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 ABSTRACT

 DELAUNE, R.D.; PEZESHKI, S.R.; PARDUE, J.H.; WHITCOMB, J.H., and PATRICK, W.H.,
 1990. Some influences of sediment addition to a deteriorating salt marsh in the Mississippi river
 deltaic plain: a pilot study. Journal of Coastal Research, 6(1), 181-188. Fort Lauderdale (Flor-
 ida). ISSN 0749-0208.

 The effect of adding sediment to deteriorating Spartina alterniflora Loisel. Salt marsh which
 was not accreting rapidly enough in relation to submergence was examined. Raising the marsh
 surface approximately 10 cm with the equivalent of 94 kg sediment m-2 more than doubled
 plant above ground biomass production by the end of the second growing season. Similarly,
 numbers of regenerating shoots increased substantially compared to control plots. Plant tissue
 content of Fe, Mn, P and Ca increased substantially. Furthermore, uptake of N, Fe, Mn, P, Al,
 Ca, Mg, and K increased in response to the added sediment. Results presented suggest that if
 Mississippi River sediment could be reintroduced and distributed into these rapidly deterio-
 rating salt marshes, plant regeneration and productivity would be enhanced thus reducing the
 rate of wetland loss.

 ADDITIONAL INDEX WORDS: Wetlands, marsh deterioration, sedimentation, 137Cs, Spar-
 tina alterniflora, marsh restoration.

 INTRODUCTION

 Louisiana's Gulf coast is rapidly subsiding
 with subsequent wetland deterioration evident
 throughout the coast. Coastal marshes are
 being lost at rates estimated as great as 130
 km2yr-1 (GAGLIANO et al., 1981). Leveeing of
 the Mississippi River has resulted in the sus-
 pended sediment load being deposited on the
 continental slope. The resultant reduction in
 sediment input into marshes of the deltaic plain
 apparently contribute to the rapid rate of
 marsh deterioration currently occurring in
 coastal Louisiana. Many factors influence the
 stability of marsh soils in coastal Louisiana. In
 the subsiding environments of coastal Louisi-
 ana, continued existence of marsh habitat is
 particularly dependent on the ability of the
 marsh to maintain its elevation within a spe-
 cific tidal range through the process of vertical
 marsh accretion (DELAUNE et al., 1978).

 Many Louisiana Gulf Coast marshes are not

 accreting or aggrading rapidly enough in rela-
 tion to submergence or increases in water level
 to keep the marshes intertidal (DELAUNE et
 al., 1978; HATTON et al., 1983). The net result
 is marsh deterioration. Accretion is accom-

 plished through a combination of inorganic sed-
 iment accumulation and peat formation. The
 two are interrelated since the influx of sedi-

 ments also supplies nutrients for plant growth.
 Increased plant growth results in greater peat
 formation and increased stem density, further
 enhancing entrapment and stabilization of sed-
 iment.

 Comparison of submergence rates reported
 for the Louisiana Gulf Coast (DELAUNE et al.,
 1983; HATTON et al., 1983) to gauging stations
 at other Gulf Coast states reported by PEN-
 LAND et al., (1986), show that Louisiana is
 experiencing the highest submergence rates in
 all coastal wetlands bordering the northern
 Gulf of Mexico. The faster rate of water level

 increases in coastal Louisiana is attributed pri-
 marily to subsidence resulting from compaction 88059 received 26 September; accepted in revision 10 June 1989.
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 of recently deposited sediment associated with
 the Mississippi River Deltaic Plain. The Loui-
 siana Gulf Coast is experiencing water level
 increases several times greater than reported
 eustatic changes. Appreciable sediment depo-
 sition and organic matter accumulation are
 required to compensate for increases in water
 level. Aggradation or vertical accretion rates
 depend on the quality as well as the quantity of
 material available and are influenced by the
 distance from the source and local hydrology.
 The relative contribution of mineral and

 organic matter to the total marsh segment vary
 with marsh type (HATTON et al., 1983). Bulk
 density, an indication of inorganic sediment
 content, is greatest in salt marsh and progres-
 sively lower in inland fresh and brackish
 marshes. Inorganic sediment constitutes a pro-
 gressively greater fraction of marsh soil solids
 in the salt marshes. This is a consequence of the
 hydrological regime. Tidal action and water
 exchange provides some reworked mineral sed-
 iments to the salt marshes near the coast.

 The supply and distribution of sediment to
 interior marshes apparently is not sufficient in
 many instances to maintain viable marshes.
 Marsh areas along the Louisiana coast are
 breaking up internally rather than eroding
 from the edge (TURNER and RAO, 1987).
 Marsh deterioration first appears as small
 ponds which widen with time. STEVENSON et
 al. (1985) also reported that Atlantic coastal
 marsh erosion begins with the formation of
 inland ponds which enlarge over time.

 An inadequate supply of sediment to interior
 salt marsh can result in vegetation die-back or
 marsh deterioration. Soil bulk densities in the

 rooting zone below 0.20 g cm-3 will not support
 growth of Spartina alterniflora (DELAUNE et
 al., 1979). The mechanism for the marsh dete-
 rioration is both biological and physical.
 Restricted sediment input can reduce both ver-
 tical accretion and marsh resistance to hydro-
 dynamic forces such as waves and currents.
 Submergence or changes in marsh surface
 water-level relationships can stress or kill
 marsh vegetation which in turn reduces the
 organic matter available for accretion pro-
 cesses. Sulfide, at levels toxic to marsh plants,
 are also found in salt marshes with low inor-

 ganic sediment levels (DELAUNE et al., 1983).
 Iron found in sediment is important in precip-

 itating any sulfide formed in marsh soil as a
 result of sulfate reduction.

 In this paper we examine the effect of adding
 sediment to an inland Barataria Basin Spartina
 alterniflora salt marsh where vertical marsh
 accretion and sediment input are not sufficient
 to maintain a viable marsh. Due to rapid sub-
 sidence and an insufficient sediment supply
 Barataria Basin is rapidly deteriorating (Fig-
 ure 1).

 MATERIALS AND METHODS

 On July 8, 1986, twelve plywood enclosures
 were constructed and placed in an inland Spar-
 tina alterniflora salt marsh of Barataria Basin,
 Louisiana. Each enclosure was 1.44 m2 in area

 and 10 cm high. The enclosures were placed
 firmly in the marsh surface with sufficient
 space allowed to avoid complete restriction of
 drainage. Sediment dredged from an adjacent
 basin was transported to the marsh manually
 and distributed within the enclosure. The sed-

 iment placed on the marsh was Mississippi
 River alluvium which was deposited in the
 basin prior to leveeing of the river. Except for
 some enrichment in organic carbon, the sedi-
 ment was similar in composition to present day
 Mississippi River alluvium sediment (GAM-
 BRELL et al., 1975).

 The plot layout was a randomized block
 design consisting of 4 replications of three rates
 of added sediment (control (0 kg/m2), 23.5 kg
 dry sediment/m2 and 47 kg dry sediment/m2).
 On July 15, 1986 the first treatment was
 applied to the enclosure with the addition of
 sediment dredged from a nearby stream bottom.
 The first rate (23.5 kg m-2) raised the surface
 2-3 cm, the second rate (47 kg m-2) raised the
 marsh surface 4-5 cm. The sediment applied to
 the marsh consisted of 40% fine sand, 28%
 coarse-fine silt, and 32% clays and organics.

 A second addition of sediment using the same
 rates (0, 23.5 and 47 kg sediment m-2) was
 added to the plots on June 25, 1987 giving a
 total sediment addition of 47 kg m-2 and 94 kg
 m-2 which raised the marsh surface a total of

 4-6 cm, and 8-10 cm, respectively, for the two
 sediment treatments. On November 4, 1987
 plants from a 0.25 m2 section were clipped from
 each enclosure. Plant above-ground biomass
 production as affected by sediment addition was
 determined from plant material clipped at
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 Figure 1. Change in Barataria Basin marsh area between 1945 and 1980, black is open water (after Dozier 1983).

 ground level at each 0.25 m2 plot. Measure-
 ments of plant heights were recorded for five
 randomly selected stems for each sample sec-
 tion. Plant samples were then dried at 70'C to
 a constant weight and the dry weight was
 recorded.

 Dried samples were divided into subsamples
 and ground in a Wiley mill (No. 60 mesh) for
 nutrient analysis. Concentrations of N, P, K,
 Ca, Mg, Fe, and Mn in the plant tissue were
 determined. Total nitrogen was determined by
 the kjeldahl method. Elemental composition of
 the plant material was determined after digest-
 ing in nitric-perchloric-hydrofluoric acid. Ele-
 ment content was determined by ICP equipped
 with a background corrector.

 Vertical marsh accretion rates were deter-

 mined using the 137Cs dating technique

 (DELAUNE et al., 1978) at a stable streamside
 marsh which is accreting rapidly enough to
 keep pace with submergence and at the deteri-
 orating inland marsh which received the added
 sediment. Annual average accretion rates were
 calculated from the depth in the peat profile of
 the radioactive element 137Cs. It was first intro-

 duced into the biosphere as a result of atmos-
 pheric nuclear testing with fallout levels first
 appearing in 1954 and peaking in 1963 (PEN-
 NINGTON et al., 1973). A soil core (15 cm diam-
 eter) was taken at each marsh site, sectioned
 into 3 cm increments, dried, ground, and well
 mixed. Large diameter cores eliminated any
 compaction. The 137Cs activity in each section
 throughout the core was determined by count-
 ing the oven-dried sample using a lithium-drift,
 germanium detector and multichannel ana-
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 lyzer. Organic matter content was determined
 by dry combustion procedures. Bulk density
 was determined from oven-dry sediment in the
 known volume of each section.

 RESULTS

 Vertical marsh accretion determined from

 '37Cs dating indicates the deteriorating inland
 salt marsh to be accreting at the rate of 0.44 cm
 yr-'. This rate is approximately 0.8 to 1.0 cm
 yr - less than the accretion rate needed to
 maintain a productive salt marsh typical of
 marsh in the lower portion of the basin. By com-
 parison, the more stable streamside site was
 accreting at the rate of 1.25 cm yr-'. The dete-
 riorating inland marsh was not only accreting
 at a lower rate, there was also only a limited
 amount of inorganic sediment being deposited
 as indicated by bulk density and organic matter
 content of the soil profile (Figure 2). The aver-
 age bulk density in the rooting zone of the
 inland marsh profile was 0.20 g cm-3. This is
 the threshold level at which salt marsh will

 support growth of Spartina alterniflora in Lou-
 isiana Gulf Coast marsh (DELAUNE et al.,
 1979). By comparison, bulk densities of the sta-

 ble and productive streamside marsh averaged
 0.33 g cm-3. The lower section of the profile pre-
 sented represented what was once a freshwater
 marsh (DELAUNE 1986), which accounts for
 lower bulk densities at depth.

 The addition of sediment to the deteriorating
 inland marsh resulted in a significant increase
 in above-ground biomass of Spartina alterni-
 flora (Table 1). The increase was significant at
 the higher rate of sediment addition (97 kg
 m-2). An increase was noted at the 47 kg m-2
 rate which was not significant, perhaps due to
 the limited number of replications. The number
 of plant shoots were, however, significantly
 greater for both levels of sediment input com-
 pared to control plots. Such increases in shoot
 number over time will likely result in signifi-
 cant biomass differences between control and

 the 47 kg m-2 sediment conditions.
 The added sediment resulted in increases in

 nutrient and mineral content of Spartina alter-
 niflora plant tissue (Table 2). There was a sig-
 nificant increase in Fe and Mn content of plant
 tissue taken from the plots receiving sediment
 input. The result was significant at both treat-
 ment levels. The plant tissue content of Fe and
 Mn essentially doubled from the 94 kg sediment

 INLAND STREAMSIDE

 0 0

 Q27- 27-

 0 55
 36 36-

 O 15 30 45%(OM) 0 15 30 45 % (OM)
 .15 .30 .45g cm-3 (BD) .15 30 .45 g cm'3 (BD)

 ---'- ORGANIC MATTER (OM)
 -o---o-- BULK DENSITY (BD)

 Figure 2. Soil organic matter and bulk density profiles of deteriorating inland marsh and adjacent stable streamside marsh.
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 Table 1. Plant biomass sampled from control and sediment treated plots.

 Sediment Total above-ground Live plant Plant
 Treatment Biomass Biomass No. of Plant Height
 kg m-2 (g/.25 m2) (g/.25 m2) Shoots (cm)

 Control 288a 184a 47a 43a

 47 kg 406ab 268a,b 69b 41a
 sediment m-2

 94 kg 527b 368b 75b 41a
 sediment m-2

 N.B. Values with the same letter within the same column are not significant at the 5% level.

 Table 2. Plant tissue nutrient and mineral content of Spartina alterniflora sampled from control plots and plots with sediment
 added.

 Sediment Tissue nutrient content

 Treatment (4g/g)

 kg m-2 N Fe Mn P Al Ca Mg K

 Control 7.6 x 103a 222a 19.5a 1256a 279a 1588a 2340a 12890a

 47 kg 7.1 x 103a 346b 40b 1544ab 364a 1815a,b 2380a 14620a
 sediment m-2

 94 kg 7.4 x 103a 397b 47b 1631b 420a 2266b 2270a 12490a
 sediment m- 2

 N.B. Values with the same letter (a or b) within the same column are not significant at the 5% level (Duncan's
 multiple range test).

 input as compared to the control. Phosphorus
 content of plant tissue also increased as a result
 of sediment addition to the inland marsh. We

 observed no difference in nitrogen content of
 plant tissue. This would be expected since
 plants were sampled at the end of the growing
 season. However, there was a difference in total
 uptake of nitrogen between the treatments
 (Table 3) as a result of plant biomass increase.
 Calcium content of plant tissue was enhanced
 only at the highest level of sediment input to
 the marsh. We observed no significant increase

 in potassium, aluminum and magnesium con-
 centration of plant tissue as a result of the sed-
 iment addition.

 Total nutrient uptake, when factoring in both
 biomass and tissue concentration as affected by
 sediment additives (Table 3), show a statisti-
 cally significant difference among treatments
 for practically all nutrients. The only exception
 being for Mg and K which showed no significant
 difference between the 47 kg and 94 kg addi-
 tive. Nitrogen uptake was twice the control for
 the 94 kg additive, (4.01 g N 0.25 m-2 vs. 2.13

 Table 3. Nutrient and mineral uptake by Spartina alterniflora in control plots and plots with sediment added.

 Sediment Total nutrient uptake
 Treatment (g/0.25 m2)
 kg m-2 N Fe Mn P Al Ca Mg K

 Control 2.13a 0.06a 0.005a 0.36a 0.08a 0.46a 0.68a 3.7a

 47 kg 2.83b 0.14b 0.02b 0.63b 0.15b 0.74b 0.98b 5.9b
 sediment m-2

 94 kg 4.01c 0.21c 0.03c 0.86c 0.22c 1.2c 1.2b 6.6b
 sediment m-2

 N.B. Values with the same letter (a) or (b) within the same column are not significant at the 5% level (Duncan's
 multiple range test).
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 g N 0.25 m-2). There were similar large
 increases in total plant uptake for Fe, Mn, P,
 Al, and Ca.

 DISCUSSION

 In rapidly subsiding Louisiana's Barataria
 Basin salt marshes, continued existence of
 marsh habitat depends on the ability of the
 marsh to maintain its elevation with respect to
 increasing water level through vertical accre-
 tion (DELAUNE et al., 1978; HATTON et al.,
 1983). Currently, vertical accretion is not keep-
 ing pace with water level increases. In addition
 to marsh surface water level deficits many
 areas are not accumulating enough inorganic
 sediment in the root zone to support Spartina
 alterniflora growth (DELAUNE et al., 1979). As
 a result, the area is undergoing a rapid rate of
 deterioration. Marsh accretion necessary to
 maintain marsh elevation is accomplished
 through an accumulation of inorganic sediment
 as well as peat accumulation. Sediment input
 into these marshes reduces flood stress on plant
 communities and supplies nutrients for plant
 growth, both of which increase biomass produc-
 tion, the organic source for peat accumulation.
 Due to structural aspects of organic matter,
 organic rich marshes require less inorganic sed-
 iment for equivalent rates of vertical accretion
 than adjacent bay bottoms which contain less
 organic matter (DELAUNE et al., 1978). How-
 ever there is a minimum inorganic sediment
 necessary to maintain a viable Spartina marsh.
 Increased plant growth as a result of sediment
 input results in greater peat formation and
 increased stem density, enhancing the ability
 to further entrap and stabilize sediment.

 Currently, there are diversion plans for re-
 introduction of sediment and freshwater from

 the Mississippi River into some of the coastal
 marshes as a means for mitigating land loss
 (Figure 3). It is known in a general way that
 many Mississippi River Deltaic Plain marshes
 are sediment starved. However, to date there
 have been no quantitative studies on effect of
 added sediment on marsh production. The sed-
 iment treatment used in these studies may not
 actually represent the effect of sediment which
 would enter marshes as a result of Mississippi
 River diversion. However, it demonstrates how
 Barataria Basin marshes should respond to
 such inputs. The results presented quantifies

 the significant beneficial effect of added sedi-
 ment on marsh productivity. Plant biomass pro-
 duction increased significantly following the
 addition of sediment to the marsh surface. This

 suggests that marsh deterioration is reversible
 if there are feasible means for reintroducing
 sediment into the deteriorating salt marsh of
 lower Barataria Basin.

 Assuming an average accretionary deficit of
 0.5 cm yr-1 with respect to water level increase
 in the Basin, as a whole (fresh, brackish and
 salt marshes) the sediment requirement for the
 corresponding 164,000 ha marsh areas can be
 calculated. To increase vertical accretion 0.50

 cm yr-1 would require 6,600 kg ha-' yr-' of
 mineral sediment, assuming the average bulk
 density of 0.20 g cm-3 (average for the various
 marsh habitats), consisting of one-third organic
 matter. For Barataria Basin marshes, 0.5 mil-
 lion metric ton of sediment per year would be
 necessary for marsh maintenance. The majority
 of the sediment would have to be distributed in

 salt marsh in the lower basin, where aggrada-
 tion deficts are greater. Such quantity of sedi-
 ments represents only a fraction of the annual
 suspended load of the Mississippi River,
 reported to be 200 million metric tons (MEADE
 and PARKER, 1985), which is currently being
 deposited off the Continental Shelf. Fine grain
 fractions (silt and clays) of sediment being
 introduced into selected marshes of the deltaic

 plains over a period of time would increase sed-
 iment content of the root zone and in turn

 increase productivity of marsh macrophytes.
 Increased plant production as a result of

 increased sedimentation is due to several fac-

 tors. The sediment will increase marsh surface

 elevation, thus reducing flood stress to the
 plant community. The physiological tolerance
 of Spartina alterniflora is reported to be
 adversely affect by intense reducing conditions
 as a result of flooding (PEZESHKI et al., In
 Press). Another benefit of sediment to marsh
 vegetation is the additional nutrient source for
 plant growth. As shown in these investigations
 the nutrient status of Spartina alterniflora was
 enhanced from the sediment addition.

 Developing methods to reverse the trend of
 marsh deterioration will not only require an
 understanding of sediment requirement for
 maintaining individual marshes, but will also
 necessitate a better understanding of geological
 and hydrological factors involved. Proposed
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 Figure 3. Proposed Army Corp of Engineers diversion projects for reintroducing freshwater and sediment into deteriorating
 marsh of the Mississippi River Deltaic Plain (asterisk represents study site).

 Mississippi River diversion projects should
 reduce marsh deterioration at selected sites,
 however, additional studies are needed on the
 mechanism of transport and dispersal of fine
 grain sediment being introduced in order to
 maximize marsh regeneration.
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