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PREFACE

This report is a planting guideline for marsh development and bank
stabilization. It is intended to augment information in Chapter 6 of the
Shore Protection Manua l (SPM) (U.S. Army , Corps of Engineers, Coastal
Eng ineering Research Center , 1975).

The report was prepared by Paul L. Knutson , Coastal Ecology Branch,
under the general supervision of R.M. Yancey. Illustrations were prepared
by the author and L. Martin.

Comments on this publication are invited.

Approved for publication in accordance with Public Law 166 , 79th
Congress , approved 31 July 1945, as supplemented by Public Law 172 , 88th
Congress , approved 7 November 19 63 .

OliN U. COUSINS
Colonel , Corps of Eng ineers
Commander and Director
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CONVURSI ON FAC IORS , Ii . S. CtJS’I O~•1ARY TO MLTR 1 C (SI)
UN iTS OF MEAS u REME NT

U .S . customary u n i t s  of measure m ent  Used ~ ii th i s  report can be converted
to mct r i c ( S i )  u n i t s  as f o l i o s :

- _____ S =-~~~~~~~~~ 
-
~~~~~~~~~ 

- 

M u l t i p l y by To ob ta in

inches 25. 4 n i l  l iucte rs
2.54 c’~n t i t ’ i e t c i s

squar e i i t ch es 6 .4 52 square cent i  meters
cubic i f l e h i e S  16.39 cubic  cent m e ters

feet 30.48 cen t ime te r s
0 .30 48 meters

s~t uare feet  0.0929 s quare meters
cu ~ ic feet O.0 2~ 3 cubic meters

ya rds 0 .9144 meters
square y ar d s  0. 836 square meters
cubic  y a r d s  O .7 6i~ cubic meters

m i l e s  1.6093 k i l o~i L t . t - s
squarc m i l e s  259.0 h ec t a res

kno t s  1.8532 E l I  omet er s  i)el’ hour

acres 0 .404 7 h e c t a f ~ s

foot- pounds 1.3558 newl on meters

m i l l i b a r s  1.0197 > iO~~ k i l o g r ams per squ a re ce n t i mete r

ounces 28. 35 grams

pounds 453. 6 gram S
0. 4536 k i l o g r a m s

ton , long 1.0160 metr i c tons

ton , short  0 .907 2 met r i c tons

degrees (ang le) 0 . 1745 r ad i ans

Fah r e n h e i t  degrees 5/9 C~ 1s i us degrees or K e l v i n s 1

1. I O  obt a in Ge ls  i us (C ) t empo rat u IO r e a d i n g s  f r o m h alt r rnhe  i t  (F) re adings ,
use f o r t a i l a  : C (J~/9) (~ —32).
lo Ol)t air EI_ I v i  n ( K )  rea( l  ngs  , r e  f o r m u l a  : K = (5/ t) ) (F — 3 2 )  + 273 . 15.
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l ’ l .ANTINI ;  G U I D E L i N E S  FOR MARS h 1)EVLLOP MEN T AN D BAN K STA B I LIZA T ION

ha

Paul L. Knutson

I . INTRODUCTION

i’his report contains information which supp lements Chapter 6 of the
Shore P r o t e c t i o n  Manua l (SPM ) (U.S. Army , Corps of Eng ineers , Coas tal
Eng inee r i n g  Research Center , 1975) 1 . The obj ecti ve of the report is to
p rovid e  guid e l ines  for the es tab l i shment  of vegetat ion for marsh develop-
ment and bank stal)ili :ation in coastal areas.

11 . SEL E CT iNG PLANTS ANI ) PLANT INI’. METHOD

The appropriate  species and planting method may be determined in the
following manner.

STEP ONE: Select the description from each of the following categories
w h i c h  best describes t he  site to be planted .

GE OG RA P GI CAL AREA

A t l a n t ic  coast
Gul f coast
P a c i f i c  coast (sou thern)

TIDAL ELEVATION

Mean low water  (MLW) to mean t ide level (MTL)
MTL to mean hi gh wate r (M HW)
M1l%% to est imated hi ghe st t ide (E II T)

TiDAL RANGE

0.0 to 3.0 fe et (1.0 meter)
3.0 feet or great er

SA L I N I T Y

O to 20 parts per thousand
21 to 4 0 parts  per thousand
41 to 60 parts per thousand

1U.S .  ARMY , CORPS OF ENGINEERS , COASTAL ENGINEERING RESEARCH CENTER,
Shore Protection A’anua l , 2d ed., Vols .  I , I I , and I I I , Stock No. 008-002-
00077-1 , U . S .  Government P r in t ing  Off ice , Washington , D . C . ,  1975 , 1, 160 pp.
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FETC H LENGTH

0.0 to 1.0 mile (1.6 kilometers)
1.1 to 5.0 miles (8.0 kilometers)
5.1 to 10.0 miles (16.0 kilometers)

SOIL PROPERTIES

Mos t ly cohesive ( s i l t s  and c lays)
Mos t ly granular  (sand)

Tidal elevations and tidal range can be estimated if detailed surveys
are not available. To estimate tidal elevations , consult local tide
tables and make site observations during low water and high water periods.
Make these observations during calm periods when waves are low and there
are no local storm fronts. Use reference stakes to delineate the tidal
zone (ML~ and MF1W). Consider the midpoint between the high and low
stakes to be MTL. .~ l ra~c~ is the vertical difference between high
and low water. Tide tables can be obtained from private distributors
such as sporting goods stores , marinas , and fishing concessions, and from
the U.S. 1~~~i~~t Guard and U.S. Geological Survey.

fic information is not available , salinity can be estimated
us in  - ~wi n g general guidelines . Water begins to taste salty at
ab er thousa nd.  Seawater contains about 33 parts per thousand
s~- general , the  wat er s of bays , sounds , and estuaries wi l l  have
s al in i t i e s  lowe r than seawater because of the influence of freshwater.
Sal i n i t y  w i l l  be less tha n 20 pa r ts per thousand in waters which are close
to t r i b u t a r i e s  or are fa r  from openings to the ocean . Sal ini ty is l ike l y
to be mo r e than  20 par ts p er thousand near ba y mou ths  an d in let  openings .
Salinities greater than 40 parts per thousand are likely to be encountered
only in areas where circulation is poor , evaporation rate is high , rainfall
is low , and temperatures are high. Additional information on local salin-
ity regimes is often available from State departments of natural resources ,
academic institutions , and the National Oceanic and Atmospheric Adminis-
tration (NOAA) .

e c~:a~~: is the horizontal distance over which winds may blow
across open water to create waves. Consider only the longest fetches.

STEP TWO: Turn to the planting decision key (Fig. 1 if site is located
on the Atlantic or gulf coasts; Fi g. 2 if on the Pacific coast). Using
the appropriate planting decision key and the site description compiled
in STEP ONE , begin at the top of the key and move downward following the
appropriate path. The path will terminate in a block which either desi g-
nates suitable plant species and planting methods or indicates the site
is not appropriate for planting. Information on obtaining plant materials
i s  in Appendix A ; a description of each planting method is given in
Appendix B; and maintenance requirements are discussed in Appendix C.

8
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I it
F Elevation I Elevation Elevation
I(MLW to MTq (MTL to MHW) (MHW to EHT)

_ _ _  I
Tidal I I~ Tidal Gulf Atlantic
range range coast coast

(>3Qf t )*j (~ 30f t )

I ____________ 
Soil Soil

Salinity Salinity cohesive) (sandy)
(~ 40 0 / )  (>40 0/ )*

I I _ _  _ _

Fetch Fetch Fetch J Fetch
>IO mi) I(5 . lto  I I ( l . l to  I (O .Oto I

_ _ _ _ _ _  U9T.~J j~~ O~~ J I.Om~J

_ _ _ _  I
I Salinity I Salinity I
~ jO ~~J (‘20

I I
T Elevation I [Elevation
~~LW to MTLI ~~~~ to MH

Smo oth cordgrass 
— 

Gulf coast ( Saltmeadow
Spartin a alternif lora cordqrass cordgrass

Spartina I Spart inaI Seedlingsj spartinae I patens
Smooth cordgrass sprigs ] sprigs

LSeedlings] Sprigs 
~

]
Smooth cordgrass

I Seedlings j Sprigs Seeds

* Do not plant

** Least cost planting method

~ * Least cost but not recommended for dredged mater ia l  disposa l
area

Figure 1. Planting decision key, Atlantic and gulf coasts.
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Elevation I Elevation I Elevation 1
LMLW to MTL)* I (MTL to MHW) J (MHW to EHT)j

Salinity Salinity .~j
(‘~ 40 %o fl (~~40 %o)J

I I 1
Fetch * I Fetch I Fetch I Fetch

(~~lO mi) (5 .1 to ( 1 . 1  to (0.0 to
_ _ _ _ _ _ _  [10.0 mi) L5.0 mj~J 1.0 mi)

[ I 
I

Salinit~l Salinity
(>20 %o) (0.0 to

20 °/~~)

Californi a cordgross
S p a r t i n a  fo h i osa

_ _ _  1
L Plugs J [Seedlings I

California cordgross

_ _  _ _  1
Plugs ~~edlingiJ F Sprig

~1
Californ ia cordgrass

_ _  _ _

Plugsj ~ eedIings J [~prigs 1 I Seeds
* Do not plant
** Least cost planting method
*** Least cost but not recommended Note: Tida l range not a determining

for marsh development on factor on Pacif i c coast
dredged mater ial

Fi gure 2. Planting decision key , Pac if ic coast .
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III. DETERMINING SEED APPLICATION RATE ANI) PLANT SPAC I NG

1. Seed ing .

The recommended application rate for seed is given by:

Seed application rate = Ra x Qs

where Ra is a base application rate of 2 gallons per acre (19 liters
per hectare) of seeds for California cordgrass (Spar t&o : 2 ~os~~) or
1 g a l l o n per acre (9 .5  l i ters  per hectare)  of see ’~ fo r smooth cordgrass
(L:. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ and Qs is the  seed qua l i ty  index for the seed source.
Qs is approximated b y c o l l e c t i n g  and examining seed before harvest .
The total number of spikelets examined divided by the number of full
spikelets (Fi g. 3) is the Qs.

/ -

/ _ /,~!

X 7

Fi gure 3. F u l l  sp ikele t.

Th re sh ing  w i l l  reduce the volume of harves ted  m a t e r i a l  by abou t 50
percent .  Therefore , the vol ume wh ich  must he harves ted  in ant ic ipat ion
of pla n t i n g  i s :

Harvest volume = 2 (Ra x Qs) x A

where A is the area to be planted in acres .

2. Spri gs, Plugs, and Seedlings.

Ihe Table summarizes recommended p l a n t spacing for marsh development
projects (plant cover in three  growing seasons) and for bank s tahil iza-
tion projects (cover in one to two seasons). 

.~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table .  Recommended plant spacing.

Pl~nt  v t e  ~~ 
Sp acing for marsh Sp acing for bank

~ I f ld  r development  ( in)  stabilizaUo_~~~~~~
1

Smo oth cord g rass 36 18
(sp r i gs , seedli ngs )

California cordgrass 36 18
(sprigs , plugs , seedlings)

Gulf coast cordgrass 36 36
(sprigs)

Sal tmeadow cordgrass 18 18
(spri gs)

1Minimuni width for bank stabilization planting is 10 feet.

The number of plan ts (sprigs , plugs , or seedlings) required for a
g iv en project  is determined by:

P l an t s  required = Pa x A

whe re Pa is  p lan ts  per unit  area , based upon spacing requirements
(18- and 36-inch spacing requires 19 ,400 and 4 , 840 plant s per acre ,
res p e c t i v e l y ) .

I V .  L)ETE RM I~ I NG FERT ILIZA T I ON REQU I~ EMENTS

1:ertlli : .ition trea tment is recommended for: (a) all bank stabiliza-
tion projects , (b) situations where rap id plan t cover is desired , and
(c) a l l  sandy p lan t ing areas .

1. Seedi ng .

A p p l y  to surface two parts (by weight) amnioniüxn sulfate or ammoniuni
nitrate to one part treble-superphosphate. Fertilize with 200 pounds
per acre (220 kilograms per hectare) in June and again in July of the
first growing season (a total of 400 pounds).

.2. Spri gs, Plugs, and Seedlings.

Apply to surface two parts (by weight) aminonium sulfate or ammonium
nitrate to one part treble-superphosp hate. Fertilize with 200 pounds
per acre (220 kilograms per hectare) at time of planting and again in
June (a total of 400 pounds) or side dress (work fertilizer into soil
along one side of each plant) (1 ounce per plant), with 8- to 9-month
release fertilizer at time of pla nting. Applic ation rate per un it area
for side dressing is dependent upon spacing requirements (18- and 36-
inch spacing requires 1 ,200 and 300 pounds per acre , respect ively) .

12
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Fertilization and other maintenance requirements are discussed in
Append ix C .

V . ESTIMATING LABOR FOR PLANTING

1. Seeding. Seedimg may be accomplished with about 25 manhours of
effort per acre. This figure includes harvest , storage, dispersal , and
tillage.

2. Sprigs. Sprigs may be excavated , separated , and planted for
approximately 1 manhour per 100 plants. Labor per unit area is depend-
ent upon plant spacing (18- and 36-inch spacing requires 200 and 50
manhours per acre , respectively) .

3. Seedlings. Nursery seedlings will require about S manhours per
100 plants to prepare and plant . Labor requirements are: 18- and 36-
inch spacing requires 1 ,000 and 250 manhours per acre , respectivel y.

4. Plugs. Plugs will require about 10 manhours per 100 plants to
prepare and plant . Labor requirements are: 18- and 36-inch spacing
requires 1 ,850 and 450 manhours per acre , respectively.

VI. S.AJVIPLE DESIGN PROBL EMS

The following examples demonstrate the use of the guidelines pre-
sented.

* * * * * * * * * * * * * * LXA~1PLL PROELLM 1 * * * * * * * * * * * * *

GIVEN: Type of proj ect , marsh development ; geograp hical area , At l an t ic
coast; tidal elevation , MTL to MUW ; salinity, 15 parts per thousand ;
fetch length , 0.0 to 1.0 mile; seed quality index (Qs) = 2.

F I N D : Plant and planting method.

SOLUTION: Refer to Section II and use Figure 1. The path compa tible
with this project terminates in a block indicating that smooth cord-
grass seedlings , spri gs, or seeds are suitable. (Seeds are
desi gnated as the lowest cost method.)

U NO : Seed application rate.

SOLUTION : Refer to Section III.

Seed application rate = Ra x Qs.

Base app lication rate (Ra) for smooth cordgrass is 1 gallon per acre
(9.5 liters per hectare).

Qs is given as 2.

‘3 



— 

Therefore ,

seed application rate = 2 g a l l o n s  p e r  a c r e .

* * * * * * * * * * * * * FXJ~~1PLE PROBL EM 2 * * * * * * * * * * * * * *

GIVEN: Type of project , hank stabilization ; size , 20-foot width and
43S-foot length (0.2 acre); geographical area , Pac i fic coast ; plant
material , California cordgrass sprigs; plant spacing , 18 inches;
fertilizer , top dressing .

FIND : Fertilization required .

SOLUTION: Refer to Section IV.

Application rate for top dressing is 400 pounds per acre .

Total fertilizer required for 0.1 acre is 40 pound s .

FIND : Labor requirements for planting .

SOLUTION: Refer to Section V .

Labor requirement per unit area for sprigs spaced 18 inches apar t i s
200 manhours per acre. Therefore , labor required for this project
(0 .2 acre) is 40 manhours .

‘4
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APPLNI) I.\ A

OBTA IN I N i ;  P L A N T  ~LVII ,R 1 AbS

Few c.~mpanies spec ialize in the sa le  of sal t  marsh p l an t s . inform a-
t i on  conce rn ing  loca l  s u p p l i e r s  nay be obta ined from the Stat e agent of
the U.S. Department of A griculture , Soil Conservation Service located
in Sta te capitals . The foll owing are kno~%n commercial dis tributors of
sa l t marsh p l an t s :

lior t icultura l Systems Inc. San Francisco Ba~’ M a r i n e  Research Cente r
P.O. Box 3 8 Middle Road
Bra den ton , Florida 33306 Lafayette , Cal i f o r n i a  94549

(113) 332-3100
l.iiv iro runenta 1 eoneern Inc .
P.O . Box P
St . M i c h a e l  s , Ma rv land 21 uS
(301) T 4 5 — 9 6 2 0

Complete taxonsOmic descri p t ions  of th e p l a n ts d i scussed  in t h i s  repor t
ma~ be found in IL tchcock (I b7 1 )

~mootIi corugi ass ~ .zo:. 
~~~~~~ a :~ ‘ : )

Ca 1 i Co r n  i a co id ~ r. ~ s (
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.~~~ : ‘
~~z :~ a

Gulf cua~ t coi~ 1 gia~ s ~~ :a ~~: frL ~ a . ~ ‘:

il t :~ 1os cord grass ( :.:~~‘ ~~ . . .

In add i t  ion , 1 i gure .\— 1 provides s i m p l i f i e d  i i  lu s t r a t  ions  of these plants.
C o n f u s i o n  i n  r c c o g i i i  i n g  t h e se  t h r e e  s p e c i e s  is not l i k e l y .  C a l  i f o rn i a
co rd gris s i s  f o u n d  o n l y  on t h e  Pac i f i c  coast : a~nol h cord g ra s s  is common
o n E  on the gu 1 f and \ r  I ant i c c o a s t s :  [ul f c o a st  cord grass  is 1 m u t e d
to t h e  g u l f .  Icher e smoot h cord g r a s s  and Gu l f  coas t  cord grass occur
together , each can b d i  s t  1 ngu  i shi ed  b y t h e i r  c h a r a c t e r i s t i c  h a b i t s .
Smooth co rd gr ass ~ i l l  he found f o r m i n g  n e a r l y  homogcneous s tands  w i t h i n
the m t  ert  idal :on . . GuI C coas t  co rd gras s  , on the other hand , w i l l  be
found in t h e  h i g h i n t er t  i d a l  :nuie  and on c o a s t a l  up lands  growing  in  c l u m p s
or t u f t s i n  a s s o c i a t i o n  s i t h  o the r  p l a n t  v a r i e t i e s .

I I I  C I i L n ( . k , , \ . S . ,  .
‘
~~~~~ . ;oaaa . .’ - :

‘ 
~. ‘ . a~: . . ‘, 2d ed.

2 ‘
~ o is.  , [lover , No ~ York , 1)2 ’ 1

17 ~~~~~~~ -~~~~ ‘ ..‘ —
~~ ‘-,~

--
~~
- 

~
—

. --.— .

i~ EC~DI~G PACE BLA~E..NOT FILMED___________ -. rn—



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

Smooth , Gulf Coast , and Cal i f ornia Cordgrasses

I 
4 ~I

X I / 1 5  /7
( X h / 2  

X 2

Gro~ t h  o ,ibit Seed head St e m o rd leaf

Saitmeadow Cordgrass

X I /20
X l / 3  X 4

Grow th  habi t Seed head Ste m and leaf

Fi gure  A - I .  P l a n t  i d e n t i f i c a t i o n .
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I . Site Pre p a r ation.

L I  ru t u rig a re as  s ho u l d  “ ‘~ loped to 1 on 15 or less  for seedi ru g pro—
e t s . Areas to he 1:’:. ‘ spr p~ , p lugs , and nursery seed i n g s

s na: 10 he s loped a s gr:r~. ~ab le

2 . ~o eol n r ~.

Seed I rIg s rece’:irnended for on i  smoot I. cord gr a ss and C a i i forn i a
c~Lrdg r ;lss . ~1o ’ t i io J ~ for p lant m l these are sim i lar. ‘lir e seeds are read y
t’or ::nr~ ~st as o’ i r’ lv as ~Z ept e: : ih ..r in northern lat itude c and as late as
No ’, ea! e r i n  so: : t  a u .n n r e ;t ~ . S e e d — p r o d u c  i rig stands should be examined
l’ eI’lodtQul I O a r :  nc ap I :r ot l rn ri a t e months. Ithen seed s are  e : r s i l v  d i s l o d ged
Lw gra5 r ~~ he seed :ead h a r v e s t  i rig should beg in. To h a r v e s t  . c l i p
-r n e o J  h o a d  C rt a ,i~I u1t p lan t . . \ f te r  h a r v e s t i n g ,  St ~~i’ o collected r a te r ’i al
2 rs e , ks i n  t i e  I st  o’a::d t ion , t hresh , and store in cold 3~j F a h r e n h e i t
4 0 ( ‘ e l s i u s l . h i ’ . : i’~ i sir w a t e r .  Broadcas t  at low water during late w i n t e r
or sp r i n g  fj ebr:a:  u ’ t lrrc’urg h A p ril in so it he rut I at it udes ( sout Ii of I at itude
32’° N . ) and ~Lareli :r~aug h Mae i n no r t h e rn lat itudes . Cover  seeds w i t h

ito —i r a I t  1 i L c h  o r  l e s s  of  t i i  lage. giandard agricul tux’a l equi pmen t r’.a\’
e used t o  h a m  ‘- t  and  b r o a d c a s t  seed . Gener ally , such equi pme nt re—

qu i r’ e-~ nod i flea or :  t o  a c h i e v e  mob i 1 i t y  in  rair’sir surhs t rat cs.

3 . P l a n t  l a g

.\ spr i gg i n g  t ecl:n i qu e  c a n  he used to plan t a l l  of the 51 cc i e s  d i s —
cnsseu . .\ s~’ r ’ i g  15 1 p a r t  o f  a plant cori si st in g of  at  l o : i s t  one node
Lu o i ru t  of a ~ t t~~ : f r o m  n i t  I ch t lie I cart s ar 1 se) w i t  Ii a t  t a c l i e d  ~- t o a : 5  and
r o o t s .  L o  o b t a i n  ~.p r i gs , di g p l a n t s  Cram o x ~~’t i r ig  ifl i l ’ st i c s  or “rru r ’se r i es ’
o ’ s t a l i l  i s l u e d  for  t h i s  r i r l ose and  se p a r at e  t h e m .  ( L \ t l l  I IO\ . — — t i r i s  act  i v u t v

~ pot e n t  r a l l y  d a u n t i  g i ri g t a o x  st l u g  , r u n t  n r a  1 m a r s l u e ~ . \eo i d d i s r t u p t  i o n
o tt :ii ’ o’:i’~ s u b j e c t t o  o r ’ oS i o n .) Ob t a i n i n g  and ~v l r n : u r : r t  j u g  s p r i g s  i s  r u c i r
m ote effic lent in  S a r to t V s u b s t r a t e s  and i n  v o t i n g  s t :u :d s  wh er e  dense  root
systems hare no t  et  f o r m e d .  sp r i g s  mu s t  ho’ b o p t  rio u s t  nut  i i  p lant l u g
arid L a :  hO hi’uled iii (inisi’ of t h e  p l a n t  cov o ’r ’ t d  w i t h  smi i r t ie nt  h u r t  leao’ e— ~
arid - I eu::5 exposed  I f a r  s e v e r a l  da y s  i i i  an  j u t  ert i da  I ar’ ea . Po not a 1 lou
p lant s t t i  ove r’) e:i t by cove r’ i rig or’ keep i r u g  i n  c 1 u sed c o r u t  a i ner s . ) To
p Ia nt , ope n  a ho Ic  1 t o  0 i n c h e s  in dep t h , insert t h e  sp r i g ,  and f i r m  t h e
sn i  1.  l a r l y  s p r ’ i n g  i s  op t i r u n a l  for  pla ntin g . althou g h moderate success
c a n  c i t  a m e d  i n  o t h e r  s ea sons . A nod i i  ed t o b a c c o  plant en ’ n a r y  be
i s ed  to I n c r e a  SC’ p 1 a n t  i n~’ c f’f i c i  er i c) ’  On s a u n l e  set] i nien t  s

1 . P E u r : t  r u g

P1 rigs ‘‘try ~ so’ I to  p1 ai r t C i  I i I t o r i  i :i o u t  r ’dgn ’ : i  ss . \ :~~ ‘ is  .i r a t
SO I I i t t : :  55 • I ‘ ii 0 i n L ! u e s  ( I n  I 0 1 n c e n t  i ‘ i t t ( ‘ ! ‘  ) i n  ~ i anno ’ t er ti nt] 0 t o  ~
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i n c h e s  ( 1 :~ t o  20 cen t  i ru i e t e r ’ s  . Ocep w h i c h  c o n t a i n s  ro ot s  a r id  i i :ho’i’
of ctefl is . P l u g s  can he ex c a v a t e d  f r o n u  c x i  s t i n g  marshes  and t r ’ a r r s —
p l a n t e d  i n t a c t .  Cot l l ec t  p l u g s  in  c o h e s iv e  s e d i m e n t s  0111) ’ . Ai r intact
root — s o  i 1 s e d i m e n t  mass canno t  be ma i n t a  i ned in  sand> ’ sed i r nen t  s
P l u g s  ma> ’ he planted during iii> ’ se a son  ( e x c e p t  i n  ar e a s  with io ’e f o r ’ m , i —
t ion ) t houg h spr  i r i g  i s p r e f e r a b l e  . Caut  ion a ga i n s t  di s c l I p t  i r i g natu r al
marshes i i  so t r a p  I i t ’s he ro ’

5. P lan t ing  Nursery Seed 1 ings.

Smoot ii cor ’d gr a  s5  and o n  I i  fo rn  i a c o rdg r a s s  rniay l o ’ plan ted using
nur ser ’~ seed 1 ir i gs  rooted in  peat  r o s s  po t s .  Se e d l i n g s  !i:r ~ c a w e l l  —

developed , i n t a c t  r o o t — s o i l  mass  for p l a n t i ng i n  e i t h e r  c o h e s i v e  or
sand y s e d i m e n t s .  Seed 1 ings  have s eve rn  1 a d v a n t a g e s .  N u r s  cry st och can
be (a)  lid ~l j n de f ’i n i  t e lv  i n  t he  o’v en t  of cons t ruc t  ion d e l ay s , ( h )  p l a n t e d
I I I  most aii~’ So ’’i sOfl , t houg h s p r i n g  is p re fe r r ed , and (c) c u l t  i v a t  ed r~ i t h  a

I r r i mu r n in  of  di  s t u r han c e  t O )  cxi  s t i n g  m a r s h e s .  ‘lo pl’ep :rr e n u r s er y  seed 1 i ngs
col lec t  and s to re  seed as d i s c u s s e d  in Sect j our  I I . ~ecds may  he s t o red

~~ to S m o n t h s . bet’:ove seeds f rom s to rage  and s~ : rt t e i ’  over t i t o ’  s u r f a c e
of 3— to 5— i r i c h — i l  i ar i et  ci’ p e t i t  moss po ts  f i l l e d  r~ i t ! ’  sand . A p p l y  : I p l r n r o t x  I —

t e l ) ’  10 seeds per ’ pot , scan f ’  l i ght  lv , i r r i g a t e  w i t h  t ap n ~r t  en ’ , and
a p p l y  1 0 — 1 0 — 1 0  Cent  ii i : e r  at 0. 25  ounce per squa re  foot a f t e r  seeds h a v e
go ’ i ’t : :  i nra ted .

Seedl ings  shou ld  be grown for at l e a s t  3 m o n t h s  b e f o r e  p lan t  i ng
Ma I ntaini sa l  i n i t v  i n  t h e  s o l u t i o n  c o m p a r a b l e  to t h t r t wh i  cli t i l l  be
ericount  ered at t I r e  p 1 t in t  i rug s i t e .  P 1 an t  i rig of t ot  Ii plugs and seed 1 i rigs
is  :10) u t ’  ef f i  ci  ent if ho l o s  are  opened u i th  an au~’ei’
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APP F’N IiI X C

MAINTENANCE OF P LANTED OR SEEDED AREAS

1. Debris Removal.

Debris such as wood , styrofoam , algae , and dislodged submerged plants
accumulate in the high marsh forming a strand line. This material may
smother and damage plantings particularly during the first two growing
seasons. This litter should be removed in both the fall and the spring.

2. Fertilization.

If plant cover and development are inferior to that desired by the
second growing season , fertilize again at rate given in Section IV for
seeded areas.

3. Waterfowl Control.

Canadian and Snow geese are fond of tile tender roots and rhizomes of
marsh plants and may destroy a planted area before establishment . Rop e
fences erected on the seaward edge of planted areas have been used suc-
cessfully to exclude waterfowl during the first few growing seasons.
The fences consist of wood , metal , or plastic pickets strung with 1/8-inch
nylon rope. The ropes are spaced at 6-inch intervals from the sediment
surface to an elevation above MliW .
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