 polyethylene tubs (.125 m opening area) using 20 1

of sand as a growth medium. The sand contained £L.44 ¢ m.2

of available P,Z1.1 g m~? of available N, and42.3 g n~?
of available K as determined by the Michigan State
University Soil Testing Laboratory.

During 1980, experiments were conducted on P.
australis and Z. aquatica. P. australis propagules
consisted of 5 cm long size-matched rhizome sections with
20 cm of shoot attached. Rhizomes were collected locally
from a single clump growing in water 20 cm deep. It is
unknown if all of the propagules were of the same clone.

Average dry weight was 1.2 g (s=0.4g). Average total N, P,
and K fractions of the propagules were 3.12%, 0.51%, and
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2.47% respectively. Rhizomes were planted immediately

after collection with 15 cm of vertical shoot extending
above the sand surface.

Five Z. aquatica seeds were introduced to each tub
used for this species. Once established, wild rice plants
in each tub were thinned to one seedling. Seeds of the
Netum variety were obtained from the University of
Minnesota. All tubs were partially submerged in the
water-level controlled marshes of the WQMF in order to
provide a uniform and more natural temperature regime.

Tubs were arranged in double rows extending through the
shallow terrace in areas where all vegetation had been
removed. Assignment of species and chemical treatments was
completely random. The sand medium in the tubs was
completely isolated from the surrounding marsh water.

Treatments consisted of single applications of nitrate
(CaNOB), phosphate (Na,HPO,) and potassium (KCl) solutions
mixed into the sand prior to the rhizome or seed planting.
A 4xlbx4 factorial arrangement of the three nutrient
treatments was used. The amount of nitrate-N added to each

2

tub was 0, 7.8, 23.4, or 46.8 g m  © of sand surface

(equivalent to 0, 48.8, 147, or 293 g n~J of sand); the
amount of phosphate-P added was 0, 2.1, 6.3, or 12.5 g m'2

(equivalent to 13.1, 38.8, or 78.1 g m'B); the amount of
potassium, added was 0, 7.8, 23.4, or 41.5 g n2
(equivalent to 0, 48.8, 147, or 260 g n~J). There were
five replicates of each treatment combination. Other

necessary plant nutrients were added from a single solution
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to all tubs in the following amounts (g m'z)

aMgSOu (38.5)
Fe(S0y)5 (1.13)s H,B04 (2.48)3 MnSO,.H,0 (0.088);

CuS0y * 5H,0 (0.096); Znso, (0.112); CoCl,.6H,04 (0.112);
(NHu)2M°Oh (0.080) (Modified from Dykyjova & Veber, 1978).
Deionized water was added to bring the tub solution level 2
cm above the sand. During the growing season, water level
in the tubs was maintained above the sand surface using

deionized water to supplement the rainwater inputs.

Experiments on T. angustifolia and T. latifolia were

conducted during 1981. The set-up of these experiments was
similar to that used for P. australls and Z. aquatica.
Typha propagules consisted of 5 cm long size-matched
rhizome sections with 20 cm of shoot attached. All
rhizomes were collected locally from monospecific clumps
growing in water 10-30 cm deep. It is unknown if
propagules were all of the same clone. Average propagule
dry weight was 7.0 g (s=2.2g) for T. latifolia and 1.1 g
(s=0.3g) for T. angustifolia. Average total N, P, and K

fractions of the propagules were 2.65%, 0.52%, and 2.42%
respectivley for T, latifolia and 2.33%, 0.51%, and 2.35%

for T. angustifolia. Experimental treatments were the same

as those used for P. australis and Z. aquatica. However,
instead of being placed in marshes, 1981 tubs were
partially buried in a pit filled with water-saturated sand.
Tubs were again arranged in double rows with chemical
treatments and species assigned at random. This relocation
was necessary to avoid fluctuating marsh water levels,

damage to experimental plants by muskrats, and
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contamination by blackbird droppings experienced during
1980.
During 1982, initial nutrient uptake experiments were

conducted on S, eurycarpum. In addition, further

experiments were conducted on T, latifolia, T.

angustifolia, and on P. australis at higher levels of

nitrate and phosphate treatments than were previously used.

S. eurycarpum propagules also consisted of 5 cm long

size-matched rhizomes with 20 cm of shoot attached.
Rhizomes were collected locally from a clump started two
years earlier from a single rhizome collected from
Pentwater Marsh and grown in one of the WQMF marsh-ponds.
Thus, all propagules were genetically identical. Average
propagule dry weight was 2.0 g (s=0.8 g). Average N and P
fractions of the propagules were 1.81% and 0.22%
respectively. Propagules were planted and tubs positioned
as described for the Typha spp.

Experimental treatments for the S. eurycarpum tubs

consisted of single applications of nitrate (CaNOB) and
phosphate (NaZHPOu) solutions mixed into the sand prior to
the rhizome planting. A 5x5 factorial treatment
arrangement was used. The amount of nitrate-N added to
each tub was 0, 7.8, 23.4, 46.8 or 93.6 g n~2 of sand
surface (equivalent to 0, 48.8, 147, 293, or 156 g m~3 of
sand); the amount of phosphate-P added was 0, 2.1, 6.3,
12.5 or 25.0 g m~2 (equivalent to 0, 13.1, 38.8, 78.1 or
156 g m'3). There were seven replicates of each treatment

combination for a total of 175 tubs planted with S.
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eurycarpum. Other necessary nutrients were added from a

single solution to all tubs as with the previous
experiments except that 46.8 g m'-2 of K as KC1l was also
added to each tub., Other aspects of the experimental setup
were identical with that used during 1981. Only the two
highest treatment levels of nitrate and phosphate were used
on P. australis, T. angustifolia, and T. latifolia during
1982,

Shoot growth rates for each species in all three years
were estimated from meter stick measurements of shoot
height above sand level (sand surface to tip of longest
leaf) and caliper measurements of maximum shoot diameter at
tub rim level. Measurements were made at intervals of
about three weeks. These measurements were used in
conjunction with weights of shoots from the parent stands
to develop multiple regression expressions to estimate
shoot dry welght accumulation. Equation 1 is for P.
australis, equation 2 for Z. aquatica, equation 3 for T.
latifolia, equation 4 for T. angustifolia, and equation 5

for S. eurycarpum. 95% confidence intervals on slopes and

intercepts are shown below each equation.

InW=1.,831lnH + 0.70 lIn D - 8.17 (r=.98;p3.99) (1)
(1.7231.94) (0.57;0.83) (-8.47;-7.87)

In W =-0,86 In H +1.72 InD + 1,74 (r=.93;p3.99) (2)
(-2.063-.34) (0.9232.52) (- 2.67316.15)

lnW =1, 55 In H+ 0,88 1nD - 7.80 (r=.983pa.99) (3)
(1 28; .82) (0.64;1.12) (-7.13;-8.46)

InW=1,11 In H + 1, 35 ln D - 7.14 (r=.98;p;,99) (4)
(0.93;1.29) (1.1931,52) (-6.703-7.58)
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In¥W =1,27 In H+ 1,36 InD - 9,11 (r=.98;p).99) (5)

W in each equation is equal to shoot dry weight (g), H is
equal to shoot height (cm) and D is equal to shoot diameter
(mm). Equation 1 was developed using 98 P. australis
shoots harvested during September, 1980; Equation 2 from 20

Z.aquatica shoots harvested in August, 1980; equations 3

and 4 used 70 T. latifolia and 138 T. angustifolia shoots

respectively that were collected in August, 1981; equation
5 used 30 S. eurycarpum shoots cut during August, 1982,

Shoots for P. australis, T. angustifolia, T. latifolia and

S. eurycarpum regressions were from parent stands; Z.

aquatica shoots were grown from the same seed used in the
nutrient uptake experiments. Both flowering and
non-flowering shoots were used. Estimates were corrected
for bias introduced by the logarithmic transformations
using the method of Baskerville (1973). In order that
extrapolation might be possible to weights at other drying
temperatures, 10 samples of each species were dried at 90 C
and 105 C in addition to 60 C. It was found that the
weights at the three temperatures varied by less than 1%
for all species. Shoot losses over the growing season were
presumed small and no attempt was made to estimate them.
During late August and early September, shoot samples
of each species were obtained by clipping them at sand
level while root and rhizome samples were water-sifted from

the sand, All samples were dried to constant weight at 60
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C. Dried samples were coarse ground in a Wiley Mill,
thoroughly mixed, and suﬁsampled for fine grinding through
a .1 mm screen. A 0.2 g sample of the finely ground tissue
was digested using a modified microkjeldahl digestion
(Nelson and Sommers, 1973). The digestion included a
reducing step so that any nitrates or nitrites present were
included in the N determinations., Lithium sulfate was
substituted for potassium sulfate in the.digestion so that
the same digestate could be used for K determinations as
well as for N and P. K was determined by flame emission
spectroscopy. N was determined using method 351.1
(Colorimetric, automated phenate, U.S. EPA, 1974) while P
was determined using method 365.1 (colorimetric, automated
ascorbic acid, U.S. EPA, 1974). As a check on the
procedure, U.S. National Bureau of Standards standard plant
materials (pine needles, orchard leaves and tomato leaves)
of known elemental composition were carried through the
same analysis procedures. The procedures used in this
study resulted in average recoveries of 105% (s=5.7%), 103%
(s=6.3%), and 97% (s=6.6%) of the standard N, P, and K

respectively.
ESTABLISHMENT AND HARVEST EXPERIMENTS

Experiments on the establishment and harvest of P.

australis, Z. aquatica, T. latifolia, T. angustifolia, S.

eurycarpum, and S. pectinata were conducted on three

man-made marshes (M1, M2, M3) on the WQMF, The marshes
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were constructed in 1973. All three were 0.4 ha in surface
area with a terrace design. The outer, shallow terrace
occupied 25% of the total marsh surface area and was
designed to operate at a depth of 15 cm but can be filled
to 45 cm. The second terrace occupied 50% of the total
area with a designed operation depth of 60 cm while the
middle terrace was designed to operate at a depth of 90 cm.
All marshes were sealed with low organic matter clays
during construction.

One of the three marshes (M2) had little emergent
vegetation established in it as of the spring of 1980.
This resulted from a 1974 drawdown to repair a control
structure that had killed most of the originally planted
vegetation. All three of the marshes were originally
stocked with T. latifolia by transplanting approximately

600 rhizomes per marsh into the shallow terrace during
October and November, 1973 (McNabb et al, 1975). At the
start of this project, the shallow terrace of M2 contained
only scattered patches of T. latifolia, T. angustifolia, P.

australis, and other minor emergent components. Because of

the avalilability of unoccupied space, M2 was chosen for the
establishment experiments. Immediately prior to the start
of experiments, the other two marshes (M1 and M3) had

nearly continuous and dense stands of T. latifolia, T.

angustifolia, and shoots of intermediate morphology which
may have been the hybrid T.x glauca growing on the shallow
terraces and extending out over part of the middle

terraces. These two marshes were utilized for harvest
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experiments on established stands of Typha.

The shallow terrace of M2 was prepared for plant
establishment by first removing all existing vegetation
from areas where experiments were to be conducted. With
the water drained, the sediments of the shallow terrace
were fertilized with urea at the rate of 45 g N m~2 by
raking granulated urea evenly into the sediments. Other
nutrients were assumed to be already present in excess
since the marsh had previously been repeatedly flushed with
secondary municipal wastewater during 1973-1975.
Wastewater inputs to the marshes are normally low in N
because the water flows through two sewage lagoons with
high N stripping properties before entering the marshes
(King and Burton, 1979).

The shallow terrace of M2 was divided into plots 2.5 m
long around the clircumference of the marsh. The plots
extended about 5 m from land to the edge of the shallow
terrace. Nine plots were prepared for each of the six
previously mentioned species. Plots were assigned to
species in blocks of 3 contiguous plots. During the early
summer of 1980, an attempt was made to establish the five
perennial species selected for study (P. australis, T.

latifolia, T. angustifolia, S. eurycarpum, and S.

pectinata). P. australis, T. latifolia, and T.
angustifolia propagules were collected locally from shallow

water populations by digging up belowground sections from
monospecific stands. S. eurycarpum was collected from
Pentwater lMarsh and S. pectinata was collected from a ditch
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along a local railroad right-of-way. Clumps of roots and
rhizomes about 20 cm in diameter were transplanted into the
prepared plots. Each plot had 10 evenly spaced clumps
imbedded into the clay/organic surface layer.

During April, 1980 Z. aquatica plots were planted with
about 500 g per plot of Netum variety seeds. The seed was
spréad evenly over the surface and then raked into the
clay/organic surface sediments.

Also during 1980, harvest experiments were begun on
plots of Typha spp. growing on the shallow terraces of lM1
and M3. Nine 5 m long plots with dense stands of Typha
spp. were selected in each marsh for two different
harvesting regimes and controls with three replicates in
each marsh. Plant harvesting began during early June,
1980. Three plots were harvested four times each at three
week intervals while three other plots were harvested twice
each at six week intervals with the remaining three plots
in each marsh serving as controls. Biomass removed and N,
P, and K content of this biomass was determined for all
plots. Control plots were also sampled for standing crop
and nutrient content.

During 1981, the plots in M1 and M3 were monitored for
recovery from the harvest treatments. Samples were taken
during both early and late summer to measure standing crop
and nutrient content.

Similar harvest experiments were conducted on M2 plots
during 1981 on the newly established vegetation. Only

plots of T, latifolia, T. angustifolia, and S. eurycarpum
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were dense enough to conduct reasonable harvest
experiments. Recovery of M2 plots was monitored during

1982 by measurement of standing crop and nutrient content.

MARSH NUTRIENT BUDGETS

Nutrient budgets for M1, M2, and M3 were constructed
for 1980, 1981 and 1982 by measuring controlled inputs and
outputs of nutrients and water. All three marshes were
flushed periodically except during the winter months using
water from Lake 2 of the four lake WQMF faclility. This was
done on a rotating basis with each marsh receiving inputs
for one week at a time while the other two marshes received
no inputs. Inputs were measured at the control structure
of Lake 2 and outputs were measured at the output channels
of the three marshes using water level recorders and
V-notched weirs. Water samples were collected daily when
water was flowing from these input and output structures.
Laboratory analyses of water samples included
determinations of pH, specific conductivity, nitrate-N,
nitrite-N, ammonium-N, total Kjeldahl nitrogen, total P,
soluble molybdate reactive P, chloride, potassium,
alkalinity, and hardness. These data were used to

construct input/output budgets for the marshes.
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RESULTS AND DISCUSSION

NUTRIENT UPTAKE EXPERIMENTS

Phragmites australis

The original emergent shoot generally died but new
shoots typically appeared from the rhizome in about two
weeks. The number of shoots per tub in September varied
from 1 or 2 to over 50. There was no significant growth
response to K* fertilization (Table 1). Total K uptake by
P. australis in pots not fertilized with K exceeded the

1.31 g m~?

supply of exchangeable and soluble K of the
sand. Thus, more K was available to the plants than was
indicated by the sand nutrient analysis, possibly due to
mineral weathering or input from precipitation. Since it
was found that XK' treatment did not significantly affect
growth, growth values for the nitrate and phosphate
treatments were averaged over all levels of K treatment
(Figure 1). There were strong and significant (Table 1)
growth responses to the nitrate and phosphate treatments
and to the interaction of nitrate and phosphate treatments
(Tadble 1). P. australis growth responded to nitrate and
phosphate fertilization in much the manner predicted by the
Mitscherlich (1954) "rule" for many crop plants. That is,
growth increase per unit increase in nitrate and phosphate

fertilization declines at higher treatment levels.

Root and rhizome production of P. australis increased
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Figure 1. Average areal dry weight (60 C) of P. australis
shoots after 106 days growth during 1980 with variable
combinations of nitrate and phosphate fertilization.
Vertical lines are standard errors of the means.
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with nitrate-N content of the substrate but only through
the intermediate level of 14.6 g m-2 (Figure 2). Root and
rhizome production as a fraction of total production
declined with increasing nitrate treatment (Figure 3).
Root and rhizome production increased with phosphate supply
only up to the 1.31 ¢ n2 treatment level (Figure 2). The
fraction of the total production in the roots and rhizomes
showed no significant (Table 2) relationship to phosphate
treatment (Figure 3). Fiala (1976) found the lowest root
and rhizome to shoot biomass ratios associated with the
most productive habitats in natural P, australis stands in
Czechoslovakia. N content of the top 20 cm of sediment was
found to be the best predictor of root and rhizome biomass
of all parameters examined by Fiala. No simple pattern
could be discerned by Fiala with respect to the effects of
a number of habitat variables on the growth of underground
organs of P. australis. Thus, the importance of substrate
nitrogen in determining the distribution of production in
P, australis was suggested both by the present study and by
Fiala's (1976) results.

Shoot N and P concentrations were not significantly
affected by the level of K treatment (Table 3). Therefore,
shoot levels of N and P were averaged over all levels of K
treatment (Figures 4 and 5). Lowest tissue N
concentrations occurred with the lowest level nitrate
treatment only when no phosphate was added. Otherwise,
tissue N concentrations were lowest at intermediate rates

of nitrate addition. This patterm of lowest N at
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Table 3. Results of analyses of variance on the effects of
treatments on %N, %P, and %K of P. australis shoots and
roots plus rhizomes. Based on weights of materials
harvested at end of experiments.

Source of Variation Effect n af F Sig., of F
N Treatment Shoot %N L1 3 7.41 .99
N Treatment R.+R., %N 34 3 8.96 .99
P Treatment Shoot %N 41 3 2.18 .89
P Treatment R.+R. 9N 34 3 1.59 .89
K Treatment Shoot %N 41 3 0.41 n.s.
K Treatment R.+R. N 34 3 0.15 n.s.
N Treatment Shoot %P 41 3 0.62 n.s.
N Treatment R.+R., %P 34 3 4,40 « 99
P Treatment Shoot %P ) 41 3 1.75 .83
P Treatment R.+R. %P = 34 3 6.67 .99
K Treatment Shoot %P 41 3 0.76 n.s.
K Treatment R.+R. %P U 3 0.19 n.s.
N Treatment Shoot %K 41 3 4.13 .99
N Treatment R.+R. %K 34 3 0.96 n.s.
P Treatment Shoot %K 41 3 1.72 .82
P Treatment R.+R. &K 34 3 0.57 n.s.
K Treatment Shoot %K 41 3 5.43 +99
K Treatment R.+R. %K 34 3 5.31 .99
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Figure 4. P. australis shoot concentration of N as per cent
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different combinations of nitrate and phosphate
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means.
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intermediate rates of N fertilization often occurs under
conditions of severe soil nutrient deficiencies with crop
plants when whole plants are sampled for nutrients (Smith,
1962). N is normally transported from mature tissues to
active growth areas resulting in a "dilution" of N during
growth (Smith, 1962). Since plants with poor N supply grow
very slowly, the transport of N from mature tissue to
actively growing areas of P. australis was depressed..
resulting in higher per cent N at the lowest treatment
level compared to intermediate treatment levels. 1In
contrast, total N uptake was directly correlated with level
of nitrate added (Figure 6) because of the overriding
effect of the quantity of tissue produced (Figure 1).

Except with a nitrate-N level of 46.8 g m'z. minimum
shoot P concentrations were found to be associated with the
lowest level of phosphate at a given level of nitrate
treatment (Figure 5). Association of the lowest shoot P
concentrations with the lowest phosphate treatment level
may reflect the relative N as compared to P shortage
existing in the untreated sand. Otherwise, tissue P levels
might be expected to exhibit a pattern similiar to that of
the tissue N levels since both nutrients are mobilized from
older tissues. The total quantity of N uptake was strongly
dependent on the phosphate treatment (Figure 6). This was
especially true at the higher nitrate treatment levels.
The same type of relationship exists for P uptake (Figure
7). That is, the amount of P taken up is dependent
strongly on both the nitrate and the phosphate treatment
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level.
Shoot N concentrations were found to be significantly
higher than root plus rhizome N concentrations (Figure 8).
P and K concentrations showed no significant between tissue

differences.

Zizania aquatica

Z. aquatica differed from all the other species
studied in that it is an annual established from seed. Its
biomass production response to individual treatment
combinations was also markedly lower, probably due to the
much smaller propagule size. Since 2. aquatica did not
approach its maximum areal biomass production, production
values are given on a per plént basis (Table 4).

Extremely low production values and high mortality
with certain treatments of Z. aquatica did not allow for
reliable nutrient analysis on samples from every treatment.
However, nutrient content patterns were similar to those
found with the species started from rhizomes. That is,
tissue P was highest with high phosphate-low nitrate
treatment while tissue N was greatest with low P-high N
treatment. However, P showed a much greater range than did

N (Table 5).

Typha spp.

For both T. angustifolia and T. latifolia, N, P and K
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Weight values are in g per plant; percentges

are as per cent of 60 C dry we
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Effects of variable nitrate, phosphate, and potassium

treatments on Z. aquatica shoot dry weight, root dry we

content of N, P and K.

Table 5.

&

Root

%P %K Dry Wt. %N

Shoot

%N

Dry Wt.

Treatment
(g m-2)
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