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survive , par ticularly under stresses of salinity and inundation. Although
1” several species are investigated , including Distichlis sp icata, Juncus

roemerianus, Phragmites cominunis, Saggitaria falcata, Spar tina cynosuroides,
- 

V’ 

- 
and Spartina patens , major emphasis is given to the adaptability and edaphic
requiremen ts of Spartina alterniflora: the response of this species is
contras ted with that of the other species . Emphasis is given to the substrate
quali ties to which Spar tina  al te rn i f lo ra  can adap t and to the adap tation
mechanisms,-

Techni ques used in the investiga tion include: f ie ld  studies of the
spatial variation in the peak biomass of salt marsh vegetation ; mineral
analyses of soil and tissue nutrients in coastal Louisiana and the relationship
of spatial distribution of these nu trien ts to peak live biomass (y ield) of
Spartina alterniflora; greenhouse and laboratory studies of salinity and V

sediment drainage effects on growth and carbon dioxide exchange of salt marsh
V plants; the effect of salinity on ion adsorption rates; and the role of light

• - and temperature in marsh plant photosynthesis.

— 1 Results of the studies are integrated in a general conceptual model that
has application to the development of marshes on dredged material.
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1. During the 1955—1964 period disposal of dredged material was
V:V~~~~~ 

V

a major reason for filling wetlands in the United States. Marsh areas

are fairly accessible to many coastal dredging projects and for many

years easements were easily obtained and relatively inexpensive; hence,

marsh disposal of dredged material improved the cost:benefit ratio that

mush be applied to federally sponsored engineering projects over other

disposal techniques. With the sharp increase in awareness of the

value of coastal wetlands as natural systems in recent years, the avail-

ability of these areas for disposal of dredged material has decreased

and alternatives are being sought. One alternative is to identify tidal

wetlands that are of least value in their natural state and thus could V

serve as possible routes of navigation channels and disposal sites.

Perhaps a more viable alternative is the use of dredged material to

create new marshes. For both types of disposal the productivity of

marsh vegetation and the physiological ecology of stress are important

questions .

2. This study examines the productivity of seven marsh plant

species counnon in coastal marshes of Louisiana (Vol. I) and reports on

a number of experiments that concern the ability of marsh plants to

survive under the dual stresses of salinity and inundation (Vol. 11).

The study was conducted between August 1973 and July 1976 as a portion

of the overall DMRP research and development effort under Task 4A,

Marsh Development.

3. Productivity of seven marsh plant species was evaluated over

a two—year period . Using a harvesting technique that corrects for

2 
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V mortality between sampling periods, it was determined that Spartina

patens, Juncus roemerianus, and Distichlis spicata were even more pro—

ductive than ~partina alterniflora, a species that is known to be highly

-
~~ productive. Measured annual net production (g m

2
) was: S. patens,

- - 4200; J. roemerianus, 3300; D. spicata, 2900; Phragmites communis,

2400; Sagittaria falcata, 2300; Spartina cynosuroides, 1100. The fresh
V 

and brackish marsh species supported high levels of productivity even

though they did not receive as much tidal subsidy as salt marshes.

Productivity was higher for species that grow throughout the winter than

for those such as S. cynosuroides and P. communis, which die to the

ground in late fall. The broad—leaved fresh marsh species, S. falcata,

produced only a moderate level of organic matter , but its high nutrient

content (up to 3 percent nitrogen) and rapid decomposition rate made it

unique among the species investigated.

4. Considerable effort was expended evaluating techniques for

measurement of production. Peak standing crop was compared with harvest

methods that correct for mortality between sampling periods and with

nondestructive phenometric techniques based on recruitment , growth,

longevity , and density of individual stems. From the evidence it was

concluded that peak standing crop seriously underestimates production in

gulf coast marshes, and that the harvest technique of Wiegert and Evans

(1964) is the most realistic presently available , although phenometric

analysis holds promise for an excellent , nondestructive method of

productivity analysis.

5. Aside from variation in reported productivity due to differ-

ences in techniques, wide geographic variability occurs. In 
an3



end—of—the—season study of S. alterniflora biomass over a wide area of

southeastern Louisiana, standing biomass was found to vary from zero

to 2244 grams per square meter. Biomass was higher in Barataria Bay

than in Terrebonne Bay and also higher on the east side of each bay

than on the west side. The higher biomass in Barataria than Terrebonne

Bay could be related to the proximity of Barataria Bay to the Mississippi

River, which is a large source of both fresh water and nutrients. It

is not clear why the east side of these two bays was more productive

• than the west side, but it is speculated that circulation patterns and

dominant winds may control the distribution of nutrients and silt within

the bay .

6. Growth was also more vigorous along stream edges compared to

50 to 175 in from the stream. This phenomenon has been reported before

and is thought to be related to more vigorous tidal flushing action along

the edges of streams.

7. The standing stock of S. alterniflora did not increase with

distance inland from the gulf although the total biomass on the marsh,

including species other than S. alterniflora, did increase .

8. Biomass gradients were paralleled by physical gradients . Flooding

frequency decreased with distance from the gulf inland and from the

edge of streams into the marsh. With this decrease there was also a

decrease in sediment deposition and in the proportion of coarse mate-

rials to fine in the sediment; a decrease in salinity ; and an increase

in organic deposition in the sediments. These physical gradients were

poorly correlated with S. alterniflora biomass, although, in general, hi
gh4



- V . -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

biomass was associated with high silt loads, low organic matter in the

sediments, and decreasing salinity .

V 9. Soil and tissue nutrient concentrations were also poorly

correlated with S. alterniflora biomass. The highest correlation

(negative) was between S. alterniflora biomass and boron (B) (r = —0.32).

Nitrogen (N) was also negatively correlated with biomass (r = —0.19).

Other significant correlations failed individually to account for as

V -~ much as 5 percent of the biomass variability . Multiple step—wise

regressions were conducted between the dependent variables, S. alterniflora

- V live biomass and total live plus dead biomass , and the independent variables ,

14 tissue elements or 8 substrate parameters. The best seven—variable

model of tissue nutrients accounted for only 36 to 38 percent of biomass

variabil i ty. Boron and manganese (Mn) were significant variables in

all models. Phosphorus (P), potassium (K), and N also entered the rela-

tionship with live biomass, K, and barium (Ba) with total biomass.

10. No soil parameter accounted for more than 11 percent of biomass

variability. The only significant relationship was between salinity and

total biomass. Thus , it appears in the complex environment of the salt

marsh that many factors contribute to yield .

11. These field studies were supplemented by controlled tests in

the greenhouse and laboratory . In these tests it was documented that

S. alterniflora, S. cynosuroides, and D. sp icata are all inhibited by

salt in the concentration range of their normal habitat . Kinetic studies

with the labelled isotope rubidium (Rb) indicated that a mechanism of

action of salt was the inhibition of nutrient absorption since Rb

absorption was strongly inhibited in the presence of salt.

5
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12. In situ studies of photosynthesis of whole salt marsh communities

V showed that the macrophytes (S. alterniflora) accounted for 90—96 percent

of the total photosynthesis of the community. The micro—algae found grow—

ing on the lower parts of the S. alterniflora culms and on the surface

of the sediments accounted for as much as 10 percent of gross production

in the winter, but less in the summertime. However, 64—76 percent of the

total community respiration was benthic and attributed to the micro—corn— V

ponents of the community. The photosynthetic rate increased from shade

to ful l  sunlight , a characteristic of C
4 

plants (which are particularly

efficient photosynthesizers). The rate of photosynthesis per unit leaf

area was higher in December and March than during late spring and sunmier.

The decrease in efficiency in late spring was perhaps related to the N

supply to the roots. The rate of photosynthesis was not af fected by

the diurnal flooding pattern of the marsh, apparently because the marsh V

substrate was efficiently buffered from rapid daily redox potential (Eh)

and salinity changes.

13. These results are discussed in a model of marsh success which

identif ies  several feedback loops that stabil ize natural marshes , allowing

them to counteract the e f f ec t s  of natural  subsidence rates and remain at

an elevation just below mean high water level. The inundation regime of

the marsh is critical in controlling all of these loops through control

of the nutrient and silt supply to the marsh, the salinity of the flooding

waters and sediments , and the soil Eh. However , much more needs to be

known about the relationship of these factors to the flooding regime.

14. The relationships discussed in the model are important be-

cause they can be used to evaluate how existing data on marsh productivity

6
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are interpreted , where dredging and dredged material disposal should

occur , and what species and edaphic conditions are optimum for vegeta—

tion of newly created marshes. 
V
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U .S .  customary units of measurement used in this report can be converted

to metric (SI) units as follows:

Multiply By To Obtain

inches 0.0254 meters

feet 0.3048 meters

• miles (U. S. statute) 1.609344 kilometers

cubic yards 0.7645549 cubic meters

quarts (U.S. liquid) 0.0009464 cubic meters

V gallons (u .s. liquid) 3.785412 cubic decimeters

11
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COMMON MARSH PLANT SPECIES OF THE GULF COAST AREA

V 

VOLUME II: GROWT H DYNAMICS

INTRODUCTION

1. In recent years the U. S .  Army Corps of Engineers (CE) has spent

about one half of its budget for maintenance of channels and harbors in

coastal areas. Since the Corps dredges 300 million cu yds* of material

V in the continental United States each year (Boyd et al. 1972),** the

volume of dredged sediments to be disposed of in the coastal zone

provides the Corps with a serious dilemma. In former years “useless”

marshes provided a natural disposal area for dredged material , but

recent gains in the public appreciation of the value of coastal wetlands

have led to serious restriction of disposal sites. The Corps is cogni-

zant of the detrimental effects of disposal on marshes and is looking

for economically feasible disposal alternatives. One possibility under

consideration is the placement of a thin layer of dredged material over

existing marshes——a layer thin enough to allow the vegetation to grow

through and to function as a normal marsh. This alternative might be

particularly attractive in areas of rapid subsidence where the dredged

sediments could be used to nourish the marshes. A second alternative is

the creation of new marsh by building islands or adding dredged material

adjacent to existing marshes.

* A table of factors for converting U.S. customary units or measure-
ment to metric (SI) units can be found on page 11.

** References at end of this section.

12
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2. In order to accomplish either of these alternatives, the

ability of the indigenous plants to respond to the changed circumstances

must be known. This raises many technical questions about the ability
V 

of a plant to survive and grow in the intertidal zone. Can the habitat

of a marsh plant species be defined in physical and chemical terms?

What are the critical parameters of this habitat and over what range of

F these parameters is growth possible? What parameters are not critical?

That is , what parameters can be allowed to fluctuate over a wide range

without significantly af fec t ing  the ability of the plant to grow? What

chemical or other environmental relationships exist that might not be

important to a plant species per se but might be important in the

function of the whole marsh ecosystem? For instance, the ability of

marsh plants to take up toxic heavy metals that they do not themselves

use could put these metals into the food web and pose danger to higher

consumers or to man himself , or the relative development of the roots of

the plant system as opposed to the shoots may not affect the plant’s

survival but may be critical in stabilization of the sediment surface.

3. In this volume studies concerned with answering some of the

above questions are reported . Emphasis is on adaptability and edaphic

requirements of saltmarsh cordgreas, Spartina alterniflora, since this

is a plant of worldwide distribution, found in a wide range of environ—

ments, all of which are characterized by saline sediments. Response of

S. alterniflora to a number of edaphic conditions is contrasted with

that of other species and from this some generalities concerning re—

sponse of the plant are derived. Emphasis is placed on the substrate

qualities to which it can adapt and the mechanism of adaptation. The

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V . V - V~~~~~~~~~~~~~~~~~~~~~ V V .V V - V V V V .V V V V • V ~~~~~ V V~V V V V V V V V V V V V V V V V V V VV



--

V
- study Is not definitive, rather It supplements other studies under way

by the Dredged Material Research Program (DMRP) of the U.S. Army

Engineer Waterways Experiment Station (WES), Vicksburg, Miss.

I -
~~
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TECHNIQUES

Field Study

4. Peak biomass was sampled along four transects extending from the

Gulf of Mexico across the east and west sides of two large interdistribu—

tary basins (Figure 1). The locations of these transects enabled the eval—

uation of the effect of the Mississippi River (Mississippi River effect),

the variation occurring on a gradient from the Gulf of Mexico inland

toward fresh water (gulf—inland gradient), and the micro effect of stream

V edges as opposed to inland marshes (streaniside effect). Samples were

collected during September 1974. Vegetation was harvested at ground

level; separated into live tissue, dead tissue stripped from live culins,

dead culms, and species other than S. alterniflora; dried; and weighed.

Density and average height of live cuims were also recorded. Statis-

tical treatment of the data employed the Statistical Analysis System

software program developed by Barr and Goodnight (Service 1972). In

addition, samples over a 2—year period were taken from seven species of

V marsh plants, each at a single location on the coast (Gosselink et al.

V 1976). The two studies combined show both the geographical and the

t emporal fluctuation in biomass and nutrient parameters. (See Appendix

A for details.)

Mineral Analyses

5. Live plant tissue from the field study was dried, ground , and

sent to the Plant Analysis Laboratory of the University of Georgia to be

spectrographically analyzed for 15 nutrients .  Nitrogen (N) was determined

15
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by the micro—Kje ldah l technique (Bremme r 1965), also by the University of

Georgia Laboratory. Soil samples collected at the harvest sites were

analyzed for cations and physical structure by the Louisiana State

University Soils Laboratory . (See Appendix B for  details.)

Greenhouse and Laboratory Tests

6. Plant material for use in controlled tests was grown from seed

collected in the Barataria Bay area of south Louisiana. For salinity

studies the seedlings were transferred to solution culture containers

and grown without aeration in a growth chamber under a 16—hour photo- 
V

period at 19000 linc in a temperature of 20°C during the dark, 30°C

during the light. Salinity was controlled by the addition of sodium

chloride (NaC1) . For the evaluation of the ef fec t  of flooding, seedlings

were transplanted to half—gallon plastic pots containing a mixture of

50—percent river sand and 50—percent fine organic—rich silt, from Bara—

taria Bay , La. The pots were maintained in a flooded or drained condi-

tion, depending on the treatment. Platinum (Pt) electrodes inserted

into the sediment monitored the redox potential (Eh). Nutrients were

recycled in the drained pots in order to maintain the same total nutrient

availability ~o both drained and flooded plants. Dry weight accumulation

was the measure of the plant’s response. (See Appendix E for details.)

7. To study the kinetics of Ion absorption by excised roots,

seedlings were pretreated in appropriate nutrient solutions before the

roots were excised. These roots were used for short—term tests in which

the absorption of radioactive rubidium (Rb) was measured as it was

affected by manipulation of the other components of the substrate. The

16

-VV
~~~~~~~~~

V V . V .- -
~~~~

V V
—-VV—-



V V ~~~~~~~~~~~~~~~~~~~~ 
V

-[ V

technique was described by Epstein et al. (1963). In addition, Ion

uptake by intact seedlings was measured , using similar techniques, except

that whole seedlings were used and adsorption of radioactive Rb into the

roots and shoot determined. (See Appendix F for details.)

Photosynthesis

8. Carbon dioxide (C02) flux was monitored in a cuvette, either in

the field or in pot—grown plants in the greenhouse under controlled

light and temperature regimes. The change in CO2 concentration of the

- 
• 

- 
air stream flowing through the cuvette was measured with an infrared gas

V analyzer, as described by Mooney et al. (1971). (See Appendix G for

details.)

17 
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VARIATIONS IN S. ALTERNIFLORA YIELD

Geographic as Related to Edaphic Parameters

V 
Biomass gradients

9. Large variations in growth of S. alterniflora are shown by

results of the transect study. The range of biomass from 200 quarter— V

meter plots harvested at the end of September 1974 was 0 to 2244 g

with a mean of 660 g and a standard deviation of 349 g. These figures

emphasize the natural variability of the marsh. The mean biomass was

V higher in Barataria Basin than in the Terrebonne Basin and also higher

on the west side of each basin than on the east side (Figure 2).

Nutrient and silt inputs from the Mississippi River are thought to 
V

explain some of the differences between the basins, but the reason for

the higher productivity of the west side over the east side is unclear.

Factors that could be implicated are the geomorphology of the basins and

the predominantly southeast winds that blow into the west sides of the V

basins. An analysis of the individual stations in Barataria and Terre—

bonne basins showed that the main differences between basins occurred at

the stations near the gulf where the Barataria marshes had much higher

biomasses than the Terreb onne marshes . These productive stations were

those that would be expected to experience the strongest influence of

the Mississippi River. In addition they were more sheltered by the

ba rrier islands of the Barataria Basin than were the more exposed Terre—

bonne marshes.

10. The total biomass increased with distance from the gulf ; that

is, along a gradient of decreasing salinity. Most of this change,

18
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however, was related to an increase in the biomass of species other than

S. alterniflora. In contrast to other reports (Nixon and Oviatt 1973;

Broome et al. 1975), no convincing evidence was found to indicate that

e i the r  the live or the l i t t e r  biomass of the la t ter  species varied in any

consis tent  manner along this sal ini ty gradient (Figure 3).

11. The so—called streamside effect showed up strongly in the

study (Figure 4). As expected from previous work (Kirby and Cosselink

V 1976; Smalley 1959), the streamside plots contained more live and dead

• vegetation than the plots 50, 100, or 175 m inland. The effect was

strongest in the stations that were farthest from the gulf. The marsh

was much more broken up near the coast than it was upstream; that is,

small tidal channels penetrated the marsh in a fine network. It is

likely, therefore, that close to the coast some of the sample plots 100

or 175 m from the main water body on which the transect originated were

influenced by other minor channels.

Edaphic and salinity gradients V

12. The biomass gradients were paralled by edaphic and salinity

gradients. Salinity decreases with distance from the Gulf of Mexico and

tidal energy also attenuates inland. This attentuation is associated

with a decrease in the frequency of inundation of the marsh, although

the total time inundated per year is not greatly affected (Byrne et al.

1976). The frequency of inundation affects edaphic conditions on the

marsh , particularly sediment grain size and organic content . The inter—

distributary basins of this study contain almost no sands inshore of the

barrier islands. The coarsest sediment particles are fine silt. As

19
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tidal energy decreases the coarser particles drop out of the water V

F column resulting in an increase in the proportion of fine particles in

the sediments with distance from the gulf (Figure 5).

Organic content gradients

13. Organic content is a result of complex processes. Among these

are the magnitude of primary production and the tidal energy available

to move organic detritus off the marsh. The processes result (Figure 6)

in a clear—cut gulf—inland gradient of increasing sediment organic

content with distance from the gulf and, also, increasing organic content V

with distance from the edge of a bayou (streamside effect).

Relationship between biomass V

and physical gradients

14. The relationship between the biomass gradients and the physi-

cal gradients is not clear. There Is no significant correlation between

salinity and S. alterniflora biomass parameters. On the other hand the

presence of species other than S. alterniflora does increase as salinity

decreases . As a consequence , the total biomass is strongly negatively

correlated with salinity. The implications for S. alterniflora seem to

be that this species, itself, is not strongly influenced by salinities 
V

in the range (11 to 27 ppt) encountered , but that at low saJ {nities V

other plants are able to compete successfully with it. The data also

indicate that S. alterniflora is dependent on tidal action per se as

distinct from salinity. This is shown by the streamside effect, where

salinity differences are minimal.

20
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15. No clear—cut relationship appears to exist between the biomass

of S. a l te rni flora  and the organic content of the sediment (Appendix A),

and in general few soil or tissue nutrients were found to be related to
V b iomass. In some cases positive correlations may have been due to

luxury consumption. Negative correlations were found between tissue N

V concentration and y ield although the coefficien t of correlation (r) was

low (—0.19) . The best predictor of yi eld was tissue boron (B) , which

was also negatively correlated with peak live biomass (r = — 0 . 3 2 ) .

Other tissue elements were individually significantly correla ted wi th

live S. alterniflora biomass, but individually each element accounted

f or 5 percent or less of the observed biomass variation.

16. Stepwise, multiple regression procedures were followed to

relate two yield parameters (l ive S. alterniflora biomass and total

biomass) to 14 tissue and 8 substrate parameters by a maximum r2

improvement technique (Service 1972). For tissue nutrients the best

seven—variable model only accounted for 36 to 38 percent of the biomass

variation. Tissue B was a significant variable for all models, as was

manganese (Mn). Phosphorus (P), potassium (K), and N also enter the

relations ftip with live biomass , K and barium (Ba) with total biomass.

17. No soil parameter accounted for more than 11 percent of the

b iomass variability. The only significant relationship was between

salinity and total biomass. Thus it appears that in the complex

environment of the salt marsh many factors contribute to yield.

18. It should be noted that iron (Fe), which was specifically

implicated in S. alterniflora growth by Adams (1963), did not appear in

the field to be significantly related to yield. Extraction procedures

21
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strongly influence the quantitative measurement of Fe, but growth

chamber studies where the species of Fe available to S. alterniflora

were controlled (Appendix C) confirmed that high Fe levels were not

required for optimum growth. In fact, in this study some growth inhi-

bition seemed to occur as substrate Fe concentrations increased .

19. On a broader scale, encompassing seven species of marsh plan ts

sampled at bimonthly intervals over a year, tissue nutrient content was V

again poorly related to biomass (Appendix D). This is not surprising V

since tissue nutrient concentrations tend to correlate with yield only

in the concentration range at which deficiencies are rather severe.

Above this range the plant responds to increased nutrient availability

with increased growth, without appreciable change in tissue concentration

(Gerloff 1969).

Salinity and Flooding

20. Controlled environmental studies confirmed previous work by

Adams (1963) , Seneca (1972), Phleger (1971), and Gosselink (1970) that

most salt marsh species are not obligate halophytes but rather tolerate

high salt levels although growth is restricted . Spartina alterniflora

and S. cynosuroides were both inhibited by salinities greater than about

8 pp t, but Distichlis spicata appeared to tolerate selinities up to at

least 16 ppt without adverse effects. The presence of salt in the

substrate increased the amount of root relative to shoot production by

the salt—stressed plants (Table 1). Analysis of kinetics of Rb uptake

showed that the presence of NaCl markedly inhibited the absorption of

radioactive Rb by the root tissue (Figure 7). This may be the primary

22
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mechanism of growth inhibition by salt (Appendi x F) .  The requirement

for calcium (Ca) fo r ion uptake , found in most gly cophytes , is intensi-

f ied in S. alterniflora, which requires about five times higher Ca

levels than glycophytes do. Since seawater has a high Mg:Ca ratio and

the ions are similar , the role of Mg in ion uptake was also examined.

It did not competitively inhibit the action of Ca. In fact , it substi-

tuted for it. In tests with intact p lants as opposed to seedlings,

NaCl , whether given before or during the period of Rb absorption,

reduced Rb uptake to less than 40 percent of controlled plants. Pre—

loading the plants with salt was more inhibiting than when given at the

same time (Figure 8). In spite of this inhibition of absorption , the

V presence of 10 g V~~- of salt in the substrate did not affect the growth

of seedlings. Plants are known to accumulate some salts far in excess

V of their physiological needs. Presumably these salts are accumulated

in the cell vacuoles where they are thought to be involved in main-

taining an osmotic gradient between the plant and its environment.

21. The results presented in this study indicate that mechanisms

of ion uptake in S. alterniflora are not significantly different from

those of salt—sensitive plants, at least in terms of the sodium—rubidium

V 

relationship. The difference lies in the ability of S. alterniflora to

tolerate high cytoplasmic salt concentrations , which lower the plant ’s

osmotic potential in relation to the medium in which it is growing.

22. A comparison of S. alterniflora with S. cynosuroides grown

under drained and flooded cenditions sheds light on the adaptation of

these two species. The dry weight accumulation by S. alterriiflora was

not influenced by flooding , although the root—to—shoot ratio doubled

23
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from 44 to 87 percent. In contrast , flooding reduced both root and

V shoot growth by S. cynosuroides without changing the root—to—shoot ratio

(Figure 9). These differences in the two species are clearly related to

their habitats since S. alterniflora is normally found in the hi ghly

reduced inter tidal zone , whereas S. çy~osuroides grows in areas tha t are

nearly always above high tide level. Measurement of photosynthesis of

the same two species under drained and flooded conditions supports the

V , dry weigh t results repor ted above, although var iability among p lants

precluded statistical treatment. ~partina alterniflora photosynthesis

was higher in flooded sediments than in drained sedimen ts, whereas the

S. cynosuroides performed better in drained sediment.

23. These greenhouse tests, combined with field observa tion of the

distribution of marsh plant species in relation to elevation and salini-

ty (see for instance, Chabreck 1972) , begin to show a consis tent pa ttern

that can be used to characterize the ideal environment of a particular

plant species. Distichlis spicata, for instance, appears to have a

higher salt tolerance than S. alterniflora or S. cynosuroides. Al-

though the la tter two bo th will tolera te apparen tly about the same salt

levels , S. cynosuroides is strongly inhibited by reducing conditions

whereas S. alterniflora is able to tolerate them. It is pertinent that

the effect of salt stress and of reduced conditions in S. alterniflora

both lead to an increase in root growth at the expense of shoot growth .

This is no doub t an adap tive mechanism for the p lan t, but it has

Implications for the substrate also , since the root mat stabilizes the

marsh against erosion .

24
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Role of Light and Temperature in Marsh Plant Photosynthesis

V 24. Studies of commun ity met abolism in a S. alterniflora salt

marsh show that the contribution of the microbial community to photo-

synthesis is maximal in the winter when it may be as much as 10 percent

of gross photosynthesis. The macrophyte becomes more and more dominant

dur ing the spring and summer , however , so tha t in May it is responsible

for more than 95 percent of total photosynthesis (Table 2). In contrast ,

respiration of the sediment component of the system was 64 percent of

the total community respiration in December and March and about 76

percent in May. TI, i s the microbial component of the system (which

includes algae, bac teria , fungi , invertebrates , and metazoans) growing

V on the marsh sediment surface and the lower parts of the cuims of the

dominan t grass , is an active consuming community and seldom , if ever,

net productive.

25. The gross production rate of S. alterniflora was signifi-

can tly higher during December and March than in May and July (Figure

10). At the same time the respiration rate also decreased from about

0.4 to less than 0.2 mg carbon (g dry wt hr) 1. Thus during the winter

months the respiration and the photosynthetic rates per unit of tissue

were both high . The high respiration rate during the winter may be due

to the high proportion of old shoots at that time. Since there is

little live tissue present during the winter , total organic produc tion

on a unit of marsh surface is low.

26. The photosynthetic rate of S. alterniflora as a function of

ligh t in tensi ty is shown in Figure 11. The photosynthetic mechanism is

such that the plant does not achieve light—limited rates, even at full

25
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l ight intensity . This explains , in part , its extremely ef ficient and

productive growth habit.

27. In the field , photosynthetic rates did not appear to be

changed to any extent over a period of a single day by changes in the

V 

salinity or the depth of the flooding waters. Thermocouples in the

sediments showed that the root temperature was stable , seldom varying

as much as a degree centigrade during the course of 24 hours. The Eb

V of the soil at a depth of 2 to 3 in. was also rather stable and changed

very little during the tidal cycle, even though the marsh could be

- - exposed to air for several consecutive hours. At times when the marsh

was exposed for several days in a row, however , the Eh did increase and

the sediments became more aerated. The marsh sediments themselves then

acted as a buffer to rapid changes in salinity and Eh, and the plan t

was insulated from wild fluctuations in its root environment.

Discussion

28. On the east coast of the United States, studies by Broome et

al. (1975) using similar analytical techniques showed that up to 90

percent of the variability in S. alterniflora yield cou ld be predic ted

by a combination of soil and tissue nutrients. In this study ’s survey ,

very poor predictability was found in Louisiana. At the end of the

growing season when the survey was conducted , the plan t may no longer

have been responding to the environment as it did at times when it was

actively growing. The indications were that in the highly organic

sediments of the Louisiana coast with its low energy tides, S. alterni—

f lora can gr ow and f l o ur ish in a broad range of environments and tha t

26
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the growth response is not clearly linked to any easily measured param-

eter. Overall, considering the other research reports that have

appeared concerning this species , salinity over a broad range and Eh of

the soil appear to be the most critical factors. The role of salt has

been known for some time. The role of Eh has not been as clear ;

however , the differences in response of S. alter-niflora and S. cynosur—

aides itt the greenhouse studies, the relation of tissue sulfur to yield

in the North Carolina studies (Broome et al. 1975), and p reliminary

results of Patrick* all argue to its importance in marsh environment.

29. Photosynthetic rates on the marsh are controlled closely by

light intensity . Although microorganisms are the major consumers in

the community,  the grass is not only the major source of organic pro-

duction but it also provides a surface for colonization by the micro-

organisms ; thus, mud flats are not a substitute for salt marshes . They

are not as productive of organic matter, nor does the flat surface of

the mud provide as large a surface for colonization by microorganisms.

30. The marsh sediment appears to provide a relatively stable

environment for the roots since both salinity and Eh changes are

buffered. As a result the roots of the plant are not subjected to as

rapid fluctuations in their environment as, for instance , the surface

of the marsh, which is daily flooded and drained by waters that vary

widely in salt content. The plants respond slowly to slow shifts in a

number of parameters related to Eh, with response timec of weeks or

months rather than days.

* Personal communication , W. N. Patrick, Jr., Center for We tland
Resources , Louisiana State University, Baton Rouge, La. 1977.
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31. In addition to the long—term importance of salt and Eh, it is

* possible to pinpoint the importance of the single nutrient N in the

saline estuarine system. This appears to be a limiting factor in salt

marshes from New England to the gulf coast (Patrick and Delaune 1975;

Broome et al. 1975; Valiela and Teal 1975). There is some suggestion

that the availability of this nutrient is highest in the early spring

and that growth is restricted by the rate at which inorganic N becomes 
V

available during most of the summer months. Circumstantial evidence to

support this hypothesis is found in the correlation between growth

rates that are highest in the months of April and May (Kirby 1971) or
V 

earlier (Appendix G) and the availability of inorganic N during the

win ter , followed by its rapid disappearance during the early spring (Ho

1971; Brannon 1973).
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A MODEL FOR MARSH CREATION

32. From the fcregoing discussion , and from research carried ou t

by many individuals who are gradually clarif ying functional relat ion—

V ships in coas tal marshes, a general model emerges that should be of

V some utility in creation of new marshes with dredged material. This
~4.

model is formulated in terms of three key growth parameters and two

cont rol loops that normally stabilize a marsh and determine its success.

The critical parameters are salinity, limiting nutrients (usually N),

and the degree of chemical reduction (Eh) of the soil. The latter is

controlled by the inundation regime (tide range and marsh elevation),

organic content of the soil, and soil porosity (sediment grain size).

The two control loops, which interact through marsh vegetation growth,

can be called the marsh elevation loop and the sediment Eh loop .

V Although the relationships are complex and quantitative documentation

incomplete, the following conceptual scheme is set forth.

Growth Parameters

V 33. The marsh plant “sees” what its roots contact——levels of

salt, nutrients, and the conditions associated with a particular Eh of

the soil (low oxygen, low pH , high sulf ides , high levels of soluble

micronutrients, etc.). These are shown diagrammatically in Figure 12

as soil salinity , turbidity (nutrient supply) , and Eh , which direc tly

control the rate of photosynthesis of the marsh plant species . These

are primary controllers, but they in turn are controlled by other

parameters.

34. The water bud get , that is , the balance between rainfall and
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evapotranspiration on the marsh, influences the soil salinity . The

source of salt is tidal waters , which r each the marsh through a tidal

regime cont rol led by tide f requency and amplitude, with the actual

inundation dependent on the elevation of the marsh. The inundation

regime also determines how much silt and nutrients reach the marsh

surface. Soil Eh is also influenced by the inundation regime, which

through flooding limits the oxygen (02) supply to the sediments. In

Figure 12 the sign of the growth response is shown in the interaction

V arrow: increased salinity decreases plant growth (sign is negative);

increase in a limiting nutrient increases plant growth; and increased

reduction level decreases plant growth (although this is not so clearly

established).

Marsh Elevation Loop

35. For a particular site the elevation of the marsh controls the

inundation regime and thus indirectly plant success. Normally in areas

where tides are strong relative to fresh stream input, the marsh cannot

reach an elevation above mean high tide (mht) because the mechanism of

deposition depends on flooding waters (Hinde 1954; Johnson and York

1915). Most marshes, especially with highly organic , fine—grained

sediments, are subsiding slowly as the sediments compact. In order for

the marsh to surv ive, the deposition rate must equal this subsidence

rate. The fact that this normally occurs is testified by the relative

stability of a marsh. The processes controlling this marsh elevation

loop are shown in Figure 13, which for simplicity isolates the per-ti—

V nent portion of Figure 12.

Vi V .  
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36. As the marsh increases in elevation and approaches mht, the

frequency and vigor of inundation decrease. Consequently. the silt

load available to the marsh decreases and the marsh no longer increases

in elevation. This aspect of the process is self—limiting. At the

same time, deposition of organic matter occurs as plants die and dead

tissues drop onto the sediment surface. When inundation is vigorous,

much of this organic matter is swept out of the marsh into adj acc nt

waters, but as the marsh becomes more elevated, hydraulic energy de-

creases and more of the organic matter remains for incorporation into

the sediments. In this process high inundation energy decreases organic

deposition and marsh elevation. Thus the organic and the inorganic

deposition processes complement each other.

37. When marsh elevation is low and inundation energy high,

inorganic deposition incr eases in impor tance and organic matter is

exported. When the marsh elevation is high relative to mht, organic

deposition predominates and inorganic input decreases. Normally

neither process can raise the elevation of the marsh above mht , since

inorganic deposition requires f looding waters, and organic deposits

above mht are oxidized by respiratory processes.

38. Where freshwater inputs of silt are high and floods elevate

waters for extended periods, permanently exposed bars can be deposited V

above mht. This is merely an unusual example of the general process.

The important point is that the processes that control marsh elevation

tend to be self—stabilizing so that a marsh functioning within normal

ranges of elevation tends to maintain itself at that elevation.
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Sediment Eh Loop

39. The second control loop mentioned earlier involves the soil

Eh. Figure 14 outlines this loop. The degree of reduction of the

sediment depends on the flooding regime, porosity of the sediment , and

organic content. Response to inundation depends on at least two com-

ponents of floodin’g that do not always vary together.

40. First , the longer the period of inundation the lower the

oxygen and sulfate (SO4) supply for biological oxidation , and therefore,

the more reduced the substrate will become. (Oxygen and SO~ are probably

the primary electron acceptors in saline water. Carbon (C) can become

important if these two are exhausted.) With frequent flushing, even if

the total inundation is unchanged , more oxygen is available and the de-

gree of reduction is not as great. If the sediment is porous, 02 pene-

trates deeper when periodic drainage occurs. The inorganic grain size

is a function of the energy of the flooding waters and tends to increase

with increasing energy.

41. The other major influence on Eh is the supply of organic

compounds available for oxidation. Highly organic flooded soils are V

usually very anaerobic (highly reduced). Once again the processes tend

to be self—stabilizing. If inundation energy decreases, the proportion

of plant production deposited on the marsh increases. This results in

an increase in the degree of reduction of the soil, which in turn

probably inhibits plant growth, reducing the supply of organics to the

sediment .  As a result, elevation tends to decline and the inundation

energy to increase and reverse the process.
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Loop Interactions

42. Figure 15 combines both control loops with the marsh growth

model discussed above , showing how they interact. The point of sta-

bility of a particular marsh de~c~ds on the magnitude of the major V

inputs——silt and nutrier.cs, tidal energy , salt , and the water budget.

In addition , the mean temperature and the solar input determine the

magnitude of potential photosynthesis.

43. In the nearly subtropical Louisiana mar&ies, the organic V

content of the soil is a good index of the balance of these processes.

As shown in Appendix A , those S. alterniflora marshes with highest

tidal energy have the lowest organic content. Sediments in the brackish

and fresh marshes that are very poorly flushed are highly organic (up

to 80 percent), depending almost entirely on organic deposition to 
V

counteract the normal subsidence rate. On the middle Atlantic coast,

the relatively high tidal energy results in much coarser sediments, but

the sediment grain size decreases and organic content increases with

mar sh elevation, as predicted from the model.

44. For establishmen t of new marsh , the model suggests that the

characteristics of the sediment (excluding obviously toxic materials)

are not as important as initial elevation. After a sward of grass is

established , natural processes should act to change the marsh toward

the dynamic equilibrium conditions dictated by the natural driving

forces.

45. The elevation range seems to be critical. At elevations low

with respect to mht and the tidal range, it may be difficult to establish

a marsh , and erosional processes may override natural  deposition.
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Above mht in sa~.ine areas, evapotranspiration and rare flushing can

often result in large accumulations of salt in the upper soil crust,

preventing growth of even the most salt—tolerant species (Gosselink et

al. 1971).

46. At elevations in the upper range of the intertidal zone,

however, there are plant species that flourish in almost any regime.

This is illustrated in Table 3, which identifies from these studies and

the excellent reference of Chabreck (1972) the preferred salinity and

Eh of several marsh plant species in Louisiana marshes.

34
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Table 2

S. alterniflora Metabolism at 25°C
I’

Percent of Marsh Community Metabolism*

December March May
1975 1976 1976

- 

Gross Photosynthesis 89 ± 6 92 ± 6 96 + 3

‘V Respiration 36 ± 11 36 ± 5 24 ± 9

V * Means are shown with standard deviation. 

— V.— - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



V -~~~

S
‘I 0

‘V 

~ I 0 ’0  ~O
col 4)

‘01—IC 1  ~~I ~~~~V~~I-‘ 
I C 1  0JV ‘0 1 O W N - U)
NI ~I a 1

.‘.-4

~ 

~ I
4_i ”

‘ i  ~ i 0
~.l‘01 w 1 11) > , U )  a)x , co

~ 
c)

01 
~ 1 (li 4J OO~~
~ l

~- I~I ~~L 0 . U  4_i
-4 ‘e.i~ Cli W C’J Cl)

V 

1 

4.J~ h I  a 1 5~~~~~ 4_i

Cli 1*4i 14 ~V - S Cli i ‘0
I-I U)

a
Cli h o  5

0)
V 0 ) 5 0 0

0) 1*45 . 0

* I td~~U)I .rl lI ‘~~l SI
4_i ‘0~ hI 5I

Cl) ‘0 4_i~~~

S ~ I 0I I~l o m L ,
~ i ~~~~~‘~~i C) -

~ I I...1~~.1I 01
‘01 ~ I~~l CJI W C l i Cli~~~.0 5 5 Cl)

~~l U ) ) a )l U)~ 1 _ i o o 4 _ i
U) I ~~‘ °I ~~~~~~~~~~1*4 

~
-
~ i ‘ I ~~ ’ 4_ l 1

~ I .01 ~~ 
O I l )  0).0 .O i 01 0)1

~L) 

~~ I ~ I~~I Cli 
‘—~~ 0

0 ) .
o Ei ~°i~~ 10) 6 0( .

~
-4 p 5

~ 
.01 Cli (1) 4.1

r-4 
~ ~~I ~~~~~ p.4 !

.0 0
Cl) 0 I ‘00 ) 0 )

I4-~ 4_i~~5 U )  ..o 0 . 4_ i~~~~~ 4_ihI o .0 c0
UC) 0

1 
0 1 4  005 1 ,-I~ Clil Cli 0) 1*4 0I _i

l 6
1*4 I ~~l ~ I 0 0) 4.4 0

~ 
(131 01 Cl) I 6

~-4 :5 4-J
~4 ) SI~ -4I 

~-11 ~ I 01 - 5 0 0) Cl)V 0) IC WI ~~ hl’0I 4-~I ~~ 0 .0 6 014 ‘0 1  4.) 4_ lI a)) 9-4 i~~~I ~ 4 i ~ 6 Cli I-ip.~ j ‘-II ~~ ~I ~~ ~ ~ 6 ~~~ 5 00
<~ Cli i °—~

-4 i Clii Cli~ 4-J 0q ,  -~~0~ ~ I ~ I .01 - S
Cli ‘0 1 cu l Cl)i 14 1 0 0  14 0 )

I si sj 
~ 

Cli i (4) 1 ~~I ~-4 ~ Cl) 0 0. 6
I ~~ ~~I ~ i ~l ~~ Si S ~ 0 0
I 4

~ i 4.1! ~~i 
4.1 ..

~, UI cli C) j  ~~Cli 
~~ }-‘ l i~I~~ I ~-4 i 1 * 4 I ~~I b0~i.4 .,.4 ~~~~~~ 4.1

I ~l ~ I~~I °~~~I SI 14 0 1*4 Cl)
I ‘.

~~ ~ U) hI ~I ~I 0 Cli 
~~C/) i (J)~ CJ)~ C/ ) I C/) i p.iç 0 0 . I~~~ .0 C)

~~~~~~ S I C )  4_ i ’0
1 * . i O S j 1_i 0hI~

~ ~~~ -4 Cl)l o  0 0 1
0 1  *..4 ~ U~~-l_i 

~~
~) “ C/1 l 0i .-4~~ U)

Cl) ‘-I

4.’ 
~~~~~~ iIS 1_ii 0

~ gI U aI.014 C) .0 8 0 ) oq SIt-~~~ C’) i_i
4_i ~~~0 1 4) 5 -
Cli 0 0 0) O .0 .0) C~ . 1 4 ( )

V ‘-i i W
h I  1~ 0)

U ) )  L~ C’L ~~4 p.~ .31

-— - V-



- ~~~~~~~~~~~~
V. VV.V.VV. V. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -_

~~7Jkk~ W~~~t~~~17
o-4p

~~~~~~~~~~~~~~~~~~~~~~~~~~~ \ 7 ~~~~~~~~~~~~~~

~~~~~~~~~~~~ \ I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ \)~~~ 2)
~~~~ ~127~~~~k~ ~~ - 

N
~QL~~’

¼ -
V ~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~ 
8

\J ~ ~~~~~~~~~~~ ñ~\
~~~ 

~~~~~~ �__ 

~~~~~~~~~ ~~~ 0

~~~~~~~~~~~~~~~ <1~~ r~~~~~~~~~ \r 
~~

- ~~~~~~~~~ ,~ m 
!~
-‘ r,-~~ ~~~ 1~%) 

~~~~~~~~~~~~~ \ w

~~~~~-‘ . J~ ~~~~~~~~ ~~~~~~~~~~~~~ TI ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ I - -~ Cl)

~~~~~~~
( ~~~r N

~ 
‘1 \\ l\\  ~ -~~ ~~~~~~~ 

‘
~~~ 

- F ~

~Ic~?j\\~z 
~~~4~ ; 

~ ~

“f”> ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

- 
. 

‘
~ AV k-~.’) J/-L \i~~-~U~~~~~~�’ ~~~~~~~~~~~~~~~~~~~ 

~~~~~~
~~~. ~~~ J~~~’ )J \ d~~~~~~~ 4-

~~ —)?’~~~~ — ‘“ -~

~~~ 7~i l )  J \ / —~~~~~~ 
c~~~~~~ 1.

f( .-Vff F-’ J~7 \~ — ~
j  ‘~~~~~~~~ ~~

—‘- ~ j  ~~ ~~~ !~~~—~-f ~~~~ 
- 

‘.4 —-4
‘j ~~F ~~~~~~~) VLV. ~~~~~ # ~~~~~ \ ~—~~~~~~-c~~~ T~ /

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ . 

-

¶ -
~~~ 

S * - ~¼ ~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- — -
.

Z 2 ~~Z ~~ / :~
“ 

~ ~~~~ ~~~c \

- V  
~~~~~~~~V_ _  V. V . V  V. ~~~~~~~~~~ - - V - -- ~~~~~~~~~~~



/~

Live
1itter~~~~~
Total

1800

—

‘
- ‘V 1600

1400
c.~1

~ 1200

~~~
‘ 1000

-D

°~ 800

E óOO
2

400 
~~~~~~~ 

V~~~~~~~

200

Terre W Terre E Bar W Bar E
B as; ~

Fi gure 2. Variation in S. alterniflora biotnass related
to distance from Mississippi River.

- ---V.----- - —  ~~~~~-L
V -



____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ V._V.V_VV._V~~~~ _VV. ~~V.V._V ~~V.~~ V

Live
1itter~~ /4Other spec ies~ ç~~ ,.j i~
Tot~ I

2000

1800

1600

1400
V - C4

..- 1200

1000

~~~800

600

I 

___ 

V
~~~~

: -L
~ 

___

Inland Position on Transect Gulf

Figure 3. Gulf—inland variations in b iomass parameters
in S. a l t e r n i flo r a  marshes.

V . - - - ~~~~~~~~~~~~~~~~ V V ~~~~~~~~ V -~~~ - -~~~~ - 
_

-

~~~~~~~~~

V. 
•~_~~~~~~

__
~ 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~



-V.- -
-
--

0~

Live
Utter

Other specIes~~&~c..
Total2000

1800
V 

1 600

1400

‘E 1 200

~ 
1 000

~~ 800 ~~~~~~~~~ 

\\~~

0 50 100 175
Distance from Bayou , m

Figure 4. Streaniside influence on biomass parameters
in S. alterniflora marshes.

V —~~~~~~~~~ V . V  -— V~~~~__  - - ~~ V V~~~~_ VV .  _V V V _V. V V~~~~V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~



-
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~VV - V .— —--- -S~~~-V — - --—- - V.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~V.V. ~~~~~~~

C)

S
-‘ Cli

00
Ii
0

E
-4D Cli

o
It’~, >., 4.4 0)
N... 0
I—

Cli

_ _ _ _ _ _ _ _ _  

o E
o 2-

~~~~~~~~ ‘4-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

E

2
I-

1 4 0 )C 0~~4
C~) 0

1 4 . 0C 0. 4.1
o

‘cci .4- .0
4.1 0)

110

o
_ _ _ _ _ _ _ _  

-D
C
0

1 
—

o 0 0 
-

‘0 ~~~.

o 0 0)

4 UOW I p~~~ ~!U06J 0Ul 10401

11 o~; < 4 U9W! peS



—V - -  - --- - - --

E
DIf) 14N... >...
0

______ D
‘0

‘
~~~ 0

U) .-4
1 4( 0
Cli

C
0

‘—I
I—.

cq) C
o
C 0

CN 0 ~ l 0 )
4.1’0
Cli ,.4

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 0
— 5 4.1
C 0 ( 1 )

— U
‘0

U S
-4C l i

~~i0O 
C l i c

~~ U
1 * 4 5
O I l )

0 0 0

M ‘J°l
I

0 0 0
CV)

%‘D!u051Q 4UOW!P9S

-— V.~V. 
V.V.~ ~==J ~~~~~~~~~~~~~~~~~~~ V. 

~~~V~~~~V V~~~~~~~~~~~~~~~~~~~ •Vfl~~~~~~~~V VV V V~SV-~-



______________________________ V _ - V-V.---. - ___-V._ -~ 
~~~~~~ V VVV-~ ~~~~~~~~~~~ V ~~ V. ____ _V.V. ~V._ ~V. __~ V_V~ V - -

a 0 ~• ~~~~~~~~~~~~~~~~~ V

- t (4)
0)
14

I 01 
V

0)
— . .0

4- U 1 4.1 —

a V

.~90 ’
I. ’ — I U)

8
I-I

Cli
14
0
-3
4-4
-4

- V. 
. 14

0)
4 _ i .
_4 .-4

• ( 0 0
- Cli

c/)I
C (4.4.-

~~~~-* 0J O  .0

I ~~ 4 _ i U )
01.05 ( l )

cli
‘0
-4
.0
S
14

‘4-4

S 4 0  0

0)

14

• 0
U

- a)
• ~.2 ..~

0-4 V

V N-

II)
14

I- I I I 5 V

0 0 C) 0 0 •Q 0 0 0 00
0- ~~ ‘0 I t )  (4)

1_6wtV uo iid~osqy q~

~

V.

~

VV.

~

V V.~~_V. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —V.- -- - V~~~ ~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~



_ V -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 V

00— S
—4
-4
‘0
a)

/ a a)
U)

-4--I
U
Cli

o -~~V I - 0
(N

I
‘0
-‘-4

1-’

.4-4

* 

} - 4

0 0
- 0

— 0 1 4
r4 0
4 . 1-4

I
—

I - 0
~~~

—L

.~~~~~~~~~~~~~~~~~~ .

I

\
.4-

:~ V

1_ t U! W 
~~~ 

4M i; 6)wrl ‘9)lo4dfl qd

V - V.- -- - - -—~~~~~~~~ - - - —-~~~~~~~~~~-- --V-— - --



- 
FLOODED SEDIMENT

DRAINED SEDIMENT

A B
8 .

I -I

4 
7 • — ‘ -V

-

V 6 .  
- 

C -

H

a ?5 . I - L4- . - -z I
-.1 I0. 

- - - - 1 .

~~4 .  .
~~

. . 1 V

I *
4- 

- - : - - -
I - - 

- 
: C

0 
~

- 
- - 

~-~~~~~
*--

L 1 3 •  
-

‘. 
- 

— 
~~~~~~

-

- I
o - 

. —2 .  : -
- - C - C- 

I

1 .

0 --- :~~~~~ .. - 
— 

- - . . - 

—
ROOTS CULMS PLANT ROOTS CUIMS PLANT

S ALTERN IFLORA S. CYNOSUROIDES

Fi gure 9. Relative growth of S. a l ternif lora  and S. cynosuroides
in drained and flooded sediments.

— - - - V . -  — - - V- - - - - - - - --- - - - -—- - -- --~~~~~~~~~~ - -— -—-



—V.--

I I _ _

- 

-

~~

. 
I

~~ 

- ;  
1.

(iq M~ 9A! I 10404 6) D 6w ‘U0 !40J!dS9~

I 
_ __ _

(---) 
~ 

(iLl M~ 1091 6) D 6w
(—) L _ L l  ~~w p D 6w U0!4)flpoid SS0JO

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V. — - ----- --——--V*- - -- ------ - —- V . - -

~~~~
——--

~
S--V-----— V V.V.~V V 



/

Y 0.358-I-o .3 I
I3 

/
5

- 

r2 0.89 /

V 

7 -  n = 2 2  

•,
,,/ ~~~~~~~~~~~

V 
~~ c/ 

~~~~~~~.57+5.23 I~

‘V 

-
~ 5

V 

s/25c

V 

c 3 V

/

- 

. 

C i  4 

~ 0~5 
‘ I I I I I I I I

Radiant Energy(l), g cal cm ’ m m

V F igure  11. P h o t o sy n t h e s i s  li ght response curve for  S . alterniflora.
(See Ap p e n d i x  G f o r  d e t a ils ) 

- ~ V V.V_V.~~~~~~~~~~~~~~~~~~ V V.~~~~~V -- - V.--- 
-V . - - ---V.- —

~~
--- - - - --



V ___

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Ievat Ioy

Photosynthesis plan t

Figure 12. Symbolic representa t ion  of processes controlling
marsh p lant gr-~wt h .

— V — V .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~
V V _ ~~_~~~~~~~~~~V ._ _ _ V VV ~~~~~~~~~~- -— V- -~~~~~~~~ ~~~~~V. V V_ V ~~~~~~~~~~~~~~



V - -V.- ---- ~~~~~~~~~~~~~~~~~~~~~~~~

4-
V

V elevat ion
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Marsh

- 

Tur bidity Inundation

s ilt re 9im~
nutrients

Se diment
Marsh plant — organ ic

Figure 13. Symbolic representation of processes controlling
marsh elevation.

L.  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _V.— ~~~~~~~~~~~ — -a _- - -  -- - -



Microbia l

c hemical
act iv ity

SedimentMarsh p lant 
-or gan ic

Figure 14. Symbolic representation of processes con trolling
sediment reducing potential (Eh).

_ _ _ _ _ _ _ _ _  V
- —- ---- V.—- --- -

~

V 
V. V~~~V.V~~~~~~~~ 

--~~~-.-- -*—-*-



V. V~~.~V.V. V V . . V .  V 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — V. _~~~~~V~ 

- 

_ _ _~~~~~~~~~~ -

1I~~~~~~~~~~~~~~~ 

~~~~~
\ 

-H

~~~~~~~~

——
~~~~~~

- — — - -
- - - ~~~~~~~~~~ ~~~~~~~~—- V—  — —-~~~~~~ -— - _ — ~~~~~~~~~~~~~~~~~~ V -— ~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 



___ 
V

4’;

In accordance with letter from DAEN-RDC , DAEN -ASI da ted
V - 22 July 1977, Subject : Facsimile Catalog Cards for

Laboratory Technical Publications , a f acsimi le ca ta log
card in Library of Congress MARC format is reproduced
below.

Gosselink , James G
Common marsh plant species of the Gulf Coast area; v . 2 :  Growth

dynamics / by J. G. Gosselink , C. S. flopkinson , Jr., and R. T.
Parr ondo. Louisiana State University , Baton Rouge , La. ~‘icks-
burg, Miss. : U. S. Waterways Experiment Station ; Springfield ,

V Va. : available from National Technical Information Service , 1977.
27, c162j p. : ill. ; 27 cm. (Technical  report - U S. Army

Engineer Waterways Experiment Station ; 0-77-44 , v.2)
Prepared for Office , Chief of Engineers , U. S. Army , Washing-

ton , 0. C., under Contract No. DACW39-73-C-O1O8 (DMRP Work Unit
No. 4A04B)

Appendixes A-G on microfiche in pocket .
Includes bibliograp hies.

1. Coastal marshes. 2. Gulf Coast. 3. Marsh plants. -I . Phys-
iological ecology. 5. Plant growth. 6. Salt marshes. I. Hop-
kinson , C. S., joint author. II. Parrondo , R. T., joint author.
III. Louisiana . State universit y and Agricultural and Mechanical
College . IV. United States. Army. Corps of Engineers.
V. Series : Un i t ed  S ta t e s .  Waterwa~ s Experiment Station , \lcks-
burg, Miss. Technical report 0-77-44 , v.2)
TA7.W34 no.0-77-44 v.2

I
L.. -- —  -- •~~~~~~~~~ . .  V -- - — — 4



- —--V.- ---

V —--—--~3~~~~~i~
t-
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

‘
~
‘r~. ~~

TECRNICAL REPORT U—i 7-44

V 

COMMON HARSR PLANT SPECIES OF ThE GUL F COAST AREA
V 

VOLUME 11: GROWTH DYNAMI CS V

-
. 

by

J. C. Gosselink, C. S. Hopk.irison, Jr., and R T. Parrondo
Louisiana State University

Baton Rouge, La. 70803 
-

December 1977

Pinal Report

AP?~OVED FOfi PUBLIC ~(LIAS(: V IST0J~ IjTtON UNLIMITED 
*

- 
— ___ ~~r~~

- 
-i

~~ ~r- 
-.

- 
_ _—

-- — - 
I 

~~~~~~I - .  - 
~~~~

Prepared for Off ic e , Chief of Engineers , U. S. A m y
Washin g ton , D.C. 20314

Under Contrac t No. DACW3)—73—C-0103
(DMRP Wozk Unit No. 4A048)

Monitored t’y Environmental Effects Laboratory
U. S. A m y  Engineer Waterways Experinent Station

P. 0. Box 631, Vicksburg, Miss. 39180

- - V-V.— — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - Vt- — —~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V - - ~~~~~~~~ - - 

‘V.. 
.
. -~~~~~ .— —— ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~ — —~~~~~~~ —~~ —— -—

V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -  -



— -
~~~~~

-— - -- - V — -
~~~~~~~~

V _____ ____ _________________
L

APPLND IX A :  SPATI .‘.L \‘ARIA T I  ON N TIl E l’I- AK It IOMAS S OF SELI-: Ci EU MAR SH
?L~~NT Sl’EC I ES FOUNU I ~; COA STAl . I O U  lSI ANA V

Introduction

1. Prod uct iv I ty  of the salt marsh grass S. a l . t emnl f l o ra  has been

atudie d intensively by a number of Individuals in a number of locations

on the east and gulf coasts of the United States (HopkInson et al. V

o 1976).* As accurate productivity a-;sessment requires sequential measure— 
V

ments of plant biomass over at least 1 year in a single location , these

atudies have been intensive rather than extensive and have yielded - 
V

litt1~. information obout geographic variation in prodt’~tivity of thu.. 
V

species . In Louisiana , Chabreck cc al. (1968) described the steal

extent of the salt marsh dominated by S. alterniflora , but they did not

attempt to show areal variation in the vigor or biomnes of this species.

In fact only Lwo studies f S. altetniUnra produLt iv ity (Kirb y and

Cosselink 1976 , Hopklnson et al. 1976) have been cuinpieted in Louisiana, V

so that little Is known about the variat ion in S. altemniflora production

In these extensive (255,083 ha) marshes . Turner (1976) analyzed the data

from a number of studies In the United States and showed that in general

the product ivi ty  of this species Increases with decreasing latitude , a

relationship appa ient ly  closely re lated to mean air temperatures.

2. A wide lccal var iation In prc ’ductJ on (Nixon and Ovia~ t 1973) is

presumab l y sup erimposea on th is l a t i tu d ina l  gra .iient . D iffer ence s

between streamside and in land  product ion have been wide1y reported in

* Refi rence9 l i s ted  at the end of the appendix .

Al. ¶ 
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both the east and gulf coasts (Kirby and C sselink 1976; Smal l ey  1959 ;

W~llfams and Murdoch 1969; Morgan 1961). In a d d i t i o n , product ion can be ~
- 

V

V 

expected to vary as nutrients , suba t rate , e leva t ion , and o t h & r factors

change. V

3. As Indicated previously, accurate measurement of primary pro-

duction requires dztailed sampling through time. For this stud y ,

however, peak biomass h~s been used as an index of production . The

limitations of this index have been reported elsewhere (Mop kinson et al.

* 
1976), but its use enables broad coverage of an area with a reasonable

field effort. The variation in end—o f—the—se ason peak biomass is do—

scribed In this study as related to the distance from three primary

influences along the Louisiana coast: the Mississippi River on the east

(Mississippi River effects), the Gulf of Mexico on the south (gulf—inland

gradient), and local bayous within the wetlands (streamside effects).

4. The Mississippi River i ours immense quantities of nutrients and V

sediments into the coastal Gulf of Mexico waters. These fresh waters are

carried generally westward , their influence on the coastal marshes V

attenuating as they move. This study evaluated the effect , if any , of

the Mis~1ssipp i River discharge on the biotnass of S. alterniflora at
‘~0

different locations westward along the Gulf coast.

5. Louisiana marsh vegetation associations occur in fairly cle.~r—cut

zones parallel to the gu l f  coas t ~Chabreck et al. 1968). The southern-

most zone, the salt marsh , is dominated by S. alterniflora , wh ich lies on

a gradient o~ decrea sing mean salinity and decreasing tidal en?rgy with

distance inland i ron the coast.  At the Iandwasd extre-ne of the  sa l t

marsh zone , ~‘. ~atens and oth’-r characteristi c brackish species become

A2
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dos’inant instead of S. alterniflora. the fi eld samp ling dest~ n in this

study permitted evaluation of ch~m~us t h a t  occur  in S . 
~X~snhIf!9si

growth parame ters across this grV~dli-nt Inland f rom the coast .

6. Fi nally , the study also evalu a ted the relationship of growth

• par smetezs to the distance from tidal bayous and lakes. In Lcujsjana

marshes the natural levee ot tidal water b o d i -~s is sligh tly elevated

(about 7 cm above the mean marsh elevation) , and this str ,- i~ sld e Ioc~ tien

stimulates vigorou s growth . The width  of the levee i~epends on stream V

flow ; in this study it was always less th.iii 50 in. Elevation decreas es on

the back slope of the natural levee. Locatlona in ‘-he marsh away from

the bayou sus tain lower yields of S. altereif iota ~~1 rby and Cosselink

1976).

Me thods

7. Samp ling loc0tions were chosen along fou r transects extending

Inland from the Gulf of Mexico acress the east and west sides of two

large Interdistriburary basins (Figure Al). The 1ocat~ons of these

transects enabled evaluation of the Mississippi River effects . The

Barataria Basin, lying just west of the iississippl River , is more

in fluenced by the river than the Tcrrebonne Basin , wes t of Barataria.

Each transect extended from the gulf to the landward limit of the salt

marsh , as identifJt~ by Chabreck et al. (1968). The transects generally

followed major bayous: Bayou Sale and Oak Bayou in Terrcbonne—W ; Bayou - :

Blue in Terrebonne—E; Bayou Ferbianc In !~arataria—W ; and Grand P.ayou In

Barataria— ’~. The five samp ling locations en each transect allowed

eval uat ion of the gu lf— inland sa linity gradient. At cacti of the five

sampli ng b eat ons on each transect , sub trans ect s extended 1ut~ the marsh

A3
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- from the .?(ge of the bayou with sample stations at 1 to 3, 50, 100, an c1

175 in. Ti ese stations were used to evaluate the sttearu~ide effect. At *

each stotion dup ] t c at ~ 0.25—n 7 qu adr z i t s  were ha rves ted .  ‘ ic of these was

chosen ~.t ra adoni. Ti e second had one ed ge in con .mon w i t h  the i~ x-~ t in

order to avoid h ias n the sample selection because of the cl umpy h—il It.

of S. alternifbora.

8. Samples were colle~ ted durIng September j ’)74 , the t in e  of pt ak

l ive bloi-~ass in Louisiana marshes (Hopkinson et al. 1976 ; K 4 rby ar I

• Coaselink 1976). All vegeto~ion in the plot was harvested at ground

V level; separated into live tissue , dead tissue stripped from live culma ,

deso CL1.tn3 , ard sp-~cies othe r than S. a l t e r n i f l o r a ;  and then drLd at

80°C and weighed. Den si ty and average height  of l ive ~ultiis were also

recorded. 1 4

9. Statistical treatment of the data cm’p~oyed the Sta t~ stice1 V

Analysis Sjattm software program (ServIce 1972).

Results end Discussion

Variabi LIty V~ 
-

10. The end—of—season ‘ilomuss of S. alterni flori va lcd n.idely c--er

the marshes sampled . Ignoring causes of this v’ri.ibilttv . live hiorass - 
V

ranged fz-~ n 0 to 2244 g m~~- wi th a mean of 660 g rn 2 nr .d a s tanda rd

deviation of 349 g m 2. These f igures  empha siz e the natural v an - b u tt

of the v’arsh and point up the need for care in selection o sA—~,iIrV ,

locations and in interpretation of result . from fieI~ tests ~ t re~~ rict ed

locations .

11. Table Al stj~~ ar1zea .vial ysea of v-irl.ince for s-~~ i i  ctt d gn V ’~~~t h

par ameters. Not only are the main sources of variance h I ~~b l y siyn lft cant ,

V. V . V V .  -
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but the int.~ructIu ns are also highl y ;~i s~i i f ica n t . For instance , for  ~~1

measured grow~Ii par.nnecers , the gulf—Inland pradient .ibong each transect V

V had a different slope. The following sections discus ’; the major components

of the vaniati~ n inund in S. alter niflora gr-,vth parameters.

I
Di a tance rem Mt—sis sij ji River

12. Figure A2 shows live and litter biorass of S. a lt er n i f l or a  and

the total blomass of all species , averaged for each transect. The l ive ,

l i t te r , and total hiom.sss cli vary in the sane manner. Orthogonni corn—

pariaon8 sh ow that aean blomass is higher it . ilaratarta than in Terr ebon n e

marshe s , and t ha t  values f rom th e  west side of each ba5in are higher than V
those or. the east side. The reisot.~ for these di-fierences are not oh—

vious , and the ~~gnif leant interactions complicate t h e picture , as wil l 
V

be discusse d below . V

13. The Ba r ata r ia Basin (a undos~htcd~v sore strongly influenced by

the Mississippi Rivcr than the iernebonne Ba-si~t , and th is  may relate to

t h e  h igher  t,ionasa of bar-t t~ria Th y ,  hut  causes of th e  east— ve s t  d i f f e r -

ences wLth i~-, basi ns ~-.re obscure . Marshes on I- p  west side of each b~.sin

at e  -tore • xtcnsive a.s well  as more v igorou s. F-ic tors tha t  could be V

implicated in those differences are the geomorpliology of the basins and

the predo nthant sou tha a~ t wi nds bi t -w ing In t o  the vest nudes of the h~~~in q .

i t  is p e r t i n en t  t o  n ote  that  th’ sampling sites for  two recent studhs of V V
S. a i t o r n 1 1 I c r ~i p r o l u c t i v i t y  Oicp k i n a o n  Ct  a l .  1976; K I r b y and Goss eu ink

1976’ we r e  t~ - .h atn-;g t l~. Paratania—we ;t tr’- -~se ct line arid thus may hat- c

b een in  m ar s h  of ab o v e — a v e r a g e  productivity.
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Gu]  f-Inland sa1i nfty~~radient

14. An analysis of the- blonass change along each transect sheds

some ligh t on the average transect values of Figure A2. Figures A3 and

A4 show live and total biomass values at five locations on each t r anse c t .  V

These locations lie on a g rad ien t  f rom the least saline inland limit of

the S. a l t f r n i f l o r a  marshes  (Station 1) to the Gulf of Mexico (Station

5).

15. Except for the Barataria—E transect , biomass very generally -
~

decreased from north to south , as salinity and tidal energy increased.

The inland stations along the Barataria—E transect appeared to be highly •1
impacted by petrochemical activity. The figures show that  the main

d i f f e r ence  between the Ba rataria and Terrebonne valu.-s occurs at. the V 
V

stations near the gulf , where biomass at s t a t ions  4 and 5 are much higher

in Barataria than in Terrebonne marshes. These product ive stations are

those that would be expected to experience thc str ngest influence of the

Mississipp i River. In eddiei’-n. they are more shelt ered by the barrier

Islanda of the Barataria Basin than are the more exposed Terrehonnn

marshes.

16. The increase In t o t a l  biomass w i t h  increas ing  d l s trn c e  Item the

gulf , is shown more clearl y in F igure  AS. More than 90 percent of the

g ’ i l f— i n l r .nd v a r i a t ion  in total bioniass can he accounted for  in linear

regression (Table  A 2 ) .  Clearly most of t h i s  change  In t o t a l  bionass Is

related to changes In the hioniass of spec ies  other than S. alt erniflora .

In contrast there is no convincing e’ ldence that cither the live or the

] J t t e r  biomnar . of S. n1tert-iii1c y~. varies in any consi stent minner frea

north to south. Linear r~-g r es~~io , is  of l iv e  and l i t  t or  S~ ni t ernlflnra V

A6 Li
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bioma8s on distance f rom the gulf accounted for less than 13 percent of

the variation. when ind Ividual transects wee-c analyzed , as I n  Fi gure  A3 ,

live S. a l t e r n i f l o r a  t i om ass in Terr eb -enne marshes decreased from n o r t h

to south.  tIowe~ er , in B a r a t a r i a  marshes  this t r end  “as reversed at the

-s
-

• two stations closent to the coast. This was explained ag an influence of 
V 

-

the Mississippi River and of the degree of protection afforded by th e

barrier islands. V

Streamside In! juence

17. Figure ~~ shows the Influence o distance of the sample plot

front a local bayou on biomass parameters. As expected from previous

work, the str eamside plots contained e~-re live vegetatirn thVlfl the ~- -

ple~s 50, 100, or 175 ci Inl and . It is i n t e r e s t i n g  to noto , h owe ver , 
V

that st atistica lly this e!fe~t did not hu ld true for other specie .~ In the

plots , a l thoug h the t e ndency - as the same . It is also interesting that.

the streaaeside effect on 11 -e S. re~~i bioeaass was nest pronounced

at the stations farthest front the gulf (Fi~ u rc A ? ) .

18. Two obse r va t ion s  nay t~tlp to exp lain these re su l t s .  F i r s t ,

tidal energy decreased wi th d i s t a n c e  from the coast. The stations

farthest from the g u l f  t he r efo re  received less tida l energy and this V

energy was dissi pated closer to the edges (-f the bayous , coariared to

stations closer to the coast where  t i d es  more frequently inundated the

vhole m a r s h .  In addition thee marsh was truth more broken up near the-

coast than it was u p s t r e a m ;  t h a t  i s , s r - i ll t i d a l  chann e l s  p e n i t r a t e d  th e

tna r .h in a f i n e  teetwre t - k .  It is l i k e l y , t h e r e - f o re , t h a t  a l t h o u g h  an

effor t was tr..ide to r.elect unif orm ~ ra~~~e - n t q  for each suhtransect , soni c of

A7
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the sa~~lo plot~ 100 and 175 m from the wain water body on wh i ch . ti~

sub tr a ~ tect  or ig ina ted  w°re actu a ~~i ,. c loser  to a n o t h e r  m i n o r  ch a n n e l .

The e - t r c ineside e f f e -t  shows c l e a r l y  when compa ~~ing t h e  s t re am s id e  to t h e

50—rn In l a n d  aa~iples . V a lue s  a t  100 and 175 ci should  be i n t e r p r e t e d  w i t h

V caut ion .

Tillers

19. Sp~ rtIna alterniflora !‘owors and matures fruit du .ing Septetie—

ber in Louisiena. Figure A8 shows that the distribution of flcwering

tillers was far from random . Flowering was concentrated ut the Baratari~ —

east transect at the upper (fresher) ends of the transects snd away f r om

the stream edge. Aaalyses o~ the inter actions sugg~st a patch y occurren-~e

of f l o w e r i n g  r a t h e r  thar .  any systematic gradients (the coefficient of

variation was a high 49 percen t), althuugh the effects are all highly

significant stat1e~ti a1~j.

Fnyleonreretal factors related to biov e~~ss 
V

20. TIe physical ç~rad ients of esajor concern in this  st~-dy we re

those associateJ with distance from the Gulf of Mexico , es~ erially r - m i —

ty and tidal energy . Both have been i mp l i c a t e d  in ~nany studies of the

produ ctivity atid dIctribu c ion of S. ~iterniilora (Oduer and Fann1n~ 1973).

Fi gure A9 shows how salinity in the h~evou a-ljacent to each ~ubtrnnscct

d -creased w i t h  d i stan ce  in l and  fron t h e  gu 1~ . I t is r.~~r .’ di f ficult to

doc um en t  the att enuitle. n of t da l  n c r g v  away f r o m  t h e  c c - e c t , ‘iut  F i g u r e

A I0 shows thet dccne-i-- - in tidal ;iy lite ~~c on a g u l f — i n l a n d  g r a h i e n t  In

Ba r a t a c  te~ h y. Tn 1~ I asccc1~4’ d wit ) a d - c - r t ~n sc  in the I rcqueo -v of

I
Lii
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inundation of t u e  r - a r s h , a l t h o u g h  t h e e  total period of inundati on per year

is not greatl y affected (Byrn e et oh . 1976).

21. Marsh sedjrent characterje.t. ics are controll ed to a large extent

by the tidal regime . Two parameters related to march productivity are

sed iment ~r~ in size and organic conte .t . The interdistributat-y basins of

this stud y contain ~i -o st no sands inshore of the barrier islands. The

coarsest sediment pa rt i c l e s  are f i n e -  s i l t s .  As t ida l  ene rgy decreases ,

the coarser par t ic les  drop Out of the water column . This is bhO Wfl in

Table A3 as a negat ive  correlat ion between the  percentage of sediment V

grains greater than 20 u in diameter and distance from ~‘ie gulf and also

in Figure All as a decrease in t~1e coarse m i n e r a l  compon ent  of the sedi-

tent w i th  d i s t ance  f rom the gulf  and 100 n or more from the ed ge of

bayous.

22. Organic con ten t of the sed4 nent is a r e su l t  .f complex proce sses.  
- 

-

Am ong these are the negnitude of primary production and the tidal energy

availab le to move -‘rganic de t r i t u s  off  the marsh. These processes resul t

(Fi gur~ /~)2) in a clear  s t a t i s t i c a l ly s i gn i f i c ~ nt g u l f — i n l a n d  g r a d i e n t  of

increasing sediment o r g a n i c  content  w i t h  d i s t a n c e  from the gulf  and an V

increas ing  organic  con ten t  w i t h  d i s tance  fro m the ed ge of a bayou (s t ream —

aid  ei

Relat I onship of I n~~ s ameter~. to eda-i~ I C- j~ir. me t er a

23. The gradients of sail 1t \-  and t 4
~~~~~1 en erg y desc r ibed in Fi geres

A9 and Al P have cr shar r  e f f - - r  or . • - l t h e r  the live or the deod S. a1tere ’~ —

V~~
l

V~~~~
0 iomoi~~. T i e  ~~ I ;  n~’ 4~ ?n i  ~1can ~ c o r r e - l : t I o ~ ~ - t vo -n t~eese bioma~;s

pa ra e .c te ~s and seehl n itv (~i .ihlo A i~~ ; 5 1 t h ’ l l V~ t l t Ie -v 0 ~e e e h ~ t e ~~~~~ v i ~

I\9

____ 
V



w i t h  d i stanc e  f rom the gulf , Figure  AS and Table A2 show th a t  the gradi-

ent is not conv in c ing . On the o ther  hand the  presence of o t h e r  species

does Increase as salinity decreas -s (Table A2 and A3 , Fi gure  AS) .  As a

consequence , to ta l  biomass ( l i v e  and dead of all  species) is strongly

negat ively correlated with  s a l i n i t y  and posi t ivel y correlated wi th

distance from the gulf. The implication for S. alterniflora seems to be

that this species itself is not strongly influenced by salinities in the

V range encountered , but that at l~w salinities other plants are able to

compe te successfully with it.

24. The data also indicate that S. altc-rniflora is dependent on 
V

tidal action per se, as distinct from salinity. This ii. shown by the

increased -ircamside effect seen on the subtransects farthest from the

gulf (Figure A7), where the frequency of tidal flushing is diminished

and it s ef f ect co~ fined more to the edges o f waterways. As Figure A6

shows , other species in this stud y showed no streamside. stimulation ,

although such stimulation has been documented for fresh marsh species by

Buttery and Latabert (1965).

MO

L
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Table Al

Ana lyses of V a r i an c e  of S . altc’ rntf lora Bi er.ass l .er-ae- i-te r -~

ci: a
a a
(ci S ci: ~cci ci: u a .ca ci cii cio 0 o. .- .

~i ci
~~ -~ U 5~ C ci) ci)

m
C

cii Si ci) ci • U) ci- - ci .c ~ V..V ._4 V.) ‘J 0 > .,.4 JV Sources of Var iance  ..i ~ o e- .
~~ ..i tj

Mississippi Rive r ** ** ** ** ** * **
Cull— Inland ** ** ** ** ** ** **
Streamside ** ** ns ** ** ns **

Mississippi Rivt . x
G u l f — i n l a n d  ** ** ** ** ** ** **
Mi ssiss ippi  Rive r x

Streamside  ** ** ** ** ** ** **
Gul f—Inland x
Streainsidc ** ** ** ** ** ** **

Mississippi Rive r x
Gulf—inland x Strear’-.ide ** ** ~~~ ** ** ** **

V Coefficient of Variation
V (! ,~ ioo

’1 27 18 97 23 16 29 16
/

* denotes P <0.05.
** denotes P <0.01.
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i- Tab le  A2

Ma iys u t  of Re~~ression of the C u 1 f - ln l a n d V a r i a t i o 9 i n P J o m j~~~~~~)

— _=~
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- V ~V 
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ t~~~~~~~~~~~~ L

V rore-e-nt of lo t-c l ~
1ar l et - lon *

- Source of Degrees of S. a l te r n i fl or a  Oili er SpeCies Total Biomass
Var ia t ion  Freedoci l.ive Dead Live + Dead Live + Dead

Transect 4 100 100 100 100
( to ta l )  

-

V 

Regression 1 9 2 66 91

V Deviation V~~
,

V 
‘ from - 

V

V 

- 
Regression 3 91 98 34 9 -

V * Thy percentage of the total variation (sum of squares for the
dependent ~ar 1ahli ’) that can he accounted for by the distance from
the Gulf o t  M~~ii -~ .
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Table A3
V -

~ ~~~~~~~~~~~~~~~~~~~~ M a t r i x for Growth Pzarametereci lin~~y~ and Substrate

Bio log ica l________ physical V

1 2 3 4 5 6 7 8 9 10

Live S. alternjflora 0.53 as 0.72 0.59 as me me ns 0.49*
Pead S. a lt e r n if l or a  us 0.59 0.23 us us 0.27 na 0.42* -

V Other Species Biomass 0.64 —0.30 _0.46* 0.32 us —0.26 0.46*
• Total Biouciass 0.16* ~0 5S us ns us 0.64

Stem Density flB —0.30 flS 0.25* as

Salinity me ns ns —0.80
Sediment Organic (1) —0.24* —0.61 0.53*
Sedimcmc: Clay (<20 u) —0.33 n’~Sedimier,t Fraction (>20 i i )  —0.47
Distance f rom Gulf

Note: NuuI,ers in matrix are correlation coefficients when P<O.01, except
where denoted by ~~~, in which case P <0.05. 
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APPENDIX B: SOIL ANT) TISSUE N1ITRIINTS IS 1.O~’ SIA ’ A MAb~. et~:S AND THEIR
V RELATICNSIUP TP ThE ‘c l  L I D  OF SPA R~ iSA AI V r I E S 1 t ~I ORA
p

1. The salt mar;ti gra ss  Sp a r t in a  a l t e r n i f l o r a  has been shown to be

a h igh l y pt-oduc tiv~ g rass (Hoc-kinson at al. 1976; Turciet l976) .~ In  a

number of d i f f e r e n t  s t ud i es , t h i s  prod uctivity has been shown to be

re l ated  to l a t i t u d e  (Tu rt:er 1976) , to e levat ion  (high vs. Icy marsh ,

Smalley 1959), to tidal energy (Schleske and Odum 1971) to s al i n i t y

(N ixon and Ov i ar t  1973; lirn ome et al. 1975a), to availab le nitrogen

(Broosse et al. 1973b; Va lie1 -~- a- d Teal 1974 ; Patrick and DeLaune 1975),

and to soil redox potential (Eli) and pH (Gambreul et al. 1977).

2.  Under natural condition s in Louis iana marshes, variability in

yield is high. In a recent Study (Appendix A) , Cosselink , Hotkin~on ,

and Parrondo have related this variability to s a l i n i t y ,  t i d a l  ene rgy ,

and etaral-, elev.ttton gradients. This appendix examines the -tame data in

order to de te rm ine  to what ex ten t  n u t r i e n t  d i f f e r e n c e s  r e s u l t i n g  from

the na ural  h y d rologic  and geolog ic processes at wort in ~~~ marsh can

be rcls tcd to the  yield of marsh v e g e t a t i o n .

3. Itroome et iii. ( 197 5a)  c o n d u c t e d  a s i m i l a r  stud y in No r th

Ca r o l i n a  - ad warm able to account for shout 90 percent of the yield

vs r f a t i c -n  t h rough stepwise taultip ]e—r egrce ;slon techn i ques. Sal~~r . 1ty ot

the soil solution and t i c~ ue su l f u r (5) and tssngsnese (Mn ) were l~.por—

tant factora in yield. Nixon aid O v i a t t  ( 1) 7 3 )  found s a A i n tv  in N~~

* Rt-mcrr- ncos at end of t h l  ~i r-~ ri-nd Ix. V
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England salt marshes to be negative ly correlated w i t h  yield. 130th of

these s tud i e s  sh owed S. a l t E - r n i f  lot -a  yield to he n e g a t i v e l y  - Li - e l at ed  V

with salin ity of the surface water , a l th ough th~ rel ation shi p was not as

strong as laboratory and greenhouse studies suggest it s1toeal d be (Ada ms

1963; c~~-ose l i n k  19 70; ~Icco r ing a t  al . 1971; I’I,Iuge r 1971). I n  re~u a- nt

pot culture tests , Cancbr ell et al .  (1977) have  shown tha t r educed

soils , in combina t ion w i t h  low pH , reduce y ie id .  Since reduced soils

increase the level of toxic ~u l f i d e s , t h i s  is also one explanation for

the negative correla t ion between tissue sulfur and yield in the study of

Broome et al . (1975a) .

4. Louisiana ’s salt marshes are different in many ways from the

east coast marshes in which previous studies have been localized . The

extent of these marshes (61 percent of the total U.S. wetlands), the

extremely low relief , the 0.3—rn average diurnal tide range , the highly

organic soils , and the strong i n f l uence  of the Mississippi Riv er oti the

salinity and nu t rien t budgets of the estuaries , all combine to make

these marshes uni que. This study examint’d the spat i al d i s t r i b u t i o n  of

nutrient s in two interd istritiutary basins in coastal L~uiai ana ~nd

related tc i~ d ist r ibu t ion to the yield (peak live bionviss) of S.

al ternitlora.

5. Some 196 quadra ts , each 0.25 m2, ~eci( harves ted  in  the salt

marshes  of the Barataria and Terrebonne watershet.s of coasta’ Louisiana

dv l og September 1974 . D p t , i i l a  at the e~a r 1 l i r ~ pl a re are de~ cuibe d in

Append ix A. Summarizing the~ c dot - il l-; , fear transects were i--i t~ l-11sh a
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running  fr om the Gulf of Mex ico to th i- inland u S i a  f i t  of the salt marsh

in two watershed ..3 wes’ of the M i ssissippi River. hi ac l i  t r an s ec t  l iv ”

su b t r an s e ct u  were established perpendicular to the banks of a h-ivou and

-t quad ra t a  ‘sore h arvested in pai~~ at 1 , 50, 100, 175 , and 250 m f rom th e

bayou (Fig ure 131). Live veg e tat 1 - n  was dr iu- d , grourd  in a W l l o y  m i l l ,

and aneiy rc-d for 13 e lements  by spectrogr- pi’ic methods. Analyses were

corn~1sted by the Plant Analysis Laboratory , Univer sity of Georgia ,

Athe n s , Ga. Ni r rug en (N) content was determined by ~~,e tnicro—Kjeldanl

method (Bremner 1965) b ,~ the  same laborato ry. Soil eaaple~i (3—t n. —d ee p
- 

- cores) from the paired quadra ts were combined into single samples for

analysis. These were air  dried , gr- und , then analyzed for f r a c t i o n s  greater

t han a:,d Jose t h a n  20 a , or g a n I c  con ten t (OM) , and the  0.1 N MCI

ex tra c tab le  elements ‘- ‘iium (Na ) , p oteb siurn (K) , ca lc iu m (Ca) , and

magnesium (pig ) as ~p qr ri~-tø 1 b y Brup hacher at al. (1968). Salinity of a)

surface water was determine d in u.f’u wi th  a refractometer.

6. The data were su~ 1ec t~~ to analy.~es of variance. Simple corre—

t u i t i o n t echn i quca and mu1~1ii1e stepwise regressions wers used to elu :i—

date the relationships among variables.

Results and fliscuaclon

Dis trit -u t Ion of soil ad 4 csue_ nutr ie nt s

7. SoLLp arn:nt-t er ... Table Bl records the results of sta tis tical - —

snalysce of variance of soil and tissue parameters. t ) t  a l l  c c i i )  p..rim—

i t o ;  - - a ,  Ic t u r n a n t i  ~,t 1 -n var I a - cl t hi- n; ts ; r~-d I t ub lv. It w ; -  I - .~ c

c1oc~ .~~1ated to chu.i n~ es in soil cations. Figure 82 shows the spatial

m a i n  1rad eu1~ r a l l  st a t  I s t i c a l l y h i g h l y  s i g n i f i c a n t  (P ‘0.01) :  o rg an ic
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percentage was lu%tr on thi- Tt-rrehanne—West transect than on the other - -

three ; i t increa-3vd i ron ti c gat .f—i nlnnd toward fresher w at e r , and was -

ai p.her  uwuy fuo’a the edg. -, of bay us (ICO and I ~5 m) than on the streAm - V

banks . The l a t t e r t w o  gre-H eats  were In v e r s e l y  assoc ia ted  w i t h  a i-c—

‘~uct i on  in tid al energy w ith ; di - . tnnce  f rom the edgc s of streams and from

the Gulf of Mexico. - -

8. Table 132 shows t h a t  the  c o n c en t r a t i o n  of major  soil cat ions wa s -

positively correlated ‘s i t u , soil  ot gan i c  concen t r at i on .  This is to some

extent a result of the reporting convention for agricultura l soils (used -

in th is  s tud y ) ,  wh i ch  reports  n u t r i e n t s  on a soil dry weigh t basis.

Where orlIanic concentration was high , soil dry weight per unit volume

was low and other soil parameters were inflated by this relationship. -

On this dry weight basis , soil cation concentrations increased with

distance Inland from the l~ulf and were higher on the backslopcs of

natural ~~tream levees than on the levee itself.

9. Tissue nutr ients. Tissue nutrient concentration presents a

different and far more complex pictuv of salt marsh nutri ent relation-

ships. The concentration s reported represent samp les of live S. altert-ti—

flora culma during ¶.eptember when l ive biomass was at its peak and when

flowering and fruiting were occurring . Hew this sample is related to -

the seasonal pattern of tissue nutrient concentration is shown In Fi gure 
- -

~3, w’iich repor ts bi~uionthly samples from a single l ’catlon. The tissue

concen t ra t ion a t any time t~sults from a ccisrp lt-x interaction of a nuat er 
V

of f a c t o r s  I n c l u d i n g :  n u t r i e n t  a v a i l a b l i f t y  (concentr a tion and renewal

r a t e )  in  t h e  s u b s t r a t e ;  g r o wt h  r a t e  of the  p l a n t ~ i n t e r a c t i o n s  w i t h  V

o ther  nu t r i e nt s , external arid internal to the plant; and physiologic al
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control mechanisms w ith in the p l an. L~~el1. I t Is hard ly su :pr 1s1t~~,

.heref ore , ici t t h e  re-~u I t i n g  p~ c t - u r o  is ta r from clea’ . lice f o l l o w i n g

tabulation screc.arf. ~~ t h e  ha-baylor of t issue n - c t , i”nts as re la t ~uI t the

spatial gradie n ts -1 the marsh:

TRA)~-;!~CT CRADI L1~T — r. cc’ Cu l t  to n c i  lea liii —~~..i

increa s ing Conc .-ntr a tion

B a r i u m  (Ba)

Decreasing Conc ent rat io~u

( V a , Mg, I run ( Fa’ ) , J oroui (3) • ¶ na~ I /n) , A h i m  I n un  ( A 1) , M c c l  yri en a~~ (Mu )

Strontium (Sr)

No Cl ear Gradient

V 
N , Phosphorus (I’), K , )‘n. Copper (Cu>

SUBTRAN~ ECT C.R DIEN T — Streama idL (compa r— d with 50 to 17) u &way from

stri l a )

Stre .anside l ow-cr

Mg, Fe , 13, Sr, Al

Streamside Higher

F , K, Mn , Zn

No Clear Difference

N , Ca , Cu , Mu , Ba

Most of the e lements  are hi ghe st  in cnc ent r a t l o n  near the Sulf , decr ’-as—

ing with Inc re as ing  d i s t ance  from the coaat .  This  is in sharp cont raa t

to the cor.c- en tra tlon of m~’st of th e sane elem~-n t s In the sed im en t .  As

repor ted in t h e  previou s secticn , thi’ ruajor soil c;itions Increase In

concentra tion with distance from the i-east. lb and S h n e i d er  ( I 9 ? ~’)

have also  repor te d that soi l  a i c r o n u t r i c - i t s  increase in eoncentrctlon on

It S
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the issue ~ra dicn t. A s Indic a ted , the c- I l i’ara~~ ta -rs are r ej corta .d on a

dry weight basi s . The t isnue e cun ceri t u - s t i on s  suggest  t h at  regnrd lc ,~a of

the  soil  -~onc ent r sr  len t - r epo r t c - d . tb - c e~ a 1 l a b I l i t y  of near ly all of

LhCSS t~~t u u t ’~ t~ 1’~~~~ 0’~~t v 1 ~~’~ ~~~ ~~~~~~ ~~‘ ~~~~~~~ n ear ~~ toas t

and Jecrea s es inla nd. Bariu m was the onl y t irs ue element reported that

clearly in crea .~ at inl a u l  le- -a t io n cu . Th~ sc results indic a te that in - V

coast al embzcyments such as tie B ar ata r la ha~ in , tida l waters as opposed

V to f r~ shvater drainage from upatrc.Im are  ‘ ic primary source of nutrients

for the marsh vegetatIc ~n. The nutrients appe.~.r to b~ in troduced primarily V

In suspended p a rc 4 cula tc f orm rather t han in t h e  dissolved state. This :

is cer b -- ~1nl y t rue for N (Ho and Ba rrett 1975; Patrick and Delaune 1975).

10. The p attern of distgi! ,uti ori of nutrient elements in vegetation

along stream barika as compated with 50 in 175 m back from the stream

~dg. is pu zrling (see above tabulation) . The hsclcslope of natural

st rea siuide levc :a t ends to be at a l over elev ation than the levee it self

and sediments are usua l ly  more reduce d . It is possible to speculate

that Fe Is locun d in higher tissue concentrations on backalopes because

it. ~va I l ab I 1i t y increases with in :rencued soil reduction. However, the

elements Sr and Mn behaved the same ‘soy sl~hough they are only alig hti ,- V

influ enced by Fh; Mn , like Fe , beeorr . increasingly available with

de cre a afn ~ th and was found to be more onc cntrat e d on the streamai de

levee .

R e la tion of tiss cce and coil n u t r i e n t s  V

t o ’ 1- t u ’~~d o t  - . ccltei-niflccra

11. Dei p lte th e -  complication s in Interpretation of t h e  r e l a t i o n —

ship of tissue nutr i ent c o n c e ntrati o n to yield , tI ssue nutrient analysis

it Ic
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has been a valuable tool In diagnos is snd t rc a tav nt of nutri e n t  proh li’ma

-
. 

in hort i cu lt ural an d a~ renomic crops. At dc-f lcie- ncy tissue nutri ent

V levels within a fairly narrow concentr ati on range- , the growth rate of a

s’,ecies I-a q u i t e  w e l l  c o r r e l a t e d  w i t h  the t1ss uc~ c ,cn c t -n t ra t  ion of a

limiting nutrient . Above t h e  limiting range , luxury tuptake can occur , 
V

wh i ch is not ref lected in a yield increase (that Is , tissue nutri ent

c ’r c cn t r a t l o n s  Increa se  wi ,~ out cccnu,I tin t d r y  weigh t gain~a). hetecen - -

these ext remes , ove r mo’ of the  l i m i t in g  range , growth proc eeds as f a s t

as the l i m i t i n g  n u t r i e n t  or nut r ie nt s become a v a i l a b l e  so t ha t t issue

concentra tion remains unchanged (Gerb Il 1969). To Illustrate this , N

has been c i t ed  as a l iccit in.~ f ac to r  in S. a lt e r n i f l o r a  growth Sy s e v e r a l  - 
V

individuals (br oome et al. l97Sb; Patrick and Dele.une 1975). Broomo et

.1. (l 9 7 5 a) , however , found N tissue concentration to he independent of

y ie ld In Nor th  C a r o l i n a  si, lt marshes .

12, This s t u d y  found (Table 133) a signif i cant negative correlation

be tween tissue N concentration and y ield (live biemass) although the

coefficien t of correlation was low (r — —0.19). The best predictor of

yield wa n 13, whi ch was also negativel y corr e la ted with peak live bio tnass

(r — —0.32) . Other tissue elements individuall y si gnificantly correlated

with live S. a l t erni f l or a bi c— cisag were P (r 0.24), K (r — 40.23), Mn 
-

V

(r — ~O.29), and Ba ( r  — 0.20).

13. The f o l l o w i n g  t i s sue  p ar arc er ern were i m p l i c a t e d  in the  t o t a l

biomass ( l i v a ’  p lus  l i t t e r ) : 11, Mn , 1’, and K were  a l l  ind iv i d ua l l y  very

highly s i g n i f i c a n t l y  c - o r r c - l a t r.d w i th total yield (r — >0 .10; 1 ‘0.001);

Cu , Zn , Its , Al , and M g were s i g n i f i c a n t l y  (P ‘0 .05) co r r e l a t e d  w i t h

yield.
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14. 01 the suhotrate parameters mea,,ured , t h e  o n l y  one t h a t  was 
- V

si gnificantly related with yield w e t -  th ,e• salinity of flood ing water s -

which was neg ati v e - ly correlnu-d with , total b i c m a ~~ (r  — —0.55; P -0.01),

but not ‘situ live S. abte rn i fbor a hionass ale-ne .

IS. Since ciacy of these var iable s were~ intt -rcorre lated , a atepwise

multip le—re gressicin procedure ~as followed that ~ -lat ed th e e  two y i e l d  / 
-

parameters (live S. nlte rn iflcura l-iomass and total biomsas) to 14 tissue -
-

and B substrate parameters by a maximum r2 Improvenent t i  hnique

(Service 1972). Tab les 114 and 115 show thee b e a t — f i t  one to seven variable - -
-

models rela ting the dependent variables live ~~. al te r n i f l o r a  hlom a c s  and  -

to tal biom~ss , to t issue and soil  parameters. For tinsu~ nutrIents the -

bea t seven—var iab le model onl y accoun t ed f o r 36 to 38 percen t of the

blomass varia tion . Not much Improvement occurred above a four-variab le

model. Boron was a significant variable in all models . as was Mn .

Phosphor us , K , and N al so en te red the re la t ionshi p wi th live bic~ ass, K

and Ba with total blomas s .

16. ?o  soil parameter vs hiom -ess—re gres sion model was able to -

account for nc-ire than 11 percent of the variabilit y . The only signifi-

cant r els tioimhip was between salinity and tur~~l binmass .

~
ur1

~
tIr1

1? . In the compl ex environmer ,t of thee salt marsh , many f ac to r s  -

appear to contribute to yield (peak hic-imans) c-cf S. abte r -n1fb or i~ In

thin ~ t u d y ,  w i t h  t he  a n a l y t i c - a l  t e c h n i que-s  uc~ d , the spatial va 1a ti on ~

of c d ,e p h i c  Icarameters in two Loui siana int .rd iti trih u ta ry basins were

poorly rcla t - d to S. n 3 t ~ - u - r l i 1 a --c ra  y i e l d  d i f l c r en cos .  S a l i n i t y  of the

-i
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flooding wa ter ‘s53 the s i n g l e  exception; it was s i g n i f i c a n t l y  n e g a t i v e l y

correla ted with total live p lus dead hiovc a ee s of all cp ecic- s , a1thnu ~-h i t

was poorly correlated with live S. a l !e r n t f b o r a  hiona sis alone.

18. Tissue 11 , K , and Mn appe ared in the best four-variab le re-

g ression models for live S. a b t e r n i f l c ’ r a  biom ass and t o t a l  y i e l d .

However , even the best seven—variable model failed to account for over

- - 
38 percen t of the variability in yield.
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~ahh K~i

Corre lation of leaf  and ~v.1I , tr l’nt  Conrent rat  lIST vith l ive
S. ; , l t e . r n l l  b r a  Blorn .-p.~ .,nd , . ,i th TISraI Pl~~~). t

( P .  ~vo a~ d In . , . )  of Al I j e r  i t s )

Ce r re lat ion Cou P I i i  i.nt ( r )
Live

Tissue S. a lte rn tf to r~ Tt . t a l  ! tand ..’-d
Nutrient Bionass Blonass Conc ’ntratfon 

~ ______

N _ O.19** —0.03 1.02 ± 0.16
P +0.24** 4 O .3 * * *  0.07 ± 0.04
K +O.23** +O.32*** 0.90 ~ 0.32
Ca +0.~)O8 +0.06 0.11 ± 0.07-- Mg -0.14 _O.26** 0.36 ± 0.09

ppm

Mn 4O.29** +O.30*** 61.0 ± 2~.0Fe ~O.i6* —0.12 436.0 ± 262.0
B _O.32*** _O .34*** 5.9 ± 3.3
Cu .f0 25** +0.19* 3.2 ~ 1.4
Zn .~O 2 5 ~ * +C.20* 9.6 ± 3.9
Al .0 .23* 1. _ 0.26** 294.0 200.0
Mo 0.(~o — 0.05 2.2 ± 1.2
Sr -0.08 -0.11 29.0 ± 7.0 /Ba 40.20** +0.22** 12.0 ± 10.0

Soil
Nut r i en t  dry wt~~~

K — (~.18 -0.07 0.18 ±
Ca — (.15 -0.02 0.26 ± 0.0~Mg — C .1 5 40.09 0.45 ± 0.14

—0. 14  —0. 01 1.11 k 0.2;’
Organic —U .20 +0.16 0.33 0.16

_______

~.,I1nity —0 .30 _ 0 .55**  1.9 • 0.5

* Si g n i f i c a n t  at t he  95 perrent cor,f l’Jence. level (P ‘0.05) .
~~ lll ~z! 7v ..f~’,~jf Ic,int (P~~

1).01).
~~~~ Ve ry highly slgn1f ~ eani (P ~).001).
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Table 144

• 
.

~~~
• Se1 c_i~~d~ ~ 

1n_t’ar k~~~~~ s j~_~od~~1 s l P d t  n~ Yie ld (r..ik hfotra.es)
‘‘I !. lv. S .  ill e r n I I 1 .’ l .~ ~ i . ‘~ l lMsi l i.  %.i t r l . I i t  ( o f l t . t a t

-. 
. _-=~~~~~~ 

.

1.lvc S. a l terni f  t orn  P.iore.i~ a
No.
lab!,. 

- 
Variable V 2 CV~~~~ —

1 8 0.10 51
2 p , ~ 0.20 48
3 t~, I’, 5’n 0. 28 46
4 N , K, Mn, ~. 0.32 45
7 N, K, Mn , Fe, B, Cu, Ba 0.36 43

-I

Tot.al B1 (’T~IIISR

1 B 0.10 4e3

2 K , 8 0.21 40
3 K , Mn, B 0.30 38
4 K , Mn , B, B.i 0.33 37
7 K , Ng, Mn , K, Al , Sr , Ba 0.38 36

Note: All probabi lities signifi-ant at 0.~ 001 level .

. 
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Selected I.~ni~.ir Ili &r i s 9 e~ o T% P edals P e r  “r. d lct1 nL Yiel~~nf live• S. at tem Pt Po rn and .~~ t. l Bt oCI .lxlI f rom S , i 1  l’aramatt’rn

No. S’gnifirai e Cv
Variables Variable r2 l.evei~

Live S. al t ern t f’ ora 3io~ a ,e

I Clay )20 ~i 0.03 0.11 45
2 Na, Clay ~20 .. 0.04 0.25 45

. 5 3 K , Na , Cli’ >20 i 0.04 0.35 46
2 Ca, Mg, Na , OH, d . c ’ •~ O 1,  0.06 0.73 47

Clay .‘20 ii , ;ialln ty

Total Bic’mass

1 Salinity 0.07 0.Ol** 41
2 OH, Salinity 0.C~ 0.04 41
3 K, Na , S.ilinity 0.09 0.09 41
7 Ca , Hg, Na , OH, (1’~ ‘20 , 0.11 0.33 42

Clay ‘20 ii , Sa11,~t t~

* Probability C?) that the’ relati . n.hip b~ ~.‘cen indiciteti soi’
paramettrs and bloucns. occ’ir. by CLICICS. S gnificant relauot.4ilp
1. taken by Co wention to occur when r .O.05.

** Highly •I~nificsnt .

fl
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• APPI NDIX C: INFLI!INCF. OF 1R)N SOCRCE AND CONC II,11tATION ON
CK(A TH OF SP A q T PN A A LTF .RNIFLORA

S
.

Tnt moduct Ic.

1. ~J~ LtIna alterniflora requires hi gh concentration, of available

iron (Fe) to avoid chlo~os1s and attain optimum growth (Adams 1963).*

The flooded cearsh sediment, in which S. alterniflora grows are high ly •~

reduced through the metabolic activities of facultative anaerobic soil

microorganisms. Thi, reduced environment is conducive to successional

Fe transformations from the ferric to the ferrous Fe species (Gotoh and

Patrick 1974). Christ (1974a) found that monocotyledonous plant specie.

are inefficient in the utilization of the ferric ion forms , whether the

ferric ion Is chelat4d or nut. He also noted that to avoid chloroais

and attain optimum growth, monocotyledonous plants generally require

higher Fe concentrations (regardless of Fe species) than dicotyledonous

plants. Iren concentration s In S. alterniflora tissue in Appendix B

ranged from 154 to 632 ppm depending upon the season of collection.

These value. are similar to the 590—ppm average found by Williams and

Murdoch (1967).

2. Spartina alternif lora is one of the dominant species inhabiting

the highly reduced salt marshes of Loulsisna. These marsh sediments

have high Fe content , and , since they are reduced , they have high ferrous

concentrations. In coamon with many hydrophytea , the air lacunac in S.

alterniflora allow passage of atmospheric oxygen ((,-,) P rom the • lc.-eves t o

• See references at end of th is  appendix.

Cl
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• th. roots (Teal and Kanvlsher 1966). ThIs oxygen diffuses out of the

roots , creat~ng an oxyge’SatI•d rhizosp here within whi r l -  t h e  f e r rous ion

spec ies may be oxidized to the ferrlc ‘ore. Thu*, although tu e reducing

condition of the sediment favurs the ferrous Ion equilibrium, the
F- .

imediate a~croenvironment of the root may be favoring th~ oxic4lzcd

~errIc equilibrium. A. a hydrephytic monocotyledonous plant , is S.

alternif lora using the ferrou s Fe species abundant in the sediment or is

it utilizing the ferric F, npecies produced in the rhirosphere?

3. The following experiment was deaigned to determine the ionic Fe

•pecies and the ferrous concentration necessary for optimum growth.

Christ (l974b) outlines the eiperiwental difficulties of maintaining

soluble Fe In nutrient solutions and developed a procedure that over-

come. this solubility difficulty. This study follow, his  technique with

some modification.

Methods

4. Seeds .~ere germinated and grown in a saline marsh sediment

collected from the Fourchon area of coastal Louisiana until two tp three

leaves developed , i.e., to the approximate height of 10 cm . Th. seed-

ling~ s~ere then transferred into nutrient solutions in 2—quart pt S.lyct hyl_

(‘flu f Y.’eZer -unt a I ne~ rn p~i tnt  ,,t • ink. t h e  p I .Ini S vt’ re supported

through holes in the lids with Permagum strip. (Virginia Chemicals

Inc.). There were ten plants per container and one container per

t reatment •

5. After transplanting, the seedlings were allowed to acclimate ‘V

for 1 wee’s in a modified h ewit t ’s (1966:P nutr ient solution mlnua

C2
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Fe. ’ All solution s used throughout this experlme.nt we re i id justct  to

ph 4.

6. The following growth, conditions were mainta’tned (or the durat~ on

of the xperimcnt : a light Intensity of I ~ .~~~)t) 111* .afl h .1 h~h I ’ t ‘P’ rI.’ci of 16

hours of light a~ 32C and 8 hours of dark at 2Ct C.

7. After the acclim ation period the plants were subjected to an Fe

treatment of 0,5, 1, 2, 10, or 20 ppm ferrous sulfate , or 1 ppm ferric

sulfate; or 1 t I m  I’e .,,I Si’quvst ri fle’ ~ *Ie iron che l.it u (1 err Ic ~‘i hvl m e —

diamtne-tetraacetate; 17Z Fe203). All r~ treatments contained 4 mlllimole

per liter (~ l ~-~~
) Ca(N03)2 as a nitrogen source, and all Fe tre.-Itments

with th. exception of a control contained 10 xii ~ hydroquinone as a

reducing agent. The cont rol received 1 ppm chelated Fe. In a pr .’limt-

nary experIn~-nt using the Sam,’ Fe c .’ne - e’ntr.,( 1(1115, hut with, the omis,Ie ~n

of hydroquinone , .-n, Iron oxide pier Ip tt .~t e ‘..‘IIS c~h’seyvvd . ~‘1nce 1110

amount of precip lteted Fe was not known the results of this first test 
- •

are not reported here, however , the general trends coincide with those

reported below .

8. The experiment conaisted of a 3—day ~rc-~.1h per od in the m di-

cated treatment alternating with a 4—day growth period in modified

Hewitt ’s nutrient solution minus Fe (Hewitt 1966). This alternatic ., of

• •~ .Aut i o ns  was continued for 4 weeks. At the end of the fourth week the

plants were harvested ; the length of the longest root and shoot were

measured. The pl ant. were dried at room temperature to constant wlght ;

• ‘Thf~ , , u t r t . ~ni , .oLutIo~ ei’nt~~t ni’~t t~ flII 1 
(~~ M ‘

~~~~ I; ( . I (
~~

Il
~~

)
~~ 

(4r~ t •~~l );

M,~ u , (I • 
~j  , - I ) ‘ H  ~ - 

. 
- l~~; M i  ~O. ‘iS ‘~~~

-
~~‘ Cu (0. O~ t’h’~ ).

~~ 
1 1 ) 1 ’, ~~~~~~ as sulfates); K (0.5 ppm as H

3
K0

3
); and Mo (0.0~ ppm

Na 2
MnO

4
).

C3
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the  r o o t ,  shoo t , and t o t a l we Ight were determined as well as t h e root to

shoot weight ratio. The results were then asnslyzcd statI stic ally.

I.

9. Table Cl g ives the treat ment means for the portion of thi- ’

study concerned w i th  determIning the optimum Fe concentration for

growth. Of the six parameters analyzed , onl y three showed .iny stat Is—

ticslly significant differences. There Is a highly signif icant d i f ference

in grow th as measured by root length , shoct length , and the root to —

shoot dry weight ratio of S. alten,iilora plants subjected to different

concentrations of ferrous su l fa te .  However , ~.i. six concentrations of

• ferrous Fe tested do not differ In their effect, on root weight , shoot

weight , or total wei ght of S. alterniUc’a,

10. A least—squares regression was performed to determ ’no If the

re lationship between tissue length or dry weight arid ‘e concentration is

lineir. Figure Cl is the graphical representatIon of the regression

analyses. Of the six parameters measured, only root weight did not -

exhibit a significant linear relationship with Fe concentration . The

low coefficient of correlation (r 2) values indicate , however, that

wi th in  each t reatm ent the individu al plant ’s response tn  the treatment

was highly variable .

11. Table C2 gives the treatmen t means for the portion of thi s

study dealing with the preferred Fe species for optimum growth. Of the

six parameter s mcanureti , c’Iy root weight difference s showed any statis-

tical significance , i.e., there 1. a sign ificant difference in the root

wei ght of S. al tern i f lc ’ r., ‘sted to the type of Fe in snlutl~ n.

4
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From the table it can he seen that the I-ppm chelated t reatment with

hydroqulnone consistent ly go’ - - the highest averages of the ~Ix param—

eters measured.

Diucus~ inn

12. Maximun growth occurred at the lowest ferrous concentrations;

however, the optimum concentration of ferrous ion cannot be directly

established from the data obtained as concentrations lower than 0.5 ppm

were not rested. Apparently Fe in the natural ecosystem is not limiting.

This ha. also been suggested by ~roowe et al. (l975a) , ~ho noted that In

the field Fe fertilizers did not stimulate growth. The negative slope

F • of the regression of root length , shoot length , shoot weight , and total

weight to increasing ferrous concentrations indicates toxicity at concen-

trations greater than S ppm, which is much lower than concentrations

found in the field. However, in the field no clear evidence of toxicity

appeared (Brootse et al. l97Sh~). The high tissue levels of Fe In natural

stands may be an indication that Fe, although abundantly available In

the environment , aemenow becomea unavailable once it is within the

tissue (through precipitation , sequestration , or oxidation). The addi—

tion of hydroquinone may maintain Fe in an aval ij ih ie form so th.-it much

N, lower ferrous concentrations are effective.

CS
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Table Cl

Mean Growth Rcs~~~~ e of S. a l t crn l f lo ra Scedllngs to  flI! nt
~t - t rO U5 Loncent rat  inns

- - ~~~~~~ — — -_.——-..--~~~~~ — ____________

Means
Concentration Fe~

2 
~ength , cm Weight , g dr wt Dry Ut katio

_ jpm N Root shoot Roo t Shoot Total Root:Shciot

0.5 10 2~.8 38.6 0.0833 0.1981 0.2814 0.4~”71.0 10 22.1 36.7 0.C891 0.2845 0.2736 0.4?RR
2.0 10 19.9 40.4 0.0739 0.1720 0.2w59 0 .352
S.C 20 22.1 37.3 0.0877 0.1722 0.26’9 0.5123

10.0 10 20.9 36.3 0.0743 0.1565 0.2527 0.5832
20.0 10 19.1 28.6 0.0707 0.1221 0.1927 0.5832

Overall Me ins 21.6 36.3 0.0801 0.1676 0.2513 0.4898

F value 5.1* 4~4* O.93~~ ~~~~~ 1~~~47~~ q 4•Q7*

*P (0.0l. 
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Table (:2

Mean (.:uwth !~e spo~ se oI ~~ . ah er n i  f
irc ’n~~j~e - fc - ~~~a t 1, j~~~~ Conci.n t ra t I’n

— -5

Treat,s’nt Means
- 

~~
. Redi~cIng I ron ~. ; e c 1 e s  Icn~ th , c-rn telpht , g dr  wt  Dry Wt Ratio

A~~nt ~r. I ppr N ~~~~t Shoot Root Shoot Total Root:Shoot

Hydroçuinc -.e F c r r ~’u.. if) 22.1 36.7 0.089 0.185 0.274 0. 47 9
‘ F.-rric 10 22.1 36.7 0.0~7 0.174 0.256 0.471

i’ ,-Ia t i d )d )  23.1 39.3 0.138 0.241 0.379 0.577
Control, n ,

hvdrc’quinnne Chelated 10 19.° ‘37.8 0.111 0.179 0.290 0.617

Overall Me~na 21.8 37.6 0.105 0.194 0.300 0.536

F Valu e 1.66 053 ns 3.90115 2.2611
~ ~~~~ 6.45*

• p •o.os
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Figure Cl. Relationship of growth parameters to substrate ICTTOU.
Ion conce ntrate f,~r £ s1t~~~~j~~~~ reedlir.ga (each

point represent. a zesn of 10 plan a).
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Figure Cl. (Continued )
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~
R.;H i’ ,~ S I t u  P c  i iut ’c l  I~ tE~ ;TAL L0LhISIA~ A

Introduct ion

1. Tissue analyai’. are a useful adjunct in ecosystem investigations.

Taken .ilon- ’, ~P~cy are no t ii ,ouff lelent .Ii-s~ini’Ht Ic (01)1; instead they are

hu t I’nc of rnJI*Y • .il I ~‘i whi di t .‘*kvn t ogi her c iii c luc1djtt ~ the physiological

pr1’ eCu~ .ce op in ,cosysteu.

2. The (allowing does not constitute an in—depth analysis of the

nutrient requ irements of the seven species studied , as it does not

contain coincident measurements of the soil availability of these nu—

trh-ntw nor i’t tlic nut rI.~nt ~-~‘tnposit1on of decomposing plant materi al.

Neverth eless , the results as presented in tabular form provide a base of

information useful for further research.

Materials and Methods

3. At approximately 8—week intervalo beginning in August l97~ for

48 we eks , fly, plots each of Dlstichlis apic a ta , JLncua Toemerianua,

Phiagmft,a co~~unis, ~!U!taria falcnta, Spartina alter~~~lora, Spartina

c1~~
auro1d

~a, and Spartina patens were harvested at sitas in the Bara—

tarts and Terrebonne basins of the Louisiana coast. Detatla of site

location and harvest techniques are described in Hopkinson et .1. (1976).*

From each sample the live material was separated from the dead. The

A Ilopk ln n o n , C. S., J. C. G.,seehlnk, and K. J. Parrondo. 1976. Appen—
dlx A , Vo l. 1 , Spatial varIation in the peak htortass of salt marsh
vege ta t io n  in eoa~uta 1 Loutniarsa. Final rept., Corps of Engr.. , WES ,
Vt cksbur g , Miss.
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l ive tissue “as dried at 80’C and ground in a WI icy m ill. Aliquota were

analyzed spectroscopica lly for 13 element, by the Plant Analysis Labor—

story at the University of Georgia , at Athen s , Ca. Nitrogen ~~ was

determined by the aicro—Kjeldahi technique at the same laboratory , The

resulting data were anal yzed statistIcally using analysis of variance

and simple regression methods.

Results

4. Tables Dl—Dl 4 present the mean nutrient concentration and mean

total nutrient content of the tissues from the studied marsh species by

sampl ing period. Annua l mean values are Included.

S. The next seven tables (Tables 015—1)21) present the analysis of

variance •tati.tics obtained when testing for seasonal differences in

either tissue concent r ion, total tissue content , or biomaee. This

g tves some indication of seasonal trends existing in the tissue nutrients

of each specie. and a measure of the natural variability in tissue

nutrient content.

6. Tables D22—28 show the relationship between aboveground live

biomasa and total standing crop of minera ’l nutrients for the seven

species studied. W ith few exceptions tissue nutrient concentration was

independent of biomas. as determined by linear regreesions of nuttient

concentration on biomass.

Discussion -

7. The c.utstanding feature of the data presented in this report Is

the variabil ity in tissue concentration among species and among nutrients.

Any I..encralization, must necessarily be so broad as to he nearly meaningless

D2
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when individua l element s or individual sp~c1es are analyzed In detail.

Thep- •forr . in Iht q discus sion , rather than generalite Itue result. , the

av a ilib~l i ty of a large data set ii emphasized and the utility of i tie

s tat t -uti cal displays provided for interpretat ion of the behavior of

*ndiv-:dus l nutrients is discussed .

Nutrier.t concentrations

F The annual mean values for each nutrient by species are dl.—

played in Tables DlS—D22. A quick comparison show, that concentration .

of nutrients in tissue. of S. falcata are high compared to the other

species. This was the only broad—leafed monocot examined. The grasses ,

S. alterniflora, S. patens, S. cvno suroidcs , D . sp icata , and P. cornunis,

afl tend to have fairly ~ow nutrient concentration ., roughly comparable

in range with the rush , J. roemerianus.

9. The second column of these same tables show whether seasonal

(bimonthly) concentration chiinges were stattat ica l ly  significant. The

coefficient of variability (CV ) in the third coluim is an index of the

variation in concentration among plots sampled at one time. Used to—

gether the two values show the natural variability of the tissue nutrient

and its -variation through time . There is a wide range of values in both

olumns. Coefficients of variability in h e l l  collections of b~olo gtcal

data typ ically are 20 to 30 percent even in woll— ontrolled tests.

These are also typical valu es in these tables , although some of the

aicronutrient concentrations were extremely variable. F.xamples arc

barium (8a), with a CV range from 48 to 132 percent , s.d zinc (Zn),

which had a CV of 147 percent in S. fa lca ta .

1)3
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10. VDTIS~IO~ through time was most pronounced In those species

that have th1 strongest seasonal growth patteins. These are S. rata ,

P. en~~ unie, and S. £ynosunnldeø. For these three species the seasonal

variation in concentrati~ n of nearly every nutrient was highl y signifi-

cant. On the other hand those specie, that var y little in live blc’mass

through the year (3. roemerianus and S. patens)  had re lativel y constant

nutrient concentratio ns also. Pattern s for specific nutrients and

species are displayed in Tables D1—Dl4. These two basic patterns

suggest t hat seasonal changes in nutrient concentration . are probably a

function of tissue age. ~~art 1na patens and J. roemerianua grow actively

throughout the year and all vegeta tion samples had a mixture of young,

mature , and senescing tissues . In contrast the apec les in the other

!~oup die to the ground during tha winter and tend to have a single

growth cycle during the aprung—su~~~r—fall period . A spring sample was

nearly all young tissue , wh’ch tended to have higher nutrient concen-

tration. than mature sumner tissues or senescing fall tissues.

Nutrient standhn~ crop

11. The last three columns of Tables D15—D2 1 show the annua l mean

standing stoc k of individu a l nutrient. , the statistical pro bability that

bimonthly chsnges are significant , and the CV . The standing stoc k Is

the product of concentration and live biomass. When bio~aas, ~,arie,.

seasonally the standing stock nearly always does also; no that for w’at

species and nutrients , there is a statistically strong .‘eason.l ‘luctu—

ation in standing stock. This is not true for J. rcuetnerlanua and 5~

patens, however , which are relatively constant nutrient reservoirs

1)4
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throughout the year. Figure Dl illustrate, two extreme cases , S.

2i!”~~~
. which shows little second var ia t i on in N concentration and

standing stoc k compared to S. falcata, which varies widely in both.

12. If blomass and nutrient concentrat ion are not closely related ,

the variability of total nutrient standing stock should be greater than
p .

- 

- - the variabilit y of either component alone . This ii tru e , in general , as

a comparison of the third column with the last column in Tables 1)15—1)21

shows. If variability in total nutrient standing stock is reduced

c~~pared to nutrien t concentratio n , it means that th. nutrien t is diluted

(concentration is reduced) a. bionass increases , suggesting that the

- . nutrient •uppl; to the roots i. limited. This occurred most conspicuously

with S. cynosuroides. In thi. species , the CV’S for total standing

s tock of N. phosphoru s (F), potassium (K), manganese (Mn), copper (Cu),

and molybdenum (Mo ) were all reduced compared to the variability of the

nutrient concentration. This is prob ably a reflection of high initial

concentrations of these elements in the spring followe d by dilution as

bio .aas increased and tissue . natured .

Predictabili ty of aboveground nut rient stocks -

13. Tables D22—D28 show the predictability of aboveground nutrient

stocks based on standing biomass , without regard to season. These

linear regression. are based on 30 nutrient—bio mass pairs for each

nutrtent and species. The r2 value is the percentage of the variability

In nutrient stock that can be attributed to blomass difference,. For

some species, notably S. f a l ca ta , the fit is quite good~ r2 values

nearly all are above 80 percent. For others it 1. poor: D. ~j~ica ta  r2

1)5
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values ~re 0 to 51 percent In the linear regres sion ana ly sis , values

- 
~‘ - associated with extreme s of bion.aes receive noTe weight than vilut.s in

the middle of the range. C(~nscquent ly thoic specie,  w i th strong season —

.1 bionass changes tend t o  show hIgher r2 values than thoac with ,usall

biomass ranges.

14. The nutrients ~a and aluminum (A 1)——ne it her  of which Is

currently considered essential for all plants——vary unpredictably with

high CV values and low r2 values.

15. The nutrient, with the highest predictability were N and P.

Comparing the five nutrients with the best regression f i t s  for each

species , N Appeared in all species except P. cotmsunis , and P appeared

in all species but P. co~~~ni~ and S. falcat a. Extrapolating , it Is

tempting to suggest that marsh plant growth is most likely to be limited

by these two nutrients since biomass closel y follows the total amount of

N and P absorbed by the plants .

-

, 
Conc I

lb. The data presented in this report vary widel y from plot to

plot and mont h to month . Mean. and statistical treatment provide lnf or—

a.atkin about expected tissue concentrations and variability of mineral

elements in 1.ouiaiana coastal marshes. 
- -

1)6

I— 
~~~~~~~~~~~~~~~~~~~~~~~ 

- 
~~~~~~~~~~~ 

-5— 
“

~~~~~~~~~~~~~~~~~~~~~~~
T ’

~~~~ 
•
~
“

~
‘—

~~
- 

~~~~~~~~~~~~~ 
-‘--“-~

r--. r~
9
~— ’~~ ~~~~~~~~~~~

— 
-
~-- ~~~

. .
~~~~~~

.._ - -
~~~ ~~~~~~~~~~~~~~~~~~ ~~~~

/

-5—— -- — -5 - - -— - 5
~~~~~~~~~

— -  - -5
~~~~~~~~

- - 5  -5 - - --—-- — - —
~~~~~~- —~~~



- 

BEST AVA;L42
~~ copy

9.47• II

~~
_ .

~~• .. ~~
.. i.,, 

~~~~~~~~~ I

.. ~. 10* - ~~~~~~~~~~ 7 ~i. .oi,  U . .
~~ -0 .  1 .  7.. 

j ~~ ‘_L~~~~~~
’
~ ~~~~~ 

• -

~~~ 

. 

~ 
- ; 

~~:.
I ~~~~~~~~~~~~~~ 0 0~14 I 1* 0 ItO 4 00 000 I •1 I IS’- I 7 *  3*0 I I (4’ 7 0. I - I - .

6 (20 4 0, I 700 4 .
~ I ‘~ c I, I SO ‘4 7 40 ~I : 0  • •~ 0

— - 2 •‘~~~~ * . ~ I 001 4 00 ISO ~ •• I . I ot I £40 ~ ~I 0 4-07 I •0 I~4 
~7 0 I~ 4 44

~
j..-.. . • 0 00~ I 00 0 540 I . - -  0 .• ‘ . *  0 •“  * •7 9 ‘I 1 7 ’

— t o.~ . .. I .4-0 ~ a :o I .1 
~~~~~~~~~~~~ 7 s’ 4 14 

~I I 14 I *~
! - e.. .*. * 7 50 ,* ‘  ii: 4 . t  4 - .- .: It , . -  j s *  ~~,. ~~~~
I 1O*I•• 0 4*~ 3 S’ C- ,N ~ : •~ . . . - .. . . - .. r ’ .  •

14 —- -5

9001. U

~~~ _~~~~ 00~~~ J ~~ ‘ 100 ~t1~~ ii ...i .4 14.00 ~~~~~~~~~~ 43000.1 0. 6-..I,0~~

SWOIL__ _ , e ~5n _ 1 Y ’ L  ‘tL .!J ‘.
~~ ~~~~~ .. c... ~. . 9..~~~ ~~ ~..T ? . ~~~~~T r~~- 

~~~~‘itc im _L~ a’L L. it ’ i, a . ... _! . a•L .~~~~~ &•L ~~~ ~~•L _~_ i’L
I !ii• t’~~~ ø 0 13* 0 01 S Ill I II I Ill •44  S 154 S II III 0 10 5.110 0.1 * S I )  I .7

I ~~~~~~~~ 5 ~75 5 Il L 110 011  4 *10 0 4 4  0 *54 1 0 0  5 III 0 P4 I III 00 II I 04

~ ~~~~~~~~~~~~~ S I I I  0 0 0  0 I l l  S II S 123 0 . 0 ) 0  0 10 0 175 0 0 0  5 III I -, S IS 5 “
I- I.Z!! ~~.

)
~~
I00 S 081 S 14 1 084 III . . 5 77 ~ 4 fl 5 III 5 91 0 0 0 3  5 0 0  S II 5 0 4

~ !.“.,. • ~~I l I P  S III I II . — 0 485 0 II 0 0 4 3  0 ~3 5 III III I II 0 10

! ~~~~~~~~~ I 110 I 74 t 1,0 0 44 0 7~ 4 9% 5 )4j 5 17 0 W~ 7 •~ 4 *1.1 1.12 lU  4 84
- I- ,.~~

.. 0 104 0 44 4 I’I 0 II fl 000 0 II 0 704 0 PS 0 ‘ ‘ P  0 SI S 0*4 0 II 5.55 011

- - - - - - -r - ‘ - en .  - - - 

~~~lhur.i L*_tiisi _ f ?Lu~, : uP00.xLA ~~00.~*9ILJ oS L3~~~.2~~ I’ ~~~.*IL

- 9 .-S-.p - ~~~~~~~~~~~ __ •1Y ~~i _  — It~A•~ — — ~~
__  4900I~Ca. ?. , .L 0 .  t.-..I ( ,.t_ ‘ , l  ~ , .  ~~~~~ < .. ~~~~~ (~~~. ¶ 

__ I__ * .  i_ I’ _L s ’  ~~~~. i. ’. —
. i. :_ - 

I

I- ~~~~~~~~~~~ I III 7 19 9 ,32 1 (P 0 01 1 74 I S OP I 714 I * 7 2 4 7 0 I 1: I 7 7  I II

P s, I.•~, 0 4 6 5 4 0 0  ISSO 3 - P P  4 1 4 4 ) 4 7  7 0 4 0 10 1% 5007 ) 4) S Ill II? 055  4 4 ’

I 054 5 01 0 544 5 43 S 590 4 4 3 0 044 5 55 9 0.0 4 74 0.0)0 II 01 0 54 1 14

C , 4 .
~ 

£~~00 ~ I’ S 3 74 9 C I I  0 73 . . 3 44-6 I 0, I 010 • ~ 0 *65 4 II 0 47 I ~14

9., ... 0 107 01 . 7 % 4 I’I 4 4 - 3  4 44*’ I 70 4 757 84 1 ‘00 7)  11 4 19 0*

9 
~~~~~~ I 4 7 4  11 . 05 I .  Pb I I I  I iso e 44 404 7 54 1 030 IS 54 i II) S II I 05 7 SI

0 II) I ‘0 C *02 1 .1$ 6 e~a ~ o 1.1 4 14 ,14 I 00 0 III I 70 5 II 1 11

- —~~~~~~~ ~~~~~~~~ - - — —  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --  ~~~~ - -- — - 5 — -  — - — ~~~~~~ - ~~~~~~~~~~ — -

— - — ‘~~
-5-5 - —---- —--a- — — — — — -S ~

-‘----



~ --.-.-

BEST AVA ftA~~~y~ r~
-py

~ tLitLt708 .’.1 SI . l~t U.. 1’9-.9 * I  I~~~9 147,7 f3544 Itt ~III Il ~~l2S 3~~~

• 4_~~..I - ,  
— 

•.- a. ., - 
P .I, _ . ,y  •j . I I  i.,. .... . 

4-
I... . l.,•I £ .~~ ¶ . . ~ 7 .... . - - .S Ia. 7. -..~ - ._. 7.~~.?  C..,, P.,d — P •.‘ —

I~.I.. t a . ’ % ~~~~ . 1 a !.  ~ ~~~~~~~~~~~~~~~~~~~~~~~~ j . 2
• ~~~~ I 004 I - Il 0 3 3 *  0 40 0 OIl 0.44 5 44 0 1% 1 *8% 4 - 0 1  4 %s.O 5 50 S II 0 P0

P .I~ ~~~ 0 100 0 ‘S 0 III 5 4 5  0 0 7 5  0 04 4’ 0P0 III 0 0*7 C II 0- 035 0 14 0 0 7  0 0 0

a. , a. . 0 .002 4 04 5 (13 0 45 0 0-40 0 44 0 540 S II 0*P 0 ‘3 070 0 74 5 00 S II
I- • _ 1.. 5 Ill 1.00 S 1*1 4 •o . - 5 0,7 5 05 0 ISO S 4-0 0.104 0 50 0 . 1 $  5 04

0 4 1 4  0 5 5  0 415 0 55 - . 5 984 4 II 7 4 57 I 5~ 5 Sli I s p III 0 . 4 0
O - ‘00. 7P 0 300 I 05 0 0~ S 0 11 0 7.04 4 7 1  0.004 00 1  0 4 * 5  0 ‘4 5 1*1 0 44 0 54

— * ~~ 0 1 0 0  0 4 3  0 0 0 ?  0 * 1  0 0 0 4  5 ’ ?  O OSI 0 4 1  0 0 P  0 4 )  0 570 (I I  S O P  0 1 4

— -5- - ———- 
-- _ _ _ _

0.51. 00

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 34

~~~~~~~~ ~~~~~~ ~~~~~~~~ _ _ _ _  _ _ _ _  00..,. I
Ca, T•Pl! Ca, . 1.4.3 Ca. . 1,7.7 ~T ’ t...T (a. ~~ T.p.T ~~~~~~~~~~~..L. sa L.  J.. iiL ...L. . i oW ..j _ ~~~L .~~~~~ a.tL. ~~~~ .&,~-W ~,t_ L~’.,L

1- I s ~iUJisi 5.315 1.11 5.002 3 . 3 0  0.714 5 . 7 0  0.710 S, 44 0.3*0 0.01 5.510 1.14 5 1? 1.38

) .  ~~~~~ 5.014 4 .53 0 315 5 00 S - I S O  0.14 0.070 0. 4 2 0.141 5. 74 0.154 0.S4 0 .14  lii

~~~~~~~~~~~~~ 
0 0 91 5 .3*  0.114 5.1) 5.045 5 .4 7  0.045 0.55 0 005 I- OS 0 .10 )  1 . 70 4 II 0 . 7 7

• - 
I- LZ!’SLt ’04$9 S. I )4  0 5) 0.0)4 5.05 • 5.05 7 0,05 0.1)7 IsI 0.101 I I I  c l i  S .S7

I. i.1&.ji 0.113 ~~ S. 5 P5 I II . • s.~os c o o  0 01’. 0 . 1* 0.035 7 . 1 1  0 .04 0- II

t- I0~~ 00D S III III 0 040 I II 0 071 0 04 0 014 0.0) 0 ISO 0.04 1.144 0. P0 0.04 0.11

~ 
p0i,.~, 0.0,0 S- IC 0 .07 3  II 0.S14 0.4 5 0 0,5 (7 II 0 0 3 )  P4 0.110 0 . 7 3  005  0 U

- - - 7 ’ ~~~U~~~~~~ 4 ’ ”  ‘0 ” 0 7.’77*.o~.,... 004,___ _ _ ,~~_, _,,, ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
04

~4Sas 05~~~*0t_34~sIsJsz..Uu.134, gtiLk!is 01...A ‘3400 •1 7J~~~~~ L~~~~~~~

• - -~~~~~ ~~~ , a 4 0- -~~~~ “ a ~~~~~a~- ~~~~~~~~~~~~~~~~~~~~ -

- — - - . .( .  - 7.7.1 Ca. - t.o.7 C..o ¶ ...7 Ca. - i... .1 C.... 1,-p.) P. .Y.j ’.~ ~~~~ !...T’
‘I~~?’ . tX! I• Z~~ . L t~ .iJ! . LOW .!! ~~. 

IS .. ’4’~ 0~~~~ ~~‘ •~~L i~ . !~~.L
• I . p . I P ~~ ,e 1 3 4  3 3 0 %  P S . S  14 .77 4 7 . 4  1 4 0 4  50.1 15.10 54 31 1% II 4 4 . S  34 54 01 .4 11.0

~
. 957~~ ’4  141.5 70).)? 104 .0 ISO 14 370 5 114.09 304.0 114. 14 144 10 lOS 77 — S III 00 3*1.1 057 .5
I ~~~~~~~~~~~~~ 54 4. II 3? 75 5 4-5 ‘I 04 .5 11 51 S4 S SP . II 55 14 44 54 P4 50 II I) 81. 3 1,4 .)

9 C3 •,*~ 71.4 54 7 74 30 0 1 0 . 4  4-I 5’ . 100 I 5 07 50% II 05 - IS 55 03 Cl ~ 3 . 5  CI I

9.: .. l~ 0 0 P1 77 80% 5 35 4 . . 4fl 0 II 3% 34) 1% 00 *5 355  0 Ill . ? ?  110.1 * 0 9

‘-•I’ 05 5 II II 4~ 3 II 05 04 5 35 SE ‘0 S 4 5)  4 % 10 15 SI 05 1 II I) 51. )  05 I

I g. - .~~. 47 0 5 53 ‘S C 11 0 SI  S S I 54 •3 0 II (3 15. 71 II II *7 0 II IS 14.1 14.1

_ ._, .,__ _,_ -5 ~~~~~~~~ -5__ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~••-5 ~~~~~~ ~~~~~~~~~~~~ ‘r .  ~~~~~~~~~~~~~ • “~‘~~1’

- — s_~~~~ — - - 4 - —- . ,—. 
~ —— ~~~~~~~~~~~~~~~~~~ ~~~~~~

- . _
~~ :~~~~ ~~-. -‘--5- ,—- --.~--.-- •--. - -5- -5

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  --5 



- --5— - - - --—-- —--—-- ‘ ‘
~

‘
~‘1

~~~~~~~ IL COpy
0-0555 7 7,•jp( ~345~~ II )t ’ 01 ‘V.150 !.SS.A 7154155 34 .1.1455

7 . _.~ ~~:, I.l i’t .~~~j~~, I.,, .. , . 
— 

. - . A’F. - . t•~~’ 
- .t~~ i ~~~~~~~~~~~~~ . • j  ,._ . - • . .  — - .- . , .— .  -

— *,. 11 £~ U I • .1... I— • 7 P • . 7 — p
• s t ..’ ~~~~~ 144 £00 01 1 8 0 5  I C  1:1 S £ 4 - P  ~ *71 5 :1 54 14* ~~ 14 •~ •. 40 C 2 ~ ..I II

• 53 SCs 7 s II) 5 *4 ’  5~ 4-04 0 105 II ‘II 5 51 U 5 5 5  5 5 7 5  ~ 5(4 2 7  ‘4 7 .  5. . .1~
— 

~ ~~~~~~~~~ 0 5 0  51 II I~I 0 553  SI ISI S P4 I’ £10 5 I’-l 70 504 *0 59 II 7 ’ , to .9 , .~~ •? I, -

I (.7 0,P I005 04 1 14 4 0  III 5 44 55 . 17 *  5 5 00 ItS ‘50 50 II 5% ., I I  II 
~~~7 7 - -

O ç.3 ..~. 574 5 )Qs IS 5111 * *07 01 • 1 1*4 5 ’ II 5* 07% 2% 153 51 44-7 50 *9 4-

O 
~~~~~~ 

P1 5 (1 .11 14 1 3 14 54 54 5 79 P 750 5 II 5% 145 35 CII 7 4~ I P7 *4 7* ...‘

— 7 0 4  3 5 . 0 %  *34 5 5 1 . 1  I~ S 5 3 40 3 _ I S  50 51 7.5 51 *14 * 7  IS. IA. I’ . I’ I . . 7 ~~~~~ 7

0~~
- — —~~~~~~~.55500.1. —~~~~~~~~~~-- -— -.- : - - — 

S

0.52. II —

. !~~..hLti’-~. 51 LI’S 51.Ss.. 11 1.155 00100 14-a. 1501155 00 55_ASIa.

...~~~~PSL _ .~~.tft1x ... .._~ 1~~ -•’ ~~~~~~~~~~ OS~*j Ia. ._~~~~~L. —Ca.. 1., .I C... , 4-44.1 Ca. ~~‘T  C... t.. .I f... T.,.S ~~~~. I...! I’...
- L~~. £,EL 211.. LoW m.. LoW 0-”., LoW 2~~. !.oW ~~~~~ . !,iL ..!‘~~~ ‘ •

~~
. 3~9fl IIl~~~ IS.) 0.01 14 .3 p.39 5.4 3 . 7 1  lb 5 3 .50 5.3i 1. 04 7.5 1.03 30 I 4 44

•. 53Ij9~~ 34 .0 05.55 0 0 5  5 II 0 5 . 4  1. 45 11.5 5.SS II 1 4 4 4  11.4 1.41 £1. 5 5.03

- ~,a.7$5~J 05-I $0 54 $4.1 11.11 15.5  7.15 Il - S $005 P 11 03.50 00.1 57.55 10.5 Il I
‘ I U~~4417Jf05 4 .5  5 . 7 1  5 S 4 .0 1  . . III 0.44 I- t I  1. 51 4 .5 1.41 4 . P ’  I 04

I- J&o e.7s 0 2 . 5  5 .01 II 4 3.17 . . 41.4 5.10 11. 11 4.13 04 5 II Il 17 .1 S M
7 .? S.10 4 .0  0.50 4 S 5 05 11 - S  S O S  0 .5  4.15 4 . )  3 .00  5 I? 5. ’I

- 1. j...a.~ 15.0 1,74 P .! 4 5 5  5 3  7 1.4 5 5 I I I  1.0 4 1 0  II 5 1 5  III 4 5 7

-. — -

— . - 
,,,_ — *,07 ,7. 00..7 -. 0- - - ,.fl.7 .S74.. , ‘ ‘~~*4’ ‘V — C7..n.t *S*, _.,_.. - .._... ___ 

- -,1402. .%

- 
~~~ c.fl.c ‘Si.., f.9.JJyOj I.155 .t *..05 •V.~~~’3~~ ~~~~~~~~~~~~~~~~

— ________________________________________________
- Q97 749 (~~_ 

~~~~~~~~~~~ 

. OS’ p .•‘I — . It’J ... ,.... _~~J~~~• — —  —C , • : - , . ’. 0.. . T.~ .7 C..,, ‘ - . C.-... 7.o.3 I .  7.p  . 7  7... - •~~ I —
- 

, 
Or’!., ..ZI L! .z~~~~M fl. ~~ O S  ~~~~ ~~~~~~~~~~~~~ ~ 00 I . .  ‘.. s .  -

I’ f~1!!?C.tl!!J 0 .4  5 . 4 1  5 I I’ I S I 35 S 5 1 . 5 1  S S I ‘3 5 . 7  1 *4 ’  4 SI I 5’

• qI. • l s  0 I 8 00 5 . 4  S 5% 1 5 S .4 5 . 1 4 50  $ I 5 52 • 7 I 04 4 5 ’ $ 57

~ - 7~ 09.~ I•~~9 P .S 4 1 5  * S I I I  0 4  1 •1 I I I  5 . 0 7  $ ~5 5 5 5  S I  I 05 7 ‘‘

VI tr’. .’ ’4cc 7 .5 5 1% o 5 so - . ~ ~ ~~ ~ ‘ ~~ I .7 5 1 07 *

IS 1 I 00 3 ’  5 I IS - . :o.s 0 5% II 3% * 5 ’ 7 0 4 I I I  2 .. p

9 . P I S  2 2 1  I I I  * 0 7  3 5 4  17 * *1. I I I  0 5 7  II 0 ’ ’l  I S  II’  0 7 * IS

1 r~~•~0 I S I II ‘ C S *4 7 *  I I so • 4 0 p i. ~‘ S • 4 7 ., 5 ~
. . -.

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ‘~~••~‘ ~~~~~~~~~~~~~~~~~~~ -,.- _ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — • .~

—— ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~— - — ~~~~~~~~~~~~ -~~~~ - .-
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0. -

4- 

. - 

I .  

~~~~~—-~~~~—— -—~~~--.-—,--



- -  
-

~~~~~~~ 
- -  - -

BEST AVAR.AB~~ E COPY
0004 7 2 4 - .  ~57..o 7 PP ~~~~~ .1 ‘ • ‘  •~ ‘4 t .~.L... -

.
l..4 .-

.
_ 
.:
: :-

.
. .

_ .
~~~~~

.-
, - 

~;.r -
-

S
’ - - .

4 ’ -  ‘t~ 4A ~ L • -  1 I •  — . . I .  -
~~~~~ . 1 4  ‘ 0  0 * 4  I ’ S  15 C I  1 1 7  1 , 5 7 7 ,  I ‘ - ,

P 0j 1 . s  I II I I I S O  ‘ II 5 0 0  5 .i P 5 I IS 7 3  .1 I ~4 • • I

I 
~~~~~~~~~~~~~ 

I’ 40 C* .5  5 P 55 15 0 5 .4 10, 73 57 *5 5 ‘7 I. ~~~~~~~~~~ •
S .,j —.._

~ 
‘ 2 4 4 4  ~~ II ~, I’ S * I’ - - 7 1 £ 55 II 0 I 5’ 2 5  5 7 I 5 5 5~5

S 7 ., .’. 3 4 5  5 . 1  5 2 5  5 , 5  - - 7 5 0  1 1 4  1 S 0  4 5 ’  I S  C C .. I I

0- ‘ ‘ I  I I ?  
~~~ I I I  . 3 4 7  * 4 3  ‘ 0 4  I S O  3 0 0  4 ’ S S 7 ’  2 J ’ t . 4  ‘ C S  7 ,

5 ,.... P 1 * II I) I 74 IS 0 I! ‘I II 4 00 05 I 0 3 4 ’  ‘ ~- . - -

— ‘. . — -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

0001. P 7 ’  - — —

~~~~~~~~~~~~~~ 54-J~14.il!S. ~ 274t2~~~ _~~V41A L!5,5L55 15 ~~~~~

r~~
’
~ -r ?~~~?11 7 

~~~~~~~~ ~~~~~~~~ < i —rU
3. ,~~~ 7 (72. j I  I -~~~~ j~~~~

1 •. • • 1 5 - . 3  P~~~ • .-,I_ ~~. 5 •S 
-
~~~~~

O l7 . .P.J ~~: .P5 550 .5 lOS 41 ‘55 S 754 74 5)5.4 S Pi ll PCI I 505 45 4.0 1 £51 . 71 III I 554 5$ 505 , 5 lI’- O

P 5 4I . .Cl I ’S I III 5% III 5 155 SI 141 5 144 II ISP 5 144 II 053 .5 045 75 iSO 5 £14 . 710.0 353 5

I •o~~~~. ..., 54 S 41 I) 105 0 30’ 7S 500 5 III 51 101.5 III II 101 I PS U 141 * *54 70 £ 10 S III I

I l~7S.~~.7 111(7 55 5 £ 4 04 II 5 I C  IS - 5~ 0 4 II S - S  1. 05 1* 5 55 51 70 I &4..’

0 -- 7 .,. .,p *45 4 3 4 5  44 7 7 5  5 54 7 7  — - 3005 5 15 II 154 7 ISO 7 *  145 0 1*4 .54 III 0 II

! - -~~~~.— t .  I! 1 SI 0 III P S. II II 5 7* ,‘ I.’ I I’ II 301 S Ii SE 54 0 1$ II SI S IC-S

I f l ’s ’ . I’ C 21 C ’  7 .’ 7 P7 I 17? S 1,0 *4 1 : ’  7 2 P ,, •, 7•  57 77  5 $ .4 *5 * *4 0

. 513j4-I55SI lS3~~$ (~ P II!.~~7. .4  

‘
~~L~ - 

- -  ~~
. ,

‘1~~~ ’$

• ~~~~~~~~~~~~~~ I S  I I !  II  S S I  7 5  ~~~ 1 0  051 I s  3 1 7  3 3  3 0 5  ~~) 1 1 3  
-
.

0 
~~~~~~~~ I I I 54 1 5 I II S S I II 0 5 I It S S I II 1 0 I 05 7 I I 73S ‘‘a.. ~ I 5 0 51 1 , 1  I $0 I P 0$ 2 7 I 50 5 I I 3% I 0 I 55 £ 5 I OSI . 7P.4•~.•. 24 74 I I 0 74 I 5 $ ‘I - . I 7 0 (77 I 4- 0 5) S P S IS I I 0 ~4

* P~~7.... 7~~ 07 7  I I I  - 
1 7  I II II 0 1 0  1 1  I II  0 4  (‘ 35I ... I .  055 I S  PC .l 0 ’  0 3 0  S I  4 3 0  I S  I I I  S I  C I I  5 5  ~~~0 0  0 5 5  I S  051  I )  £ 1 0  0 III I S  ISI 5 5  0 * 0  I S  0 5 5

- -5___S__•~ — 7$~ ~~~~~~ ~~~~~~~~ -5 ...—,—-—--r-.- a Z ” 7~” ”~ S, ‘7~
. 7p y~ ——-t— ‘r—~ ~~~~~~~~~ — —.--- —‘S

/

-
.7- - ~~ :

40 4L.~ -~~~ ‘----~~~ --0.05.- 5
- ~~~~~~~~ -~~~~~~~55iI~~~ ‘ -. 

-

9-

L . -- - .---
~~~~~~

- - -.-- --—--5~~~~~~-5 - ---.. -- — ---.-.---.-- — - -- . - - 
_



_ _  
-—--~~

---5-5-_ - -—-5- — - -- - - - -——-- - --5-- -

-

. 

B~~S~ 
~~~~~

.7 5105 Ip...I5. P~~7..• ‘ 4 }I.. _P.... - I 5..4 * 
~~~~~~~~~~~~~~~~~ I4.~S! s5

- ~~~~It - - - - ,..I IC — _.~04. ISI_ . .,.L0&LSOI 0 .  - — — - ..4I10 .,.,,,.7 I_ _ . 
~ ..a C .-  • ...I 1.-.. 1 •, ( .  - T ..,. ,  . - — -  1 . ,2 - .,

- ~r-~” .774 £ 0  - .3~ ~~l:
• 

.2~~
_ • 0-~~ • , - 1  .~

__ ~~~ ‘ ‘ — C 2 ~ 5 .

I • I 7• , . .l~~I.oS 10 S 15,00 5 7  5 51 . 11 75 0 5 It 71 5 5. 01 ‘55 4 7* 57 77 .5 C 0) 15 .5 15 .5

P (77~~ •4 I~~S I SC 505 1.71 5 0  45 S O  5 .54 II I 8.05 3.5 5.1* 7 ’ ~ * 5. 45

~ - !~~~ S~~~oo 4.0 5 , 1 2  5 0 0 35 1 1 1 04 7 .4 1.00 5.5 7.11 5 1 5 0 0  1 .11 8.05

- 7 ~~~~~~~~ 01 .0 0 14 I I 4 SI — . I-S 0 4% IS I I_ I l  I 5 1.70 I II 0 5’
S f s Ij~ j  I l_ S  II 55 55 . 4  4 4 — — II 7 1 1* 77  I 3 7 - 04 ‘~ 5 SI . ’ 5 5 _ I  II’.l

35 S *4 55 S - S 5_ I l  I 5 I 51 6 5 0 44 II I P Is S P 5. 71 0 .1) 6,00

~ . g.p.10 50 ,5 5 II 11.7 7 00 1,1 I 15 P 7 5 15 Ii S 1 1* 5 I S ’ S  0 70 4.05

—‘~ ~~~~~ ..1 ’._. ~~~~~~ - -‘ ‘ . a .,‘ .p-~~~~~~~~~~_ —— , 
~. . * *‘ —

‘.4-IS

P005 .~~ J~~_!sko~~ pi JYL W,’osjLI’e ~ x~~~~~~~~~ j~~~ o t - ’

~~~
8
~~~~7r  ~~~~“~~~i- i~~~’~~~ r rL~~~~~ r 

~~~~~~~~
‘
~~~~~~

- 
~~~~~~~~~ ~~~~~~~~..J) ~ £ ~. .2~~~ I L’ .2L~ . IEL ‘“ ~ oW .! ‘!.. ‘J’:L ~~~~ ~~~~~ ~I SII3 PJQ•t5 0. 0 1 SI 0 4  7. 41 5.5 41 .57 5 4 p7 *.i i 54 2,0 1 54 5 7 3. I~

•- 1094300 0.4 ~ 1 ‘-0 1 ~S I I S I) I-S 5 7) 5 .) 5 . 0 0  I,. 5 . 51  0 . 4 5 , 11
!50541~~3 ’ l  ‘.~~ 0 .54 0.5 0 4 4  5 4  0.10 5.4 5.1) 5 . )  5. 71 0 .1 0 ) 5  1.44 S I P

I. (~~~045.’d’s ~~- ‘~ 0~~~ 0 , 1 0 - ‘ 0 - 5  0,0) I-I I U 5.5 5 ) 5  5.I~ 0.50

~~. f~~psj. 1’. 0 1.10 15 I I II . . 5 7 . 0  I-Il 30.0 I 04 01 .1  50 5* 5) 5 ‘ 0

- 
(7 .  ~~~~~~~~~ 0 .0 5.04 1.4 0. ’o 7 . 5  I 07 1 5 0 .14  1 1 . 5  I SO 4 0 5 U 5.4 I_ Il

- 1 54IO S I I I 11 I S I ‘S 4- I 5 5. 1, 4 4 II II.) 7 15 5 .5 5 SI P 5 • 74

\ - . . -—-- --— -— .

-,
~~~~~~~~~~ ~~~~~~~~ ~~~~~~~ ~~~~~~~

., p~~
w-

~~ 

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~

—

~~~~

‘ 

~~~~~~~~~~ ~
‘
~ i—~

- 
., ; ,_ 

‘ t  1 .
~~

-
~~

. - - - 
.
~~~ 

..
~~~ 

‘ - 
- . 

-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

S~~~A~~~~.Jfl

-5----- -- --—--
—- -—- -_ --5-- -— --5- -- - - 5 - 5- - _ -_— - —-—.--——-



—IL

TiI P ) 1C I s I S

- An.t lj s . t — . s’t ~~~ i;lnr,’ ~: ! . I t t 7 t t , ’os s p l i l - . .. I ,. ~.I. tr ~~~~? o t 4

‘ i i  - r i o  i t  t o r i

I • ,~~
,‘ ~~~ r u  I , - s 

-- - — —— 
T- ‘~ i i  

~

. p t  r ~- ‘ ~ t • ‘  r ‘ 
—~~~~~~

4-’ ~ItI t r f . ’ f l t  .\pt~. ’0 - y  
~~~~~~~ 

‘.
~~~~~~~ 

/u-n. . ) V s i t u ’ ” ( V . ’~
- 

“L 1 .02 .‘ . -~ .~6. 4 4 . .’4 3• 43* Y : . 3

p 0 .13  ~~ . 24 . 7 .7  I . ~1h ~~~~~ 42 .0

K 1.01 2 . 8 2  18.8 4 .14  1.95 (-3.6

- 
“ Ca 0. 15 7 .6Sa~ 2 9 . 1  0. 0496 7 •9 9 ** S’~.9

Hg 0. .~~~ 4~~~~** 2 2 . 7  1 .24 9.72~~ ~. 3. 9

53.4 3.81* 1h7  23.8 7 735* 54.0

4S~3 .U 4.88*5 41. 1 188.0 7 74*5 5 1.2

10.1 6 .53~~ 31.3 4.54 7 .48~~ 55.5

Cu 4 .63  2.48 34.1 !.94 4•~ 4* 53.4

Zn 15.0 1fl.. 4** 29. 5, (5’* 6.7 6*5 43.6

Al 496.0 ‘.. 4 64.6 21 7.0  3 .9b~~ 86.2

3.26 3.86 39.6 1.35 S .92~~’ 53. 1

Sr 29 . ~ 9•~~44 ’ *  25 .6 13.S V~.14’~ 53. 4

Ba 2.70 2.0~ 
- 123 .0 1.0~ 2 . 9J~~ 

QA .1

LIve
437 .0  0-S . ? 2~~~ 3 . 5

- Cr ~. 71 re ~)S’ r~ s 01 . 17 °r • P • V 
* 

S .~ * .* n.t ~g lIn t .tr ~ 
- l (H -

~pr e t ! - - ’ r f l u t t i .  f l t’ .

F • s t . s t  1st ( c - s I ‘-: r ’- ’ ,7 2 . j  j O y  t !,-st !- t r’nnthlv rhan~’es are  s t~~no f ic .int

.‘Ir.- ! I~I ii. , I 7 2 ~
, ’ . ’ S r  - — p i r s - -. ‘I’. - ‘ 2 ’ ’ t I’. t t i s e~s of sas!pllng. N. tation~

‘ 1 1 . -%Jt n g I I I I F C  r h-ni ent  r lea are as ~o 1 it I v 7o

— P ‘0 .05
— 1’ - 0.0 1.

i,~n jts .ore V n 2 fn r  N , P . K . Cl 0 and ~g and are ro si 74 f r  cother
t h u t  a .

8~S~ 
MAtU\~~

1E COP’~
r—).J.~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 5-’-.— -o-’-~•~~~~~—’~~~’ ~~I’ ’~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

,0~~

_ _ _ _ _



- 
1.1hIS~ 016

Ana lys i s  of Va riance S t n t i~~t i r t s  if  T i~~~ue NIt t le f lt i

i i  ~~ . ? ‘.) i .1 t .i

- —a- -- --.~~~~~~~~~~ --. - - - ,

~( f l ’t~fl t  r a t  ~nn T t . ~ I ‘ u r t t  ‘ t _ -
~~:-~i - ——

~,ti t r ient 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ _!Y.!_!._. ~nn. ”,-an4 F V— o l.e - ’  Cl . ’

8 1.04 7.18 22 5.62 1.47 31

P 0 . 126 1.54 23 0.68% 3.66k 29

K 0.860 1.53 124 4.4% 2.01 101

Ca 0.072 l 5 . S~~ 25 0.401 14.86~~ 32

0. 136 7 .6 2~~ 25 0,732 4 .13~~ 35

.
5 Mn 303. .~ 0.62 34 167.0 5.46~~ 35

- 

, Fe 478.~ 6.585* 40 248.0 S.98~~ 41

15.0 4•44 ** 26 B. 02 2 .7 5k  34

Cu 6.63 0. 14 40 3.6! 1.04 46

Zn 15.9 S .24 ~~ 26 8 .65  6.2r ’~~ 32

310.0 4,43*5 34 362 .0  2.8l~ 36

2.26 0 .R9 45 1.23 0.50 52

~r 10.9 9~ 39** 31 5.84 5 .27 k 39

2.60 4. 31*5 76 1.31 2 . 74 k  97

Liv e
5. 21’s 2t

‘ ~n t t c are  p e r c ( ’ r t — I I - e’ S or ‘; , P~ V . ‘ .1 ~snd “V and a r e  - ~‘ 
•

for  other nutri~~nt~~ .

‘~ I’ • s t . i t i s t l c a l  r T I ? ? , i i i t .. • 1
~~t~ h inon th ly  changes are s t r n 1 f t c a~’tt

and is includ4’cS lur )r’p.’ri - n’ ,~~ oion~i t i m e s  of sar .p l lng .  ‘ . 2 t . 4 t~~on9

foll owing numerical en~ r i t - a  are as f o11 c~~s:
* — P ~o.OS

** — p -o.oi .

Cn i ’s are  g m 2 fo r  N , P, K , Ca , and ~‘p and arc eg ~~ 2 for o~ &.er
nutri ents.
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Table D1~

An.i l ’. l.. I’t ~~~~~ .I l t . I l ? s 4’ “ t ;s t I . .t i s’ -
• 

. 
I i i  .7 . ro.-m. r 1.171114 

-

—~~~ C ‘is , 0 7 1  it ho — - TOt11 \IIt r 1 s n t ~~~t r m 2

t r in t  A m .  ‘~ r .sfl I V - I t i s - ” ~~~~~ Ann .  Meant F V a l u e ” CV 5 7.

N 0.977 1.85 33 6.69 1.13 61

0.1 15 0.87 29 0 .786 0.65

0.860 1.81 32 S. S9 1.42 5.

cc 0.063 11,S~~ 27 0.408 1.88 58

• 0.105 1.28 41 0. 166 2.54 68

65.7 1,53 38 46. 3 C.90 63

Fe 151.0 1.86 54 115.0 2.21 77 —

15.8 1.42 31 11.1 0. 65

Cu 7.37 2.36 48 4.9 1 1.65 57

Zn 15.3 4.86~~ 9 9.78 0.72 49

Al 170.0 9.28~~ 39 121.0 2.00 76

1.52 2.11 41 1.06 0.90 74
Si

Sr 7 .33  0.85 
- 43 4.92 0.99 61

Ba 0.600 0. 48 118 0.37 0.53 126

Live
671.0 1.35 48

1’ Units are perc&-nta~ e I,~r N . r, K , Ca , avd Mg and are g g I (ppm)
for other nutt lin t s.

-H F — stat is tic a l proi~a1’t’i t Iv that bI~ onth!v ehangs s are significant
si ~d is in~ l1.d, d for u.~--~- s r t ’~ ’is .ir ~~’c tmes of ss~p1ing. Notat ions

~
‘c’11cI-.Jtn g nIIrPerical ( ‘ f l tt ( 4 5  are as t5 )11t~~5

* - V
*5 — 3’ ~~~~~~

Uni ts are g n~~ ~or 8, P, K, Ca, and M~ and arc mg n
2 for other

fluttient~~.
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‘rable 018

~l i _i ç ~~ynrian~e S t a t i s t i cs  ot ‘tt sue~~~~~s t r h

in  S . & v m i c i ,ss r n i d , . s

_________ ro t  Ion  
______ 

T ot a l  N u t  r t e n t  per m~
- 

- Nutrient Ann. Meant F Va ls ie t t  CV , 7. Ann. 1!eant _LyJlh~s~~.’ CV , 7~

N 0.733 6.31~~ 51 . 3 . 17 l6 .9~~ 43

0.098 7,59*5 60 0.357 10.9*5 46

K 0.618 10.85* 80 1.79 12.25* 61

Ca 0.105 8.S7** 45 0.544 9.525* 60

- * Mg 0.123 10.32~~ 42 0.667 16.35* 48

Mn 92.0 4~97** 62 42.5 9.22~~ 56

- 
Fe 113.0 2.62k 81 51.8 0.1** 65

4.77 6.88** 56 1.99 10.1~~ 61

Cu 6.20 S.05*~ 60 2.64 14.4~~ 51

Zn 14.4 8.78~~ 42 6.58 16.5~~ 47

Al 28.3 1.75 149 10.7 0.98 216

Ho 1.00 4.83~~ 57 0.44 12.25* 49

Sr 7.97 7.75*0 45 3.85 12.2k’ 50

Ba 0.700 6.565* 132 0.297 5.86~~ 132

Live
Bionas~ 404.0 21.8*5 39

+ Units are percer.taVe for ~., P, K, Ca , and Mg and arc ~,g g~~ (ppm)
for other nutrients .

tt F statl ’.tica l pro~tohIiitv that bimonthly eh ..nges are aignitlcant 4-
and Is included f~~r c s ou r p 7 s r t s o n s  .lmong I irses 01 samplIng. Notations
following ntsmcri,31 entrie s are as follows:

~~— P 0 . 0 5
— P ~0.0!.

Units are g ~~ for  N , P, K , Ca, and Mg and are r’V tn 2 for other - -

nut rients.

~~~ 
-..

~~
-

~
----

~L~~~~~
__

~~ ~_7L4-~- ~~~~ -
_
-

~~~~~~~~~~~~~~
‘---

~~~~~~

._ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘--~~~~~ ~~~ ____ _~~~~~~~~~~~~~~~~ _:_~ &~~~~~~~

‘-5 ~~~~~~~~~ - . — -- -- -- --- - -5-— - - - -  -5-- — - — -5 - - - - - --- - - ----- * 



_ _ — - - - - - ------ -~~~~~ -~-—--- - - --

Table 019

Ansi Iysis o C V.,ri.ince S t a t  1st t c s  ,-.f ~~~~~~~ Nut r li~nt q

_ _ _ _ _
Pont ent ra t ion 

- _____________

Nutrient Ann. Meant F Valuo~~ CV 1 I Ann ?-‘eant F Valuc+t CV, 1

N 1.84 22 .3 1~~ 26 3.57 29 .6~~ 47

p 0.315 10.01*5 38 0.642 25.0~* 52

K 4.10 13.84~~ 35 8.05 36~3** 41

Ca 0.419 11.05~~ 34 0.97 16.95* 72

• Mg 0.264 l2.52~~ 33 0.59 29.25* 55

Mm 285.1 14.8~~ 32 53.9 17.4~~ 57

Fe 907.0 11.86~~ 44 143.0 18.05* 49

27.5 17.2~~ 31 5.54 36.4~~ 45

Cu 13.4 7.41~~ 44 2.48 26.5~~ 44

Zn 33.3 2.00 147 4.55 3.78* 96

Al 783.0 26.2~~ 40 91.5 3.96*5 77

Mo 4.75 11.79~~ 73 0.59 l0.0~~ 64

sr 48.5 11.8~~ 33 1C~.3 19.05* 55

Ba 41.0 10.3*5 48 10.9 64.5~~ 47

Live
Biousaas 191.0 48.5*5 41

t Units are percentage for N, P. K, Ca, and ?‘g and are eg g~~ (ppm)
for other nutrients.

i~ F • statistic al proh ,,hllItv that bimonthly changes are significant
and is included Icr comparisons among times of sampling. Notations
following numerical entries are as follows:

* — P ~0.0S** — P -0.01.

Units are g m 2 for N, P, K , Ca, and Mg and are mg m 2 for other
nutrients.

- -- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
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Table 1)20

Analysi s of Varianc e ~t i t I s t  ii ’u  Of T ISSUe_Nut r i e n ts
iii I’ . - s,rlrltsn i’s

_____ ~~~ ion 
— - 

Tot 1 S u tr i L nL J ~c r n 2
____

Nutrient •Ann . Mt-ant F V . -i lue t4 CV ,j . Anr . Mt’ant F v.,luc CV, L

N 1.53 2.15 39 6.89 3.60* 66

p 0.220 4.505* 40 0.955 4 .20~~ 69

1.98 13.0~~ 40 7.52 4.28~~ 65

Ca 0.102 9.51a* 38 0.5811 5~ 74** 102

Mg 0.091 2.63* 108 0.513 5.26~~ 110

Mn 55,3 4.67 5* 48 29.1 3;)3** 133

Fe 242.0 1.67 141 84.8 3~44* 91

B 6.17 7,53*5 38 2.74 4.13~~ 84

Cu 9.7 4.055* 31 4.39 3,77* 71

Zn 33.4 3.30* 32 15.1 4.32~~ 63

Al 85.2 6.645* 61 30.8 l .22~~ 93

Mo 1.30 4. 195* 71 0.50 2.64k 91 4

3r 7.83 12.18** 39 4.60 6 .35~~ 104

Ba 5.83 4.225* 60 3.31 4.11** 100

Live -

Biomass 440.0 
- 

3.76k 64 
—

+ Units are percentage for s , P. K, Ca, and Mg and are ug  g 1 (ppm)
for other nutr ients.

++ F — statisti cal prob ab flitv that bimonthly changes are significant
and Is inc l uded for cenparisons among times of sampling. Notations
following numerical entries are as follows :

* — P ‘0.05

** — P 0.O1.

Units are g n 2 f or N , P, K, Ca , and Mg and are nig m 2 for other
nutrients.
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- lable 021

An~j~ sts o1 Vat ~~~~~~~~~~~~~~~~~~~ t s s j  t ;s i t r l en ts
Iii - -_ . ~1~-’ L~~~ —-u

—-  -‘r~~-’-~-’—r— —— - — — -t - Zrr- - - - -— ‘ --  ‘ r ’ r —  -~~~~~~
- - - — r

______
Conc tn t r t 

— 
l t a l N u t r j . n t ~~~, r r n 2

____

- - Nutrient Ann. Meant F ~‘.ilae 4 CV , ~ Ann. ~~u-afl 44  F Va lue4 CV , Z_

N 0. 783 1.72 24 4 .92 1.50 48

P 0.086 7.67*5 21 0.551 2.33 56

K 0.551 1.25 34 3.53 0.43 68

Ca 0.074 6.105* 34 0.483 2. 17 67

• Pig 0.082 3~47* 32 0.513 1.46 50

Mm 56.3 1.58 35 39.2 1.25 75

Fe 12j .0 2 .98k 50 81. 4 1.53 72

a 8.t.3 2.12 30 4 .97 2.05 50

Cu 8.57 0.71 124 5.76 1.24 144

Zn 13.5 2.91 64 8.20 2 .34 61

Al 98.6 2.15 50 68.0 1.85 88

Ho 1.35 1.37 40 0.893 1.10 74

Sr 8.70 2 .42  36 5.43 0.68 62

Ba 6.97 2 .42 51 4.70 1.81 73

Live
Birmass 642.0 1.51 48

t Units are perc entage for N , 1’, K , Ca , and Hg and are ~g g~~ 
(ppm)

for other nutrients.

tt F — statistical pr oba bi l it y th.-it hir’onthly changes ar~ significant
and is Included [or cursparisons among times of sampling. Notations
fol1o~ ing numerical entr es are as follows:

* — p •n . o~
— P ‘0.01 .

Units are g m 2 f or N , P, K, Ca, and Mg and arc mg m 2 for other
nutr ient s .

I:
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Table 022

Re&ression Ecju~ t ions (or Sta nd in~ Croj~ ~ t ~ l tu , -r:, l
Nut r i en ts  in the I~Ivt- Shoots  ot S. . , l t t - r n t t  b r a

- - - - -~~~~~~~~~~~~~~--  -~~~~

Nutrien t Regression Equation r2

N • 0.79 + 0.0079 ~: 0.7 9

P Y — 0.083 + 0.00099 W 0.83

K Y — 0.68 + 0.0079 U 0.41

- / Ca I • -0.24 + 0.0021 W 0.70
- 

Hg I — -0.30 + 0.0035 U 0.88

Mn I • -4.5 + 0.065 U 0.62
--  

Fe Y 49 + 0.32 W 0.27

B Y • 1.3  + 0.013 U 0.69

Cu Y • -0.00014 + 0.0044 U 0.58

- - .  Zn Y — 0.35 + 0.013 U 0.64

Al Y — — l 8 + 0.54 W 0.29

- . 
- 

Mo I — 0.014 + 0.0031 U 0.51 ‘

- — 
Sr y - -5,3 + 0.044 U 0.72
Ba 

• 0.31 + 0.0018 U

S
I • standing crop of nutr ients in l ive sluoots (g m~

’ for nutri ’~nts1—5 , c-g m 2 (or nutrients 6-14). U • dry vt of l ive shoots in
~ g m —2 .

All regressions are highly si gnificant (P ‘0.01) unless otherwise
Indicated . 
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Table 023

Re~ r csff io n Fqu a t  Ion s fo r  Standing Crop of~~~lnera l
Nui t r i e n i s i n _ t h . LIvs . .4-~ a o s ~~~~~i . ~~ J~I i t . i

- 
- 

- Nutrient Regression Fquation 
___________

S Y — 1.66 + 0 .72 U 0.36

P 1 • 0.072 + 0.11 U 0.50

K I — 3.78 + 0.13 U O.OO ’~

Ca I • -0.13 + 0.096 U 0.37
- 

Mg Y • 0.16 + 0.10 U 0 .23

Mn - Y  - —33.4 + 0 .36 U 0.51
- - Fe ‘ — 251 — 0.00046 U 0.OO~~

-
. a I - 2.7 + 0.000”7 U 0.22

- 

- 

Cu I - 0.78 + 0.00051 U 0.22

Zn I - 0.053 + 0.0016 U 0.39

Al I — 126 + 0.0067 U

Mo I • 0.40 + 0.00015 U 0.14

Sr I • 1.02 + 0.00087 U 0.19 *

Ba I — 0.96 + 0.000074 U 0 .Olt ~~

‘I • st.inding crop of nu t rien ts  in live shoots (g. m 2 for nut r ients
1— 5, ~g m

2 for nutr ients 6—1 4 ) .  U — dry Vt of live shoots In
g s r 2 .

All regressions are  hi ghly significant (P ‘0.01) unit - Is  otherwise
indicated.
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. Tabl e 024

I j ’i~~t ~~~ r~~~t tsd)_ng~ç,,,roj. 01
Nut ient a In the Live o o t s  of J. r u-n~,r

- Nutrient 
~~!t.ssion Pquation r2

N Y - -0.35 + 0.0 10 U 0.71

I • 0.047 + 0.0011 U 0.81

K I — 0.038 + 0.0087 U 0.77

Ca I - 0.15 + 0.00039 V 0.26

4 M g I - -0.26 + 0.00 15 U 0.75

Mn I - 2.6 + 0.073 V 0.70

- Fe I — —38.8 + 0 .23 V 0.61

B Y — —1.71 + 0.019 U 0.83

Cu y — 1.1 + 0.0057 U 0.6 1

Zn 
I - 4.1 + 0.0085 U 0.36

Al • -11.5 + 0.20 U 0.42

Mo I • -0.16 + 0.0018 V 0.59

Sr y — 0.44 + 0.0067 U 0.54

Ba I - 0.24 + 0.000038 V 0 00” 5

- 

/ — standing crop of nt,tr tents in live shoots (g n 2 for nutrients
1—5 , ~g &

2 for nutrients 6—14). Dry wt of live 8hoots in
g m 2.45

Al1 re~;ress1ona are highly si gnificant (P <0.01) u n l e s s  otherw ise
indicated.
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Table h?S

Re~ re~ s ln ny q i i  ions f r  Sr nr,uI in~ I r.4p ,( 
~ 

-
~ . r .1

Nut r t c nr s in  the l i ve - l o o t s  t I  4 
~‘ I 7 - I 4 r ( ’ ~~~~, - 

-

Nut rient  Ri-greac ion Itj ~iat ion _r-

N I — 0.32 + 0.007 U 
- 

0 . 79

P 1 - 0.09 + 0.00066 U 0.67

K y • 0.39 + 0.0035 U 0.39

Ca I • 0.038 + 0.0013 w 0.66

Mg I • -0.0087 + 0.0017 V 0.83

Mn I - 9.4 + 0.0082 U 0 .55

Fe I — 3.8 + 0.0 12 V 0.54

B Y — 0.34 + 0.00041 U 0.49

Cu I — 0.22 + 0.00060 U 0.68

Zn V — 0.10 + 0.0016 V 0.83

Al Y — 1 . 5  + 0.0023 V O.1lTt~

• Mo I • 0.080 + 0.000089 V 0.66

Sr I - 0. 57 + 0.00081 l~ 0.69

Ba I - 0.19 + 0.000027 V O.O3~~

4
Y standing crop of nutrient s in live shoots  

~~ for nutrients
1—5. og m~

2 for nulrh-nta 6—14). U — dry Vt of live shoots in
g

- All regressions are highly significant (P -0 .01) iin1es~ ot herwisi.
Indica ted .
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- T.sblc 026

~~-&r t-
~

.1 Ii i(juJ i t i o S f~nr c t  Lind ifl,~~ Cro p nf_ ‘~~t~~ . • r t 1

• ‘.t i f  l e n t s  in t he l ive ~hootc ~‘t f-~. (aI- nt ri

1’~~Nutr ient ~~~~~~ ss ion  Equat i o n  r -

N I • 0.34 + 0.0 17 U 0.95

I - 0.067 + 0.00,0 U 0.87

K I • 1.57 + 0.034 V 0.84

- 
Ca I • -0.088 + 0.0055 U 0.91

Mg V - -0.030 + 0.0033 V 0.95

Mn I — 7.8 + 0.24 V 0.67

Fe Y — 47.9 + 0.500 V 0.71

I — 0.33 + 0.027 V 0.95

Cu Y • 0.68 + 0.0094 U 0.77

- 
- Zn I — 1.85 + 0.0 14 U 0.93

Al I - 50.8 + 0.L13 U 0.33

Ma I — 0.20 + 0.002 U 0.62

Sr — 0.80 + 0.050 U 0.91

Ba I • -1.89 + 0.067 U 0.77

• standing crop of n u t r i e n ts  in li ve  shoots (g m 2 for nutrient s
~~~~~~~ mg m 2 for nutrients 6—14); V — dry et of live shoots in
g ur? .

- ‘ All reCre - ;s ions  are hig hly significant (P (0.01) uni,’ss otherw ise
indicated .
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Table D27

ReLrP~
sion Fjuatinns for Stand in~ ( r o p  i - f ~ ‘- I ’ u - r i l

NiJ ~~rj e_n!_s j n ih e L i v e ~~~h n t ~~~o t i ~~~. ‘m i t a n l  ~

Nutrient  R ssion F~~ation r 2”

N I — 0.75 + 0. 0 14 V 0 .7$

P 1 — 0.12 + 0. 0019 U 0 6 4

I — 1.38 + 0. 014 V 0.61

Ca - -0.35 + 0.0021 U 0.81

- Mg Y • -0.093 + 0.0014 V 0.40

I — -20.9 + 0.11 V 0.72

Fe 1— 27 .3+0 .13 W 0.24

B y • —0 .71 + 0.0078 U 0.87
-~~~~~ 

- Cu I — —0.25  + 0.011 U 0.90

Zn V - 0 . 3  + 0.033 U 0.87

Al Y ‘- 10.8 + 0.046 V 0.2&

Mo I -0.017 + 0.0012 V

Sr I — —2.9 + 0.017 V 0.78

I — —1.32 + 0.011 V 0.77

— stand ing crop of nt ,t r ie nt s  in  l i v e  shoots (g a 2 fo r  nut r i e n ts
1—5 , mg n ’ for  nutrienti. 6-14) .  U — dry Vt of l i v e  shoo ts in

•~ ~~~~~
All rt-gn- ca Ions are highly significant (P ‘0.01) un less otherwi~-e

indicated.
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R ejj css ion ~ q~ia t  ion f .-~r Standin1Crnp of ~.r
Nutr ie nts  ir’ t he. I i v ~ Shont~~~~ f S . j~~t..ns

Nutrient Re gression Equat lon r2

N I — 0.58 + 068 V .~~ 0.79

P 1 — -0.069 + 0.097 W 0.82

K Y — —0.43 + 0.62 U 0.75

C.’e y - -0.10 + 0.091 V 0.68

Mg Y — 0.17 + 0.053 V 0.40

Mn y —14.8 + 0.084 U 0.82

Fe I — —4.91 + 0.14 V 0.50

B I — 0.22 + 0.0076 U 0.77

Cu I — 0.35 + 0.0084 V O.loTI~

Zn I — 0.33 + 0.012 U 0.51

Al y — —37.3 + 0.16 U 0.68

Ito I — -0.25 + 0.0018 11 0.74

Sr V — 0.92 + 0.0070 V 0.47

Ba I — —0.45 + 0.0080 U 0.49

~I — standing crop of nutrients in l ive shoot s (it m 2 for n u t r i e n t s
1—5, ~g m

2 for nutrients 6—14). U — dry ut of l ive shoots in
g

All regressions are hig hly significant (P <0.01) u n l e .~ otherwise
indica ted.
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Figure Dl. Coisparison of season.i l ni ’.rogen dynamics of
- S. fa lc ita and S. j a t e ns .
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APPKNDIX E: S A L I N I T Y  A%’I) SED 1ME~\’T DRAINACI . F~ FFCTS ON THE CRI’,,TH

At~D CAIthON t lOxH~ : FX :lL-~. -F, ~ t~~ J . \i. l ~~~~ ; : - - ,~

I n t r o d u c t i o n

1. The vegetation of the salt utarshes in composed of a relatively

few species of grasses and sedge that occupy fairly dist inct 7 rnes

-
- (Nlch,ls 1920; Wells 1928; Peilound sn~ Hathaway 1938; Hlnde 1954; and

Kurtz and Vagn’r 1957). The low species diversity and high productivity

of this habitat are indicative o a stressed ecosystea (Odum 1971).

Mo...u research on this st.bject indicates that the strcs3 facto.~s are

edaphic end hydrologic rather than ‘-ioti c . There is less agreement as

to what t.~ese factora are. Peniound (1952) has susanarizi d those he

considered to affect plent comunity distribution in southern swamps and

marshes. However. licerature pertaining to specif~~ stress factors in

ite salt marsh is scanty. those stress factors most coar~ot ’ y thcught to

d.It~ raine plant distribution in aalt marshee are salinity and flood t ig

-:t~idiciona. The effec ts of high salinity on plant growth are osr..,tic,

toxic , and compe titive with nutrients.

2. Early studies of the eft •cts of salinity on the growth and

distribution c-f salt marsh species were based on field studies (Johnson

and York 1915; Taylor 1939; Reed 1947; Jackson 1952). In general these

rcporta indicated that , c f  the major grass spe.~ies inhabiting the salt

marsh , Siartina alternif lora was the n~ st tolerant to salinity. M~n ing

at al. (1971) showe it seedlings of S. alt~ rn~ f1ora grew taller In

* References at. er s i~ pcndix .
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0.5 to i .0 percent NaCl thirn In 0 percent . Best growth as meesiured by

increase in dry weight occurred ~n corn entrations 01 0.5 percent NaC1.

Greenhouse studies by Adans (19&3) indicated that rItatichIls ~picata

could tolerate higher ILC1 concentratior . than ~~~. alternif lori or .Tuncus

roetneriant.~. Seneca (19/2) showed that Spartina patens had the highest

tolerance to s:Ilt although best growth took place in fresh water; however,

neither S. alt erniflora rioT D. spicata were included ir . this study.

Phleger (1971) h.ts aho..m that ~~artina foliosa grew beat in fresh water.

In contrast, Webb (1966) showed that Sa’icornia b~gelovii seedlings -:

- showed best growth at 10 g I. NaC1, while plants grown in fresh water -

4~et4. Cale et .1. (1970) showed that the effect of salinity on the

gre ,th of Atriplex halimus dependel on humidity. With high humidity,

increasing the salinity of the medium brought about s redi’~.tion in

growth; however , at low humidity , growth was optimum at 120 n.M t~~ NaC1.

Black (1960) showed a reduc..ion in dry matter yields of root ; and shoots

of Atriplex vInlan with increa’;ing salinity. Greenway (1968) showed - 
-

that optimum growth of Atriple x num-~1aria occurred at loft nIt NaC1.

Aahb ’ and Beadle (1957) grew Atri~~~~ inflata and A. n~aiu1aria in differ-

ent ealta and showed increased growth in both si-ecies to added saic, the - 
-

greatest response being to NaCI, then to KC1, and lastly to Na2SO4.

Similar results were ob ti.ined by Mozafar ci. al. (1970) for A. haijius.

3. Salinity aft-’cr- not only the overall growth of the whole

plant but aso the differential growth rate of its organs. Here again ,

the effect dcpt.nda on t h e  species . I.ccordlng to Troughton (1960) and

L’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Stocker (1960), water stress favors on increase in the root :shoot ratio.

However, in a later stud y Troughton (1967) showed that high salinity

reduced root growth somewhat mole than it did shoot growth, concluding

that the effects of high salinity are different fr-.~.-~ the effects of

water stress per se. High salinity reduced growth of roots and shoots

to the saxj degree in Linoniun vulRarc (Boorman 1968). Repp (1939), as •

cited in IJaisel (3Q72), has given values of ehoot:root ratios for van —

cue halophytes indicative of hi. ratios. However, uany .ialt marsh

• species were not included.

4. The literature on the effect of salini ty on the growth ot

agriculturally economic specie., particularly of forage crops, is more

abundant (Greenway 1962; Creenvay and Rogers 1963; ~roughton 1967; Elzaa

and Epstein 1969). Waisel (1972) has given schematiu representations of

the effects of salinity on the growth curve of glyccphytcs and halophytee.

The Irovth of a typical halopi-tyte m ci-eased i’ith salinity, rea ched a

maximum at some concentratlci , and declined with further increases in

salinity. The growth of glycophytes decreased linearly with increasing

salinity in the medium . Waisel. included a third category . aemihalophytcs ,

which showed a growth respoase intermec’iate to halophytes and glycoplytes .

Plood ini

5. LIterature dealing with the effect of flooding on plant growth —

is scarce. Flooding conditions creaee an anrerobi~ enviror.c,cnt around 
—

the r-~ot system that few species can tolerate. Plants adapted to live

under ‘tooled sediment snist develop some mechanism to provide for metab o—

1is~ of roots grc,~ing ‘n an cxy g~n—d~plete d envir~’nment. D.uub c’nnire ‘1974)
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mentioned that these adaptions are morphologic or physiologic. Alberda

-‘ (1953) mentioned three forms of adaption to a reduced medium around the

roots of plants: (1) ability to transport oxygen 
~~2
) from shoots to

roots , (2) root tolerance to low 02 concentration , and (3) development 1-

of specialized roots or organs to obtain 02 from the surface and trans-

port it to roots below. Laing (1940) reported that rhizou’es of several

aquatic species survived under anaerobic conditions without any signs of

injury, concluding that these species respire anaerobically under natural 
—~

• conditions, at least part of the time.

6. Under anaerobic reduced conditions, the availability r.nd chemi—

cal form of many elements are affected (Turner and Patrick 1968), making

some elements limiting, while others may reach toxic concentrations.

7. Despite the fact that salinity and flooding have been recoc—

nized £ or a long time as factors affecting the growth of plants in the

salt marsh, l i t t l e  Is known about the mechanism of adaption by the

plants. This study concerns the effect of salinity and flooding con-

ditions on several growth parameters of salt marsh plant species.

Materials and Methods

Plant material

8. Plants w r e  grown from se eds collected in the Barataria Bay

area -.. south Louisiana. Seeds were spread in trays on a mixture of

sand and peat or on sediment brought from the field , and the trays were

covered and placed in a dazk growth chamber at 30’C. &fter S to 7 days,

the trays were tslt en out of the dark and place-i in a growth chamber

under a 16-hour photopertctd at 19000 lux and a thermoperiod of 20C dark ,

E4
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30’C light. When the seedlings reached the 2— to 3—leaf state , they

were transferred to the different treatments as described below.

Salinity studies

9. The seedlings were washed free of sand or sediment and trans—

f erred to half—gallon pol yeth ylene buckets containing a modified Hoag—

lands solution (Johnson et al. 1957). Ten seedlings were inserted

through perforated holes on the top of the containers and supported with

a strip of Permagum (Virginia Chemicals Inc.). The containers were

placed in a growth chamber under the same light and temperature condi-

tions as described above, and the seedlings were allowed to grow for 1

week before the salt treatment was applied. No actempt was made to

aerate the nutrient solution since these species grow under anaerobic

conditions in the marsh, and earlier tests (Coeselink 1970) showed no

response to aeration. Sodium chloride was added to the nutrient solution,

start ing with 1 g ~~
1 and doubling the concentration every 3 or 4 days

until the final concentration was attained. The nutrient solution was

changed every time salt was added , and the plants were rinsed with tap

water to remove salt accumulated on the leaves. The plants were allowed

to grow for a period of 21 days after the final salt increment to the

medium, during which time the solution was changed twice a week. On the

twenty—f irst day, the plants were harvested and washed with tap water;

the length of the cuim measured ; and the fresh weight determined. The

tissue was dried at 70C in a forced draft oven for 2 weeks b’fore dry

weigh t determinations were made.

F.5 1:
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Drainage condi t io n st udy

10. Seedlings were transplanted to half—gallon plastic pots con-

taining a mixture of 50 percent river sand and 50 percent sediment (very

fine organic—rich silt from the Barataria Bay area). One seedling was

tr ansplanted to each container , ten drained and ten flooded. The sa—

linity of the sand—sediment mixture ranged from 2 to S g i—i . A plati—

nun (Pt) electrode was inserted to a depth of 3 in. in the sediment in

each of three drained and flooded pots to monitor the redox potential

( th)  of the substrate. The pots were watered daily with deionized water

and once a week with Hoagland’s solution in which NU4N03 was the source

of nitrogen (N). in order to prevent loss of nutrients from drained

— pots, a cup was p1s~ed under the pots and this water recycled. The

seedlings were grown in the greenhouse under natural light intensity

from 16 !:. ~ruary to 23 April i976, when all the plants were harvested
/

-
- 

-

. 
and washed with tap water, and fresh weight and cuim length determined. /

The plants were dried and weighed a. described earlier.

Carbon dioxide exchange determinations

11. Potted plants were enclosed in a cylindrical Plexiglas cuvette,

30 cm ~n diameter by 77 cm high and carbon dioxide (C02) exchange meai~ured

as described in Appendix C. The cuvette was placed under a metal halide

lamp located in a darkened room such that the light intensity at the top

of the plant was about 44000 lux. The CO2 content of air entering and

exiting the cuvette was recorded , switching from one to the other until

• three cor.sccutive resdings had reached a steady state. After CO2

exchange in the light had been determined , CO2 evolution in the dark was

F.6
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measured. (The system usuall y took about 30 ninutes to reach a new

- 

- steady state.) After completion of CO2 exchange determinations , the

culma were harvested and the leaf blade area determined with an

electronic leaf—area meter.
‘ I/

Results

Effect of NaC1 on grow th pa rame te rs

12. The effects of salt on the dry weight accumulation of S.

• alterniflcr. are au~~.arized in Table El. The NaCI in the nutrient

medium reduced the dry weight at concentretions of 16 g t~~ or higher.

A However , at l~~er salt concentrations NaC1 did not appear to sff~ct dry

weight. Sixteen g t 1  of NttCl reduced the dry weight to about 55 per-

cent of that of plants grown without salt. Doubling the salt concen—

• tration to 32 g t~~ further reduced the dry weight to about 24 percent

of that of plants grown in fresh water. High salinity bad a Jifferential

effect on the growth of shoots and roots. At 16 g t~~ HaC1 reduced the

mean dry weig’t of roots to about 71 percent , while the mean dry weight

of shoots was i0 percent of that of plants grown in fresh water.

Similar results were obtained with plants grown at 32 g t~~ NaCl. The

differential effect of salinity on root and shoot growth is shown in the

root:shoot ratio. Plants lacking NaCl in the root medium showed a low

root to shoot ratio compared to plants grown in the presence o~ HaCI.

The dry weigh t to fresh weight ratio was not influenced by salt concen-

trations up to 16 g t~~ but increased at 32 g f~~ .

13. The effect of salinity on the length of the cula is shown in

Figure El. High NaCI reduced culs length s igni ficant ly.  At 16 g

‘ 1 F.?

- ..~~- ,—~.-- ~~~~~ - - - ~~~~~~~~~~~ — ~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
-

L — ~~~-—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - —~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

_ia~._ - —‘

~

- - —---

~

- -~~~~~~~~ - - ~ -~~-~~~~~~~



_  
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- _ -

/

the cutm length wa~ about 58 percent of that of plants grown in nutrient

solution without salt. At 32 g f 1 , it was about 45 percent of the

control. Salinity hetwee~: 2 and 8 g t~~ reduced the cuim length

sl ightly.

14. The effect of oubetrate NaCI on the accumulation of dry weight

in Spartina ~ynoauroides is summarized in Table E2 . Low sallnitie s (1 to

4 g t~~) appear to have very li ttle effect on the dry weight of this

species. However, salinittes of 16 g t~~ or above reduced the dry

weigh t significantly. The mean dry weight of plants grown with 16

and 32 g t~~ of Wad in the medium was about 47 end 19 percent , respec-

tively, of that of plants grown in fresh water. There is an Indication

of growth inhibition at 4 and 8 g t 4 also. Shoot dry weight was

affected to a g rea te r  degree than root dry weight. At 16 g t~~ NaC1 the

mean root dry weight was 54 percent of roots of freshwater plants, while

mean shoot dry weigh t was 45 percent. The differential inhibition of

roots and shoots Is even greater at 32 g t 1 N aCI , where the mean dry

weight of roots was 49 perccnt of freshwater roots, while the mean shoot

dry weight was 18 percent of freshwater shoots. Aa a result the root:

-
‘ shoot ratio for plants grown in !cceh water was lower than for plants

grown in the presence of NaCl in the medium . There is also a trend

toward an increased dry weight to fresh weight ration.

15. The effect of salinity on culm length In S. cynosuroides Is

shown in /igure F2. tow nalini ties had little effect on the length of

the culm; however, salinitics of 16 and 3.’ g t~~ sipnif icantl y red iced

the cuim length.



/

16. A su~~ary of the effect of substrate Wad concentration on the

dry weight accumulation in 0. ~j~jçata is presented In Table F3. The

NaCI at all concentration s , except 32 g t ’, failed ~o affect the

accumulation of dry weigh t compared to control plants grown in fresh

nutrien t media. Indeed , plants grown In NaC1 at 1 to 16 g are

slightly stimulated. The mean dry weight of plants grown in 32 g

NaC1 was 66 percent of that of plants grown ii. freshwater nutrient

medium. The dry weight of roots increased with increased salinity up to

16 g V~~. At 32 g L~~ NaC1 the root dry weight was lea., 81 percent of

the roots of control plants, while the dry weight of shoots was considera-

bly lower , 62 percent of the dry weight of shoots of plants grown in

fresh water. The differential effect of salinity on the grcwth of roots

and shoots is indicated by thc root:shoot ratio as aaltnity In the root

medium was Increased . It appears that salt concentrations above 2 g

favored root growth over shoot growth. No trend was evident in succu~.ence

as indicated by the dry weigh t to fresh weigh t ratio.

Effect of sedimen t drainage conditions
on grow th 2nrame ters

17. Drained vs. flooded sediment conditions had little effect on

the accumulation of dry weigh t in S. alterniflora plants (Figure E3).

Howaver, under drained conditions the dry wei ght accumulation by roots

(roots and rhizome.) was significantly lower than under flooded conditions.

Shoot dry weigh t accumulation w~a not significantly different between

drained and flooded plants. Drainage condition s did not ha~e any signifi-

cance In the length of the cula (Figure E4). The t -ot:ehoo t .~at1o was

E9
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different between drained and flooded p lants: 0.44 and 0.87 p er ce~.t ,

respec t i’e i;.

18. Figures } 
~nd F6 show that drainage cond it ions  of the sub—

strate affected the gri.-vth of S. ~ynosuroides. Under flooded c-ndttio:ts

all parameters of growth were reduced although the root :shoot ratio vat

unaffected (O.4~ for floeded plants , 0.39 for drained plants).

Carbon diotide exchange

19. Figure E7 shows the rate of CO2 uptake as a fu~iction of cuvette

CO2 concentration by S. alterntflora under full sunlight ( - - 96000 lux).

The net photosynthetic rate falls off sharp ly below about 180 ppm CO2 in

the cuvette. Above 200 ppm it is relatively constant. Measurements of

photosynthesis reported below were ahaya made with cuvette CO2 concen—

trations greater than 250 ppm.

20. The contribution of the leaf sheath to the total CO2 uptake

rate vrs monitored and found to be Insignificant (see A ppendix C).

21. Table E4 suuanarizes the patterns of CO2 exchange by S.

alterniflora as af fected by substrate drainage conditions . There was

wide variation among rep licate plants in both drained and flooded sedi-

ments. The values given for respiration were based on th. dry weight of

the ...~~le plant , although It was not possible to separate the contribu-

tion to re8piration by the sediment. The mean value of Eh over a 2—week

period is also included. The drained soils showed an oxidized environ-

ment around the root system , while the flooded sediments showed a reduced

environment around the root system (around —100 CV).

22. The pattern s of CO2 exchange by S. cynosuroldes are t~nmnarized

FIG
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In Table ES. The rate o’ CO2 absorption by plan tt~ in ~ra1ned sediments

was .1ifht~ ,’ higher thin ~n flooded soils although , again , there was

wide variation se.cng repl icate samples , particular ly smong plants grown

under draired conditions. For t’oth species the respJration of the whole

co unity (plant and ~ed~ment) was hi gher under drained conditions than

under flooded condition..

Discussion

:~ 23. The salt concentri-~-1on tests indicated that D. ~~j.sata was

tha most salt tolerant of t’u’ three species teate~
1 , followed by S.

alterniflora and S. ~y~osuroide.. t>ist i chlis ~p1t ’ta showed a slight

increase in dry weight over contiol plants at all ~‘al t cu icentrationa ,

excep t 32 g t 1. Sp.rt ia a~ terniflora and S. cynosuroidea shove d very

l ittl, change in dry weight at low ealinitieg (1 aol  2 p t~~). At

me .i~ ua salintties (4 to S g t ’), a definite deereace in dry weight was

a’&owii by S. alrerniflora and S. ~ynosuroides bet not by D. spicata. At

16 and 32 g t~~ the dry weight of S. altern~~ulnr~ was 55 and 20 percen t

of control p u n  ~~, respecti~ieiy, while the dry weight of S. çynoturoidea

was sli ghtl y less, 47 and 19 percent of control plants. However , the

dry weight of U. !j.~~ta grown in a solution with If- g i—i NaCl was

greater than con t rol plants , and at 32 g t 1 NaC1, it was 66 percent of

control plants. These results support the findings publI~h~d by Adama

(1963) showing I). ~j~~~~ta to he more salt to ler int than S. alter-nlf lrira.

24. The e f f e c t s  of sal inity on the growth of roots and shoots

showed similar trends. The spe ci es arrang (~d thcmsel~,es in th~ same

orcter of tolerance to salinity hi roots and shooti. Wovever , the

E l i
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Inhibitory effect 01 salinity on the accumulation of dry weight in S.

a lte rnif lora  and S. c~~ osur,,1des was greater in shoots than it was in

roots. In D. 2j~icata , althcugh salinity did not inhibit growth except

at 32 g t~~, the shoot growth was less than roo t growth on a percent of

control basis. The differential effect of salinity on the growth of

- - roots and shoots is Indicated in the root:shoot ratio in Tables El—El.

In all three species the root:shoot ratio ir,’~reased , particularly at

salinities of 16 and 32 g

25. There was no evidence of increased succulence brought about by

increasing salinity in the medium. The increase in the dry weight:fresh

weigh t ratio with increasing salinity in S. alterniflora and S. cyncs ur—

cides was probably due to salt accumulation in the tissue.

26. The effect of salinity on the length of the cula of S. alterni—

flora and S. ~ynosuroides shown in Figures El and E2 fu:ther supports

the relative tolerance to salt in these two species. The reduction in

cuim length was greater In S. cynosuroides than in S. aiterniflora.

Cults length values for I). ~pIcata were not included because it was not

possible to distinguish the cults of the original plant from the cults of

tillers.

27. While salinit> reduced the gr.’wth of S. ; i l t e rn L f lora , flo~di’~g

the sediment did not affect the shoot dry weigh t (Figure  E3) nor the

length of the cults. On the contrary , root growth under drained substrate

conditions was signif icantly I.’.. than under flooded condit ions. The

total dry weight of the plants grown in dr&iined sed iments was slightly

less than that of plants grown In flooded soil. IL appeared that S.

a l l lc ra  growing on high ground ray have a lover root r~ass than

E l ?
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plants gtovlng under at least some IlooJing. In contrast to ~~ . *Iternt-

flora, both dry weight and culs length of S. çynosuroide& In flooded

sediments was reduced. This indicates th.~t S. c~j~~ urnidct. Is less

tole~snt to continuous flooding than S. !W~rLLLiora. However , these

plants were grown under drained and flooded conditions for a period of 2

*onths only , and perhaps this experiment should be carried out in larger

contaiuero with longer growth periods. These results tend to explain

partia’ly the distribution of these two species in the marsh . While S.

alterniflora occupies the low marsh, S. cynosuroides is usually found

growing on the high marsh and along levees and toad banks.

28. While ac umulation or dry weight is a good indicator of the \

growth of a plant , it yields data in which the plant response to a given

factor is integrated over a relatively long time period. The response

nf a plant to a given isposed fact,r may vary with the age of the plant.

Moreover , plants , like any other organism , have the abilIty to adjust to

changes in the environment. For example, plants increase their osmotic

potential in response to an increase in the osmotic potential of the

asdium (Bernstein l96A). Any adjustment of a plant to a partic~lsr

environmental factor does not become apparent In dry weight acc-jmulation

,tudies. Waisel (1912) has indicsted that dry matter production is

reduced under conditions of low water potential due to reduced photo—

synthesis and increasei respiration. While this may be true In general ,

differe~ t species may respond differently. Gas exchange techniques

yield data in which the response of a p lant to mani pulation of environ—

a~ntgi factors can be determined almost ictsediately. Carbon dioxide

exchange by S. alterniflora and S. ~ .nocuroides under flooded and
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druined substriitc c o n d i t i o n s  Is au,wtarize d In T.ibl.s E.. ~ind ES. tot~tt

CO2 fixation bi S. alternif inra was not signifi.:.in~ ’y dif ferent in

drained and f2oo~ed plants; however , it was r.l~ghtl y higher in S.

cynosuroides grown under drained sediment cond~ cion~,. The ~hotosyn—

thetic rates are calculated on a leaf area basis since the contribution

of the algal co~~unity on the soil surface could not be detected upon

removal of the culma . The contribution of the leaf sheath to the total

photosynthesis was also negligible. Since It was net possible to sepa—

rate the respiratiou of the plant from that of soil microorganisms, the

values given include microbial reapiration. The respiration rate under

iralned set.iment conditiona ‘sea greater in borl~i specien . The difference

might ha’e been due to increased 
~2 

supply to both roots and soil micro—
- 

organisms under drained conditions.

29. The Eb of the flooded sediment in S. cynoe’iroldes w~s s’içhtly

lower than In S. a’terniflora. Thfa may bc an indication that S.

alterniflora has a more efficient mechanism of 02 tra~.apore to the

roots. Teal and Kanwisher (1966) have reported a~n 02 diffusion capacity

in S. alternif lore from one third to twIce the amount needed by the

roots , and this 02 may be available to the sediment .

30. In su~~ary, i~. spieata tolerates high salinity better than S.

alterntflora. Based on these results and the results of Adaa’~ (1963)

and Mooring ?t ;Il. (1971), It c -in be~ concluded that seli nit y Is not the factor

preventi ng t~. spicata from inhabiting the low rarsh along ~Ith S.

~~~~ rni!l . Spar tina i niflora on the other band, Is slightly more

sslt to lctar.t than S. ~ynpc urnI des .  Th i s  slight difference in salinity

tO~ trAnce m~y not be the principal factor restr icting the latter sp.~cies
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to th. high marsh . Flooding cot.Jitions e” the subsvate appear to he

more significant as a determining fact”- , is 1ndicat~d by growth date

and gas ex~h-snge uader f loo~ed and drair d con~~t tons . 1t’o data obtained

In this stud y were consistent with ti~ 1d observ~a ions on the dlstrjb ’ir ion

of S. cynosuroideg in t he  marsh.

31. The results and conclusions ~resentcd iii tb .s nppendix are

Incomplete and poLnt ta the need for continued research ~n order to

clarify the factors i nvolv—d in the distribution of plant ro-m~uniLI.a in

the salt marsh.
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APP ENDIX F: EFFECT OF SALINITY ON THE RATE OF RUBIDIUM ABSORJ’TION
BY SPARTINA ALTERIU FLORA

Introduction

1. As indicated by the volume of recent literature, much attention

has been focused lately on the ecological value of the salt marsh

(Reimold and Queen 1974),* This habitat is characterized by a low

species diversity and high productivity (Odtns 1971). The relat~vely f ci

species of vascular plants that inhabit the salt marsh do so becaui.e

ttley are capable of tolerating the high prevailing salinity levels.

Salinity has been shciin to reduce the growth of many of the species of

vascular plants fosa-Id in the salt marsh (Appendix F; Phieger 1971); yet

the mechanism that enables them to survive is not known. It is apparent,

however, that salt is not required for growth and survival of many of

these species since they grow ju st as well in fresh water (Appendix F;

Ad ams 1963; Taylor 1939). The mechanism developed by mangroves to

withstand an identical stress is better kncwn and involves either the

exclusion of sodium (Na) from the root or excretion of salt from leaves

by salt glands (Scholander et al. 1962). Avicennia nitida, a species

that does not exclude salt, absorbs potassium (K) preferentially over Na

(Rains and Epstein 1967).

2. In normal salt—sensitive crop plants , the presence of high

solute concentrations in the root medium has been shown to reduce the

absorption of nutrients (Creenway et al. 1968; Smith et al. 1973; Rains

* References listed at end of this appendix.
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1972). Calcium (Ca) plays a major role in protecting such plants by

increasing their salt tolerance. LaHaye and Epstein (1969), for in-

stance, reported that in the presence of Ca, bean a&edlings could

tolerate higher concentrations of t.slt in the root medium, and Elzam and

~pstein (1969) found the same relationship was true for -‘so species of

Agropyron differing in salt sensitivity. This may occur because Ca

reduces the Na influx. For instance, Os.md (1968) showed a reduced Na

influx and K efflux by leaf slices of Atriplex spongiosa in the presence

of calcit. chloride (Cad 2). Certainly the i~~ortance of Ca in membrane

integrity, especially as related to mineral ion absorption , is well

documented (Epstein 1961).

3. In another study (Appendix F), the effects of salinity on the

growth of several salt marsh grasses were examined. However, in this
U

type of study the response of the pta-nt ~.u salinity is integrated over a

period of weeks and not much ~s revealed concerning the mechanisms

reapon.ible for the observed patterns of growth. In order to elucidate

the adaptive mechanisms o high salinity developed by species inhabiting

the salt marsh, short—term studies of ion absorption may give an insight

into the dynamic response to salinity stress. The advantages and tech—

niques of short—term tests of ion absorption in plant tissu, have been

discussed by Epafein et al (1963). Spartina siterniflora was chosen as

the experimental material because it is the most abundant species along

the gulf and east coasts of the United States and because mote 1$ known

about its ecology than that of other salt marsh species.
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Materials and Methods

Seed germination

4. Plants were grown from seed as foLL ows : Seeds were spread on

the surface of und or sediment brought from the field and allowed to

germinate in the dark at 30’C. After a week , the trays were moved to a

growth chamber w.t ch  a photoperiod of 16 hours at an intensity of 17000

lux, and a temperature of 30C , and an 8—hour dark period at 20 C. After

the plants vera abou t 2 in, tall (approximately 3 weeks from ~ermini~’ton),
— 

they were washed free of ..n~1 or sediment and transferred to 2—t black

polyethyelene containers with half strength Hoagland’s solution as

modified by Johnson et *1. (1937). Iron (Fe) was supplied at a concan—

tration of 5 ag Fe i ”. Plants (ten per container) inserted through

holes in the top of the containers were supported by a strip of Permagum

(Virginia- Chemical. Inc.) pressed gently around the stem. After a week

of acclimation, the different treatment, wer, started as described

bel ow.

Ion upt ak e studies with excised roots

5. Aft er bein g transferr ed to a nutrient solution , the se.dlirgs

were grown with or without salt (a. deter mined by th e subseque n t test

treatment) for a period of 2 ve.~ks , at which tim. root growth was

abundant. The solution wa g then changed to 2 ~ i t~~ CaC 12 (again with

or without salt as the tre ~ taent dictated ) and trown with frequent

changes to lover the nutrie nt level in the toot tissue. Af ter  1 week in

th is solution , 2—c m apical segments of roots were cut and used ismedi—

ately to determine short—term abs orption rates. The technique used was

P3
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-; that of Fps~ein .t al (1963), except tha t a fine—mesh nylon material

was used to hold the tissue during the experimental procedure. The

basic procedure consisted of allowing the tissue to absorb rubid ium (Rb)

f rom 400 ml of a solution of rubidium chloride (RbCl) labelled with

86*b and Ca-Cl2 of known concentration for 30 minute. at .0C , after

which time absorption was discontinued by three 1—minute rinses with a

cold (3 C) solution consisting of 2 ~~ t’~ Ca-Cl2 and S ~ t L ’ potassium

chloride (KC1). Each sample was allowed to desorb f or a further 30—

minute period in a solution of identical composition and t.mpera~ure as

th. rinse; after which the samples were rinsed with distilled water ,

placed in aluminum (Al) pl.ancbets, and ashed at 500.C. Th, activity of

each sampl. was determined with a Beckman windowless gas flow counting

sys t~~ . Super imposed an this general method were vari ou, modifications

that are described below.

Ion uptake by intact seed 1ing~

6. The seedlings were grown in nutrient solution in polyeth elen.

containers as described before. They were divided into two gr oups. To

one group, it’ & t~~ NaCl was added regularly every t in, the solution va~s

changed. The other group was grown in nutrient solution only. The

seedlings were allowed to grow 2 week. before the solution was changed

to 2 ~( £
i C C 1 2 plus 10 g t~~ NaC1. After 3 days in this solution the

experiment was carried out. At this tin. individua l seedlings were

rin~ed with distilled water and suspended on a glass rod over $ 2-eli ~~

CaC12 solution with the roots submerged to within 1 cm of the base of

the .~tem unt i l  f ive  seedlings were mounted. The seedlings were
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transferred to an absorption solution consisting of 1 ~ i t ’ RbCl ]abel—

led with 86Rb and 2 ~ i f 1  CaC 12. To this basic absorption solution , 10

g t~~ NaCl was added as needed , according to erperimental design. The

t p.r~ ture of the abso r pti on solution was maintained at 30C by a water

b ith and the seedlings allowed to absorb Rb f or 4 hours under room

- 
- illumination. After absorption , the plant. were given three 1—minute

rinses in a cold (3’C) solution consisting of 2 ~( g 1 CaCl2 plus S ii
• 

&‘
~~~ LC1 to remove Rb adsorbed to th. root surface. The plants vets

• separated into roots and shoots , and the fresh weight ~f the roots

determined. The roots and shoots wer, packed lightly in s.para ts test

tab.., and the r sdioactivity determined by a sodium Iod ide (NaI) crystal

g scintillatio n system.

7. Th. results repr esent valu•a obt a ’ned fro. single experi ments.

Each experiment was performed two or more t imes, and all data ob ta ined

are consistent with the following r esults.

Results and Discussion

Tb. eff.c of incrsaaing Rb concentration on th. rate of Lb

ab .ory ‘,on , shown in Figure Fl , indicates a dua l isotherm of ion uptake

similar to that established for other specie. (Epstein 1972). The rang.

of the first plateau is somewhat shorter than in mangro’vea (Rains and

Epstein 1961) . The high concentration isotherm (~ 0.35 ~ l £
‘
~~~ Rb) does

not saturat , as rap idly a• the first isotherm . In succeeding experi-

ments two concentration s of Rb were used (0.1 and 1 ~~4 Rb) , on. on each

of the platea u. of Figure Fl .  Thea. test the two ab so~pti on mechanism.

identif ied in the l i terature (Welch and E pstein 1968).
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9. In -dew of th. role of Ca in ameliorating the e f f e c t s  of salt

in plants , it appeare ~i important to dete mine the optim um Ca concentra-

t ion for tt.e abso r ption of Rb. Figure P2 shows the rate of Rb absorp-

tion as a function of the substrate Ca concentration by both .eth.nI.ms

of ion uptake. The Ca concentration for op t inua Rb at both Rb concen-

tration. is 2 di L l . The optimu m Ca concentrat ions ra ngu appears to be

wider for n.chanisa 1 than when oth mechan isms are in operation. In

the presence of 10 & ~~l of MaCi in the absorption medium the r ate of Rb

uptak, from 1 di t l Rb was drastically lower (Figure P 2) and Ca concen-

tration appeared to be of little significance.

10. Magnesium (Mg) is present in seawater  in concentrations nuch

higher than Ca . Since high Mg concentrations interfer , with seed ger-

mination of some plants (Palmisano and Newton 1967), the possible in-

terference of Mg in the range of concentration prsd ent in the ~~rsh with

the absorption of Rb was tested . Figure P3 indicates tha t Mg doe not

significantly affec t the absorption of Rb at either 0.1 or 1 di t 1 Rb.

Moreov er , ~b abso rption was not s i gn i f i c a n t l y  d i f f e r e n t  from tha t  vheo

Ca was present .

11. The t ime course of Rb uptake was Investiga ted over a 2—hour

period in th. prese nce as well as in the absenc e of salt .  FIgu re P4

shows that 10 g I~~ (171 di 1 1) of NeC] Inhibited th. accunulation of

Rb by more than 90 percent. Eowever , th. linearity of the Rb accusu—

litton with t ime indicated that altho’;gh the rate of absorption was

grestly reduced , the Integrity of the abso r ption mechanism vs. retained. - 
-

Th. l ineari ty  of experim enta l and control groups ‘iso indicated that the

P6
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rate of accumulation was constant , suggesting the absence of the washing

if feet that has appeared in the literature recently (Leonard and Hanson

1972; Parrondo and i~mith 1976). Since Na and Rb are both monovalent

cationa , inhibition of Rb absorption by Na could be compe..ttiv.

12. Figure P5 show, tha t salt does not compete with Rb for uptake

by mechanism 1 until the Na :Rb ratio i. higher then 10 to 1. On the

contrary, th. presence of Na at low concentrations appeared to have a

synergistic effect on the absorption of Rb. This synergistic effect ha..

been shown previously in other halophytes (Rains and Epstein 1967;

J•ff.ries 1973).

13. The eff ect of root pretreatment with MaCI on the Rb uptake by

intac t seedlings is shown in Figure P6. Roots from plants grown in salt

solutions were compared to trea tments that received salt only during the

Rb uptak. period . Sodium chlori de , whether given before or during Rb

• absorption , reduced the Rb upt aka to lees than 40 percent of control

p lants. However , preloading th. plants with MaCi was more effective in

reducing the uptake of Rb than when given at th. same time, In spite of

the inhibition of absorption of Ma C i in th. nutrient medium , Mad did

not appea r to affect the growth of the seedlings (Append ix E) .

14. Plants are kn own to accumulate Ions far in axe.. of their

physiological needs (Epstein i972)~ Pres um ably, th is luxury consumption

is accumulated in the vacuoles where it is thought to be involved in

maintaining an osmotic gradient between the plant and the medium . Tbc _ 
-

results presented in this study indicate that , unlike mangrove. (Rains

and Epstein 1967), the mechanisms of ion uptake in S. alte r -ni flora are

not significantly different fton tho se of salt—sensi tive plant. in term.

‘7
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of the Na—K relationship. This species has been shown to grow very well

in a fre shwater medium (Appendix E; Taylor 1939). The difference lie.

in the abilit, of S. s i t e rn i f lo ra  to tolerate high cytoplaamlc salt

concentrations, which ]ower the plants ‘snotic potential in relation to

the medium in which U is growing.

P8 . 
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APPENDIX C: LIGHT AND Tfl(PERJITURE RESPONSES IN PHOTOSYNTHESIS
OF SPART I NA ALTERNIFLORA

Introduction

1. The salt marsh grass Spart ina a l t c rn i f lo ra  grows in a periodi—

cally flood ed wetland zone that provide, a unique laboratory for the

study o~’ stress. The ove~whe1ming influence of two factors in the

physical ~tnvirooment , salt and periodic flood ing, make biotic inter-

actions minimal for this emergent p lant. Just how salt and inundation

interact; and how plants adapt to them are the object of intensive

scrutiry. Photosynthesis and respiration are fundamental metabolic

procesues that reflec t the ability of a plant to trap light energy and

to use it efficiently in the presence of this. stresses, yet a1~~st

nothing is known about either proàsse in S. alterniflora.

2. 1.Ms appendix describes, in a preliminary way, th. processes of

photosynthesis and respiration which interact with cbt stress factors of

the whole salt marsh comeun ity.

Methods

Genera 1 desj~~

3. Metabolic carbon dioxide (C02) exchange was measured in a plant

chamber , or cuvette, in which temperature was controlled and throu gh

which air flowed at a controlled rate. Carbon c~ioxide flux was deter-

mined from the flow rate through the cuvette and the dif ference between

ingoing and out f lowing CO2 concentration in the air stream. The sys t em

Cl
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was th. open cuvette type, modified from Moon.y et at - (l971)* and

described in Figure C l.

4. The cuvett.~ was a 31—ca-diem, cylinder of three part.. A 20—

ca-high alu.ini (Al) base with sharpened bottom edge was attached to a

15—cm-high Plexiglas collar to which all the lines and sensors were

attached. This in turn was attached through an 0—ring to a 45—cm—h igh

closed Plexiglas top (Figure C2) In use , the bas . of the cuvette with

the collar and control lines attached to it was placed aver a stand of

!. alt.r nif lore and pushed into the sediment to a depth of 10 t’ 13 cm.

Car. was t aken to avoid disturbing the c~~~ mity . A thermocouple was

ibituerted into the sedimen t to a depth of 10 cm; another thermo conple was

attached to a leaf ; and a third was suspend ed in the shade inside the

cuvette. Pollawing th. positioning of the the rm ocouples, the Plexiglas

top vu attached to the cuvette and the air flow to the cuvstte

turned on. Cu iette air t~~~~ra tur e was controlled by r.circulating air

through a radiator maintained at the d..ir.d teepera tur e by chiller s ,

heaters , and contro llers in a houseboat.

5. This 21—ft houseboat served as a floatin g laboratory , hous ing

all ina tn entat ion for the CO2 analysis and for the control cir cuits.

In this study it was operated from land adjacent to a salt marsh , for

accE ss to line power , but generators are availaUe to make the operation

entirely self—contained .

6. The ma r ih investigated was located at Leevills, La. It was a

small marsh , boun4ed by La. High way 1 on ne side and a shell road on

* References listed at end of this appendix.

C2

-i
- -  

- -~~~~~~~ - - -~~~~ :~~~~~~~~~ - - - 
-~~~~~~~~~~~~~~~~



~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _

two othe r aides. It received tidal waters through a dredged cana l that

connects to Rayou Laf ourche . The marsh recei~ed raw sewage from a

n~~~er of mobile hoses and small houses along the shell road .

7. For each plot , at constant air temperature , CO2 f l a z was

measured in light , and it was measu r ed in the dark by covering the

.uvette with blach plastic. Flux rat es under differen t light Lntensj —

ties were obt ained by taking *dvantage of inter mitten t cloud cover or by

shading the cuvette with chess. cloth. Following measurements on the

£atact c—”it~ , the top of the cuvette was removed and th. gr..n

tissue removed by cutt ing each live cuim below its 1~~~st green leaf.

The top of the cuvette was rep !.aced and C0~ exchange was determ ined

agafn in light and .iurk. Carbon dioxide exchange under this, condition.

vu considered to be due to the microbial c~~~mity.

S. Nsasuremsmts ve?e made o~er a p.rj od of about 10 days .acb th

December 1975, and March, M.iy, and July 1976. Dering this period .11

tide stages were encountered, and metsuronents were mad, at eU Uses of

day and night. Seither tide stags nor tim. of day appeared to influence

the CO2 flux rates as effects separ abl. from responses to light intensity

and temperature.

9. Table C! shows the surface water salinity, sediment t~~~erature ,

and ?abient daytime air temp erature dur ing the measurement neriods.

Chseber t~~~.ratur e was maintaine d at 15’ , 25’, or 3 5 C  (i l’C) as

desired .

C3
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Results

Independ ence of CO 2 flux
and CO2 concentration

10. Figure Ci shows the relation ship between cuvett . CO 2 concen—

tr atloc and the uptak e of CO 2 by greenhouse—grown S. aI t er n~ flora.  The

f igure indicates tha t CO2 uptake is relatively independent of cuvette

CO2 concentration above about 200 ~it  CO2 t 1. In the field th. inde-

pendence of CO2 flux and cuvette CO2 concentration was per iodically

cb cked by changing the flow rats. As long as the cuvette concentysUon

vu ma1ntai ~~~ above 250 i& CO2 £~~~~, CO2 flux was unaffected.

lelat iouship of leaf ar ea to
Luf dimensions and dry veigh t

3.1. Since a leaf area aster was not available during ill field

trips, leaf areas record ed in this report are eli deter mined from leaf
d4-~naicns. P~gure C4 shove th. relationship between blade area deter- ~ •

mined with an electronic leaf area meter and blade area determ ined from 
- 

- 
-

blade dimensions . The regr ession equation indicates that 86 percent of

the variability in the former is accounted for in the calculated area.

Relationship of S. alt erni flora
to total co unity metabolism

13. Table C2 shows tha t S. al t er niflora shoots , between DeE~~~~gr

and May, were responsible f or over 90 percent of the co~~~~ity photo-

synthes is, but only 24 to 36 per cent of its dark respira tion (a.i also

Cosselink et al 1976). Respiration reported is the differen ce between

cc~~~1n ity respiration and CO2 evolution by th e co~~~mfty after S.

a lt. rni flora shoots were removed. Under the circuns t anc.a , sny root CO2

C4
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exchange would be recorded as par t of co~~ini:y respiration , not S.

- - - alternif lore shoot respiration. The percentages re corded in Table C2

ar e for CO2 exchaLi$. at 25’ ’. The pr oportion between S. alter n iflora

and the rest of the co~~ .nity varied little at 15’ or 35’C. Algal

photosyn t b.si&.rs on the sediment surface end on the lover leaf sheathe

of !. sltsr niflora (Stows 1972) appear ed to be more important during the

winter when more light penetrates the grass canopy , than later on in the

spring. Spar tina slternifl or a live shoot respiration appeared to decline

during May, as a proport ion of total co imt ty respiration. At this

time such of live tissue is young , and the dead stand ing biomass is

large (Ki rby and Gossalink 1976) . Earlier in the year most of the live

shoot. are mature and often app ear to be senucing (tips yellowing,

necrotic spots) .

i.uonel ta t ee of irose production end respiration

14. Cross photosynthesis end dark respiration rat.. of !. alterni—

flora ar e shown in Figure CS. lbs two graphs are not directly c~~~ire - ‘-~ -

ble since respiration raise are recorded for total liw~ shoot dry

weight , whereas pbotosyntb.tic reiss irs based on l.~ f blade tissus

only. Rcverthele.s, both respiration and photosynthesis show a sharp

drop during May, and in terms of photosynthesis per unit lsa.f irue, the

Nay level continued into July. Light saturation curves vets ua~ d to

adjus t all photosynthesis values in this figure to a standard ligh t

intensity of 1 & cal ca 2 a1n ’.

Lsmp.ratu~~

15. The seasonal rates of photosynthesis and respiration are

CS
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t~~~er aeure depende nt (Figure Gb). In March respiration Increased with

temperature, and gross photosynthesis peaked at 25’C. The resulting net

production opti.~m was 25’C. In May gross photosynthesis and net pro—

duction both were hi ghe r at 35’C. The magnitude of the apparent upward

shift in optimal temperature respons e in May was not enough to account

for the drop in efficiency (at 25’C) shown in Figure 66, that is , the

plants did not simply shift to a higher t emperature opti.un at the aa

rates of photosynthesis. Thers were , in addi t ion , overall drops in both

photosynthei in and respiration rates in May.

1.6. In Ma rch differen t plots were analyzed at d~’ (f.rszst t~~~era—

tvres . As $ result the variance is high , especially for gross photo-

— Syatb..i.s. In May three plots were examined first at 25’C then at

— 3S’C, so that the intsrp lot variation could be separated from the

t~~~erature affect. As a result, althoug h the differences in photo-

synthetic rates were not large, they were consistent and statistically

ha ghly significant. Respiration rates in May were not significantly

differen t. Ret production , calculat.d from gross productio n anti ran-

pirsUen, was not statistically analyzed .

Light

17. The light roapon.ae was such more druetic than the t~~~eratur s

response. Figure C? shows light respunse ct~rvee at two temperatures

during flay. The shape of the curve is the same for March also. These

curves are for gross photosynthesis of the whole coomunity. Therefore

they are about 5 percent higher than rates f or S. a l t e r -n i f l o r a  alecs (see

Table C2) .  Prelimi nary evidence indice~tea th at the microbial component

66
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r~
• satu rat. s (reach.. *~4ua 1 ra t..) at low light intensities (below 0.2 $

cal. ~~.2 a1a 1). Thu would account for the initial steep slops of the

light saturation curve.

18. The light rsspouae~ curves wer, found to fit an equation of the
torn

T . a + b 1 213 (1)

where

‘V • gross photosyuth.sis in g Carbon (C) cu 2 h ri

• I • r.diant energy flux in $ cal ~~~2 uin 1

n b  • coefficient.

19. Tb• curves Lu Figure Gl are each fitt .d by pooling all veins.

fre. four plots at 2 S C  end the sons four plots at 33’C. The •quatious

indicated Lu the figure account for $1 end 89 percent of the vari ability

in gnus. photosynthesis (C?) at 23’ end 33’C, respectively . Pates for

individual plot.. varied st-~~tat but were aiwys Wgbsr at 33’ then at
2S’C. The response curve is clearly seenper at 35’ than at 25’C.

Photosynthesi. is still increasing at full sunlight , a r.sp~~~e typical

of plants with C 4 .staboljon (Black lfl3) . 
•
-.

Discusslo

20. $part ina alte rnif lora is the dosinant carbon (C) fizsr in ths

salt narob cc inity (Table 2) . The 10—percent contribu t ion by aufvuchs

ens sediaent alga, during the vint.r , however, is siguiti cant , especially

since algal cells generally provide a sure palatable and nutritious

organic source to consussrs.

21. The light satura tion curve coot irus previ ous r.ports (Black

Cl

I

L ____________ 
_ _  

_ _ _
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1973) tha t S. alt.rniflora is a C4 plant. Unlike .ost glycophyt .. its
photosynthetic apparatus does not saturat, well below full light in—
tensity. lather , photos ynthesis coctinues to incr.aa. to full sunlight .
The apparent u#vsrd shift in the optinal t.up.ra ture for phot osynthe sis
as spring progressed is inter esting but not surpris ing since plant

coesunit ie. are known to accilnate to ~~~i.nt t~~~eratu res.

• 22. Perhap. the suet unup ct•d and intriguing disclosure is the

decrsa.ed photosynthetic efficiency in May and July cospared with winter

sueths. Tb. photosynthetic rate per welt leaf area decreased about 23

percent. During tb. spring live tissue density Lacr.as.d so thers nay

have bean s~~ leaf—shading. Rowsver , leaf density within the cuvetce

-

Due~~ .r cud March and 8 4  and 6.7 cu~ Lu May end July) , ainca thin

plots were chosen in order to stay within the capacity of the analytical
equip.ent. $.diasnt tesperature. increased fro. about 18° to 20°C in

i, Dsc~~ .r and March to 21° to 23°c in May and 24° to 27°c in July, and this
increas e say have been related to the observed change Lu photosynthetic

eff iciency. The inorganic nutrient supply to the plant nay also have

been a factor . Spart ina alta rnl flora has been sh own to be nitro gen- - 
-

u nited in its growth (Vslisla and Teal 197$; Patrick and Delewis 1973;

Iroon. et al. 1975) . ho (1971) showed that inorganic nitrogen (II) in

th. water coluna increased during the winter and fell abruptly in early

spring. Marsh s.dinan t inorganic N follows the s~~~ pattern , alth ough

Ira nson (1973) repo rted that it peaked as early a. Nov~~~er and Dec.absr.
It follow, tha t the decrease in photo synthetic efficiency could be

related to the availability of ‘.norganic N for tissue growth , and tha t

as 11 1. d.pl.t.d in th. spring, rates of photosyntheeis also decline.

_ _ _ _ _ _ _ _ _ _ _ _ _ _

• N
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Table Cl

Dpily Air and Sediment Temperature Range and Surface
- : 

- 
Wate r Salinity Durin g Field Measurement Period s

Dec~~~er March Way June
— 

1975 1976 1976 1976

Air T~~~~ratu re ( C )  20-25 23—27 24—28 30-32

Sedia.nt Tesperature (C) 18—20 19—20 21—23 24—27 •

Surface Water Salinity ( / ..) 13-17 12—16 
- 

3—14 17—lB - 

-

. ~~~~ 

-

loaf Area Per Cuvette (do2) 4.4* 3.6*2.6 3.4*2.0 -. • 
5
. •

~~~
. -

N 
-

- 
Table C2 • • • • 

- -

• • • -

• 
- 

- 
I. elterniflora Metabolis, at 2 5 C  as Percent *Stendard Deviation • 

•

- • 

of Marsh C~~~-’4ty Metabolism • •

- Dsc~~~.r March - • 
•• . J21�___._ . 12!L_ 1976 

• 

•

Gross Photosynthesis 89* 6 92*6 %*3 
• •

~ 

•

lospiration 36*11 36±5 24tB

_ _ _  __ t - . - .. • -



_ --

~~~

-— - -

~~~~~~~~~~~~~

-

4

• 

TEMPERATURE �~~~~~~-~~~~~~~~~~~~ ONTR OL! ER
CONTROLLER WOOS

- - 

~~~~~~~
. 

• 

- --

• 
r’ino1t1 ~r ow~ r I ~~~~~

_  

_

-~~ ..~~ WATE R LINES
AIR FLOW

/ - 
~~~. ~~!- -~ - IL~• —. Figure Cl. System for measu*~ng 

~~2 flux . ‘I ‘Plexiglas cuvett e with 2 ,
• fan and radiator to recirculate air through cuv~tt e; 3, air pta~ and

reservo ir ; 4, gas pressure regULator ; 5, air humidifier; 6, hea t ox.-
• changer for humidity cont rol; 7 , mass flouneter ; 8, dew point hygrometer;

9, differential. infrared gas ana lyzer; 20 , wate: chil ler; 11,. piaps, 12;
solenoid valves; 13 , j enersion heater; ~4, wate, roser’oir; 16, con-

trolLer; 17, ailti oint recorder; 21, gas cylinder.
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Fij~uro G2. Cuvetto in pla cc on the marsh. The white box contain s z
rad iator to contro l cuvc tto air teallcrature and a fan to circulate
air through the cuv ett e. Air circulates through the black hose in

foreground. I’j roheli om cter is in backg vound .
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