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ABSTRACT 

A fertilization study was conducted to test the hypothesis that substrate moisture content 
affects nitrogen uptake by plants in brackish wetlands that have been ditched for mosquito control. 
Spartina patens (Nt.)Muhl. and Distichlis spicata (L.)Greene were the test species. Nitrate fertilizer 
was applied to plots in an unditched (Control) area and in two areas that had been extensively 
ditched. Tissue nitrogen concentrations increased significantly in fertilized plots and they were 
significantly higher in the area where the substrate moisture content had decreased following 
management. Distichlis had a greater relative response to fertilization but the response did not 
differ between sites. Spartina, the more shallow rooted species, had the greatest relative response to 
fertilization in the driest area. The results demonstrate that minimum changes in plant tissue 
nitrogen concentrations can be achieved in ditched wetlands by maintaining water tables as near to 
the wetland surface as possible. 

INTRODUCTION 

Open Marsh Water Management (Ferrigno 
and Jobbins 1968). hereafter referred to as 
OMWM, and modifications of the original 
technique (Meredith et ill. 1985) are widely 
used to control mosquito populations in coastal 
wetlands of the USA (Balling et al. 1980; Roman 
et ill. 1984). The technique involves ditching 
the wetlands to destroy the breeding habitat of 
the mosquitos. OMWM does not appear to have 
any long-term negative impacts on vegetation 
(Shisler and Jobbins 1977) or invertebrates 
(Clarke et ill. 1984) in frequently flooded coastal 
wetlands dominated by Spartina alterniflora. 
There may be negative impacts on birds that 
feed in salt marsh pools in Spartina alterniflora 
dominated coastal wetlands but other types of 
birds are not affected (Clarke et ill. 1984). 

In contrast, OMWM and related types of 
management can have negative impacts on the 
vegetation of brackish wetlands which only flood 
during high spring tides or storm tides if 
hydrologic conditions are not carefully 
controlled (Whigham et al. 1982; Roman et ill. 
1984). The key to successful implementation of 
OMWM in infrequently flooded brackish 
wetlands is to lower the water table enough to 
drain mosquito breeding depressions, but not 
far enough to permit the wetland to be invaded 
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by undesirable shrub species such as Iva 
frutescens L. and Baccharis halimifolia L 
(Meredith et al. 1985). 

Lowering the water table on infrequently 
flooded brackish wetlands can also alter the 
nitrogen status of the vegetation. Whigham et ill. 
(1982) found that the nitrogen content of above 
ground vegetation was significantly higher in 
areas where the water table had been lowered 
compared to areas where the water table had 
been maintained near the wetland surface. 

In this paper we report results of an 
experiment to test the hypothesis that the 
increased shoot nitrogen concentrations 
measured by Whigham et ill. (1982) was 
positively related to a decrease in the substrate 
moisture content. The experiment was 
designed in accordance with two postulates. 
First, that the addition of nitrogen fertilizer to 
any area affected by OMWM would result in an 
increase in shoot nitrogen concentrations. This 
assumption is based on the fact that plants in 
tidal wetlands respond positively to nitrogen 
fertilization (Broome et ill. 1983; Chalmers 
1979; Gallagher 1975; Valiela et ill. 1982). The 
second assumption was that the relative 
response to fertilization would be greatest in 
areas where the substrate moisture content had 
been reduced by lowering the groundwater 
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Figure 1. Location of Deal Island study sites. 0= 
Open Site, CL= Closed Site, CO= Control Site. 

table. The substrate in those areas should be 
more oxidized and more nitrogen should be 
available for assimilation by plants (Linthurst 
and Seneca 1981; Mendelssohn and Seneca 
1980; Morris 1980). . 

METHODS 

Study Location 

The study was conducted on the Deal 
Island Wildlife Management Area on the Eastern 
Shore of Maryland, USA (Fig. 1). Wetlands 
within the management area were physically 
altered in 1979 as part of a study to determine 
the effects that different ditching and water 
management procedures had on controlling 
mosquitoes and on the structure and function of 
the wetlands (Lesser 1982; Whigham et ill. 1982 
and 1983). 

This study was conducted in two of the 
areas that were ditched in 1979 and an 11.1 ha 
area, hereafter referred to as the Control Site, 
that had not been ditched. One of the ditched 
areas, hereafter referred to as the Open Site, 
was 20.2 ha in extent and was connected to the 
estuary by two ditches to permit tidal exchange. 
The hydrologic modifications at the Open Site 
resulted in a lowering of the water table and the 
greatest changes (5 to 10 cm) occurred within 
10 meters of the ditches (Lesser 1982). The 
second ditched site, hereafter referred to as the 
Closed Site, was 12.1 ha in extent and was 
Similar to the Open Site except that the ditch 
system was not connected to the estuary. 

Because there was no regular tidal exchange 
between the Closed Site and the estuary, the 
water table was not lowered. All three areas 
were dominated by Distichlis spicata (L.)Greene 
and Spartina patens (Ait.)Muhl. before ditching 
began. The species will hereafter be referred to 
as Spartina and Distichlis. Distichlis and/or 
Spartina dominated both areas after ditching 
but the Open Site was invaded by Iva frutescens 
L. and Baccharis halimifolia L. during the first 
growing season following the ditching 
(Whigham et ill. 1983). 

In June 1981, two sets of two plots, each 
2 X 10m, were randomly located at the Closed 
and Open Sites. One plot of each set was 
randomly located immediately adjacent to a 
ditch with the long axis parallel to the ditch 
edge. The second plot of the set was 
established with the same orientation but with 
the 2 meter dimension located between 18 and 
20 m away from the side of the first plot. At the 
Control Site, two separate plots were used; the 
locations of the two plots were randomly 
determined. All ten plots were divided into 80 
quadrats (0.5 m X 0.5 m) arranged in a 4 X 20 
grid. 

One set of plots was fertilized at the Open 
and Closed sites along with one of the plots at 
the Control Site. The plots were fertilized with 
N03-N at a rate of 20 gN m 2 on 11 June (1981), 
a time of rapid shoot growth. The 100% N03-N 
fertilizer (Sudbury Laboratory; Sudbury, 
Massachusetts) was dissolved in estuarine water 
prior to application. The loading rate was 
Similar to that used by Gallagher (1975) and 
falls within the range of nitrogen loading to 
various estuarine wetlands (Valiela et ill. 1985). 

Shoots of Distichlis and Spartina were 
collected from three randomly selected 
quadrats in each plot after 1, 2, 3, 6, and 9 
weeks following addition of the fertilizer. The 
shoots were dried at 60°C, ground in a Wiley 
Mill to pass through a 2 mm screen, and 
analyzed for nitrogen using Kjeldahl procedures 
(APHA 1976). 

Substrate moisture content was measured 
on triplicate cores that were collected in June 
(11, 19, 25). July (9, 22) and August (3). At the 
Open and Closed sites, samples were collected 
between 0-2 and 18-20 m from randomly 
located pOSitions along the ditches. Triplicate 
random samples were also collected from the 
Control Site. The aluminum coring tube was 20 
cm long and had a diameter of 5 cm. Moisture 
content, (wet weight-dry weight)/wet weight, 
was determined by weighing the cores after 
they were extruded from the sampling tubes 
and after they had been dried at 60°C. 



The vertical distribution of live 
belowground biomass (roots and rhizomes) of 
Distichlis and Spartina was determined by 
collecting cores in August from areas which had 
approximately 50% coverage of both species, 
the most common situation in all plots. 
Triplicate cores, 20 cm deep and 5 cm in 
diameter, were collected from each area. The 
cores were extruded and cut into 5 cm sections 
that were processed using the procedures 
described by Gallagher (1975). Dry weights of 
root/rhizome material were determined for 
each species. 

Data Analysis 

Percent nitrogen data were arsine and 
square root transformed and then analyzed in 
two stages: (1) the Closed and Open Sites were 
compared to detect differences in plant 
responses to fertilization, distance from the 
ditch, and temporal patterns, and (2) 
comparisons were made between the Control 
Site and the Closed and Open Sites to 
investigate differences in responses to 
fertilization and time. 

The analyses were complicated by the 
lack of true replication (Le., the quadrats within 
a single 2 m X 10 m plot are subsamples). To 
circumvent this problem, sites were treated as 
blocks. In the first phase of the analysis, the 
experiment was then analyzed as a split-plot 
design where the whole plots, distance X 
fertilizer combinations, were arranged in a 
randomized complete block deSign and time 
was regarded as the split-plot. Interactions 
involving site X time were tested with sampling 
error. 

For the second part of the analyses, 
differences between the Control and the Closed 
and Open sites for percent nitrogen were 
investigated using Bonferonni t-tests. Pairwise 
comparisons were made between Open and 
Control sites and between Closed and Control 
sites for each fertilizer X distance X time 
combination. 

RESULTS 

Spartina patens 

There were Significant site (P < .001) and 
fertilization (P < .001) effects on the nitrogen 
concentrations of Spartina shoots when the 
Open and Closed Sites were compared. Mean 
shoot nitrogen concentrations at the Open Site 
(mean ± 1 standard error for the four sampling 
periods: 1.34 ± 0.03%) were significantly higher 
than at the Closed Site (1.03 ± 0.04%) and 
plants in fertilized quadrats had significantly 
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Figure 2. Mean shoot nitrogen concentrations 
(%) of ~. patens in fertilized (shaded bars) and 
unfertilized (unshaded bars) quadrats at the 
Control, Open, and Closed Sites. Values are 
means. Means of values at the Open and Closed 
sites that are significantly different (P < 0.05) 
from means at the Control Site are indicated 
with either a + (Mean greater than plants from 
the Control Site) or - (Means less than plants 
from the Control Site. 

higher %N (1.37 ± 0.04) than plants in quadrats 
that were not fertilized (1.04 ± 0.04). Percent 
nitrogen in shoots at 0-2 meters (1.23 ± 0.04) 
was not significantly different from percent N at 
18-20 m (1.18 ± 0.04). There were no 
significant time effects or 2-way interactions. 
There were significant 3-way interactions 
among site X time X fertilizer (P < 0.01) and 
site X time X distance (P < 0.01), and the 4-way 
interaction was significant (P < 0.01). However, 
the main features of the data are probably the 
fertilizer and site effects (mean squares of .0063 
and .0048, respectively) since using a 
conservative degrees of freedom test on all 
effects involving time (to account for correlation 
among observations on the same unit over 
time), showed that the significant time 
interactions were based on sampling error, 
which undoubtedly underestimated 
experimental error. 

Figure 2 compares shoot nitrogen 
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concentrations at the Control Site with those at 
the two distances at the Open and Closed Sites. 
In all but one instance (Week 9), %N was 
significantly (P < .05) higher in fertilized 
quadrats near: the ditch at the Open Site than 
the Control fertilized plots (Fig. 2). In contrast. 
plants from fertilized quadrats between 18 and 
20 m at the Open Site had significantly higher 
shoot nitrogen concentrations relative to 
Control fertilized plots only on week 2. Relative 
to unfertilized Control plots, plants in 
unfertilized quadrats at the Open site had 
significantly higher nitrogen concentrations at 
0-2 m on week 1 and 3 and at 18-20 m on week 
3. There were few significant differences in 
shoot nitrogen concentrations when the Control 
and Closed Sites were compared. At the Closed 
Site, plants in unfertilized quadrats near the 
ditch had Significantly (P < .05) higher %N than 
plants from the unfertilized plots at the Control 
Site at weeks 1 and 3. 

Site differences in the magnitude of the 
fertilization response of Spartina ranged from 
38.4 ± 10.7% at the Open Site to 26.4 ± 3.5% 
and 24.8 ± 7.5% at the Closed and Control sites 
respectively (Fig. 4) 

Distichlis spicata 

Site (P < .001), fertilization (P < .00l), 
and distance (P < .05) effects were Significant 
when %N in Distichlis shoots was compared at 
the Open and Closed sites. Nitrogen 
concentrations at the Open Site (1.49 ± 0.04%) 
were significantly higher than those measured 
at the Closed Site 0.34 ± 0.04%) and 
significan tly higher near the ditches (1.45 ± 
0.04%) than at 18-20 m (1.38 ± 0.04%). Shoots 
collected from fertilized quadrats had 
Significantly higher %N (1.62 ± 0.04) than 
shoots from quadrats that were not fertilized 
0.28 ± 0.04). There were several significant 
two and three way interactions involving time: 
time X fertilizer (P <.01); time X distance (P < 
.001); site X time (P < .01); site X time X 
fertilizer (P < .001); site X time X distance (P < 
.001). The four -way interaction was also 
significant (P < .001). Similar to Spartina, the 
main treatment effects are probably more 
important than the interactions involVing time 
because the conservative degrees of freedom 
tests showed that the significant interactions 
with time were based on sampling rather than 
experimental error. 

Comparisons between the Control Site 
and two ditched sites for Q. spicata are shown 
in Fig. 3. Although there was a tendency for 
nitrogen concentrations to be elevated in 
fertilized plots at the Open and Closed Sites 
relative to fertilized plots at the Control Site, 
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Figure 3. Mean shoot nitrogen concentrations 
(%) of Q. spicata in fertilized (shaded bars) and 
unfertilized (unshaded bars) quadrats at the 
Control, Open, and Closed Sites. Values are 
means. Means of values at the Open and Closed 
sites that are significantly different (P < 0.05) 
from means at the Control Site are indicated 
with either a + (Mean greater than plants from 
the Control Site) or - (Means less than plants 
from the Control Site. 
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Figure 4. Percent change in the nitrogen 
concentration of .Q. patens and Q. spicata shoots 
at the three study sites. Values are means (± 1 
standard error) which were calculated as 
follows: ((%N in fertilized plots - %N in 
unfertilized plots) / %N in unfertilized plots) X 
100. Site designations are as in Fig. 1. 
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Figure 5. Substrate moisture content at the 
Open, Closed, and Control Sites. All values are 
means ± 1 standard error. 

the values were only significantly higher (P < 
.05) than those measured at the Control Site on 
week 3 at 0-2 m. Shoots in fertilized plots at 
the Open and Closed sites had significantly 
lower %N in relation to the fertilized Control 
Site on two occasions (Closed Site: week 2 at 
18-20 m and Open Site: week 9 at 0-2 m). 
Shoot %N in unfertilized plots at the Open Site 
on week 2 was significantly lower then the 
unfertilized plot at the Control Site. 

As indicated, Distichlis responded 
positively to fertilization at all three sites (Fig. 
4). The percent increase for Distichlis was, 
however, very Similar at all three sites. 

Substrate Moisture 

Substrate moisture content was lowest 
near the ditch at the Open Site and there were 
no clear differences between the other sites and 
distances (Fig. 5). Moisture content ranged 
from 78.4 ± 0.10 to 83.1 ± 1.3% at the Control 
Site and from 75.4 ± 4.6 to 82.1 ± 1.1% at the 
Closed Site. 

Distribution of Roots and Rhizomes 

Most of the below ground biomass (95.2 ± 
3.5%) of Spartina occurred within the first 5 
cm of substrate (Fig. 6). The distribution of 
Distichlis roots and rhizomes was more uniform 
with only 27.9 ± 4.6% of the biomass in the top 
5 cm of substrate. 

DISCUSSION 

The positive responses of Spartina patens 
and Distichlis spicata to fertilization are similar 
to those that have been demonstrated for a 
more frequently studied estuarine species, 
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Figure 6. Distribution of roots and rhizomes of 
D. spicata and.s. patens growing in areas where 
there is an approximately equal coverage of both 
species. All values for the 5 cm depth intervals 
are means of triplicate samples ± 1 standard 
error of the mean. 

Spartina alternillora (Sullivan and Daiber 1974; 
Broome et ill. 1983; Gallagher 1975; Haines and 
Dunn 1976; Chalmers 1979; Smart and Barko 
1980; Valiela et ill. 1982 and 1985). The 
reasons for increased nitrogen utilization under 
fertilized conditions are complex (Mendelssohn 
et ill. 1982) but most results indicate that this 
may be caused by an increase in the availability 
of ammonium. Our results indicate that a 
decrease in substrate moisture content can also 
results in an increase in the availability of 
ammonium. 

Comparing sites, shoot nitrogen 
concentrations were Significantly higher at the 
Open Site where the water table had been 
lowered (Lesser 1982) and where the substrate 
moisture content had decreased the most, 
especially near the ditches. That result 
supports the hypothesis that substrate 
waterlogging is one of the key factors that 
controls nitrogen uptake in infrequently flooded 
brackish wetlands (Mendelssohn et ill. 1982). A 
decrease in substrate moisture content could 
coincide with an increase in substrate oxidation 
by several mechanisms. First, oxygen could pass 
from the atmosphere through plant aerenchyma 
and into the substrate by diffusing out of roots 
(Teal and Kanwisher 1966; Mendelssohn et ill. 
1982; Howes et ill. 1981; Mendelssohn and 
Postek 1982). Plant evapotranspiration and 
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tidal pumping are two other mechanisms by 
which oxygen can enter the substrate (Dacey 
and Howes 1984). Valiela et ill. (1976) have also 
shown that diffusion of oxygen into the substrate 
can be augmented by fertilizer application 
which can cause increased evapotranspiration. 
Finally, increasing the rate of movement of 
interstitial water would also produce the same 
response as lowering the moisture content of 
the substrate. Wiegert et ill. (1983) have shown 
that short-form S. alterniflora production 
increased when drainage tiles were placed in 
the substrate to increase the movement of 
subsurface water. The response measured by 
Wiegert et al. (1983) was, however, most likely 
caused by a more rapid removal of toxic sulfides 
and delivery of iron than any change in substrate 
moisture content (King et ill. 1982) or 
alleviation of anaerobiosis in the rhizosphere. 
In our study, increased water movement within 
the substrate would have only occurred near the 
ditches at the Open Site and Lesser (1982) has 
shown that the groundwater table fluctuated 
most at those locations. The effects of 
evapotranspiration and diffusion would have 
been similar at both sites as there were not any 
differences in standing live biomass (Whigham 
et al. 1982 and 1983). Both factors would, 
however, have been augmented at the Open Site 
by the fact that the groundwater was rarely 
recharged by surface flooding events and the 
substrates - especially near ditches - drained 
during low tide. Drainage could have been 
primarily responsible for the significantly 
higher shoot nitrogen concentrations of 
Spartina in fertilized and unfertilized plots near 
the ditch at the Open Site. 

There were also significant differences 
between the two species in their response to 
fertilizer addition. While Distichlis responded 
positively to fertilization, the percent increase 
in shoot nitrogen between fertilized and 
unfertilized plots was very similar at all three 
sites. The lack of a clear site effect for 
Distichlis may have been due to the fact that it 
roots deeper in the substrate where soil 
moisture levels were higher and similar at all 
sites. Ditching of the types of wetlands that we 
have studied would, therefore, have little effect 
on nitrogen assimilation by Distichlis unless the 
water table was lowered more. Site differences 
in the magnitude of the fertilization response of 
Spartina were greater at the Open Site, 
particularly near the ditch. This is consistent 
with the fact that Spartina is much more 
shallow rooted than Distichlis and lowering of 
the water table by as little as 5 cm could have a 
positive effect on nitrogen uptake by Spartina. 

In this study we havc demonstrated that 
wetland management for mosquito control can 

have an effect on nutrient cycling if the 
substrate moisture content is lowered, 
especially wetlands dominated by Spartina. We 
have shown elsewhere (Whigham et ill. 1982 
and 1983) that lowering the substrate moisture 
content can also produce dramatic changes in 
the vegetation. The same types of 
manipulations did not, however, have any 
negative impacts on water quality parameters in 
ditches and ponds nor on patterns of nutrient 
exchange between the managed wetlands and 
the estuary (Whigham et ill. 1983). We agree 
with Meredith et ill. (1985) who concluded that 
proper control of the water table will result in 
minimum disruption of ecological processes in 
infrequently flooded tidal wetlands that have 
been ditched. 
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