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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIM ENT STATION . CORPS OF ENGINEERS

P. 0. BOX 631

~~~~~~~~ VICKSBU RG, MISSISSIPPI 39180

REFER yO~ WESY~J 5 December 1977

SUBJECT : Transmitta l of Technical Report D—77—28

TO: All Report Recipients

1. The technical report transmitted herewith represents the results of
one of the research efforts (work units) under Task 4A (Marsh Develop-
ment) of the Corps of Engineers ’ Dredged Material Research Program
(DMRP). Task 4A is a part of the Habitat Development Project of the
DMRP and is concerned with developing, testing, and evaluating the
environmental, economic, and engineering feasibility of using dredged
material as a substrate for marsh development.

2. An intensive study of the underground portion of selected salt marsh
species was conducted under Work Unit__A A2. The purpose of this
research was to describe the characteristics of natural marsh substrates
and to define the interactions between marsh plant growth and each
characteristic of the substrate. The most useful combination of param-
eters for predicting marsh plant success was found to be soil texture,
pH, salinity, and total nitrogen. Criteria for determining when the
soil conditions in a man—made marsh approximate those of natural marshes
have also been included in this report.

3. This work unit is one of several research efforts designed by the
DMRP to document marsh productivity and the factors which influence that
productivity. Closely related work units are 4AO4A1 and 4A04B, which
address the productivity of minor marsh species along the Atlantic and
Gulf coasts, respectively ; 4A04, in which a simulation model to predict
salt marsh productivity was developed ; and 4A20, a less intensive effort
that will provide a general evaluation of salt marsh productivity on the
Pacific coast of the United States. Additional supportive and comparative
data will be forthcoming with the final analysis of the results of field
studies at Windmill Point, Virginia, (4All); Buttermilk Sound, Georgia,
(4A12) ;  Apalachicola, Florida, (4A19); Bolivar Peninsula, Texas , (4A13);
Pond No. 3, California, (4A18); and Miller Sands, Oregon, (4B05).
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WESYV 5 December 1977
SUBJECT: Transmittal of Technical Report D—77—28

Together these research products provide the Corps with a comprehensive
basis for sound management decisions regarding habitat development on
dredged material and disposal in natural marsh habitats.

JOHN L. CANNON
Colonel, Corps of Engineers
Commander and Director
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The study provide information applicable to marsh development on dredged
ma te r i a l , par t i cu l a r l y methodologies tha t can be used for determining which
marsh  p la nt s w i l l  be l i k e l y to do w e l l  on va ri ous k inds  of d redg ed ma te r i a l and
when a marsh , whi ch has been established on dredged material , app roaches na tural
conditions.

- - 
~The overall study focuses ont-three- major effort :> ~~n investi gation of

undergro und biomass dynamics; characterization of soils supporting the salt
marsh plants ; and experimentation on the substrate selective properties of sev-

- e1& of the marsh plants stud i ed .~ The methods and results for the specific as—
pects of these three efforts are delineated in five self—contained sections of

- , . ~he repor t : ~.underground biornass profiles and dynamics in Atlantic coastal

- ‘  ~,, ~r1~~rshes; compa ri son of some t ida l ma rsh so i l s  along the At la nt ic Coas t ,’ response
of salt marsh plant stands to a pulse of anwnon i um nitrate; salt marsh plant

- 
growth on three types of d redged material; and a bioassay approach to studying
marsh plant root growth in natura l soil and dredged material.

Fi ndings of the studies indicate that in deve l oping salt marsh on dredged
material , five substrate prob l ems should be considered : stability (dredged
material texture and exposure to wave action); pH characteristics (pH in situ ,
in water , and in buffer) ; salinity cha racteristics (in situ , leacheabl e, desali-
nation index) ; soil characteristics ; and nutrients , of wh i ch nitrogen appears to
be the key element. Depth of root penetration must also be considered when
dred ged material containing contaminants is used .

The report gives recommendations on the use of dredged material and plant
species and emphasizes  the a d v i s a b i l i ty of a f i e l d  b i oassa y p r io r  to dr edg ing.
W h i l e  i t is not ye t poss ib l e  to p redic t wi th h i gh probability the success of a
s p e c i f i c  plant on a specific dredged material in a specific salinity and under
a spec i f ic  t idal reg ime, the report shows that the most useful comb i nations of
parame t ers in p red ic t i ng  marsh p lan t  success are : soil texture , pH prop e r t i e s ,
s a l i n i t y ,  and tota l nitrogen.

The appendixe s were prepared on microfiche and are enclosed in an envelope
i n the back cover.
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/ EXECUTIVE SUMMARY

This repor t surnarizes work done on the dynamics of the underground

portion of some of the salt marsh plants along the Atlantic coast of the

Un i ted States , the characterization of soils in those plant stands , and

exper imen t s  on the substrate selective properties of severa l of the

plants.

The underground biomass profiles and dynamics study’ (Part Ii) in-

volved year-long sampling programs in 18 stands of salt marsh p l a n t s

in Georgia , Del aware , and Maine. Cores of the marsh were taken at

monthl y or bimonthly intervals and the cores sectioned into depth pro-

f i l e s  (0-5 cm , 5-10 cm , 10-15 cm , 15—35 cm , and 35-55 cm for some p lants)

and the macro-organic matter (MOM - organic matter not passing a 1-rn

sieve) separated by washing on a 1-mm sieve . THe MOM was dried and

profiles and seasona l curves plotted from these data. Three types of

profiles were found in the marshes. In the first the concentration

of MOM was un i form with depth; the notable example of this type was

creekbank Spartina alternif lora in the southern part of the coast. A

second type had a high concentration at the surface which d ropped with

- depth. Most spec ies exhibited this type of profi le. Spart ina patens,

S. alternif lora from the high marsh along the southern coast , and creek-

bank S. a lterni f lora from the northern range (Ma ine) are examples.

The third type was seen where a large rh izome mat developed at 15-20 cm

belo~-i the surface. This type of prof i le had a re lat ively low b i omass

at the surface, a higher biomass somewhat below the surface , and
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a low concentration below that. Spartina cynosuroides and Phragmi tes

corn un is were typ ica l  examp les. The information on the types of pro-

files presen t in the natura l ma rsh will be usefu l in determining when

the natura l prof i le shapes and MOM concen trati ons have been ach i eved

in marshes formed on dred ged material. Since the underground MOM is

important in stabilizing the d redged material , supplying microbes

with organic and inorganic nutrients , and thus regulating nutrient ex-

change between the soil and the overl y i n g wate r , achievement of the

“natural situation ” is of pr ime importance in marsh-creation projects.

The annua l  h i g hs and lows of MOM biomass were used to calculate

an annual increment , which can be considered a minimum annual prod uc-

tion value. The va l ues ranged from a low of 80 g C/m
2 for creekhead

S. alterniflora in Maine to a hig h of 1690 g C/rn2 for Juncus gerardi

in Maine. The mean for all stands measured was 651-i g C/m
2 . Since

the average carbon content of the MOM was 35.3% , this corresponds to

1 852 g dry wei ght/m2 per yea r which is comparable to the usually re-

ported aerial production for marsh macrophytes . The plants are there-

fore allocating a major port i on of the photosyn tha te to the und erg round

portion of the plant and the food web dominated by meiobenthic an i mals

and soil microbes. The latter group is particularl y important in

d e t e r m i n i n g  the cycling concentrates in the water flowing over marshes.

As a measure of the r e l a t i v e  a c t i v i t y  of the total pool of macro—

o r g a n i c  mater i al  i n the so i l , a turnove r time was ca l culated by divid-

ing the total macro—organic matte r by the annua l increment. While

there are at least several poo l s wi th turnover t i mes vary i ng f rom days

2
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to centur i es , the overall turnover gives a measure which can be used

to estimate production when the quantity of macro—o rganic matter is

known but there is no time for a yearlong study. The turnove r time

ranged from 18 months in two Georg ia plant stands to 224 months for

one i n  Ma i ne. In the two instances where Maine values for a spec i es

could be compared to those from Geo rg ia , the tu rnover time was less

for the more southerly station . This probab ly reflected the slower

microbial decay rates in the cooler clima te. Thus most elements are

bound to large particles of organic matter in the lower temperature

climate. In Georgia and Maine where the turnover va l ues for a sing le

species were determi ned for two elevations , the time was less for the

lower elevation. This probably resulted from greater microbial activ-

ity associated with more rapid flushing rates of water through the

creekbank soils. The minera l composition of the underg round por t io ns

of the p l ants is presented in Part II and Appendix B. This info rma-

tion can be used to determine if a p l anted marsh has the same elemen-

tal composition as a natura l one.

Part II I  of the report describes soil profiles in p l a n t  stands

in  marshes in  Georg ia , Del aware , and Maine. These descriptions give

data wh i ch are useful in classifying soils associated wi th various

marsh p lants along the Atlantic coast and would be useful i’ri evalua-

t ing to what extent a marsh developed on d redged ma ter ia l resembles

a natura l marsh.

I n  a d d i t i o n  to the f i eld desc r ip t ions , data a re presen ted which

describe the phys ical and chemical aspects of the various horizons.

3

- ~~~~~~~~~~~~~ ____  - _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _•0~ - - - - — - -- .



The most i mportant of these for predicting the success d redged

materia l would have in supporting a g iven p lant are the sa l i n i t y

characterist ics (sa l in i ty , desal inat ion index), pH properties (pH in

situ , pH in water , and pH in buffer), and total nitrogen (N) which

can be ob tai ned e it her d i r e c t l y or by correla ti on w it h C content.

Also presented are data on leachable ions. These ionic data were

ob tained on dr ied s o i l s  rathe r than those kept mo ist and unde r

anaerobic conditions. This was done althoug h the anaerobic moist

condition represents the natura l condition under which these soils

exis t .  The authors fee l that the ext ractions under any conditions

do not represen t the actual conditions to wh i ch roots are exposed .

Because roots are cont inually removing nutrients , the flux rate rathe r

than the pool size measured by extraction is the most important factor

to consider. Additionall y, no chem i cal extraction can dup licate the

roots ’ capab i l it y to remove n u t r i e n t s .  Fur the r, it is doubted that

Dis t r ic t  Eng inee rs wou ld have f ac i l i t i es  to take and ship soil samples

under anaerobic conditions and have labs available to analyze them

under those conditions; therefore, the s o i l s  were handled as typ i c a l l y

done by agr iculture resea rchers. District Engineers will be able to

handl e d redged material in this fashion and have it analyzed in local

state college agricu l tura l experiment stations. The success agricul-

ture researchers have had in predic ting yields and makin g recommen-

dat i ons regard i ng spec i es success and adv i s i ng fer t i l i z e r  and l ime

requireme nts has been based on correlat i ons between so i l s  tests and

f ield experiences rather than abso l ute tidal concentration of

4
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nutrients. In this study, data collection was begun for eventual

prediction capability. The data represent natu ra l soils and three

w i d e l y  d i f f e r i ng types of dredged mater i a l  from Georg ia.

Part IV reports on the response of marsh plant stands to a pulse

of nitrogen. In Georgia , Salicor nia virginica and S. alternif lora

responded to a 150 kg/ha pulse of N (as NH4NO
3
) by an increase in bio—

mass. Although no biomass change was noted , the Sporobo l us virginicus

p lants were higher in nitrogen than the con t rol plants. Borr ichia

frutescens had a higher chlorophyll concentration , although no other

response was detected in stands of Distichlis spicata , S. cynosuroides ,

or S. patens. In Del aware a positive biomass response was obta i ned in

stands of J. gerard i and S. v i r g i n i c a .  Although no biomass d ifferences

were measured , the t reated D. spicata plants were s i g n i f i c a n t l y  higher

in ch lorophy ll than were the control plants. None of the plant stands

in Maine responded to added N. This might be expected in view of the

h ig h l eve l s  of ex t rac tabl e NH~ found in the soil (Part III). No dif-

ferences in ability to remove N from various application depths to

35 cm were noted .

Part V of this report deals with tests of marsh plant growth on

three types of dredged mater ial  in the greenhouse and in f ie ld test

sites. Specific recommendations regarding the growth of species or sub-

strates tested are given in this section . The synthesis of this and the

previous section is tha t it is not possible w i th  the present state - of

knowledge to predict w i th  high probabi l i ty  the success of a spec i f ic  plant

on a spec i f ic  dredged mater ia l  in a s p e c i f i c  salinity and in a specifi c

5
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tidal inundation reg i me. Therefore, a bioassay is proposed to be

made by District Engineers using a series of modified buckets to

check plant performance at specific sites prior to attempting marsh

establishment on d redged material.

Part VI deals wi th bioassay techni ques designed to assess root

growth in specific d redged material . The method is presented as are

specific results of several experiments. In a test wi th a freshwate r

plant (Eleocharis obtusa), the best growth was in a sandy d red ged

material of low sa l in i t y .  Approximately 1/3 as much g rowth occurred

i n  two freshwater muds. Growth in a saline sand , a saline silty clay ,

and a brackish mixture of sand and silty clay produced only 1/7 the

g rowth obtained with low salinity sand .

Spartina patens root growth is enhanced when whole p lan ts are

grown under cooler rather than warme r envi ronmental conditions.

Spa rtina patens and S. alterniflora root growth did not differ under

drained or saturated conditions when a sand substrate was used . Equal

growth was obtained wi th either 10 or 2O%~ salinity. Growth in natu-

ral soil was 6—12 times greater than in the sandy saline d redged mate-

rial tested. When the soil temperature was lowered while air tempera-

tu re remained h i gh , three species of Spartina (S. alternif lora , S.

bake ri , and S. patens) showed reduced aeria l and underground g rowth.

This indicates the increased root growth at low temperatures seen in

two earlier experiments where whole plan ts were subjected to the tem-

perature diffe rences was either a whole plant effect or an effect on

the shoots alone.

6
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In d rawing conclusions and recommendations from these studies ,

there appea r to be five substrate problems wh i ch should be conside red

whe n p lanning to create a salt marsh.

1 . Stabilit y . Two factors are i mportant here : exposure to
wave ac t ion and dred ged material texture . Althoug h this
problem was not addressed direct l y in this study, some of
the results are pertinent. The development of a large
root underg round system (roots and rhizome) is important.
Particularly effective in this respect are S. patens, ~ ..

spicata , and S. vi rginicu s .

2. pH characteristics. Basic to this problem is the cat clay
characteristic of soils containing sulfides. In this
situation , reduced forms of sulfur oxidize when the sed i-
ment is exposed to air and the resulting strong acid
causes a sharp drop in pH. Examin ation of pH in situ ,
ph after drying , and pH i n  bu f fe r can be used to p red i ct
the probable extent of cat clay development.

3. Salinit y characteristics. Coup led with salinity tolerance
is droug ht tolerance. In salt marshes , drought conditions
are almost always coupled wi th hig h salinity situations.
I f  d red ged material is placed in subtidal areas , the
droug ht and salinity conditions can be regulated by the
final elevations of the created island. In cases where
d redged materia l i s  p l aced on existing ma rsh , salinity and
dro ught conditions will often be accentuated because of the
hi gh elevation . The plants found to be most tolerant of
these conditions are S. patens, D. spicata , S. virgin cus,
and S. vi rginica.

4. Elevation (balance of air and water) . The elevation
factor is complex , involving salinity and ph characteris-
tics as well as other factors. Since d redged material
placed low in the intertidal range will be inundated mo re
f r e q u e n t l y  and for  lo nger per i ods th an that pl aced nea r
the upper boundary of the tides ’ influence , different soil
charac teristics will develop along the gradient. Soi l pH
w ill usually be lower in the upper zone because of oxida-
tion of sulfur forms in the better drained soils. The pH
d rop may be dr ama ti c and prevent p lan t growth with certain
colle ctions of sulfur ion species. Salinity will be more
stable where tidal water frequently flushes the soil. In
the uppe r reaches , evapotranspiration will tend to concen-
trate salt and fluctuations will be too great for many
species to tolerate. Soil structure may also be influenced

a
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by sa l t  accumulation result ing in the reduced percolation
of ra i nwater. The authors believe the best eva l uation of
th i s  comp l ex fac tor can be made by a bioassay on the site.

5. Nutrients. As with many ecosystems , N seems to be a key
element. Only in sandy dredged material does it seem
probable that N wi l l be the limiting factor to the growth
of the plants.

When dredged material containing contaminants such as heavy

metals and pesticides is used for marsh development , the depth to

which roots penetrate the substrate must be considered . The studies

reported herein show that S. virginica and S. virgin icus are shal l ow-

rooted plants (< 35 cm) ; S. alterniflora at high elevations , D.

sp icata , and S. patens are med i um in rooting depth (35-55 cm); and

S. al te rni f l o r a  p lan ts a t low el eva t ions , J. roemerianus , and P.

communis are deep- rooted (> 55 cm) .

8
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PREFAC E

This is a report of research initiated in June 1973 for t’be U. S.

Army Enginee r Waterways Experiment Station (WES) under Contract No.

DACW39— 73-C—OllO as part of the Dredged Material Research Program (DMRP),

Habitat Development Project (HDP) with Un i versity of Georgia Marine

Ins t i tu te. The DMRP is sponsored by the O f f i c e , Chief of Engineers

(DAEW— CWO-M), and is assigned to the WES unde r the Environmental Effects

Laboratory (EEL).

This report was prepared by John L. Gallagher , F. Ger a l d  Pl uml ey ,

and Paul L. Wolf.

In addition to the authors of the vol ume , many others con t r i b u ted

significantly to the massive sampling and analysis program. Especially

significant was the contribution of Dr. Robert J. Reimold whose comple-

mentary work on the aerial portion of the salt marsh plants appears in

another volume . Efforts of the following are much appreciated: Rick A.

Linthurst , Owen M. Ulme r, Jr. , Edward J. Sel ker, Patrick C. Adams ,

W i l l i a m J.  Pf e i f f er , Ann 0. Fornes , Sarah E. Robi nson , Robert Wilkes ,
He le n D. Wa l ker , Allyson S. Linthurst , Jacquelyn B. Ulmer , Christine M.

Mellinger , Victoria C. Wray, Hannah D. Brown , Shirley A. Walk er ,

Grego ry A. Kramer, Dian ne H. Ada ms , Ca thy J .  Selk er , Mattie L. Banks ,
Har ol d Church , Rona ld  Sm it h , Leo J. Cotnoir , John Ferwerda , Ri chard Keck ,

Den ise M. Se l i ska r , Thomas C. Pearson , and Phyllis Hawkins.

The study was conducted under the supervision of Drs. C. J. Kirby

and H. K. Smith , Proj ect Managers for the HDP , and under the genera l
su pe r v i s i o n of Dr~ John Har r i son , Chi ef , EEL. HDP Botanists ,

Dr. Luther Holloway and ILT Terry Huffman mon i tored the study.

Direc tors of the WES during preparation of this report were
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UNDERGROUND BIOMASS DYNAMICS AND SUBSTRATE SELECTIVE

PROPERTIES OF ATLANTIC COASTA L SALT MARSH PLANTS

PART I : INTRODUCTION

Among the important consideration s in p l ann i ng the develop ment of a

sa lt marsh on dredged mater ial  is the substrate select ive properties of

the prospective species to be p lanted. A number of questions arise:

1 . What are the cha racteristics of the d redged material?

2. How do these character is t ics  change when the d redged materia l

is p l aced at various elevations in the intertidal zone?

3. How do the predicted substrate conditions correlate with those

found in the soils supporting natura l stands of species being

considered for planting on the site?

4. Based on root system dynamics in natural marshes , what would

be a minimum estimate of root system productivity in natura l

d red ged materia l marshes?

5. Whic h marsh plants w i l l  fo rm dense root mats?

6. What root ing  depth is characteristic of the various p lants?

The approach to answering the questions about the substrate selec-

tive properties of the plants was to:

1. Charac ter ize the natu ra l unde rg round prod ucti v i ty and organ i c

matter deposition system by examining the dynamics of the

underg round macro—o rganic matte r in natura l stands of marsh

plan ts in Geo rgi a , Del awa re , and Ma i ne. Methods were developed
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wh ich would enable others to conduct similar evaluations on

marsh  species not included in this study . The results of

these studies are detailed in Part II of this report.

2. Characterize the natural soil systems under which the marsh

plants in Georgia , Delaware , and Ma i ne g row. Methods were

selected wh i ch could be followed by District Engineers in

these local situations. This study was intended as a beg in-

ning of a data set, which would allow correlation of marsh

soi l and d redged material parameters with observed plant estab—

lishment success and productivity measurement. These initial

studies are summarized in Par t I I I  of th i s report.

3. Since high mars h ~~~. alterniflora responded to added nitrogen

in Delawa re, North Ca rol i na, and Georg i a, it was hypothesized

that the productivity of these and other marsh plants may be

enhanced at varioLs sites along the coast. These r e s u l t s  g ive

an ind i cation of the nutritional state of the natura l plants

on so i l s  w it h certain nutrient cha racteristics. Thi s  info rma-

t i o n  will be va l uable in predicting the probable response of

the p lants to fertilizer added to plants being established on

d redged m a t e r i a l .  Part I V of th i s report contains the resul ts

of a st ud y of p l a n t  stan d s a l o n g  the wester n coast of the

A tlantic Ocean.

4. There are many types of d redged materia l, many species of

plants , and even more sets of environmental conditions under

wh i ch they may be p l aced. Since it was not practica l to test

19
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a l l  comb i na t ions , it was felt tha t bioassay procedures should

be developed for growing plants on a variety of dredged mate-

rial under various conditions. Both a field and a laboratory

bioassay test were deve l oped and tested which are described

in Parts V and V I of this report. In addition to the method-

ology, these sections report on severa l practica l problems

that were examined using dred ged material from five sites.
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PART I I : UNDERGROUN D BIOMASS PROFILES  AND DYNAMICS
I N  ATLANTIC COASTA L MARSHES

Introduction

Many studies of aerial plant parts have been reported in the

literature , but the dynamics of the unde rg round portions of salt marsh

p lants have received little attention. Most of the fixed carbon re-

serves of salt marshes are, however , in the soils (Gallag her , l97 L1~;

Va li ela et al ., 1976). Almost all of the macro—o rganic matter (re—

tam ed on a I-mm sieve) in Georg ia salt marshes is identifiable as

root, rh i zome, or stem base material.

The dynamics of the macro—organic matter (MOM) pool is the net

result of numerous p rocesses. Those which add to the poo l are root,

rh i zome , and stem ba se g rowth , as well as storage of photosynthate.

Translocation to aerial structures , physical disinteg ration , and

microbial decay ~emove material from the pool. The stud y was de-

signed to exam i ne the dynamics of the MOM carbon pool in salt marshes

along the eastern coast of the Un i ted States . This knowledge is im-

portant  to unde r s t and ing  so i l developmen t and stab i l i ty , microbial

dynam i cs, and ecosystem energetics in the various marsh types along

the latitudinal gradient. Knowl edge of the underg round b i omass i n

these natural marshes can act as a guide to evaluating the maturity

of a develop i ng ma rsh on natural substrate or d red ged ma ter i a l .

21
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Me thod s

A samp ling prog ram,described in Table l,was conducted from March

1972 to A pril 1 975. Stud y sites were chosen in Georg ia , Delawa re, and

Ma i ne since they represented the extremes and a cent ral location where

marshes are abundant along the United States Atlantic coast. The ac-

cessibility of the marsh and availability of l aboratory facilities

were of secondary consideration in choosing site locations. In Georgia ,

areas nea r the Un i versity of Georg ia Marine Institute were selected .

Spartina cynosuro i des was samp l ed on a small island near the mouth of

the Altamaha River where water salinity was usually less than 3%~.

Borrich ia frutescens, Distichlis spicata, Iva frutescens, Spartina

patens, and Sporobolu s vir ginicus were samp led in  marshes  developed

a long c reeks beh i nd the dune complex on the eastern s i de of Sapelo

Island. Spartina alterniflora , Juncus roemerianus , and Salicornia

vir g inica were studied in the Dup l in Rive r Estuary on the western side

of Sapelo Island. All of the plants in Delawa re were samp l ed in

Can a ry C reek Marsh nea r Roosevelt Inlet in Lewes, Del aware. The Maine

study s i tes were in Fran kl in County . Juncus gera rd i and c reekbank S.

al ter ni f l o r a were col l ected along Nor theast Creek west of Sa l i s b u ry

Cove , and S. patens and creekhead S. alternif lora were samp led in

marshes on the south side of Hoy Bay near its head.

Samp les were collec ted and processed for macro-organic matter con-

tent by the methods descr i bed by Ga l l a g her (1974). An aluminum coring

dev i ce was used to col lec t underg round organ i c matter samp les , wh i ch

were washed f ree of the mineral and micro-o rganic matter over a 1-rn

22
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Table 1

Underground Biomass Samp ling Program in Atlantic

Coasta l Marshes of the United States

Sampling
Location and Number Intervals

Pla nt Sampling Period of Cores (wks.)

Borri chia frutescens GA(8/73-9/74) 5 8

D istich l is spicata GA(8/73-9/7L+ ) 5 8
DL(8/73-9/74 ) 5 8

Juncus gerard i DL(8/73-9/74) 5 8
ME(6,8,9/74;14/75) 5 8

Juncus roemerianus GA(3/72-3/73) 6 4

Phragm i tes communis * DL( lO/ 73 9/74) 3+3~~ 8

Sal icornia virginica GA(8/73-9/74) 5 8
DL(lO !73-l 2/74) 5 8

Spartina cynosuroides GA ( lO/73 - l/75 )  3+3** 8

Spa rtina alternif lora
Creekbank GA (3/72-2/ ’73) 6 4

ME(6 ,8 ,9/74 ;4/75) 5 8
Creekhead ME(6 ,8,9/74 ;4 /75) 5 8
High marsh GA(3/72-2/73) 6 4

Spartina patens GA(8!73-9/74) 5 8
DL (9/74-8/75) 5 8
ME (6 ,8 , 9/74 ; 4/75)

Sporobolus vir g inicus GA(lO/73—ll/74) 5 8

* Phragmites communis is a coninonly accepted name for the common reed
and appears throughout many current l i t e ra ry works , however , the
U. S. Nat ional HerbarIum has recently accepted P. aust ra l is  as the
prope r name for this grass (Persona l Comun i cation , 2 August 1977,
Dr. Thoma s R. Soderstrom , Agresto logist , Dept. of Botany, Sm Ithsonian
Institute , Washington , D. C.).

** 3 cores taken over stems and 3 between stems .
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sieve with water. Samp les dr ied at 6d~C were ground to pass a 40—mesh

sieve and anal yzed for carbon content wi th a Leco WR12 Carbon Deter—

minator. Nitrogen was determined by the Kjeldahl method and P, K , Mg,

Ca , Mn , and Fe were assayed by spark emission spectrometry (Jones and

Warner , 1969).

Results and Discussion

Macro-organ ic Matter Profiles

Macro—organic matter profiles in the marshes were of three shapes

(Figure 1). In the fi rst type , the concen t rat i on was r e l a t i vel y un i-

form with depth. Macro—o rganic matter concentration was highest at the

surface and decreased w i th  depth in the second type . The third type

had a rela ti ve ly  low concentr at ion nea r the sur face , the hi ghest con-

centration somewhat below the surface, and low concentrations at

g reater depth . The marsh types exh ib i t ing the three pro f i le  types

are l is ted in Table 2.

B i olog ical , phys i cal , and chemical factors influence the shape

and MOM concentrations in the profiles. Plan t stem growth has both

an input and an output role. When stems are initiated from rh i zomes,

they can increase  the underg round biomass , assum ing some of the input

is coming from current photosynthesis and no t exc lu si v ely  from long—

term stored material in rhizomes. Work by Hull et al. (1972) indi-

cates the former is likely. Once the young stems b reak the soil , any

t rans location to aerial t issue represents an output. Root and rhizome

production have on ly an input role. Type 1 prof i les we re present

24

- -5- - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . r—~~~ - - - - -.

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

5 — --v -. ~- —



T Y P E  I

I0 /
I5~ T Y P ¶~J__.~/

~~~~~~~~~~~~~20~
25

x30 -
I-
0~
Ui

40-

45-

50

55- — _______________________________________________________________________

0 10 20 30 40 50 60 70
MOM CONCENTRA TION ( mg/ cm 3)

Figure 1

Th ree Types of Macro-organic Matter Profiles

25

_________ 
_%5 —--—---b-S 

-— - — -s - -r:r - - -



Tab le 2
M acro—organic Matter Profile Types Exhibited by Various Marsh Plants

at Three Areas of Eastern Coasta l Marshes of the United States

Location *
Plant Georgia Delawa re Ma i ne

Borr i ch i a f ru tescens 2 — -

Distichlis spicata 2 3 -

Juncus gerard i — 2 2

Juncus roemerianus 2 — -

Phragm i tes communis — 3 —
Salicorni a virginica 2 2 —

Spartina cynosuro i des 2 — -

Spartina alternif lora

C reekbank I — 3

C reekhead — —
H i g h ma rsh 2 — -

Spartina patens 2 2 2

Sporobo lus v i rg in icus 2 - -

* Numbers correspond to type of p r o f i l e  shown in Figure I.
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where root—shoot ratios were low. In Type 2 prof i les , most of the

living roots and rhizomes were concentra ted within the top 10 cm ,

whe reas in Type 3 profiles , a thick rhizome mat is located 1 0—20 cm

below the surface.

Except in unusual circumstances , the shape of the profi les is

dependent primarily on p lant species . In Georg ia a natura l S. a l t e r —

niflora marsh form i ng on a protected sand beach deve loped the typical

Type 2 profi le in 2 yea rs . Although the concentration of MOM was

somewhat lowe r than in older adj acent marshes , the shape of the pro-

f i l e  was the same . Simi la r  results were obtained wi th  S. v i rg inicus

wh i ch developed its typical Type 2 profi le w i th in  18 months after

being planted on 3 types of d redged ma terial in Georg ia.

The major depa rture f rom a sing le profi le type for a sing le

species was seen w i th  ~~~. alterniflora , wh ich grew in a wider range

of s i tes both lat i tud ina lly and at various habitats at a sing le

latitude. In Geo rg ia the cree kbank S. a lterni flora has a Type I pro-

file while that growing further north has a Type 2. Current evidence

i s that these differences are env i ronmental rather than genetic. The

deeper rooting pattern may be due to better water movement in the

cree kbank so i l s  (Odum and Riedeburg, 1976) . The h i gher salinity of

the so i ls  in the high mars h (35-.k0%~, compa red to 2O-28%~ on the creek

bank) may restr ict  the roots to the uppe r zone where r a i n f a l l  and

t idal water keep the sa l in i t ies  lowest. Ha ines and Dunn (1976) have

reported a reduction in roo t g rowth assoc ia ted wi th h i g her salinity

med ia.

27

-- - -5—- - - -v_



When apparent anomalies occur , the historical aspect of the

development of the marsh may be important in determining the type of

profile found . Fox examp le , the typical S. virginica stands in Dela-

ware h ad Type 2 prof i l es , but one stand was cored which had a Type I.

By examining the MOM and the soil , it was found that the site had

been a ~~.. alterniflora marsh on which a thin l ayer of dredged material

had been depos i ted. This latter substrate was the site for the S.

vi rginica development. The S. vir ginica root system provided the total

input of MOM in the upper 15 cm and the smothered ~~. altern i f lora that

for the next 20 cm; these two super i mposed Type 2 profi les produced a

Type I prof ile.

Al thou gh the concentration of macro—organic matter changed during

the yea r , the shape of the p r o f i l e s  d i d not change s i gn i f i cant ly in

most cases (Figure 2).  The major shift  was from a Type 2 pro f i l e

towa rd a Type I as the macro—organic matter in the upper portion of

the prof i le decayed . Since a l l  stands were samp led at 8-week inter-

va l s , it was possible to plot an annual cycle for each species. In

some stands of marsh plants , clear smooth annual cycles in macro—

organic matter we re measured (Fi g u r e  3) while in others the cycle was

less clear (Figure 4). In most stands the culm density was hi gh

enoug h that the cores were large enough to produce means wi th  satis-

factory variability. In the stands of S. cynosuro i des and Phragmites

commun is , random samp les gave very va r iab le  results and col lect ion

procedures were modif ied to remove a pair of cores at randomly se lec t-

ed points. One core was removed from directl y over a cut stem base
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whi le the other member of the pair was taken f rom between the stem

bases . The annual cycle of these two areas within the stand of ~~~ .

cynosuroides is illustrated in Figu re 5. Data for each sam pl i n g  date

for the various plant stands are found in Appendix A.

Annua l Increment of Macro—organic Matter

These cycles were used to calculate an annual increment of macro-

organic matter for each stand. The maximum was taken as the mean of

the several h i ghest read ings  and the m inim um as the mean of the several

poin ts from the low part of the cycle. This method had the effect of

minimizing the increment. Furthe rmore, the points used in ca l culating

a mean were not statisticall y significantly different from one another.

The carbon contents of the underground biomass in the various

marsh p lan t stands are shown in Table 3 and were used to convert the

dry wei ght data to a carbon base. No seasonal differences in carbon

content were detected and all measurements were pooled for each stand .

The results of the annual increment calculations are sumarized in

Table 4. These va lues may be taken as minimum underg round production

f i gures. They err on the low side because the underg round parts die

and decay during the g rowing season . Total production for the species

cannot be obtained by add in g the unde rground production to aerial pro-

duct ion s i nce t ra ns lo cati on between the unde rg round and aer ia l par ts

of the plants wi l l  result in the same photosynthate being counted

twice . The total minimum production estimate must be based on total

maximum and minimum b iomass data obtained f rom a s imu l taneous aeri a l

and underg round samp ling program.
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Table 3
Carbon Content (g C/rn

2) 
of the Underg round Biomass

in Stands of Salt Marsh Plants

Geo rg ia Delawa re Maine
Species X SE N X SE N X SE N

Borr ichia frutescens 39.2 1.4 7 —— ——
Distichlis spicata 39.3 2.5 114 39.7 0.8 43 -—

Juncus gera rd i —— 39.4 0.9 29 33.4 1 .1  20

Juncus roeme r i anus  39.9 —— ——
Ph ragmites coni-nunis —— 37.0 1.2 27 ——
Sa licornia v i rg in ica 32.4 1.0 11 37.0 1.8 16 —-

Spartina cynosuroides 36.5 0.9 25 -— --

Spartina alternif lora

C reekbank 36.5 -- 36.6 0.7 20

C reekhead -- -- 39.5 3.8 9

Hi gh marsh 38.1 —- —-
Spa rtina patens 38.8 1.2 8 31.8 2.6 12 40.6 0.4 20

Sporobolus virginicus 38.0 2.6 11 -- —-

X = arithmetic mean , SE = st and ard error of the mean , N = numbe r of samples.

34

~

..—.. ----— - - .——- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~- . — -- ‘— — -.‘- - -~~~~~~~- - - --S ,— •



Tabl e 14

Annual Increment and Turnove r Times of the Underground

Macro—or ganic Matter in Stands of Salt Ma rsh Plants

Annual Increment Tu rnover Time
(g C/m2) (months)

Pla n t G D M G D M

Spartina alternif lora

C reekbank 771 - 1476 18.5 - 118.8

C reekhead - - 80 - - 224 .14

High marsh 768 — — 57.1 — —
Spartina patens 117 1149 220 67.8 91.6 91.6

Spart ina cynosuroides 1304 - - 28.0 - -
Soorobol us vir ginicus 221 - - 33.9 - -

D ist i- i i lis spicata 4214 1348 — 40.6 39.5 -

Phragmites cormiunis - 1338 - — 27. 14 —

Juncus gera rd i — 1686 5143 - 22.1 45.6

Juncus roeme r ia nus 1338 — - 144.0 — —
Salicorni a vir gi nica 142 528 — 26.4 24.5 —

Borr ichia frutescens 321 — — 18.4 — —

G = Geo rg ia , D = Delawa re , M = Ma ine.
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The time to turn over the total macro-organic matter pool in the

soil was calculated by dividing the inc rement into the maximum biomass.

Thi s total pool is no doubt composed of severa l sub—pools with differ-

ent turnover times , with the most rapid turnover in a matter of days

and the most refractory taking centuries.

I n  Geo rgia stands of S. alternif lora , the creekbank and hi gh marsh

had equal annual inc rements but the tu rnover t ime was much more rapid

in the creekbank a rea due to the threefold greater quanti ty of MOM in

the hi gh marsh. In comparing the Georgia creekbank with a similar

site in Ma i ne, the inc rement was found to be about 60% of the Georgia

stand while the turnover time was 6 times longer in the cooler a rea .

On the other hand , the annua l increment of S. patens inc reased with

latitude. This mi ght be expected since ~~ . patens is a much more im-

portant component of the marsh flora at the hi gher latitudes. Simi —

larly , D. sp icata ,whose annua l increment increased with latitude ,is

more prevalent in the Delawa re marsh than in Georg ia.

These data indicate that the dynamics of the underg round macro-

organic matter is as great or often greater than the aerial dynamics.

The factors regulating the translocation of photosynthate to the under-

g round pool and the d i spe rs i on of th i s  stored ca rbon ei ther back to

the aer i al parts of the plant or to the soil detritus food web are of

immense consequence to the salt marsh ecosystem and are now the sub-

ject of this research.
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Mineral Composition

The minera l composition of the underg round macro-o rganic matter

was typified by the j~.. s~ icata data shown in Table 5. Data on the

mineral composition of other species are found in Appendix B. Nitro-

gen , phosphorus , and potassium all decreased with depth. The deeper

samp les appeared to contain more dead material and hence would be

expected to have lower quantitie s of the macronutrients. Nitrogen ,

for example , w i l l  l i kel y be conserved and removed fro m the dy i ng

tissue. Since the potassium is not bound to compounds in the plants

but ex is ts  as a free ion , it w i l l  leach quickl y when the integrity

of the membranes is lost as the cel ls senesce. No part icular pattern

was seen for Ca , Mg, Mn , or C; but a patte rn similar to that for N ,

I’, and K was observed for Zn.

When the quantity of N bound in the MOM was compa red along the

latitudinal gradient using June harvest data , the h i g hest quantity

was fo und a t the mos t nor therl y si tes in 4 of the 5 cases studied

(Table 6). In al l  cases the C:N rat io decreased wi th increasing

latitude. The mean areal nitrogen content for the underg round MOM

for a ll the species stud ied was 65.14 g N/rn2 with a coefficient of

variation of 70. The mean C:N rat io for the same species was 35.5

wit h a coefficient of variation of onl y 19. Thus the relative amount

of N to the C present is mo re consistent from one plant stand to

another than is the absolute amount of N.
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Table 6

G rams N/rn2 to a Depth of 35 cm and C:N Ratios of

Underg round Macro—o rganic Matter from Stands of Marsh Plants

Plant Location g N/rn2 C:N

Borrichia frutescens GA 12 39

Dis tichlis spicata GA 144 33
DL 156 28

Juncus gerard i DL 914 33
ME 68 30

Juncus roemerianus GA 123 140

Ph ragm i tes comunis DL 83 37

Salico rnia vir g inica GA 12 27
DL 141 26

Spartina cynosuroides GA 70 141

Spartina alterniflora GA* 98 38
ME 1~ 129 32

Spa rtina patens GA 114 148
DL 27 145
ME 61 29

Sporobolus vi rginicus GA 15 142

* Hi gh marsh.
f C reekbank.
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PART I I I : COMPARISON OF SOME TIDAL MARSH SOILS
ALONG THE ATLA NT I C  COAST

Introduction

I nte rest in salt ma rsh soils has increased since the value of marshes

as natural resources and as thei r potential for development has been

realized . Concern has deve l oped about how to restore damaged marshes or

crea te new marsh areas to rep lace those des troyed by developmen t and

pollu tion . The U. S. A niiy Corps of Eng i neers has taken the i n i t i a t ive in

c rea ti ng ma rshes on d redged material. A knowledge of the properties of

marsh soils is necessary for two reasons. First , the descr ip t ion of ma rsh

soils is useful in order to predict the soil requirements for various

p lan ts. Second, the info rmation enab l es the sc ie n t i s t to te l l  how fa r  a

newly establ i shed ma rsh has p rog ressed towa rd the condi t i ons of a natu ra l

m rsh -

The soil descriptions included in this report cover a wi de range of

situations from Ma i ne to Georg ia. They were selected because they were

bel i eved to b racket a l l  of the types wh ich  m i gh t be encountered along the

east coast of the Un i ted States.

!~ethods

The approach in this study was to make field descriptions on the

s it es by e i t h e r  w o r k i n g  from the faces of large wa l k-in pits or with

shovel samples removed from small (0.5 m
2
) pits. The former technique

was used in the better drained and firme r substrates while the latte r
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was used in areas where the water table was near the surface or the sub-

strate was not firm enough to support the wall.

Bulk density was obtained using a series of short cores so tha t

compaction would not be a problem (Gallagher , 1974). I n situ pH was

obta i ned by placing the probe directly in the moist soil.

Soil  samp les were removed fro m each of the hor i z ons and re tu rned to

the laboratory where they were freeze-dried and ground in a Wiley mil l

until they passed a 40—mesh sieve . In addition to the soils collected

at the study sites , three types of d redged material were collected and

ana l yzed in the same way as the soils. All materials were collected

from nea r the low tide elevation and are thus more characteristic of

the fresh dredged material than that piled high in the intertidal zone.

A l l  samp les were taken from dred ged ma te r i a l  p laced a t the si te less

than 90 days earlier. The silt and clay material was collected from a

site 300 meters north of the drawbridge leading to Jekyll Island on the

western side of the Inland Waterway. The sand substrate was collected

from the eastern side of Buttermilk Sound on the site which was subse-

quently to be a marsh—creation site deve l oped by the Dredged Material

Research Program (DMRP). The third was a sand and clay mixture collected

from the nor th s ide  of the Dari en R i v er where i t in tersec ts wi th May

Hall Creek.

Salinity characteristics were measured by putting 100 grams of soil

on No. 54 Wha tman filter pape r in a funnel and leach i ng it with successive

50—ml volumes of distilled water. Each leachate salinity was measured and

the leachate saved . When the salinity of the last leachate increment was

zero , the total amount of water was called the leaching vol ume. The soil
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salinity was calculated from the salinity of the leachate and the vo l ume

of the water collected . The leach i ng volume was divided by soil salinity

to give an i ndex (desa1ination i ndex) of the ease of removing the salt

from the soil.

The pH of the dried and oxidized soil was measured first in a 1 : 1

water: soil mixture (pH
W) and then after treatmen t with buffe r solution

(pH
B) as described by Adams and Evans (1962). Total N content was deter-

mined by Kjeldahl digestion (Bremner, 1965). A double acid extraction of

a so i l samp le was perfo rmed us in g HC I and H2SO14 accordinc to the methods

described by Nelson et al. (1953). The extract was analyzed for P. K, Ca ,

and Mg according to the methods described by I saac and Jones (1970).

Sod i um , i ron , and manganese were assayed by atomic absorption spectroscopy

(Isaac and Kerber , 1971). Amonium and nitrate nitrogen were measured

by the me thods descr i bed by Bremner and Keeney (1966) and chloride by

potentiometric titration (Lacroix et al., 1970).

Res u l ts and D is cuss i on

Soil Profiles and Structure

The profil e descriptions for soils from Georg i a , Delaw are , and Maine

are shown in Appendix C. Colors were primarily blacks , grays , and g reens

reflecting the waterlogged reduced nature of these soils. In Georgia and

Del awa re the s o i l s  h i gher in the intertida l zone tended toward lighter

texture . Since these soils are inundated less frequentl y by silt and clay—

laden tidal water , depos i tion of finer g rade sed i ments was less. The

coarse—gra i ned sed i ments were loose with little evidence of ped formation .
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Si m i l a r l y ,  the fine-grained sediments were massive and little structura l

development occurred presumably because of the effects of the high sod i um

content of the soil. In the J. gerard i stand in Delaware , subangular

blocky peds were found.

Bulk density profiles for soils from the three states are shown in

Figures 6, 7, 8. The Georgia profiles were generally more uniform with

depth than were those from the other two states . Two groups could be

distinguished from the Georgia set. Salicornia virginica , S. patens , and

S. vi rg inicus wh i ch deve l oped on sandy substrate formed one group, while

B. frutescens, D. sp icata , and S. cynosuro i des which developed on sub-

stra tes composed p r ima r i l y  of s i l t and c l a y  for med a second .

The much l ower bulk densities generally measured at the surface in

Del aware and Maine reflect the greater peat development at these locations.

Slowe r decay ra tes and lower s i l t l oads i n the wa te r ar e p robably the

major factors responsible for these differences .

The in situ reaction of the soils varied from 8.8 in soil horizon

Al l in D. spicata in Georgia to 5.0 in soil horizon A22g in J. gerard i in

Maine (Appendix C).

The higher values are typ i ca l of those found in seawater. Most of

the va l ues were close to pH 7.0 and much of the variation around that

point may reflect the effects of the wetness of the soil on the Na
+
, H

3
0
+

bala nce in the soil (Table 7). As the moisture increases the H
3
0
+ becomes

more abundant relative to the Na
+ and more H

3
0
+ is assoc i ated wi th the

cation exchange capac i ty (C.E.C.) sites in the soil. This condition

l eaves rela t i ve ly  more OH i n solu t ion and the pH r ises . In  the case s

where the pH was found to be low , or gan i c acids  res u l t i ng fro m anaerobic
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Table 7

Effect of Soil-Wate r Ratio on the pH of

Spartina alterniflora Marsh Soils

Parts Soils Parts Water

2 0 6.90

2 1 7.05

2 2 7.18

2 7.314

0 2 6.00
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decay may be responsible for the acidic condition . In none of the

cases where the pH was low did the soils appear well enough aerated

to have oxidized sulfides and thus exhibit the cat-clay phenomenon .

S a l i n i ty

The salinity characteristic of the soil (Table 8) is one of the

i mportant properties determining which plants can thrive , or , in fact ,

survive . The first characteristic wh i ch was measured was the salt con-

centration . These data indicate the salinity characteristic of the soil

on which the various marsh plants grow. These numbers do not , howeve r ,

reflect the salinity to which the plants are exposed since the moisture

content of the soil wil l  cause the interstitial water salinity to vary

w i del y. Gallagher and Da i ber (1974) reported interstitial water sali-

nities in a s€.l t pan ranged from 34%~ in the spring to 89%~ in the summe r

Although the salinity on a dry weight basis does not indicate the con-

dition under which the plants might be growing at any given time , it is

a relatively conservative property which , when coupled with the moisture

content , will indicate the stress under which the plant will be placed.

The three types of dred ged material from Georg ia were widely different

in  s a l i n i ty , and he nce the k i n d s  of plants they mi ght support would

depend on the moisture reg ime under which they might be placed

and the degree to wh i ch they were leached by rainfall or low

salinity tida l water. In order to determine how readily the salt

cou l d be removed , the soil was leached with increments of fresh water

until no more salts could be removed . This leaching vo l ume was

divided by the salinity to give a desalination index. The higher the
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Table 8

Salinit y Charac teristics of Soil Horizons

from Severa l Stands of Marsh Plants

Salt
Leaching Desa li—

Concen- Vo l ume nation
Depth tration (ml) I ndex

Species (cj~L (%~) (LV) (Dl)

G E O R G I A

Borrichia frutescens 0—14 17 720 142
14-28 8 720 90
28-614 11 4-80 /44
614— 1 25 12 2~+O 20

Distic hl is spicata 0—37 32 1200 38
37-1 00 18 880 149

1 00—135+ 13 560 143

Salico rnia vir ginica 0—7 16 320 20
7—32 21 2140 ii
32—80 19 2140 13
80-125 19 880 146

Spartina cynosuroides 5-20 6 2140 11.0
20-52 14 160 140
52-85 6 ‘+80 80

Spartina patens 0—25 12 160 13
- - - - — 25~147 8 2140 30

1+7-130 8 21+0 30
130+ 6 2140

Sporobolus virginicus 0—3 7 160 23
3— 13 9 2140 27
l3— 3~+ 7 160 23
314-1 50+ 6 160 27

Dr edged material silt & clay 1148 2320 16
sand 1 20 20

sand & clay 9 160 18

(Continued)

LV = vo l ume (ml ) of fresh water necessary to remcve leachable
s a l t s f r om 1 00 grams of s o i l

DI = leachin g volume (LV)/soil salinity (%~).
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Table 8 (Continued)

_______________ 
Salt

Leach ng Desa l i—
Concen— Volume nation

Depth tration (ml) I ndex
Species (cm ) (%~) (LV) (Dl)

DELAWARE

Distich l is spicata 19—29 1 1 480 L~4

29-1+5 9 1+00 44

Juncus gera rd i 0-20 5 1400 80
20-30 8 320 1+0
30-50 6 240 1+0
50-80 4 l6C 40

Ph ragm i tes communis 0—25 0 0
25—75 2 160 80
75+ 4 2140 60

Salicornia virginica 0—8 13 560 43
8-53 6 2140 40

53-70 6 240 40

Spartina patens 15—35 22 1120 51
35-65 20 960 48
65-100+ 5 560 112

M A I N E

Carex paleacea 0-23 46 2240
23-146 21 960 Li.6
46-71 14 6140 Li.6
71-97 9 880 98

Juncus gerardi 0-3 20 960 1+8
3—8 16 720 145
15—25 3 240 80
25—30 8 320 40
30-1+3 3 240 80
43-89 4 320 80
89-1 14 4 320 80

(Continued)
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Tabl e 8 (Concluded)

Salt
Leaching Desa li—

Concen- Vo l ume nation
Depth tration (ml) I ndex

Species (cml (%~) (LV) ( D I )

M A I N E , continued

Spartina alternif lora 0—13 67 2080 31
creekbank 13-28 39 1120 29

28~1+1 1 1 1480 44
41-91 0 0 0

Spa rtina alternif lora 15—25 11+ 6140 1+6
hi gh marsh 25—61 16 800 50

61-914 18 800 44

Spartina patens 0—8 57 2720 48
8—15 61 1920 31
15-28 40 2320 48
28-61 25 1 01+0 1+2
61-102 25 1200 48

S
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index the more difficult the salt was to remove. In the case of the

three types of dredged material , although the salinity was greatl y dif-

ferent and leaching volume (LV) varied by 2 orders of magnitude , the

ease with which each unit of salinity was removed was similar. In con-

trast , in the B. frutescens the desalination index (DI) for the 4—28 cm

horizon was 4.5 times that for the 64-125 cm zone.

The pH cha racteristics (Tables 9, 10 , 11 ) of the freeze-dried

soils are exp ressed as pHW for the samples mixed with water and pHB

for those measured in buffer. When these are combined with pH in situ ,

the reaction of the material being exposed to oxidation can be assessed.

The drop in pH from the in situ reading to the pH
W 

measurement indi-

cates what would be expected if the substrate were placed hi gher in

the intertida l zone as the result of dredging or if the soils were

drained . While the pHW gives an indication of the intensity of the

acidity, pH
B is an indicator of the quantity of hydron i um ions present.

I n Table 9, for example , the pH of the 64—125 cm horizon in B. frutes-

cens has a pHW of 4.1 ind i cating a low pH probably caused by oxidation

of su l f i d es. The pH B i s 7.5, only half a unit below the ori g ina l

buffer pH of 8.0 indicating the acid buffering capacity is  not great .

Th is contrasts with the situation in the 0-37 cm horizon of D. spicata

W B . .
(Table 9) where the pH was 5.0 and the pH dropped to 6.4 ind i cating

a high lime requirement to neutralize the oxidation effects.
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Chemical Properties

Ext ractab l e  Ca was hi gher than Mg. This is similar to the situa-

tion found by Coultas and Calhoun (1976) in soils in north Florida .

Extractable NH,+ 
was almost always severa l times to an order of magni-

tude more abundant than NO
3 

refelcting the generall y red uced cond it ion s

in these soils The trend toward more extractable NH~ with increasing

la t i tude was pa r t i c u l a r l y  ev i den t when the Ma i ne so i l s  were compared

to those in Delawa re. In contract , NO
3 

values were app roximatel y the

same at all latitudes. Generall y, total n it rogen dec rea sed wi th dep th ,

but this trend was not ev i dent in severa l of the Georg ia soils. The

correl ati on between total  carbon and total nit rogen was h i g h (r  = 0.9k)

as shown in  F i gure 9. The slope was si g n i f i can t l y d i f fe r ent from 0

and the line can be described by the equation V = 13.16X = 0.6k.
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PART I V :  RESPONSE OF SALT MARSH PLANT STANDS
TO A PULSE OF AMMON I UM NITRATE

Int roduct ion

Many agr icultural and natura l ecosystems have been shown to be

li mited in productivity by available nitrogen . Va liela and Teal

(197k) measured an increase in plant growth in a Massachusetts ~~~~~j —

tina marsh with the addition of nitrogen . Sullivan and Daiber (197k)

found a similar response in a Delawa re short form Spartina altern i-

flora marsh. B roome et al (1973) obtained a similar enhancement in

short form S. alterniflora growth in North Carolina. Nea r the

southern end of the Atlantic coast where S. alternif lora dominates

the inte rt idal wet l ands , Gal lag her (197k) reported a response in the

short fo rm but not in the creekbank S. alternif lora stands nor in an

adjacent Juncus roemerianus ma rsh. Nitrogen availability seems to be

l imiting in some tidal marsh situations and not in others. There is

a need for understanding nutrien t regimes in areas where the less abun-

dan t plant species grow because of the d redged material disposal prob-

lems faced by the U. S. A rmy Corps of Eng i nee rs . The d i sposal of

dred ged material on S. alterniflora marshes will raise the elevation

so that the p lants invading the d redged material or those most lik ely

to be successfu l if p lanted w i l l  be the spec i es wh i ch no rma l l y  occupy

only the upper fringes of the marsh.

The i nvesti gations reported here were designed to answer the

fol lowing qu est ions about the resp o nse of var ious sa l t  marsh spec i es
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along the Atlantic coast from Georgia to Maine to a pu l se of nitrogen

added as NHk
NO 3.

1. Which stands will respond by increasing in chloro phyll con-

centration , nitrogen content , or biomass?

2. Are certain depths of app lication more effective than others

i n affect i ng the pa rameters l i sted i n  the question above?

3. As ind icated by rhodamiri e dye d i s appea rance , wh ich soils have

the greatest water movement and hence the g reatest p o ssibility

of nit rogen leac h i n g ?

Methods

Plots were established in 17 plant stands along the coast from

Georg ia to Maine from November 197k to May 1975. The plot design was

a random i zed block (k rep licates) where the treatments were nitrogen

as N II kNO 3 mixed with rhodam i ne WI dye applied below the surface , at

0—5 cm , 5—10 cm , 1 0—15 cm , and 15-30 cm , plus a control. A solution

of NHkNO
3 
was prepa red such that nitrogen was inj ected at the rate of

200 kg N/ha. Inj ections were made with a 50—mi syringe fitted with a

specially constructed 2—nvi inside diameter needle sea l ed at the end

but wi th two lateral openings 5 m behind the tip. Rhodamine WT dye

was added so that 10 m l was added to each 0.10 m2 plo t. At least

30 individua l inj ections were made in each plot during the injection

of the vol ume of 150 ml of solution .

Af ter a period of growth (Table 12), the aerial por ti ons of the

p lan ts were harvested and the fresh and dry weigh t (at 6O~C)

1~
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Tabl e 12

Date of Establishment and Harvest

for Nitrogen Pulse Experiments

Site Species Estab1ishfr!~fl~ 
Harv est

Geo rg ia Borrichia frutescenS Mar Jun

Di stich ils ~~ ica ta Nov , Jan Jun

Sal i co rn i a v i r ~~~n i c~ Jan May

~p~ rtiii~ 
cynosuro i de~ 

Mar Aug

~partina patens 
Mar Jun

Sporobolus v i rg in iCUs Jan , Mar Jun

Delaware Di st i ch lis ~picata 
Sept~ , Jan Jan , Jun

Juncus ~ erard i Sept*, Jan May , Aug

53~ ico rnia V ir gifliCa Mar Jun

~p~ rtina patens Mar Aug

Maine Juncus g~~ard i May Aug

~parti na alternif lor~ 
May Aug

~ part ina ~~~~ ns May Aug

-
~ 

19714; all other dates 1975.
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determined . Chlorophy ll was extracted in acetone (Strickland and

Pa rsons , 1968), and the concentration of chlorophyll A and B was deter-

mined using the equations of A rnon (19k9). Two cores were taken in

each p lot to a depth of 35 cm with a piston corer. Both were section-

ed 0-5, 5-10 , 10-15, and 13—35 cm. One was washed over a 1 -mm sieve

with seawater and the biomass of the underground macro—organic matte r

(MOM) determined . The second core was sp lit i n  half. One half was

freeze—d ried and ground to pass a 140—mesh sieve. Total nitrogen was

determined on the aerial p lant material , MOM , and the freeze-dried

soil by the Kjeldah l method . Rhodam i ne was extracted from the other

h a l f  of the sp lit core. The core segment was placed in a blender with

200 ml of water and the samp le dispersed for 2 minutes. The vo l ume

was broug ht up to 250 m l. A 1 5—mi aliquot was removed and spun for

5 minutes in a table—top centrifuge. The rhodamine WT concentration

in the supernate was determ i ned by fluo rometry . All statistical

methods are described in Soka l and Rohlf (1969).

Results and Discussion

The results of the rhodamine WT dye studies are shown in Tables

13, 114, 15. These data show that the leachable dye d i d no t move away

from the i nj ec ti on si te rap idl y in any of the soils. Since the dye is

more l ikely to move than the inorganic nitrogen , the authors were re-

assu red that the nitrogen was not leached before it could be absorbed.

Compa rison of the two D. spicata experiments in Georgia (Table 13)

ind icates most of the dye was lost from the one established in November
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and harvested in June while much rema i ned when the dye was injected in

Janua ry. This difference was probab l y p r i ma ri ly a func t ion of the

longer per iod  the dye was exposed to leaching in the plots established

in November.

Tables 16, 17, 18 show the results of nutrient enrichment on the

a e r i a l  biomass  of the p lants stud i ed. The onl y clea r’ enhancemen t in

Georg ia was in Salicornia vir ciinica (c~ = 0.01). In Delaware , J .

gerard i responded p o s i t i v e l y to the nitrogen addition in both experi-

ments (
~ 

= 0.05). The S. vir gi nica enrichment also gave positive re-

su i ts  in Delawa re. None of the enrichment studies in Ma i ne gave posi-

tive results. The lack of response in Maine was not unexpected in

view of the hig h amonium ion l evels measured in the soil (Part ii i ) .

Th us , a long the coas t, b i omass p roduced was l imit ed by the ava i lab le

nitrogen in onl y a few instances. Gallagher (1975) earlier found a

response in hig h marsh a. alternif lora but none in J. roemerianus or

creekbank S. alterniflora.

Some of the plants which had posi t ive b io mass responses and

seve ra l wh i ch d i d no t were tested for  n i t rogen  content to see if  added

nutrient would change the quality of detritus entering the estuarine

food web f rom these p lant stands. Tab le 19 shows the results of these

anal yses. The .J. gerard i in Delawa re which showed a biomass response

to n itrogen a lso exh ib i ted a nitrogen content response. The S. v ir-

gin icus stand in Georg ia did not show a response in biomass , bu t the

nitrogen content of the t reated p lants was 1.7 tha t of the contro l

plan ts.
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Since at harvest time it was noted that the chlorophy l l  con tent

appea red to vary between treatmen ts , the samp les we re anal yzed fo r

chlorop hy ll A and B (Tabl es 20, 21 , 22). In Georgia the B. frutescens

treatments were hi gher than the con t rol , althoug h biomass differences

were not detect ~ .L No other s t a t i s t i c a l  d i f f e rences in chloro phy l l

content were noted althoug h v i sual diffe rences were ev i dent. In

Delawa re, d i ff eren ces i n chlorop hy l l  were stat i s ti c a l l y significant

on l y  i n  the D. spicata treatment and no consistent shifts in the A/B

ratio were noted . As with the other parameters measured in the Ma i ne

expe r i ments , no incre ase i n chloro phyll or shift in A/B ratio was

observed .

Nitrogen may be limiting p roductivity or affecting plant nutrient

q u a l i t y  for  gra zers or the members of the detrital food web. The evi-

dence from these studies is that this may be true in Georgia for S.

vi rginica , S. virg inicus , and B. frutescens but not for the D. spicata ,

S. cynosuroides , or S. patens stands evaluated . Earlier studies indi-

cated a large response in short S. alternif lora , a possible sli ght

response in  creekbank ~~~. alterniflora as ev i denced by a change i n  color

i n i nf r a red  ph otog raphs , and no response in J. roenierianus (Gal lagher ,

1975).

The Delawa re experiments showed evi dence of enhancement in the

J. gerard i, S. virgin ica, and D. spicata but none in the stands of P.

comunis or S. patens. Earlier ~~rk by Sulliv an and Daiber (197k)

indicated short form S. alternif lora g rowth could be enhanced by add-

ing nitrogen .
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The numbe r of rep licates chosen in these experiments was based

on s im i l ar stud i es conduc ted i n Georg ia on S. alternif lora and J.

roemerianus (Gallagher , 1975). Variability in severa l of the species

in  the st udy reported in this part of the report proved hi gher  than

those studied earlier . If the response of one of the mo re variable

sp :ies (S. alterniflora in Maine , fo r examp le) becomes of imediate

i nteres t, intensive studies should be initiated .
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PART V: SALT MARSH PLANT GROWTH ON THREE TYPES
O F D R E D G E D  MA T E R I A L

Introduction

During the past two decades large acreages of natura l coastal eco-

systems have been destroyed by industrial and recreationa l developm ent.

Recently there have been many in tiatives to either restore perturbated

natural s y s t e m s  or to c r e a t e  new a r e a s  to s u b s t i t u t e  fo r  a r e a s  which

cannot be restored . The U. S. Army Corps of E g ineers has been very

interested in deve l oping techniques to vegetate dred ged material

islands. A problem arises when it is desired to create a marsh on a

specific dred ged material. Soil testing techniques are not yet avail-

able which would enable the prediction of success of each of the severa l

dozen potential species on the various types of dred ged material which

may be found at numerous coasta l environments.

This stud y was desi gned to examine the growth of severa l species

of marsh plants on three widel y different types of dred ged material from

the Georgia coast and to compare seve ra l methods which could serve as

bioassay techniques for testing the ability of various plant species

to grow in specific dredged material situations.

Methods

Three types of dredged material were selected which had diverse

properties. The first was a coarse sandy material from nearly f resh wa te r ;

‘- he- second was a mixture of fine sand , l umps of s ilt , and clay from brackish
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water; and the third was a si l t  and clay mixture from a saline river.

(See Part II I  for a more detailed description of the collection sites

and the materials.) These gave the extremes which are likely to be

encountered in the southeast Atlantic coast.

Greenhouse Experiment

In the first experiment , cy lindrical plastic trash cans 32.5 cm

in diameter and 35.6 cm hi gh we re filled with the dredged material and

p laced in a greenhouse. The greenhouse used was g lass with mechanical

air circulation but without an evaporative cooler or air ccnditio n ing.

The use of whitewash and shades over the glass reduced the inside

li ght approximatel y 5O~’ but reduced internal heating to usuall y less

than 5°C above ambient. This range is well within the conditions ex-

perienced in stands of marsh plants. One set (one each of the three

types of dred ged material) of tubs was left unplanted while others were

p lanted with sprigs of freshl y dug p lant material from nearby marshes

between 214 and 31 Jul y 1971+ (Table 23). Each tub was planted at 1/10 of

the natura l stand denSity . Each combination of p lant and substrate was

established in triplicate. Wells made of 1.27—cm—diameter PVC tubing

were placed vertically to a depth of 10 and 25 cm in each conta i ner.

During the study the water in the wells was tested for pH and salinity.

The containers of plants were watered with fresh water as needed from

above (to wash accumulated salt on the plants back to the soil) to

keep the soil nea r field capacity above the 10-cm depth and saturated

below that. These soil conditions approximated those nea r mean low

water in the natura l marsh.
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Table 23

Plant Species Used in the Greenhouse and

Dike Studies of Substrate Re sponse

G reenhouse Dike study
Species olanted study l ower level uppe r l eve l

None X

Borrichia frutescens X X X

Distichlis spicata X X

Iva frutescens X

Spartina cynosuro i des X

Spartina patens X

Sporobolus virginicus X
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Particle density was determined in August and soil bulk density

p r o f i l e s  were measured in Jul y 197k and in March 1976. Particle densi-

ty was calculated from wei ghts obtained when soil disp l aced water from

a vo l u m e t r i c  flask. Bulk density was obtained by weig hi ng dried cores

of known volume . Soil carbon was dete rmined with a Leco Carbon Deter-

m i n a t o r accord ing  to the method describe d by Ga l l agher , Plumley , and

Perkins (in press). Soils were allowed to dry to the point whe re no

water was standing in the shallow we lls and water infiltration was

measured using a field rainfall simulato r as a water source. The

device was built from a 10—cm section of 12—cm-diameter PVC pipe . A

solid bottom was perforated with 21 gauge hypodermic needles. A simi-

lar size diameter aluminum pipe with a sharp edge was pushed into the

soil so that the outlet pipe was at ground leve L The PVC pipe was

p l aced above the aluminum section and water added to the PVC tube from

a separatory funnel suspended above it. A constant head was mainta ined

in the PVC tube so tha t the drop size and flow rate remained constant

and produced a flow rate of 2.5 cm per pour. Runoff was collected in

a bot t l e p l aced at the outlet pipe . Infiltration was calculated as

the difference between water added and runoff. Samp les of the d red ged

materia l were air— dried and subjected to anal ys i s according  to the

standard methods used by the Plant and Soil Testing Laboratory at the

Un i versity of Georgia. Total nitrogen was determined by Kje ld ahl

analysis .

Stem coun ts were taken f requent l y during the course of the experi-

ment. Chlorophyll content of the S. patens and D. spicata growing on
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the three substrates was determined in Jul y and August 1975 by the

method described by Arnon (1949). Aerial and underground bioma ss were

determined upon termination of the experiment in March 1976.

Field Experiment

A second experiment with the three types of dred ged m a t e r i a l  was

established in the field in March 1975. The purpose of this study was

to more closel y simulate the actual situation whe re a dred ged material

would be placed in the intertidal zone in a marsh.

T r i p l i c a t e  trash containers , like those used in the previous ex-

periment , were filled with each of the three types of dredged material

and buried in an intertidal dredged material pile so that they were inun-

dated by spring tides. Holes were punched in the bottom of the plastic

trash containers in order to allow drainage . Freshly dug spri gs of

D. spicata were planted in each container.

In order to test for the effect of reduced drainage due to the

containers , pits were dug at the same level; the vertica l sides were

lined with pol yethylene ; and trip licate pits were filled with the three

types of dredged material. These pits had approx i mately twice the area

of the trash containers. Half of each pit was planted with D. ~pjc~ta

and the other half with B. frutescens. A second ser ies  of p its we re

si m i l a r l y  dug and filled at a higher elevation which was subject to only

the highest spring tides. Half of each pit was planted with S. vir-

g inicus and half with B. frutescens.

Soil pH was determined ; so i l  bulk density profiles taken; rainfall

infiltration measured ; and in March 1976 the experiment terminated. 

~~~~~~~~~~~~~~ 
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Aerial samples of plants were harvested and dried to a constant weig ht

at 6cf~C. Cores of the soil were taken from each p lot for root biomass

determination and soil ca rbon evaluation . All statistical proc res

used were outlined by Soka l and Rohlf (1969).

Results and Discussion

G reenhouse Study

Stem densit y . In terms of nunbers of live stems per square meter ,

D. spicata reached maximum growth when on silt and clay (Figu res 10,

11 , 12). D spicata was relativel y successfu l on the other two sub-

strates as well. S. patens experienced its most successfu l growth on

sand and clay with relatively good g rowth on sand. B. frutescens,

frutescens, and S. cynosuroides grew only on sand , but not with any

significant success. Since these environmental conditions simulated

the low i n ter ti da l zone , the poor aeration which existed in the fine—

tex tu red s o i l s  was probab l y the cause of the fa i lu re of B. f ru tescens

and !. frutescens to grow well under these conditions. These plants

g row h i gh in the intertidal zone in natura l marshes. Whether the

problem is one of low oxygen directly or the accumulation of toxic

subs tances (I-12S , for example) is pu rely a matter of speculation.

B i omass. Aerial and root biomass data (Table 2k) based on the

March 1976 harvest paralleled the stem density counts. Distichl i s

sp icata achieved its greatest biomass on silt and clay , wh ile S.

patt~ns had the greatest biomass on sand and clay . Borrichia fru-

tescens, I. frutescens, and S. cynosuroides showed live aerial
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biomass only on sand in Ma rch. Even thoug h there were relatively few

l i ve  s tems with a cor responding l y low b iomass , the root b iomass  for

a. cynosuroides in all three substrates appeared to be si gnificant.

Results of analysis of variance (Table 25) showed that no significant

difference occurred in total aerial biomass for any species on the

th ree substrates tested except for the woody plant B frutescens where

the greatest biomass was on the sand and the other two substrates were

lower. There was , however , a si gnificant difference in the biomass

of l i ve ~~~. spicata among the three substrates. A Student—Newman—Keu ls

(SNK) range multiple test indicated the growth w~s best on the silt

and clay while the other two substrates did not differ.

Roo t biom ass d i d not d i f f e r  s ig ni f i can t l y among the three sub-

strates for S. cynosuroides and D. spicata; however, differences did

occu r among ~~~. patens, B. frutescens, and I. frutescens. Root biomass

in S. patens was g reatest in the sand and clay, less on the sand , and

least on the silt and clay . This may be expec ted beca use the na tu ra l

haib tat of S. patens in Georg ia  i s  a h i g h sand y marsh or a low dune

area. The sand—clay substrate had hi gh fertility while still retain—

ing good drainage. Borrichia frutescens, which normally grows at the

upper f r i n g e s of the marsh , prod uced the most root g rowth in the sand

soil. Surpr ising l y, ! frutescens, which also lives on the marsh

f r i n g e, produced a large amount of roots in the silt and clay-dred ged

material.

Chloro phyll. Chloro phyll conten t of D. spicata and S. patens

was significantly h ighe r  on the s i l t and c lay  than on the other two
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substrates (Table 26). This was p robably due to the hig her nitrogen

content of this material. The highest chlorop hyll conten t of p lants

grown on sand was observed in D. spicata. The above two species were

selected for chlorophyll analysis because it was onl y in these two

species that si gni ficant growth occurred on all three substrates.

Bulk density . Bulk densities for substrates with and wi thout

plants appea r in Table 27. A comparison of the bulk density for the

comb i ned values for each substrate at harvest with the initi a l va l ues

shows an increase in bulk density for silt and clay (0.390 to 0.1443),

a decrease in sand (1.503 to 1.414), and a decrease in sand and clay

(1.494 to 1.335). Results of the Studen t ’s t—test showed that the

above diffe rences are signi ficant. All comparisons with significant

t—values are listed in Table 28. Results of pa rticle density deter-

minations are as follows : sand , 2.650 ± 0.200 g/cm
3; silt and clay,

2.693 ± 0.343 g/cm
3; and sand and clay , 2.456 ± 0.060 g/cm

3.

Carbon. The results of the carbon anal yses are listed (Table 29).

A comparison of means utilizing the Student ’s t—test showed the fallow—

ing si gnificant differences: initia l sand and clay hi gher than S.

patens on sand and clay (t 3.500); initial silt and clay hi gher

than D. spicata on silt and clay , 1976 (t = 4.243); S. cynosuroides

on sand and clay, 1976, highe r than con t rol , 1 976, sand and clay (t =

2.460); I. frutescens on sand , 1976, h i gher than contro l sand , 1976

(t = 3.040); and initial sand higher than contro l sand , 1976 (t =

43.412). A l l  other comparison s resulted in t-values which were not

si gn i f i can t . The reason s for some of the appa ren t d i scr epanc ie s i n
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the data are not clear.

Salini ty. Soil water salinity differed significantly in the three

substrates (Table 30). In addition , wa ter ob tained fro m s i l t and clay

and sand showed a decrease in salinity from 1974 to 1975 in both long

and short tubes . The change in the short tube in sand was not , how-

ever , si gnificant (Table 31). Water from sand and clay showed an in-

crease in salinity from 1974 to 1975 (Table 30).

~jj. The results of the pH determination showed , in only two

instances , dif fere nces be tween wa ter fro m lo ng and shor t tubes. In

• 1974, the pH of water from the short tube in si lt and clay was 7.60 as

compared to 744 in the long tube (Table 30). Also in 1974, the pH of

water from the short tube in sand was 7.41 as compared to 7.09 in the

long tube . In comparing the various substrates , p11 of the water ob-

ta i ned from both long and short tubes in sand and clay was si gnificantly

lower than that obtained from long and short tubes in the other two sub-

strates . The t—va l ues are highly significant in all comparisons for

1971 and 1975.

In observing the changes in pH in a g iven substrate from year to

year , the pH of soil water from the long tube in silt and clay was

si gnificantly higher in 1975 as compared to 1974. In sand and clay

there was a significant decrease in soil water pH from 1974 to 1975

in both long and short tubes. No significant changes occurred in soil

water pH from sand between 1974 and 1 975. Signif Icant differences

occ urred be twee n s i l t and c lay and sa nd in bo th lo ng and shor t tubes

for 1974 and 1975.
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Infiltrat ion. The results of the infiltration study were quite

variable. As one would expect, the coarse sand had the hi ghest per-

centage of inf iltration . In only one sand container was an infiltra-

tion va l ue of less than 100% ach ieved (79.1.1%) wh ich led to a mean of

95.6% with a standard deviation of 20.2% for infiltration on sand

(Table 32). Sand and clay , and sil t and clay showed much variation .

The variation of silt and clay can be exp lained in part by the exten-

s iv e g row th of a lgae on the surface of the substrate in some of the

conta iners thus preventing the infiltration of rainfall. On con-

tai ners lacking the al gal mat , percent inf iltration was as hig h as

100%. The varia tion in percent infiltration on sand and clay con-

ta i ne rs can be exp l ained in part by the fact that the surface of the

sand and c lay bec ame extrem ely hard , thus preventing the influx of

sig nificant amounts of water. Even though the results were somewhat

variable , significant diff erences between some of the substrates were

observed (Table 32). Plant growth did not appear to have any effect

on the rate of infiltration on any of the substrates.

In tertidal Field Study

Biomass. The results of the ha rvesti ng of the intertidal field

study are shown in Table 33. Since no significant differences were

seen between the tubs and lower level pi ts , only the pi ts are repre-

sented. Borrichia frutescens did not survive at the lower elevation .

The D. spicata plants surv i ved on all three substrates , but aerial

b i omass was greater (~~ = 0.08) on the sand and clay substrate . Under-

ground biom ass differences were less clea r and the p robability of the
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growth being significantly greater on the sand and clay substrate was

much less (c = 0.30). The root/shoot ratios were 8.62, 7.42, and

24.85 for the sand , sand and clay , and sil t and clay substrates , re-

spectively. Resource allocation to aerial and underground parts was

not different for the two dominantly sandy types of dredged material ,

but more was placed in root and rhizome deve l opment on the heavier

textured material.

I n the upper tidal level , differences between substrates were

much clearer , perhaps because at the l ower leve l the tidal water

moderated the influence of the substrates. Sporobolus virginicus grew

on all three substrates , but the aerial growth was much greater on the

sand and clay mixture (co = 0.01) than on the other two sediments.

Underground b iomass was likew i se much greater on the sand and clay

mixture . Borrichia frutescens did not survive on the sand and pro-

duced about 1 0 t i mes more undergrou nd bio mass on the sand and clay

mixture than on the silt and clay. In March the differences in under-

ground biomass were much more dramatic than those of the aerial por-

tions of the plants.

a!!- The poor growth on the sil t and clay was predic tabl e based

on expected pH changes (Table 34) . In the upper tidal leve l , the sand

had a pH of 6.59, the sand and clay mixture a pH of 5.80, and the sil t

and clay, 3.55. The pH of 7.30 in buffer indicates a fairly large

acid reserve which comb i ned wi th nearly 3~ carbon content usually re-

sul ts in the development of a “cat clay ” prob lem. At the lower tidal

level , all three subs trates had pH va l ues above 7.00. -
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In view of the relativel y poor growth of plants on the sand aId

clay in the greenhouse , the success of the plants in the field study

was at first surprising. When the substrate profiles in the tubs in

the greenhouse were compared with those in the field and with the

p i t s , differences which could account for the diffe rential response

were noticed. In the greenhouse tubs the soils were held near filled

capacity and no natura l rainfall reached the soil. Furthermore , since

water was added frequentl y in small quantities , the substrate did not

dry out and thus did not produce conditions conducive to rapid leach-

ing during the next watering. At the field sites high in the inter-

tidal zone the substrate dried due to evapotranspi ration and condi-

tions were thus idea l for leaching by rainfall. At the end of the

experiment in the greenhouse , the lenses of clay rn~xed in the sand

were intact and nearly the same as when the experiment was initiated .

At the field sites , the silt and clay was leached to the lower part

of the profile. In the greenhouse material there had been relative l y

little degradation of the particulate organic material , but at the

field site it was almost all oxidized . The prob l ems regarding the

cat clay situation which would be affected by vertical placement

in the intertidal zone were considered , but not the soil-forming pro-

cesses of eluviat ion and illuviation working so rapidly to mod i fy the

substrates.

Table 35 shows the percent carbon in the three types of dred ged

material under the various plant and elevation conditions. The varia-

tions within one dredged material were greater than differences between
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plan t spec i es on a sing le d red ged materi al. When compared with the

d redged ma ter ia l kep t i n the g reenhouse , there were no significant

dif fe rences be tween the sand or the s i l t and c lay,  but the sand and

clay was lower in the field study than in the greenhouse.

Need for Field Bioassa y

The appa rent neces sit y to tes t each dred ged ma ter ia l under each

set of environmental condition s prompted the desi gn and test of a

field bioa ssay unit depicted in Fi gure 13. Holes were drilled in the

bottom of the bucket to prov i de drainage. The 0.83-cm hardware cloth

top altered the aerial environment little , but prevented raccoons and

other large animals from destroying experimental p lots. A slot was

cut to allow free access of tidal water , sna i ls , crabs , and o ther

smal l  anim a ls .  Following the per i od of impl antation in the na tur a l

marsh , the bucke ts were removed and transport ed to the labor atory

where app ropriate measurements were made on above—and below—ground

pla nt growth.

Sunina ry

The studies in the greenhouse and field show that at this time

predicting which plants will g row on a par ti cular d red ged material

under a given water salinity and given i ntertidal elevation requires

a local bioassay. With this in mind , a unit was designed wh i ch could

be filled with dredged ma terial  and p lanted wi th sprigs at the lab ,

carried to the f ie ld in a t ruck or boa t, implanted at the site , and

si m i lar l y removed for eval uation after an i ncubation period . This
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Fi gure 13

B ucke t Modified for D redged Mate rial—Plant Interaction Studies
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type of ass ay should be conducted prior to d redging. Based on the

resul ts of the assay, decisions could be made relative to the optimum

elevation in the tidal zone for disposal of the d redged material , and

the plan t species wh i ch would show optima l growth at that elevation .
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PART V I : MARSH PLANT ROOT GROWT H IN NATURAL SOIL AND
DREDGED MATERIAL : A BIOASSAY APPROACH

Introduction

Establishing marshes on dredged material has positive effects on

the dredged material disposa l site and the surrounding area . Aerial

production of plants contributes through the detritus food web to the

surrounding estuary . The root system stabilizes the substrate thus

reducing eros ion, produces car bon sources for microb i al f lora , and

through the interac t ion wi th the subs trate , crea tes so i l environmental

condit ions suitab le for the deve l opment of a typical natura l marsh

fauna . Because of the i mportance of the root systems , it is desira ble

to predict to wha t extent they will develop in various substrates

under various conditions of temperature arid sali nity. A bioassay

chamber was designed in wh i ch to test the root growth of d i fferen t

plants in various types of dredged mat erial under various environmenta l

conditions. The results of the tests are reported in this section .

Methods

Experimental Unit

The bioassay chamber is shown in Fi gure 14. The natural soil

chambers were 13 cm long while those for the experimenta l soil were

10 cm in length . Both were 7.5 cm in diameter. The upper part of the

chamber was used to remove cores of natura l soil w it h the p la nt s in

place from established marshes. The lower portion of the chamber was
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filled w ith the root-free experimental soil , and the two were sealed

togethe r with silicone cement. The entire clea r p lexiglass chamber

was covered with black cloth to retard the growth of al gae. Soil wells

were p l aced to extend into the center of the natural soi l and into the

top and bottom of the experimental soil. Water samp les cou ld thus be

withd rawn from the natura l and experimental soils and various treat-

ments administered to the experimental soi ls  through the tubes extend-

ing to that l ayer. Following an i ncubation period in a growth chamber

under cont rolled temperatu re and ligh t conditions , the bioassay cham-

bers were dismantled and aerial biomass determi ned by harvesting the

aboveg round material , sepa rating it into living and dead tissue , and

drying it at 64f C before wei ghing. The natura l and experimental soil

chambers were separated , and after the underg round macro-organic matter

was washed free of the substrate on a 1—rn sieve , it was dried at 6d1c

and wei ghed Three experiments were performed using these chambers.

Experiment 1

The objective of the first experimen t was to test root growth of

S alternif lora and S. patens (two species to be planted on the Bolivar

Penins ula ma rsh—creation site) to a set of envi ronmental conditions.

The exper i mental design was a comp lete randomi zed block w it h the 7

spec ies , 2 sali n ities , 2 dra inage cond iti ons , 2 tempera ture reg im es ,

and k replications. The natura l cores were coll ected from a Sapelo

Isl and, Geo rgia, marsh and placed over a sandy dredged mater ial col-

lected from Bolivar Peninsula near Galveston , Texas. The two sal ini -’

ti es were l0%~ and 20%~ while the drainage cond itions were saturated
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soil and field capacity .

The above soil condition was mainta i ned by changing the water once

per week in the experimenta l soil . In the saturated treatment the water

leve l was maintained at the top of the experimental chamber. In the drained

treatment , the water leve l was maintained at the bottom of the deepest well.

The win ter and summer temperatures and day length reg imes were

means taken from the meteorolog i ca l data for Galveston . In the winter

the temperature was 16°C duri ng the 12-hr day and 9°C during the 12-hr

night. Summer conditions were 32°C during the 14-hr day and 26°C

during the 10—hr night. Maximum light intensity in the growth cham-

ber was 5000 fc ,~ half of wh i ch was turned on during the hour after

sunrise and off an hour prior to Sunset.

After an incubat ion period from Ill November 1975 until 15 January

1976, the experiment was terminated .

Experiment 2

The objective of this study was to compare root growth of S.

al terniflora and S. patens in natura l soil and in three very diffe rent

types of dredged materi a l from Georg ia. Two temperature regimes were

tested to observe plant responses to seasona l variations. This experi-

ment was desi gned a round a comp le te random ized block usi ng the 2 speci es ,

4 substrates , 2 temperature regimes , and 8 replicates . The four sub-

strates used were the natura l soil from Sapelo Island , sand from

Butterm ilk Sound , sand with l enses of clay from the Darien River , and

sil t and clay from Jekyll Island. Since the tempe rature and li ght

* Multiply footcandles by 10.76391 to obtain l umens per square meter.
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reg imes in Galv es ton , Texas , are s imi lar to those in Geor g ia, the same

condi tions were used as in the previous study . This assay was incu-

bated from 30 Janua ry 1976 until 31 March 1976.

Experi ment 3

This study was designed to si mula te condi t ions wh ich wou ld occur

if the dredged material was deposi ted above the t ida l influe nce or

was deposi ted in a freshwa ter a rea adjacent to the na tural sal ine

environment. The study was done with freshwater plants (Eleocharis

obtusa) using 5 types of dredged material and natura l freshwater pond

mud at the warm temperature regime previously used . The types of dredged

material were Galveston area sand (saline); Georgia sand (brackish) ;

Georgia sand and clay (brackish); Georg ia sil t and clay (saline); and a

James River , Va., sil t and clay (fresh). The substrates were watered

only with fresh water. The incubation period was from l’+ A pril to 15

June 1976.

Experiment 4

As a result of the response of S. alternif lora and S. patens root

g rowth to tempera tu re in experiments 1 and 2 , experiment 4 was desi gned.

The objective was to determine if the root growth was due to root tem-

pera tures alone, shoot temperatures alone , or a who l e plant response.

This study was conducted using chambers wh i ch allowed the roots of S.

al terniflora. Spartina bakeri , and S. patens to be maintained at a tem-

perature different than the shoots. Each test unit consisted of a

core of natura l plant stand 6.8 cm in diameter and 15 cm In length
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p l aced in the center of a squa re plastic tub 20 cm on a side with the

space around the core filled wi th root—free soil from the natura l

plant stand . The water table in the ~~~. alterniflora tub s was kept

5 cm below the surface while that for S. patens was held at 10 cm.

The soil in the S. bakeri test units was kept moist but no free water

table was maintained . These conditions app rox i mated the natural field

cond itions.

Eig ht test units were prepared for each species. Four of each

were p laced in a randomized block design in a growth chambe r whe re

environmental conditions were those used to simulate summer in the

earlier studies. In a second chamber , i dentica l tubs and enviro nmen-

tal conditions were established except that the soil temperature was

held at I~’C by a refrigerated water bath . After the growth period

of 12 weeks the ori gi na l cores we re removed from the center of the

tubs and the new growth in the surrounding soil , both aerial and

underg round , was harvested . Roots and rh i zomes were separated and

all parts dried at 6d’C .

Res u lts and Dis cussion

Experiment 1

No significant differences were observed in the root growth of ~~~.

al terniflora under summer and winte r conditions (Table 36). In con-

trast , root growth of S. patens was significantl y hi gher under winter

conditions. These data ind i cate that when S. patens is used for
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marsh-creation projects in the southeast , fall is the optimum planting

time . The growth pattern of S. patens appears to favor resource alloca-

tion to the roots and thus increases subs t ra te s tab i l i za ti on .

Experiment 2

Root g rowth in natu ral soi ls of S. pa tens was grea ter under wi nter

condi tions while S. alterniflora exhibited greater growth under summe r

conditions (Table 36). Plant growth on the three types of dredged

material did not differ significantly from each other but was much

lower than in the na tura l so i l.

Experiment 3

The results of the experiment with the five types of dredged mate-

ri al and the freshwater pond mud are shown in Table 37. Root growth fell

int D the following three groups: 1) greatest on Georgia sand ; 2) inter-

mediate on pond mud and James River mud ; and 3) least on Galveston

sand , silt and clay, and sand and silt. The relatively greater

growth on Georg ia sand can be exp lained by the initial low s a l i n i t y

of the substrate (1~~ ) and the fact tha t the salts were easil y leached.

The rela tively l ower growth in the two freshwater muds may have been

caused by high sulfide concentrations in the substrates. Although

su l f ide concent ra t ions we re not meas u red , it was appa rent by the odor

of the substrate that free sulfides were present. The sulfides in the

freshwater muds may have been toxic to root growth. The reduced root

growth obtaine d in Galveston sand , si l t and c lay , and sand and s i lt

was ca used by the hi gher sal t content of these s ubs t ra tes.
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Tabl e 36
Underground Biomass (mg) of Plants G rown in Bioassay Units

with Several Substrate and Temperature Regimes

S. alterniflo r- a S. patens
Treatment Summe r Winte r Summer Winte r

Experiment 1

Galveston sand

1O%~ x

saturated 130 99 28 161+ 139
drained 148 106 73 21+8 141+

20%~

saturated 158 146 7 238 137
dra ined 67 161+ 30 272 133

126 129 34 230

Expe riment 2

natura l soi l 630 50 100 620

silt and clay NT NT 80

sand 80 NT NT 90

sand and clay 50 NT NT 70

NT — not tested~
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Tabl e 37
Underground Biomass of Eleocharis obtusa G rown in Bioassa y

Units wi th Various Substrates in the Test Chambers

Experimental Biomass
Substrate (mg)

Rrnd mud 1~-44

James Rive r mud 138

Georgia sand 392

Galveston sand 57

Silt and clay 60

Sand and clay 78
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Experiment 4

The results of this experiment are shown in Table 38. The two-

way analysis of variance (ANOVA) revealed a si gnificant temperature

species interaction . Hence a series of one-way ANOVA tests were per-

formed. Root growth in the warm soil was greater in all species

(cx = 0.1 , S. alterniflora; a = 0.02, S. bakeri ; cx = 0.05, S. patens) .

Rh i zome growth in S. bakeri was greater than the other two species at

the warm temperature (cx = 0.07). Total underground production was

higher for all species at the hi gher soil temperature (cx = 0.10 , S.

alterniflora ; cx = 001 , S. baker i; cx = 0.05, S patens) .

Aerial biomass associated with the origina l core and initially root-

free soil outside the core area is shown in Table 39 The response of

the three species was similar. The warm treatment resulted in si gnif-

icantl y greater biomass (cx = 0.01) for all three species. The for

S. al terniflora , S. bakeri , and S. patens was 2.00, 1.90, and 2.54,

respectively. in the case of the root systems , all three species showed

a positive response to warm tempe rature with the response of S. bakeri

and S. patens being much greater than that of S. alterniflora (Figure 15

and Tabl e 38). The data from this experiment ind i cate the diffe rences

in root growth seen in the earlier experiments were the results of the

effect of temperature on the shoots or the combination of shoots and the

root system rather than just the direct effect on the roots.

A two-way ANOVA showed no significant interaction , thus the three

species behaved the same to the temperature differential. The effect

* = factor by which respiration changes for every 10°C change in
temperature.
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Table 38
Root and Rh i zome G rowth (mg dry weight ) of Three Species

of Spart ina G rown Under Two Temperature Reg imes

Warm Cool
Species Roots Rhizomes Total Roots Rh i zomes Tota l

S. alterniflora 1430 1+00 1830 890 140 1030

S. bakeri 9880 1480 11350 4250 620 4870

S. patens 2480 110 2590 990 200 1190
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Table 39
Aerial Biomass (mg dry weight ) of Th ree Species of Spartina

G rown Under Two Temperature Reg i mes

War m Cool
Species In core Out of core In core Out of core

S. alterni flora 6950 0 3910 0

S. bakeri 17180 1510 1 0040 0

S. patens 9440 130 1+340 0
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Fig ure 15

Response of Roots out of Core and Shoots in Core to Temperature

Exp res sed as % D i ffe rence in Tota l Biomass
When G rown in the Wa rmer Environment
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of cool root temperatures may have reduced shoot growth in a number

of ways. Net CO2 assimilation by a variety of plants has been shown

to be regulated by root temperature (Brouwer , 1963). The shape of the

response curves in many studies indicates the root temperature is

limiting only at the extremes. It is not likely that the temperatures

used in the experiment (19 and 27°C) were at the extremes for these

Spartina species. Othe r possible effects of tempe rature could have

been on water or nutrient absorption and movement (Takeshima , 1964).

The temperature differential may also have affected the allocation of

photosynthate.

Summa ry

In a test wi th a freshwater plant (Eleocharis obtusa) and five

dredged material types , root growth was greatest in a sandy dred ged

material of low salinity. Approx i mately 1/3 as much growth occurred

in two freshwater muds. Growth in a saline sand , a saline silty clay ,

and a brackish mixture of sand and clay produced only 1/7 the growth

obtained with low salinity sand.

S. patens root growth was increased when the whole plant was

grown under cooler rather than warmer environmental conditions. S.

patens and S. al tern i f lora root grow th did not differ under dra ined or

saturated conditions when a sand substrate was used . Equal growth was

obtained with either 10 or 2O%~ salinity . Growth in natura l soil was

6—12 times greater than In the various types of dredged material tested .

Whe n the soil tempera tu re a lone was reduced , three species of Spartina

(S. al terniflora , S. bakerl, and S. patens) all showed reduced
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aer ial and underground growth. This indicates that the increased

root growth at low temperatu res see n i n two ear l ier exper i ments

where whole pl an ts were stu di ed was ei ther a who le p la nt effect or

an effect on the shoots alone , not s i mply a dir ect effect on the

root systems.
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PART V I I : CONCLUSIONS AND RECOMMENDATIONS

A study was made of the dynam i cs of the unde rg round portion of

some sal t marsh p l ants along the western coast of the Atlantic Ocean .

The soils supporting those plants were characterized and experiments

were conduc ted on the subs t rate sel ecti ve proper ties of the p l ants.

Conclusions resulting from the study are as follows:

1 . Three types of unde rground macro—organic matter profiles

were found for the series of plants and sites studied .

a. Type 1 , unifo rm with depth (Creekbank ~~~. alternif lora—GA ;

C reekbank S. al terniflora—ME).

b. Type 2, decreases with depth (B. frutescens-GA ; D. spicata-

GA ; J. gerard i-DL ,ME; J. roemerianus—GA ; S. vir ginica—GA ,

DL; S. cynosuroides—GA ; Hig h ma rsh S. alternif lora—GA;

S. patens—GA ,DL ,ME; S. v irginicus—GA) .

c. Type 3, at fi rs t i ncreas i ng wi th depth and then decreas ing

as with Type 2 (
~
. spicata-DL; P. cornunis; C reekbank S.

al terni flora—ME) .

2. Annua l increments were calculated as a minimum estimate of

production .

a. Underg round produc t ion usuall y equalled or exceeded re-

ported aeri a l productiv ity estimates.

b. In the case of S. patens, S. vi rginica , and D. spicata,

underg round production increased with latitude .

c. The annual increment for S. vi rgini ca and D. spicata was
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greater in Delawa re than Georg ia , but the turnover time s

were similar.

d. The mean production for the 18 stands samp l ed was 651+

g/m
2 
(range 1686—80) whi le the mean turnove r time was

57 months (range 224-18.1+).

3. The macro nutrient content (N, P. K) of the MOM decreased

wi th depth. Since no similar pattern was observed wi th ca r-

bon, the C:N ratio decreased wi th depth. This deeper mate-

r i al probably decays very slowly because of its composition

and the anaerobic environmen t under which it grows.

4. Most of the marsh soils stud i ed could be categorized as

Sulfaquests. The chemical and phys i cal cha rac teris t ics

desc ribed will extend the small data base available on marsh

so i ls in Georg ia, Delaw a re , and Maine .

5. Water movement th rough 13 marsh soils in Georgia , Delawa re,

and Maine appears to be rather slow in view of the long re-

tention of extractable rhodamine WI when a pulse of dye was

injected into the soil.

6. A var iety of responses to a nitrogen pulse were observed.

a. A pos itive response in biomass was obtained with ~~ .

virginica and hig h marsh S. alte rniflora in Georgia ,

as well as J. cierard i and S. virg inica in Delawa re.

b. Al though S. virg inicus in Georg ia d i d not respond wi th

an increase in biomass , the nitrogen content increased .

An increase in chlorophyll was noted in B. frutescens

12 1+
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in Georg ia and ~~. sp icata in De l awa re. No response s to

nitrogen were detected in the Maine samp les.

7. Severa l methods of assessing marsh pl ant g row th on dredged

material were evaluated . They varied from a method

used i n g rowth chambers to one used on—s i te in the field.

The g rowth chamber method proved especially useful i n testing

one o r two var i ables on roo t g row th i n a d redged material.

An intermedia te method designed for g reenhouse use appeared

to be least useful since it had the disadvantage of the

artificial nature of the studies out of the field without

the completel y controlled cond itions achieved in the g rowth

chamber. The most useful method for examining the practica l

problems faced in t rying to vegetate dredged material was the

fi eld bioassay. Althoug h the environmental conditions in the

field are not always known , they do represent the combinati on

of factors to wh ich the p l ants will be exposed . Some of the

diffe rences between g rowth chamber , g reenhouse , and f i eld

stud i es were predic ted based on so i l tes ts and pH , but other

factors such as the leaching of clay f rom the top layers by

ra i nfall and percolating tidal water were not. Results such

as these emphasized the need for a bioassay techn ique wh i ch

cou ld be used to test specif ic plant responses to specif ic

d redged mater ial under specific envi ronmental conditions.
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Recommendations as to the use of the material contained in this

report are as fo llows :

I. Info rmation contained in Parts II and il l  characterizes the

natura l marsh root system dynam ics and so i l cond it ions i n

Georg ia , Del aware, and Mai ne. This information can be used

to ai d in determin i ng:

a. wh i ch marsh plan ts w i ll be l ikely to do wel l  on va ri ous

kinds of d redged materia l , and

b. when natura l marsh conditions have been achieved in

marshes deve loped on d redged mate r ial .

2. It is suggested that , as more data are collec ted on d redged

materia l considered potential soil for g rowing marsh plants ,

the genera l methods of so i l ana lys i s descr i bed in th i s repo rt

be used. In this way a large set of data can be accumulated

wh ich wi ll allow marsh ecologi sts to do the same kinds of

corre lations between soi l tes ts and plant growth that agri-

cu ltural resea rchers have done for years. In the so i ls

exam ined , the most useful comb inations of parameters in pre-

dicting marsh p lant success were :

a. soil texture,

b. pH properties (pH in s i tu , pH in water , and pH in buffe r),

c. sa l ini ty ( in  s i tu , leachable , desa lination index) ,

d. tota l nitrogen (wh ich can be obtained by correlation wi th

carbon) -
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3. In the future , accurate p rediction of plant performance may

be made based on knowledge about a ll plant requirements and

d redged material behavior under a variety of environmental

cond itions. A f ie ld bioassay prior to dredging is strong l y

recomended to aid in predicting the outcome of p lant i ng

spec i f ic marsh plants on a spec i f i c d redged ma ter ial  under

a specific set of envi ronmental conditions.
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Table Ala

Underground B ociass Expressed ir. g/m2 for Depth Zones

in Sta~ ds of Marsh Plants in Delaware

June . 1974- July and August . 19714

Depth i CV Depth cv
Species _{~n) — 

(cm) — —
D istlc h l is 0—5 1825 27.4 (~—5 2490 14.8
sp icata 5—lU 2712 16.4 5—10 2880 6.5

10—15 2278 21.8 10—1 5 2527 54,5
15—20 1023 11.9 15—20 9146 61.3
20—35 1014 51.2 20—35 11614 1+0,7

Juncus 0-5 3498 55.6 0—5 2784 11.0
~~~ard l 5—10 801 36.3 5—10 1177 18.0

10-15 466 19.0 10—15 869 53,2
15—35 2278 68.1 15—35 3401+ 38.8
35—55 16148 79.2 35-55 222 30.1

Phracpiites 0-5 691 81.2 0—5 174 58.6 ~~
- 

-

-

ccrvnunis 5—10 1053 16.7 5—10 369 57.0
it~,etween) 10—15 1313 80.5 10—15 1064 23.7

15-20 11+38 137.0 15—20 521 60.9
20-35 1845 89.4 20-35 899 27.6
35-55 31+83 1 .1 35-55 31+6 36.0
55—75 33214 305.2 55-75 181 57.2

fkr~~iii tes 0-5 838 38.6 0—5 958 72.7
coer~uni s 5—10 8144 52.9 5—30 928 52.2
*(over) 10—1 5 792 80.5 10—35 31404 77.5 . - ,

1 5—20 867 50.6 l5—~.O 1048 78.2
20—35 1223 30.6 20—35 1320 69.3 . -

35-55 867 33.0 35—55 573 55.4
55—75 -1358 130.0 55—75 2~8 24.9

Salicornia 0—5 1571 114.6 0—5 1653 17.6
vir g in i ca 5-10 721+ 58.8 5-10 L+O~ 32.6

3 0-35 367 22.14 10—1 5 168 1+2.2
15—35 380 31.3 l~ —35 231 32.1

-Over-plant cores were taken wIth a stem centered in the core and
between-plant cores without stems In the core.

X — Mean; CV a Coefficient of Variation.
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Table A 1b

Underqround Biomass Expressed in g/m2 for Depth Zones

in Stands of Marsh Plants in De~ aware

September. 1974 Novefther. 1974

Depth X CV Depth X CV
Species (cm) — — Species (cm) 

— —

Phraqmites 0—5 475 C2.6 ~~stic h1 is 0-5 1750 29.2
communis 5-10 469 50.3 spic..ta 5—30 2520 34.0
*(between) 10-15 928 80.3 30-35 890 41.4

35—20 935 63.8 15—20 537 ‘+1.0
20—35 1886 36.2 20—35 528 31.6
35—55 876 70.9
55—75 559 117.5

Phraqmites 0—5 709 27.2 Juncus - 0—5 21+29 12.4
cooriunis 5—lU 980 7.1 gera rd i 5-30 928 37.1
‘(over) 10-15 3601 5.4 ** 10-35 686 36.6

15—20 9)2 44.7 15—35 1472 9.6
20—35 2053 7.3 35—55 537 16.0
35—55 1388 109.9
55-75 980 309.4

Salicornla 0—5 1831+ 9.2 0—5 1616 8.8
vir~i ini ca 5—30 598 36.9 5— 3 0 539 34.0

10 .5 308 36.6 10-15 32) 13.5
15-35 358 36.7 35—35 272 1+2.9

$partina 0—5 2028 33.2 0— .. 2327 15.6
patens 5—30 715 314.7 5—1 0 3277 1+2.5

3 0—35 31+0 41.1 30—1 5 285 44.4
15—35 457 45.1 35—35 353 31.6

~Ove r—p Iant cores were taken wi th a stem centered in the core and
between—plant cores wi thout stems In the core.

*~Cores taken f rom other than ori ginal stand for comparat ive purposes. f ; .
X — Mean ; CV • Coefficient of Var iat ion.
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Table A Ic

Under~round Bioma ss Expressed in ~j/m
2 

for Depth Zones

in Stands of Marsh Plants in Delaware

Depth X CV
- _1~~ -- --

Spec ies Janua~~ , 1975

Juncus 0—5 2551+ 27.0
gerardi 5— 10 661 35.1

10— 15 412 29.9
15—35 833 61.2

- 
35—55 326 25.4

Sallcorn ia 0—5 - 3 739 10.1
vlr~inica 5-10 481+ 17.3

10— 1 5 226 15.8
35—35 326 31.2

Spart ina 0-5 2087 45.0
patens 5-10 675 40.1+

30—3 5 217 39.14
15—3 5 2 37 24.0 -

Ma rch_. 1975

Spartlria 0-5 3888 16.8
patens 5— 3 0 1236 139.3

- 3 0—1 5 376 56.0
15—35 251+ 47.9

May~ 1975

Spartina 0—5 2)33 33.2
patet-t s 5—10 613 24.3

- 10— 3 5 34-0 63.5 j . ~15—35 1+26 36.3 
. t-~- -

X Mean ; CV • Coefficien t of Variation .
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Table A2a

Underground Bioniass Expre~.sed in ct/rn
2 

for Depth Zones

in Stands of Marsh Plants in Georgia -‘

June, 39713 - July and August , 1974

Depth X CV Depth X CV
SpecIes (cm) (cm)

Borrlchia 0—5 217 77.1 0—5 412 45.;
frutescens 5— 10 525 90.3 5-10 620 4-8.9

10— 15 177 121.4 10—1 5 327 76.1.
15-35 45 61.0 15—35 93 4 . 2

Dist ich I is 0— 5 1757 31.7 0—5 2361. 1+3.4
~~~cata 5—10 611 102.4 5—10 738 23.5

- 30-1 5 122 55.0 10—1 5 251+ 1+4.8
35-35 566 85.4 15—35 1489 67.0

Sallco rnia 0—5 367 26.1+ 0—5 308 80.7
vir~Jnica 5-10 430 66.2 5-10 31.1. 70.8

30— 3 5 33 8  53.3 10-15 118 73.6
15—35 136 76.3 15—35 118 65.8

Spart lna 0—5 11.3 79.8 0-5 559 75.8
c~nosuroides 5—10 143 79.8 5—1 0 152 56.4
*(between) 30-15 90 25.0 30-15 181 43.2

15—35 974 39.1 15—35 1992 69.2
35—55 980 26.8 35—55 1048 65.1

S’~dr t1na C,—5 1+98 65.5 0—5 1773 46.6
c-’nosuroides 5— 30 844 62.1 5—10 2099 53.1
~~ver) 10—15 1 303 104.9 10—15 2536 58.5

15-35 2959 71.7 35-35 1795 148.9
35—5 5 2076 40.5 35— 55 1336 72.0

Spartina 0—5 774 45.2 0—5 919 57.7
patens 5—1 0 294 48.6 5—30 312 ‘+7.1

10—15 195 34.5 30—15 31+5 13.9
15-35 21+4 4o.o 15—35 240 29.7 - -

f~pç robo1us 0- 5 521 105.6 0—5 51.3 54.6
virajnjcus 5-10 138 25.0 5—10 177 89.5

10—15 318 85.4 10-15 72 34.4
- 35-35 389 65.8 15-35 208 84 .7

0ver— plant core s were taken wi th a st~m~centered In the core and
between-p lant cores without stems in the core.

X — Mean; CV • Coefficient of Var i ation .
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Table A2b
Underground Biomass Expressed in g/m2 for Depth Zones

in Stands of Marsh Plants in Georgia

September. 1974 November. 1974
Depth V CV Depth V CV

Species (cm) — — 3~ecies (cm) — —
Borr ichia 0—5 278 139.0 Ois tich li s 0—5 3766 31.0
frutescens 5— 10 1714 27.0 spkcata 5—ID 543 63.7
** 10— 15 320 125.7 30—35 317 86.9

15—35 68 88.0 35—35 1012 53.0

Dis tic hl is 0—5 582 37.4 0—5 731 76.9
~picata 5—10 3)7 51.5 5—10 2)0 53.0
** 10— 15 165 39.6 10—15 204 306.0

15—35 378 39.0 15—35 333 23.9
Spartina 0—5 31 3 20.0 Di st ic hli s 0—5 754 16.6
cynosuroides 5—10 376 158.2 spicata 5—10 136 60.0

10—3 5 505 110.2 10— 15 61 21.5
15—35 - 770 16.4 15—35 582 

- 34.9
35—55 - 2973 60.6

Sal icornia 0—5 1+08 57.7
virg i nica 5—10 272 43.3

10— 1 5 158 111.6
1 — 35 129 10.2

~pprti na 0—5 3669 - 36.6
cynosuroide~ 5-10 2226 35.8 Salico rnja 0—5 657 62.9*(over) 10— 15 2355 31 .4 vjj~ inica 5— 3 0 LeO l 32.6

- 15—35 4709 26.2 .
~~~
. 10— 35 165 55.3 .~~~

35—55 6482 - 24.9 15—35 215 67.0

Salicorn ia 0—5 340 37.1
v i r g i n i c a  5—10 23 0.0

10— 15 23 0.0
15—35 16 82.9

-i 5--.

(Continued)

~p-I
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Table A2b (Concluded) -:
September . 3974 November. 3974

Depth V CV Depth V CV
Species (cm) — — species (cm) 

—

Sporobolus 0-5 616 22.7 0—5 64) 32.0
v i r g i n i c ü s  5— 10 294 36.! 5— 3 0 226 34.6

30-1 5 158 66.3 10-15 91 66.0
35—35 638 38.2 - 15—35 61-el 60.8

- Spo robolus 0-5 482 42.6
vi rginicus 5—10 84 56.2

- ** 10—1 5 52 100.4
15—35 226 155.9 

-

- Spp~obo1us 0— 5 378 22.7
vi~ginicus 5—10 45 50.0

10— 1 5 23 0.0
3 5—35 23 0.0

/.

*~‘-Cores taken from other than original stand for comparative purposes.— Mean; CV — Cc,efficient of Varia tion.
4-
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Table A2c
Underground Biomass Expressed in qjm2 for Depth Zones

in Stands of Marsh Plants in Georgia

December . 1971-3 - January , 1975
Depth V CV ‘)epth V CV

Species (cm) 
— _____ Species (cm) 

— _____

Borrlchia 0— 5 131 132.1 0—5 336 76.3
frutescens 5—10 21+0 69.2 5—10 133 69.2

10—1 5 63 30.0 10—1 5 91 143.2
15—35 127 304.6 15—35 329 53.7

Borric hia 0—5 91 90.0
frutescens 5—10 106 24.5

10—15 75 1.6.4
- 15—35 106 117.2

~~jJcornia 0-5 326 35.6 0-5 290 63.6
vl rgini ca 5—30 217 59.2 - 5—10 267 22.0

10—1 5 91 84.8 10—15 122 67.6
15—35 

- 
68 57.7 35—35 122 59.4

Spartina 0—5 152 914.8
- cynocuroictes 5—10 31+6 1fl. 14

*(between) 10—1 5 220 145.9
15—35 1229 139.9
35—55 3570 38.6

Spartina 0—5 446 46.0
cynostiroides 5—10 355 37,3
.(over) 10-15 718 7C .l

15— 35 1895 31.2
35—55 3978 82.7

~~ art ina 0—5 3 080 2’..5
patens 5— 10 21+9 9 .)

10—15 143 24.3
15—35 183 37 .5

Spartina 0—5 181 21.6
patcns 5— 10 120 28.9

1 0—15 52 50.0
15—35 272 25.0 ~ -

Over—ol ant cores we re taken with a stan centered in the core and
between-plant cores without stems in the core. - - - 

-

**Cores taken from dUferent stands for comparative purposes.
X — Mean; CV — Coefficien t of Variation.
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Table A3b -
.

Underground Biomass Expres~,ed in gin’.2 for Depth Zones

In Stands of Marsh Plants in Maine

Depth X CV
Species (cm)

— 
April . 1975

Juncus 0—5 1856 35.0
qerard i 5-10 1277 15.2

10— 3 5 1413 65.6

- Soartina 0-5 1881. 18.6
alterniflora 5—10 220~ 11.9
(creekbank) - 10—15 1681. 15.0

15—35 5452 15.3

Spartina 0—5 992 9.8
a1ternif~ora 5-SO 111 1* 1.9.0
(high marsh) - 10—15 1.66 26.3

35—35 2155 35.6
35—55 1204 78.3

- _______ 0-5 1361 28.9
pat.~ns 5—10 1186 2 3 .4

- 30— 15 1919 6.5

May. 1975

Spart ina 0-5 11+49 20.4
patens 5— 3 0 1182 12.2

10—15 1376 io.~15-35 4098 14.6
- 

- 35 55 2431 32.3

— Mean; CV — Coefficient , of Variation.
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APPENDIX B: M I N E M L  COM POSITION OF UNDERGROUND MACRO—ORGANIC MATTER
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