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Earth structures forming a part of
most engineering works are usually
constructed of materials selected pri
marily for their structural properties
and availability. Seldom is much at
tention given to the quality of the soil
with respect to its ability to permit
the establishment and maintenance of

a healthy protective vegetable cover.
During recent years more attention
has been given to the need to pro
vide a control over erosion of all

earth work structures.

Dykes and aboiteaux (dams) built
by the Maritime Marshland Rehabili
tation Administration (MMRA) on
the tidal marshlands, generally can
be protected from erosion by a vege
tative cover of one kind or another.
Exceptions are, dykes exposed to the
open sea where waves actually break
on the dyke face, sections of river
dykes exposed to high velocity flows
and the tops of aboiteaux used as
roads. Special protections consisting
of gravel, rock rip-rap (Figure 1),

Figure I. Typical tidal marshland aboiteau consisting
of a mud fill dam with rock rip rap face built
over a two barrel 5'-0 x 5'-0 sluice fitted with
steel flap gates, which permit fresh water outflow
during low tide periods and close during high
tide preventing salt water inflow past the dyke.

rock groins or timber facing, etc., have
been developed to combat these situ
ations. Another serious erosion prob
lem encountered in the marshland

reclamation program is the necessity
to control streambank erosion, caused
by the twice daily change in direction
of flow in the tidal rivers. The lower
portions of the river banks being
exposed to the erosive force of the
tidal flows at all times will not main
tain vegetative growth of any kind.
A number of methods of control have
been tried, the one proving most
successful being protection at the
toe of the slope by means of rock
embankments.

VEGETATIVE COVER FOR

TIDAL DYKES

The protection of newly built dykes
is a vital matter. New structures of

this type are attacked by tides, rain,
wind, livestock, etc. Early establish
ment of a good growth of grasses
is a necessity, if the dyke is to last
without costly repairs caused by ero
sion.

Dykes are constructed mainly by
draglines and bulldozers. The size of
the dyke is determined by the height
to which the tide rises above the
marsh level with allowances for free

board and settlement.

The soil texture is very uniform
with most soils being classed as silty
clay loams. Other soil characteristics
vary widely, depending on the local
ity and the depth of the borrow pits.

Dykes constructed prior to 1949
were for the most part built by hand,
were of very minimum cross-sections
and had very steep side slopes. The
dykes were built with specially cut
sods, locally called permangs, which
were placed in such a manner that
almost vertical walls resulted. No
maintenance was carried out, and in
most cases none was necessary to main
tain a sod growth. How-ever with
the need for many miles of machine
made dykes to be constructed in a
short period, it was necessary to de
sign economical sections which would
permit the establishment of a pro
tective vegetative cover immediately.

No matter how steep a slope is
constructed, after a period of time
it flattens out, by erosion and sliding,
to a stable slope characteristic of
the soil and environment. During this
process of flattening more money can
be spent from maintenance funds to
repair damage, than would have been
required to originally construct a
stable slope. Many conditions modify
the so-called stable slope. These are,
alternate freezing and thawing, satura
tion by heavy precipitation or snow
melt and the disturbing effect of
maintenance equipment operating up
and down or along the slopes.

Slopes as steep as 2:1 have been
constructed by MMRA and have had
protective vegetative cover success
fully established on them, however,
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maintenance on the sod cover becomes
very difficult and a great deal of dam
age is done at every attempted pass
of maintenance equipment. There is
really no such thing as a permanently
stable slope, since erosion of one kind
or another takes place even under the
healthiest and densest sod cover. Con
sidering all factors it has been deter
mined that a 2:1 slope is too steep
to permit the maintenance of a
healthy sod cover and that on tidal
marshland dykes a 3:1 slope is satis
factory, but very near the minimum
necessary.

Dykes constructed by dragline are
as a rule the most difficult on which

to get growth established. The mater
ial of which they are built is often
a "bluish clay" subsoil from a borrow
pit located outside the dyke, usually
nigh in salt content, and having a low
pH. The depth of the borrow pits
ranges up to five feet. These dykes
are often rough and require extra
preparation, such as grading and
levelling before any seeding can be
done. 1 his type of soil which is rela
tively non-cohesive erodes away easily
under wave action.

Dykes constructed by bulldozers are
the preferred type, since they are built
mainly of top soil, skimmed off only
to a depth of 18" to 24". They are
compacted better, since the tractor
must tramp back and forth over the
dyke. The dyke is usually ready to
cultivate and seed without any extra
grading or levelling. However most
dykes must be built with draglines,
the sod usually being too wet to be
handled with bulldozers.

On newly constructed dykes with
pH below 5.5 and salt content above
3000 ppm growth is hard to estab
lish. The combination of these two
factors results in soils of poor physi
cal nature and plant feeding ability.
The salt does not interfere with the
growth of salt marsh grasses, provid
ing the soil is a topsoil, but the salt
prevents or inhibits the growth of
most cultivated species. Marsh sub
soil will not support growth of any
kind in its original state, but must be
treated in various ways.

To produce and maintain a good
protective grass cover on tidal marsh
land soil, it is necessary to:
(a) Determine the soil texture, pH,

fertility level, etc.



TIDAL PROTECTED

DIVISION I.

(OUTSIDE BERM TO H.T, LEVEL)

SALT CONTENT LOWERS TOWARD

EXTREME HIGH TIDE MARK.

DIVISION 2.

(TO INSIDE BERM)

HIGH TIDE AT SPRING 1 NEAP TIDES
(TWICE A DAY, ONE OR TWO DAYS IN CERTAIN MONTHS)

(b) Select the type of treatment re
quired.

(c) Choose the best species to seed.

(d) Find the most suitable program
of preparing the seed bed, pro
tecting the young growth and
maintaining a good sod.

The basic studies of the properties
of tidal marshland soil as used in
the dykes were done with the co-opera
tion of a number of agencies, chiefly
the Experimental Farm, Nappan, N.S.
and the Chemistry, Soil & Fertilizer
Services, Nova Scotia Department of
Agriculture & Marketing. Soil samples
were taken under a wide variety of
conditions. These were analyzed to
determine the salt content, pH, and
other important properties. It was
soon determined that low pH and
high salt content required gypsum
and lime to improve the physical na
ture and plant feeding ability of the
soil. Usually some fertilizer was re
quired in addition. The next step was
to find the proportions of lime, gyp
sum, and fertilizer required for any
given soil.

Test plots in the field, and pot
tests in the greenhouse were set up.
Out of these tests, the soil was finally
classified in the following order.

Soil Class

(1) Good soil, fairly low (under 3000
ppm) in salt; pH normal or high
er.

(2) High salt soil (over 5000 ppm)
pH 5 to 6:5

(3) High salt soil (over 5000 ppm)
pH 3 to 4.

(4) Blue clay soil very low pH; salt
may be high or low.

Typical Treatment

(1) No special treatment was needed.

(2) Gypsum, 5 to 7 tons per acre
to coagulate the soil, and replace
the sodium ions.

(3) Gypsum, 5 tons per acre, and
3 tons of limestone per acre,
spring and fall, until a good pH
growth level is reached.

(4) Gypsum, 5 tons per acre, and 3
tons of limestone per acre.

Generally speaking it has been
found that a pH above 5.5 and a
salt content below 3000 parts per mil
lion (NaCl) are necessary for good
growth of any of the cultivated grass
species. The salt tolerant grasses can
grow well with a much higher salt

NORMAL HIGH TIDE

MEAN SEA LEVEL PyCCJNELLIA MARITIMA

CULTIVATED GRASSES

I LEGUMES

So

Figure 1. Sketch of saline conditions on a tidal dyke.

content, however the required pH
level is about the same.

On a long slope extending from
near Mean Sea Level to a point well
above the high tide mark, there are
elevations at which the ground is
under the tide for periods varying
from twice a day, to once a month, to
only during exceptionally high tides,
to not at all (see Figure 2). By natural
adaptation there is some type of grass
with suitable salt tolerance growing at
each level on the whole slope.

On a dyke there are two main con
ditions for establishing grass cover.
One is the outside berm up to high
tide level, and the other from high
tide level to the area over the dyke
top and down the inside slope to the
inside berm. It was necessary to find
varieties of grasses to meet both these
conditions.

The many tests, and investigations,
showed the following varieties were
the most effective in preventing ero
sion.

(a) Salt Marsh Grass (Puccinellia
Martima) on the outside berm up
to the high water level.

(b) Tall wheat grass in the transition
zone slightly above and below
high water level.

(c) Cultivated grasses and legumes,
from the tall wheat grass over
the top of the dyke and down the
inside berm.

Puccinellia Maritima is a native salt
marsh grass that is flooded only by
the spring tides of each tide cycle.
The MMRA get their supply of this
seed from former salt marsh that has
been reclaimed from the sea. It is har
vested with a combine during the
first 2 or 3 years after the sea has
been shut out, after which it gradu
ally runs out and is replaced by less
salt tolerant species.
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From the 23 species of seed that
were tried, 10 were selected as the
most promising. Those giving best
results were: Timothy, Red Top,
Common White Clover, Alfalfa, Ca
nadian Blue Grass, Crested Wheat
Grass, Brome, Perennial Rye Grass,
Tall Wheat Grass, and Puccinellia
Maritima. Only two of these. Tall
Wheat Grass and Puccinellia Mari
tima will grow where the soil has a
fairly high salt content. Tall wheat
Grass will grow in a region about
midway between the cultivated grasses
and the Puccinellia Maritima.

Dykes are usually seeded in early
spring or late summer. The prepara
tion of the seed bed consists of grad
ing and levelling the dyke, also re
moving drift wood and other material
which would interfere with the work.

On level sections and flatter slopes,
conventional discing and harrowing
equipment is used for the final prep
aration of the seed bed, and for the
incorporation of lime and gypsum as
required. On these areas fertilizers
are placed with regular fertilizer sow
ers and seeding is done by double
roller packer type seeders, with double
seed box for fine and coarse seeds.
Nurse crops of grain are often sown
at the same time to provide a cover
for the slower growing plants.

On some of these slopes too steep
for conventional tillage equipment a
rolling chain harrow is used to culti
vate and mix in lime and gypsum
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Figure 3. Rolling chain harrow mixing in lime and
fertilizer and cultivating on a tidal dyke slope
prior to seeding.



(Figure 3). It consists of a heavy
duty chain in 10 feet sections, with
numerous spikes welded across the
links. It is pulled by a tractor which
travels at the top of the slope and
is swiveled to a weight wheel which
trails at the foot of the slope. The
weight is adjustable to compensate for
changes in slope. This harrow leaves
the soil in exceptionally good con
dition. On some very low pH soils
it has been found necessary to apply
and thoroughly mix in heavy treat
ments of lime and gypsum for three
years in succession before any growth
could be established. Where the mix

ing or cultivating has been done with
this rolling chain harrow very little
erosion has occurred. The soil is left

in a loose and crumbly condition
better able to absorb precipitation.
On steep slopes the final seed bed
preparation is accomplished by har
rowing, after which the seeding is
done by means of hand operated
broadcast seeders.

Mulching of newly seeded dykes
has proved successful as a protection
against washing, but is a time and
money consuming operation. Hay has
been used for this purpose with good
results, except on the outer slopes
of the dykes where tidal flows carried
away most of the mulch even when
covered with a layer of soil, or when
held in place with twine spaced 10"
x 20" and pegged at each intersection.

Mulching with a film of an asphal-
tic emulsion at about 1/4 to 1/3 gal
lon per square yard, directly on the
bare ground, although expensive has
proved to be a valuable method of
protecting newly seeded ground from
severe erosion. In addition to pre
venting erosion the film holds mois
ture and raises the temperature of the
soil in the vicinity of the germinating
seed.

Most coastal areas of the Maritimes

experience strong prevailing winds off
the water during the summer which
makes lime spreading operations on
dykes difficult to carry out with mech
anized spreaders. At these times and
on steep slopes it is necessary to resort
to hand methods for spreading lime,
gypsum and fertilizer.

A novel method is occasionally
used for seeding in the early spring.
Seed is broadcast on the ground dur
ing the period of nightly freezes and

daily thaws. The seeds sink into the
surface mud on subsequent freeze-
thaw cycles and as conditions become
favourable they germinate.

When growth is being established
on a new dyke, it has been found
necessary to protect the vegetation
from damage caused by livestock.
Proper fencing until growth is well
established is the only answer to this
problem.

An anual mowing program is car
ried out to increase the density of
low growing grasses and to control
the growth of weeds and other tall
growing vegetation. Left uncut year
after year the growth tends to keep
the top soil layer soft and spongy
and more susceptible to washing, es
pecially on the tidal face of the dykes.
A thick batch of dead vegetation also
encourages mice to habitate the dyke
slopes and makes it more difficult
to check the dyke for holes made by
muskrats or foxes.

Strongly acid soils can seldom be
brought to optimum pH values be
fore seeding and a top dressing of
limestone must be applied every few
years to maintain an acceptable pH
level. However the general high level
of natural fertility of tidal marshland
soils usually makes unnecessary the
periodic application of fertilizers to
maintain an acceptable protective sod.

SUMMARY

During the past twelve years of
experience in establishing vegetative
cover on dykes protecting the tidal
marshlands in the Bay of Fundy area
of the Maritime Provinces, use of
tillage equipment and methods of
operation to produce an erosion re
sistant seed bed have been developed.
Soil treatments necessary to start and
sustain plant growth have been deter
mined. Species of plants suitable for
use as protective cover, and at the
same time tolerant of the environment
found on dykes, have been selected.

It has been established that good
structure design, correct manipulation
and handling during construction,
and proper and timely seed-bed prep
aration are operations which are im
portant. These should be under in
telligent control to guarantee the
establishment of an adequate vegeta
tive cover as protection from erosion
for earthwork structures.
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APPENDIX

Equipment used for outfitting one
2-man crew for seeding and maintain
ing grass on dykes —

1. One ton dual wheel truck with
heavy duty two wheel trailer.

2. Medium heavy farm tractor.

3. Tandem (double) disc.

4. Springtooth, chain and disc har
rows.

5. Double roller packer type seeder,
with double seed box for coarse

and fine seeds.

6. Fertilizer sower and lime spread
er.

7. Hand operated broadcast seeders.

8. Sidemount power take-off mower.

9. Side delivery rake for three point
hitch.

10. Rolling chain harrow with swiv
eled weight wheel.

11. Tool boxes complete with hand
tools and accessories as required.
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