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ESTABLISHMENT OF VEGETATION FOR SHORELINE 
STABILIZATION IN GALVESTON BAY 

by 

J. D. Dodd and J. W. Webb 

I. INTRODUCTION 

1. Purpose of Study. 

Texas has 1,800 miles of bay and gulf shorelines and 2,100 square 

miles of shallow bays and estuaries. This coastal zone is inhabited by 

nearly one-third of the population of Texas and nearly one-third the 
total industry in Texas (Fisher, et al., 1972). Thus, a considerable 

concern exists for a solution to the shoreline erosion problem in the 
Texas gulf coast zone. 

Structural solutions to eroding shorelines are expensive in cost 
and environmental impact. Use of vegetation to stabilize eroding shore- 
lines should be less costly and of greater benefit to marine organisms, 
birds, and the associated environment than structures. Natural estab- 

lishment of vegetation along the shorelines of Galveston Bay seems to be 
prevented by wave action. Thus, artificial revegetation is necessary. 

This study was started to characterize available endemic plant 
materials and to determine growth requirements for establishment on 
representative shoreline sediments along the upper Texas coast. The 
four specific objectives were: (a) to isolate candidate planting 
materials known or believed to have utility for shoreline stabiliza- 
tion; (b) to field test candidate planting materials on sites typical 
of shorelines along the upper Texas coast; (c) to refine present know- 
ledge on germination requirements, planting technology and stand manage- 
ment of selected plants; and (d) to compile a preliminary performance 
estimate equating time requirement and accomplishment for particular 
operations. 

2. Previous Work. 

Few reports are available on the establishment of vegetation along 
coastal shorelines. Two reports, Phillips and Eastham (1959) and Sharp 

and Vaden (1970), describe the sloping and planting of shorelines along 
tidal rivers in Virginia. These plantings were only partially success- 
ful. Sharp and Vaden concluded that smooth and salt meadow cordgrasses 
were the best adapted plants for stabilizing this eroding beach area. 
Other reports have dealt mainly with stabilization of dredged material 
and creation of salt marshes. Larimer (1968) reviewed the literature 

and discussed the possibilities for creating salt marshes in the 
estuaries of the Atlantic and gulf coasts but did no field work. 



Chapman (1967) reported on attempts to vegetate a dredged-material 
island in Galveston Bay with sod, rhizomes, and seeds of Spartina 
alterntflora. Seed germination was not satisfactory, but transplants 
did appear to establish and spread. Woodhouse, Seneca, and Broome 
(1972) examined some of the aspects of reproduction, propagation, 
establishment, and growth of smooth cordgrass on dredged material in 

North Carolina. They concluded that establishment on some areas was 
possible with either seeds or transplants. However, transplants were 
more adaptable to a wider yariety of conditions. Germination response 
of Spartina alterniflora to temperature and salinity as well as seedling 
response to salinity by three height classes was also investigated in 
North Carolina by Mooring, Cooper, and Seneca (1971). Broome, Woodhouse, 
and Seneca (1973) reported on the propagation and mineral nutrition 
required for establishment of Spartina alterniflora. They reported that 
productivity was probably limited by nutrient supply. 

Research on establishment of vegetation on dredged material in 
San Francisco Bay was reported by Mason (1973). He found, based on the 
physical and chemical characteristics of the dredged material, that it 
was not a good growth medium for marsh plants. However, the root system 
of Spartina foltosa converted the anaerobic soil to aerobic soil and 
survived. Garbisch, Woller, and McCallum (1974) investigated salt marsh 
establishment and development on shores and dredged materials in the mid- 
Chesapeake Bay region. They reported no limitations for vegetation 
establishment above mean high water. Establishment of Spartina alternt- 
flora in intertidal zones was restricted by wave action and coarse 
sediment stresses. Similarly to Woodhouse, Seneca, and Broome (1974), 

they reported increased production by Spartina alterniflora with 
fertilizer treatments. A review of available information on the 
establishment of marsh and aquatic plants on newly available sub- 
strates was compiled by Kadlec and Wentz (1974). 

II. DESCRIPTION OF AREA 

The shoreline of Texas consists of both a gulf shoreline and a bay 
shoreline. The bay shoreline generally lacks sand beaches and in many 
places is associated with low-lying marshes. Low bluffs exist wherever 
wave action has eroded the Pleistocene terrace deposits. Estuaries and 
consequently bay shorelines originated from the drowning of entrenched 
valleys as the sea level rose in the late Pleistocene age. Some 
estuaries filled, and deltaic plains formed at mouths of the Rio Grande, 
Brazos, and Colorado Rivers. A series of barrier islands have formed 

from the sediment in many areas along the coast. Smaller streams, 
i.e., the Nueces and San Jacinto Rivers, flow in narrow valleys and empty 

into bays or estuaries behind these barrier islands (LeBlanc and 

Hodgson, 1959). 

Climate differs greatly along the 375-mile Texas gulf coastline. 
The Galveston area has a relatively high humidity and receives about 
40 inches of rain annually (Table 1). Chambers County, immediately 
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north of Galveston has an annual rainfall of 51 inches. In general, a 
progressively drier climate exists southward until a semiarid condition 
with less than 25 inches of annual rainfall occurs near the Rio Grande. 

Since the vegetation and soil types change in a southerly 
direction this study was confined to the upper Texas gulf coast and 
more specifically to East Bay in the Galveston-Houston area. 

Tidal ranges throughout Galveston Bay are generally less than 1.5 
feet. Maximum tidal currents, excluding currents in the navigation 
channels, are about 1 foot per second (Bobb and Boland, 1970). Fisher, 

et al. (1972) state that "except within the area of significant salt- 
water wedge and flood-tidal delta deposition, tides are generally 
unimportant within the bay-estuary-lagoon system, except when amplified 
by wind." 

Minimum water salinities in East Bay occur in conjunction with 

heavy rains, varying distances from Bolivar and San Luis Passes, and 
the tidal entrances to bays. Water surface salinities in the shallow 

bay areas are generally about 2 parts per thousand less than bottom 
salinities at the same locations (Bobb and Boland, 1970). 

Marine processes have been the chief forces in shaping the shore- 
line and in forming many of the physiographic features of this region. 

Some of these features are: Galveston Island, a barrier island 
sheltering West Bay; Bolivar Peninsula protecting East Bay; Trinity 
River alluvial valley; Trinity Bay; San Jacinto River alluvial valley; 

and Galveston Bay. Trinity Bay and Galveston Bay are the seaward 
continuation of the Trinity and San Jacinto alluvial valleys, respec- 
tively. These two bays merge to form one of the largest estuaries of 
the Texas coast. The central part of the bays have a maximum depth 
of approximately 10 feet with soft mud bottoms. East Bay and West 
Bay are both shallow, usually less than 6 feet deep, and are 3- to 4- 

miles wide with soft mud bottoms (LeBlanc and Hodgson, 1959). 

Shoreline accretion in the bay area has been limited to the im- 

mediate vicinity of the Trinity and San Jacinto deltas. These deltas 
are small in comparison to others along the Texas coast due to the 
small silt loads of the Trinity and San Jacinto Rivers. 

The dominant process along the bay shoreline has been erosion. 
The shoreline from April Fool Point to Kemah in Galveston County has 
been recorded as eroding at the rate of 4 feet annually (U.S. Army, 
Corps of Engineers, 1954). Sixty miles of shoreline in East Bay, 
Galveston Bay, and Trinity Bay in Chambers County (Fig. 1) have also 
eroded at the rate of about 4 feet per year (Carroll, 1974). Fisher, 
et al. (1972) have compiled an active processes map of the Galveston 
Bay complex which show areas of active erosion. One of the critical 
areas is the north shore of East Bay in Chambers County. 

Two principal wind directions dominate the East Bay area. Persis- 
tent, southeasterly winds occur from March through November and short 
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lived, but strong northerly winds from December through February 
(Fisher, et al., 1972). The dominance of winds from the southeast 

and the winter northers is even more significant when wind duration 
is multiplied by average hourly velocity. 

The study area was located on the north side of East Bay along the 
shoreline of Anahuac National Wildlife Refuge in Chambers County, Texas 
(Figs. 2 and 3). Blocks I and II have a general southeasterly exposure. 
The fetch ranges from less than 1 mile in Block I to about 2 miles in 
Block II. Block III is exposed to the southwest and the fetch exceeds 
6 miles. Block VI, located behind the shoreline in a ditch, is pro- 
tected from both wind and wave action. The only water action results 
from tidal fluctuations (Fig. 4). 

Block I has a gentle sloping shoreline with a natural accumulation 
of shell that exceeds 2 inches in depth in some plots (Fig. 5). In 
contrast, Block II has a steep-cut bank forming the shoreline (Fig. 6) 
with the water level always at the base of the bank. Block III has a 
gentle sloping shoreline, but the surface has been covered by artificial 
placement of oyster shell to depths of at least 2 inches (Fig. 7). 

The shoreline, in each block was divided into three zones based on 
length of inundation. The lower zone was considered to be below mean 
low tide and was constantly inundated. In contrast, the middle zone 
consisted of that part of the shoreline between mean low tide and mean 
high tide. The upper zone was above mean high tide and was inundated 
only by abnormally high tides. 

III. PROCEDURES 

Bay water samples were collected biweekly in each block. Samples 
were collected approximately 10 feet from shore and stored in airtight 
bottles until analyzed. Conductivity in micromhos per centimeter for 
each sample was measured on a wheatstone bridge. Conversion factors 
listed in U.S. Salinity Laboratory (1954) were used to convert micromhos 
per centimeter at 25° Celsius to parts per million (ppm). 

Soil samples were collected on two different dates, 9 February and 

24 May 1974 at three locations within each block (end plots and middle 
plots). An exception was Block IV in which only one location was 
sampled. At each location, soils were taken at three arbitrary depths, 
0 to 2, 2 to 4, and 4’to 6 inches, and in three zones (upper, middle, 
and lower). Each soil sample was oven dried at 100° Celsius for 24 
hours. Shells and rocks were removed and the samples were ground by a 
mechanical grinder and finally by a mortar and pestle to break up 
remaining particles. Particles that would not pass through a 2- 
millimeter screen were removed. Large quantities of shell were re- 
corded by weight and expressed as a percent of total sample weight. 

Soil textural analyses followed the procedures outlined by 
Bouyoucos (1962). Samples were run in duplicate and the average 
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A general view of Block IV at low tide. 
Smooth cordgrass in foreground was planted 
18 January 1974. Photo taken 

22 February 1974. 

Figure 5. A general view of study Block I at low tide. 
Note the occurrence of natural shell on the 

soil surface. Smooth cordgrass in foreground 

was planted 20 May 1974. Photo taken 
20 September 1974. 

\7 



Figure 6. A general view of study Block II. Note the 
sharp bank forming the shoreline. Plants in 
foreground are smooth cordgrass, transplanted 
in July 1974. Photo taken in September 1974. 

Figure 7. A general view of study Block III. The occur- 
rence and accumulation of artificially placed 
shell in this study block is shown in the fore- 
ground. Note the establishment, growth, and 
seed stalk production of giant reed (Arundo 
donax) above mean high tide. Planting was made 
on 9 January 1974. photo taken 23 November 1974. 



percent sand, silt, and clay was calculated. Textural classification 
was accomplished utilizing the textural triangle diagrammed by Jacobs, 
etal Goze 

Soil salinity for each sample was determined by electrical con- 
ductivity of the saturation extract. Sample preparation and collection 
of extracts followed the procedures outlined in U.S. Salinity Laboratory 
(1954). However, only 100 grams of soil were used for the saturated 
paste. The pH (hydrogen-ion concentration) of each extract was deter- 
mined on a pH meter. Four selected extractable cations were measured 
in the extract. Calcium, (Ca), potassium (K), and sodium (Na) were 
measured by flame spectrophotometry and magnesium (Mg) by atomic 

absorption. Due to high concentrations it was necessary to dilute 
aliquots of the extract. Data in parts per million were converted to 
micrograms per gram (ug/gm) of soil. 

Twelve plant species were selected for trial transplants as 
shoreline stabilizers (Table 2). A randomized complete block design 

was used with four blocks. Each study block was subdivided into 
12 plots (Table 3), 1 for each species, and subsequently divided 

into 5 subplots. Subplots were planted on five different dates, 
9-18 January, 1-2 March, 10-13 April, 20-24 May, and 8-10 July 

1974. Subplots were further divided into three tidal zones (upper, 
middle, lower). 

Each subplot was divided in eight rows, at 3-foot intervals, ex- 
tending through the zones. Within rows the transplants were at 2-foot 
intervals and the number of transplants in each row was recorded. The 
transplant material was culms, stems, or rhizomes, and associated roots, 
except for saltcedar (Tamartx gallica) (cut stems). Winter plantings 
were primarily rhizomes and root systems and the spring and summer 
plantings utilized current green growth for each species. Tall plants, 
such as giant reed (Arundo donax), common reed (Phragmites communis), 
and big cordgrass (Spartina cynosurotdes) were pruned to heights of 
16 to 30 inches. Transplant material was dug, separated, and planted 
by hand. Man-hours to dig, separate, and plant were recorded for each 

species. 

Block V was established 15-16 March 1974 to further delimit 
the zonation of plants and to explore the possibility of mechanical 
sloping before revegetation. A bulldozer was used to develop an ap- 
proximate 10:1 slope on 200 feet of land at the shoreline. Three areas 
were established in this block with 13 plots each. Each plot consisted 
of a row for each study species. In addition, upper, middle, and lower 
zones were defined. 

In Blocks I through V three separate evaluations of plantings were 

made. The first was on 10-18 June, prior to completion of all 
plantings. On 19-20 September, a fall evaluation was made. The 
winter evaluation was on 21-22 November 1974. Plants were recorded 
as alive if green, dead if present, but brown and absent if the 



Table 2. List of selected species used in transplant studies in Blocks 
I through IV, 

Common name ocientific name if 

Giant reed Arundo donax 

Black mangrove Avicemnta germtnans Avtcennta ntttda 

Seashore saltgrass, | Dtstichlis spicata D. spteata var, spicata 
saltgrass 

Needlegrass Juncus roemertanus 

Common reed Phragmttes communis Phragmites australis 

American bulrush Setrpus americanus 

Olney bulrush Setrpus olneyt Setprus chilensis 

Saltmarsh bulrush Setrpus robustus Setrpus marttimus 

Smooth cordgrass Spartina alterntflora| S. alterniflora var. glabra 

Big cordgrass Spartina cynosurotdes 

Gulf cordgrass Spartina spartinae 
sacahuista 

Saltcedar Tamarix galltca 

transplant could not be located. The number of tillers per surviving 
transplant, tiller height, and height of the original transplant was 

determined. Height classes were separated at 10 centimeter intervals 
with plants above 100 centimeters placed in class 11. Percent survival 
and percent absent were derived by dividing green or absent by the total 
number planted. The average number of tillers was derived by dividing 

number of tillers by number of green transplants. 

Smooth cordgrass (Spartina alterniflora) seeds collected by hand 
on two different dates (10 November and 1 December) in the fall of 1973 
were used to determine storage procedures and germination methods. All 

seeds were stored at 6° Celsius for at least 6 weeks before germination 

tests. Some seeds were stored dry while others were stored in seawater 
containing 8,000 ppm salinity (Mooring, Cooper, and Seneca, 1971). All 
seeds were checked for the presence of caryopsis within glumes before 

germination tests were conducted. Petri dish tops with filter paper were 

sterilized in an autoclave. One hundred seeds of a test type were placed 

in each petri dish and sealed with saran wrap and with a rubberband. 
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Petri dishes were then placed on a metal tray and covered with 
black plastic to ensure darkness. All seeds were germinated in the 
dark with alternating thermal periods of 20° Celsius (16 hours) and 
30° Celsius (8 hours) in a consol germinator (Mooring, Cooper, and 

Seneca, 1971). The following variables were tested: (a) dry seeds 

in glumes collected 10 November 1973, (b) wet seeds in glumes collected 

10 November 1973, (c) dry caryopses (no glumes) collected 10 November 
1973, (d) wet seeds in glumes collected 1 December 1973, and (e) wet 

seeds with gibberellic acid collected 10 November 1973. 

A total of 33 soil samples (11 at each location) were collected 
20 June 1974 at the shoreline, 50 and 150 feet from the shore. These 

samples were placed in plastic bags for transport to the laboratory. 
The soil was spread on shallow trays and observations for seed germina- 
tion were made for 3 weeks. Soil was moistened as necessary with 

distilled water. 

Four soil samples from the upper and middle zones and three samples 
from the lower zone were collected in July 1974 and placed in shallow 
pans. Twenty-five seeds of smooth cordgrass were placed in each sample 
and the soil was moistened with seawater as necessary. Seed germination 

was recorded for a 3-week period. 

Smooth cordgrass seeds were planted 23 March 1974 in a 10- by 12- 
foot plot in a wave-protected area. Seeds were mixed with substrate 
by hand. 

An experiment to compare survival of different transplant heights 
(4 to 15, 16 to 30, and over 30 inches) for black mangrove (Avicennia 
germinans) was planted 17 October 1974 (Fig. 8). Three replications 
(Blocks VI, VII, and VIII) were established. Blocks were designed to 
allow two additional monthly plantings of each height classes. 

Block IX was designed to test the establishment and growth of 
plants when protected from wave action. A temporary wave-stilling 
device (Fig. 9) was constructed from baled hay, wire net, steel cable, 
and pipe. The maximum height of the device was about 36 inches. 
Twelve rows of black mangrove, saltgrass (Dtsttchlts spicata), 
needlegrass (Juneus roemertanus), common reed, smooth cordgrass, and 
big cordgrass were planted behind the wave-stilling device. 

IV. WATER SALINITY 

Water salinity was variable at all study locations during 1974 
(Fig. 10). Salinity at Block I was affected by influxes of freshwater 
from Oyster Bayou. Thus, the biweekly salinity values at this location 
were generally lower than for the others. An exception occurred in 
July, a period of low precipitation, when salinity was about 15,700 
ppm. Lowest values were during the winter and following a heavy pre- 
cipitation period in May. Salinity then was generally below 2,500 ppm. 
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Figure 8. Three height classes of black mangrove used 

to determine survival relationships between 
transplant height and water depth. Transplant 
heights ranged from over 30 inches (left) to 
16 to 30 inches (center) to 4 to 15 inches 

(right). 

Figure 9. A temporary wave-stilling device constructed 
in Block IX. The device is constructed of 

pipe, wire netting, cable, and baled hay. 
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Salinities at Block II were similar to Block I during the fall-winter 

period (Fig. 10). However, during periods of low precipitation (April 
and October) salinity values were high, with the maximum of 18,500 ppm 
recorded in mid-October. Water salinity at the mechanically shaped 
Block V was similar in magnitude and trends to Block II. 

Water samples from Blocks III and IV fluctuated widely throughout 
the year, but were similar in magnitude at most sampling intervals 
(Fig. 10). The major differences occurred in winter with water from 
Block IV higher in salinity than Block III. In late August, during a 
period of relatively high precipitation, water salinity in Block III 

increased, while in Block IV a decrease was recorded. 

Water salinities fluctuated throughout the year irrespective 
of location, but mirrored the precipitation. In general, the lowest 
readings were in Block I, while the highest occurred as distance from 
Oyster Bayou increased. This resulted in three distinct periods of 
low salinity: winter 1973, early summer 1974, and fall 1974. In 

contrast, two periods of high salinity occurred. The first, of rela- 
tively low magnitude, was from mid-February to mid-May and the second, 
of higher magnitude was from June to November. Periods of low water 
salinity should be favorable for the establishment of transplants while 
the high summer salinity period should be considered as a poor period 
for establishment. The amount of precipitation received was an indica- 
tor of water salinity levels within East Bay. 

V. SOIL CHARACTERISTICS 

1. Soil Texture. 

The shoreline on East Bay has been commonly referred to as clay. 
However, textural analyses of the soil in each block and in 3 zones 

(upper, middle, and lower) and at various depths to 6 inches indicated 

the soil was generally of a loam or clay loam texture (Table 4). 
The surface 2 inches of the upper zone, Block II; lower zone, Block III; 

and lower zone, Block IV were either sandy loam or sandy clay loam in 

texture. In general, the clay loam texture occurred at depths greater 
than 2 inches. Thus, the general sequence of soil texture was a 
surface layer (0 to 2 inches) of loam underlain by a layer (2 to 6 

inches) of clay loam. 

In most blocks the percent sand exceeded that of other particle 
classes and clay particles occurred in the smallest quantities. These 
textural properties result in a highly erodible soil, probably due to 
an unstable structure. The result of this unstable structure is a 
soil substrate that readily erodes with any form of disturbance. Thus, 
the continual wave action results in sloughing of the shoreline and a 
high annual loss. In addition, the disturbance associated with planting 
causes an unstable condition and again the continual wave action disperses 
the soil from around the planted material and ultimately the materials 
are washed out. 
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Table 4. Textural analyses of the O-to 25 2-to 4 and 4-to 6-inch 

depths of the soil in the four study blocks by zone (U - 

upper, M - middle, L - lower). Data based on the mean 

of three samples. 

Depth Percent eae ee 
Block | Zone Inches Sand ea | ciay | Texture 

eae) GRE a Re Sel Pee ee eee 

Loam 

Loam 

Loam 

Loam 

0 to 2 46.6 

Clay Loam 

Clay Loam 

Loam 

Clay Loam 

Clay Loam 

Sandy Loam 

Clay Loam 

Clay Loam 

Clay Loam 

II M Clay Loam 

Clay Loam 

to 50.6 5 5 Loam 

L 2 to 4 45.9 SZ 21.8 Loam 

4 to 6 45.0 31.6 255 Loam 



Table 4. Textural analyses of the 0-to 25 2-to 45 and 4-to 6-inch 

depths of the soil in the four study blocks by zone (U - 

upper, M - middle, L - lower). Data based on the mean 

of three samples-Continued. 

Eo Percent | Percent 
Zone (Inches) Sand Silt Clay. 

a ae a) a Lee] = lesan ea [cri 

0 to 2 45.3 24.4 

2 to 4 35.3 35.3 

4 to 6 34.0 38.5 

0 to 2 36.8 36.6 

2 to 4 Oo 42.4 

4 to 6 34.6 36.4 

0 to 2 62.8 US 

2 to 4 46.3 32.8 

4 to 6 45.3 30.2 

0 to 2 31.6 37.1 

2 to 4 28.8 40.6 

4 to 6 23.5 37.3 

Texture 

Clay Loam 

Clay Loam 

Clay Loam 

Sandy Loam 

Loam 

Loam 

Sandy Clay 

Loam 

Clay Loam 

Clay Loam 
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Soil texture and the resulting unstable structural condition is a 

greater problem to shoreline stabilization than establishment of plant 
material. Any form of barrier that will reduce the wave action and its 

resultant dispersion of the soil will enhance vegetation establishment 
and stabilization of the eroding shoreline. 

In comparing soil texture by blocks, disregarding both depth and 
zone, Blocks I, II, and III were classed as loam soils (Table 5). In 

contrast, Block IV, in the drainage ditch, was classed as a clay loam 
soil. Overall, the soils of Blocks I, II, and III were very similar 
with only minute differences in quantities of each particle class. In 
comparing the soil in Block IV to the other three, the percent contri- 
buted by the sand particles decreased while the clay significantly 
increased. 

A change occurred in soil texture between zones of Blocks I, II, 
and III (Table 6). The upper, relatively undisturbed zone was of a 

loam texture to a depth of 6 inches and similar to the inundated lower 
zone. In contrast, the middle zone, had a significantly higher pro- 
portion of clay and a significantly lower proportion of sand resulting 
in a clay loam texture. This zone is exposed to more wave action than 
the others. As a result the surface soil has been removed. 

The O- to 2-inch depth contained significantly more sand in Blocks 

I, II, and III than either the 2- to 4- or the 4- to 6-inch depths 
(Table 7). This higher sand content was accompanied by a significantly 
lower clay content in the surface soil. The percent sand varied only 
slightly in the 2 to 4 and 4 to 6-inch depths, but was higher than 
either silt or clay. Silt content was similar at all depths and con- 
tributed about 33 percent of the soil particles. 

2. Soil Salinity. 

Soil samples for the determination of soil salinity were collected 
in February and May 1974 (Tables 8 and 9). Two collection dates 

provided data for comparison over time and under varying water salinity 
conditions and precipitation. Mean soil salinity in February ranged 
from over 11,000 ppm in the 4- to 6-inch depth of the upper zone to less 
than 2,600 ppm in the 4- to 6-inch depth of the lower zone (Table 10). 
The trend was decreasing soil salinity from the upper to the lower zones. 

In the upper zone, salinity in the surface 4 inches of soil was similar 
with an increase in the 4- to 6-inch layer. However, in the middle and 
lower zones, salinity varied only slightly with a change in depth. Water 
salinity at this time ranged from 1,100 to 3,200 ppm between blocks, 
indicating soil salinity was higher than water salinity. 

In May following the relatively dry month of April, soil salinity 
values were higher than in February (Table 10). The lowest salinity, 

over 8,000 ppm, was in the 2- to 4-inch depth of the lower zone. While 
the highest, over 12,000 ppm, was in the O- to 2-inch depth of the upper 
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Table 5. Comparison of textural classes between study blocks. 

Percent Percent Percent 

Sand Silt Clay Texture 
Se en Ene eee OT RS eS 

*Means followed by the same letter are not significantly 
different at the 95 percent level. 

Table 6. Comparison of textural classes between zones (Upper, Middle, 
Lower). Data combined for Blocks I, II, and III. 

Percent Percent Percent 

Sand Saale: Clay 
[La ae pe] Lm SO Se] 

Texture 

Upper Loam 

Middle Clay Loam 

Loam 

*Means followed by the same letter are not significantly 
different at the 95 percent level. 

Table 7. Comparison of textural classes by depths (0 to 2, 2 to 4, 
4 to 6 inches). Data from Blocks I, II, and III have been 

combined. 

Depth Percent Percent Percent 
(Inches) Sand Saute Cla Texture 

eer el ee A 

0 to 2 Loam 

2 to 4 Loam 

Clay Loam 

*Means followed by the same letter are not significantly dif- 
ferent at the 95 percent level. 
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Table 8. Mean soil salinity, pH and extractable cations by study 
blocks, zone (U - upper, M - middle, L - lower) and depth. 
Samples collected 9 February 1974. Data based on a mean 
value of three samples in Blocks I, II, and III and two 

samples in Block IV. 

Extractable Cations 
Depth Salinity (microgram per gram) 

Blocks | Zones | (Inches) (ppm) pH Na 
Bae Sal F 

7Q 

Ts We ZorO) Nar Si/eenlen alates 1,234. 

6.9 | 68.2 | 38.0] 264.0 | 1,452. 

Go8 || 2560 |) Silo |) Ooo 778 

Uh 16.9 | 46.4] 83.1 773 

Gok 16.7 | 43.7 | 96.6 893 

Hats) UME S56) SISOS) | Zhai. 

Oo |) AVS SilsO | 47/odk 892. 

6.8 | 19.0 | 32.6] 140.9 | 1,014. 

FoS \) BOS |) Zc | 4s) 348. 
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Table 8. Mean soil salinity, pH and extractable cations by study 

blocks, zone (U - upper, M - middle, L - lower) and depth. 
Samples collected 9 February 1974. Data based on a mean 
value of three samples in Blocks I, II, and III and two 

samples in Block IV-Continued. 

Depth 
Zones (Inches) 

exeeene ane al 

0 to 2 

U 2 to 4 

4 to 6 

0 to 2 

M 2 to 4 

4 to 6 

0 to 2 

L 2 to 4 

4 to 6 

0 to 2 

U 2 to 4 

4 to 6 

0 to 2 

M 2 to 4 

VAP tor 6 

0 to 2 

L* 2 to 4 

4 to 6 

Extractable Cations 
(microgram per gram) 

Blocks 

| pS BSS BSS W & Ww [oe} dS ito) 

ON i<e) Lon) os WN WN aN N N ite) 

Til 

“N nN (ove) = — oO WN ul W “I —“I uw 

*Data not available. 
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Table 9. Mean soil salinity, pH and extractable cations by study 
block, zone (U - upper, M - middle, L - lower) and depth. 
Samples collected on 24 May 1974. Data based on a mean 
value of three samples in Blocks I, II, and III and two 
samples in Block IV. 

Extractable Cations 
Depth Salinity (microgram per gram) 

Blocks |. Zones | (Inches) (ppm) DH Mg Na 
ae Se a ee Se) Seren ees (eee See) (lee ee oe on) een pete) GED Pre] 

0 to 2 725° (650-5 | ©5298) 24625 |) aeese 

U 2 to 4 7.1 | 69.6| 27.2|156.5 | 1,468. 

4 to 6 Fol | VAs |) S958 || 2OA60 || 1,654. 

0 to 2 Got MN Agi || Bil |) OES i 911. 

I M 2 to 4 Go N E868 | S950 1) 2Qis.2 917. 

4 to 6 TW 7ONG ||-at44ean| 72 e4 | esse 

0 to 2 GoS |) BSoil | S21 || WSS 152). 

L 2 to 4 1.8 | S369 | S90 1 USO 888. 

4 to 6 Fol | BOS || S459 | 12.8 927. 

0 to 2 Bo9 Ir OSs) Celoy || SIZ. 979. 

U 2 to 4 GEO 7LAG SOF OF e29SR6n| SIROMOR 

4 to 6 655 Oe 4 || Bes OROn NaS SM7 689. 

0 to 2 Tee O26 S35. | WeASse 

II M 2 to 4 6.8 | 146.4 3e| 207e 

4 to 6 Poi || WAS 2 2511 || ez" 

0 to 2 10,161 689) | 147 87 lela) | igsa7 oasese 

L 2 to 4 7,776 Bo 78.5 || Col || G88.2 || 1-709 

4 to 6 Te TeOU|| SSA6NIMESSeS) | GO5H40 1) sles7eile 
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Table 9. Mean soil salinity, pH and extractable cations by study 

block, zone (U - upper, M - middle, L - lower) and depth. 

Samples collected on 24 May 1974. Data based on a mean 
value of three samples in Blocks I, II, and III and two 
samples in Block IV-Continued. 

Depth Salinity 
_ Zones (Inches) (ppm) 
Le a] EET] 

0 to 2 

U 2 to 4 

4 to 6 

0 to 2 

2 to 4 

4 to 6 

= 

a 

eS 

0 to 2 

2 to 4 

4 to 6 

0 to 2 

2 to 4 

4 to 6 

0 to 2 

2 to 4 

4 to 6 

0 to 2 

2 to 4 

4 to 6 

0 54.3 ° 

.51/108.4 | 880. 

c 92.4 | 761. 

-5{116.6 | 967. 
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Table 10. Mean soil salinity at two dates in parts per million by soil 

depth and zone. Data combined for Blocks I, II, and III. 
Data based on mean values of 9 samples. 

Zone Mean 
ae ee a) 

9 February 1974 

Upper 

Middle 3,871 

Lower By VBP 

Mean 

24 May 1974 

Upper 

Middle 8,722 

Lower 8,646 

Mean 
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zone. The general trend was a decrease in salinity from the upper to 
lower zone, regardless of depth. 

In the upper zone,a decrease in salinity occurred with depth 
(Table 10). In contrast, soil salinity increased slightly from the 

surface to the 6-inch depth in both the middle and lower zones. Water 
salinity in May ranged from 3,200 to 8,000 ppm between blocks. 

Soil salinity in Block I, disregarding depth and zone, was lower 

(4,509 ppm) than in the other blocks in February (Table 11). The 
highest salinity was in Block IV, the protected ditch. By May, soil 
salinity had increased in all blocks with Blocks II and IV the lowest 
and Block I the highest (9,485 ppm). These data indicate a variation 
not only within blocks, but also between dates. For example, Block I 

had the lowest salinity in February and the highest in May while Block 
IV had the lowest in May and the highest in February. 

Soil salinity was considerably higher on both dates than water 
salinity. Following the relatively dry month of April, both soil and 
water salinity values were higher than during February. This indicates 
that following below normal precipitation both soil and water salinities 
increase and could present a problem in vegetation establishment, par- 
ticularly of the less tolerant plant species. 

3. Soil pH and Extractable Cations. 

Data on soil pH and extractable cations were collected in February 

and May 1974 (Tables 8 and 9). Two collection dates provided data 
for comparison of values over time of these normally stable soil 
characteristics. 

In February, disregarding study blocks and zones, soil pH decreased 

slightly with increasing depth (Table 12). The range was narrow, 
fluctuating around a neutral pH. When soil depth and blocks were dis- 
regarded, soil pH increased slightly from the upper zone to the lower 

zone (Table 13). Again the mean pH values were near neutral. 

Extractable cations, calcium (Ca), potassium (K), magnesium (Mg), 
and sodium (Na) in February fluctuated in quantity with changes in soil 

depth and between zones (Tables 12 and 13). However, there was no 

significant difference between study blocks. 

Maximum Ca concentration was in the surface 2 inches of soil with 
a decrease in the 2- to 4-inch layer. A corresponding increase was 
recorded in the 4- to 6-inch layer. In contrast, K increased in con- 

centration from the soil surface to 6 inches. Both Ca and K occurred 
in similar quantities, but Mg occurred in larger quantities. The trend 
was a decrease in Mg concentration from the soil surface to 4 inches and 

an increase to the maximum in the 4- to 6-inch layer. Sodium concentra- 
tion was high, regardless of soil depth. The range was from a low of 
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Table 11. Mean soil salinity as parts per million by 
study block and date. Data based on a mean 
value of 36 samples. 

Collection Date 

9 February 1974 24 May 1974 
a ee 

Table 12. Comparison of soil pH and extractable cations by depth. 
Data based on a mean value of 12 samples. 

Extractable Cations 

Depth 

(Inches) 

*Soil samples collected 9 February 1974. 
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Table 13. Comparison of soil pH and extractable cations by zone 
(U - upper, M - middle, L - lower) in Blocks I, II, and 

III. Data represent the mean of 9 samples. (Block IV 
was not included since only two zones were analyzed for 
February) . 

Extractable Cations 

*Soil samples collected 9 February 1974. 
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about 992 ug/gm in the surface 2 inches to 1,308 ug/gm in the 4- to 6- 
inch layer. The highest extractable cation concentration was in the 

4- to 6-inch soil layer. 

In February, concentration of the four extractable cations varied 
between zones (Table 13). Maximum Ca concentration was in the upper 
zone. The concentration decreased in the middle zone with a slight 
increase in the lower. This same trend was reflected by K and Mg, but 
Mg was present in larger quantities than either Ca or K. Sodium con- 
centration decreased from a high of about 1,860 ug/gm in the upper zone 
to approximately 620 u.g/gm in the lower zone. 

Soil pH in May, by depth, was similar to that recorded in February 
(Tables 12 and 14), with only slight differences between depths. By 

zones, sO0il pH was slightly lower in May than February (Tables 12 and 
15). However, the values were still near neutral. 

Calcium concentration decreased with an increase in depth from the 
soil surface to 6 inches (Table 14). The concentration, in general, was 

twofold higher in May than in February. Potassium concentration was 
uniform throughout the depth sampled and was lower than Ca, but had 
increased slightly from February. In general, Mg fluctuated only 
slightly with soil depth, but the concentration at all depths was con- 

Siderably higher than in February. The maximum Na concentration 
(1,842 ug gm ) occurred in the 2-to 4-inch soil layer. This was only 
slightly higher than in the surface soil. A decrease of over 450 ug/gm 

occurred between the 2- to 4- and 4- to 6-inch layers. Sodium was the 
dominant extractable cation at all depths and occurred in higher con- 
centrations than in February. 

The four extractable cations varied in concentrations between zones 
in May (Table 15). Maximum Ca concentration was in the lower zone with 
the minimum in the middle. The trend exhibited an increase in K from 
the upper to the lower zones. This was a reversal of the trend exhibi- 
ted in February. Magnesium content was highest (412 ug/gm) in soil of 
the lower zone while the minimum (279 yg/gm) occurred in the middle 

zone. This trend was a reversal of that exhibited in February. Sodium 
concentration was high in the upper and middle zones and declined in 
the lower. In February the high sodium concentration was restricted 
to the upper zone. In general, extractable cations occurred in larger 
quantities in May than in February. 

Soil pH changed only slightly between February and May by depth 
and zones (Tables 16 and 17). Extractable cations did fluctuate by 
date, depth, and zone. All cations occurred in larger concentrations 

in May than in February at all three soil depths and were similar or 

greater in the three zones. This probably was a reflection of low 
rainfall and increased water salinity during the period before soil 

sampling in May. 
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Table 14. Comparison of soil pH and extractable cations by depth. 
Data based on a mean value of 12 samples. 

Extractable Cations 

Depth 
(Inches) 

*Soil samples collected 24 May 1974. 

Table 15. Comparison of soil pH and extractable cations by zone 
(U - upper, M - middle, L - lower) in all study blocks. 

Data represent the mean of 12 samples. 

Extractable Cations 

*Soil samples collected 24 May 1974. 
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Table 16. Comparison by date and soil depth of pH 
and extractable cations. Data based on 
a mean value of 12 samples from each of 
four study blocks. 



Table 17. Comparison by date and zone (U - upper, 

M - middle, L - lower) of soil pH and 
extractable cations, Soils collected 

at three depths within zones, Data based 
on a mean value of 12 samples from each 
of the four study blocks at each date. 
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VI, VEGETATION ESTABLISHMENT 

1. General. 

A survey of natural-occurring plant species along the upper Texas 
gulf coast as well as a literature survey resulted in the selection of 
12 plant species for testing in this study (Table 2). These species 

appeared to possess the characteristics necessary for establishment and 
reproduction in the vigorous environment of East Bay. Establishment 
would provide for stabilization of the eroding clay shoreline. 

Giant reed,an introduced species, has characteristics desired for 

erosion control. These include vegetative as well as sexual repro- 

duction, rapid establishment, rapid growth, and an extensive root 

system that effectively holds soil against water erosion. 

Black mangrove is a native tree that occurs along the shoreline 

from Texas to Florida. 

Saltgrass is a low growing rhizomatous grass occurring along most 

shorelines of the world. This species propagates vegetatively and once 
established forms a protective mat over the soil surface. The rhizomes 
are effective in reducing soil erosion. In addition to vegetative re- 
production, saltgrass produces seed throughout the growing season. 

Needlegrass, a perennial rush, reproduces by short rhizomes and 

seed. It is widespread along the upper Texas gulf coast in fine tex- 
tured soil. This species has a bunch growth form and produces an 

extensive root system that should retard water erosion. 

Common reed is a tall perennial grass with a creeping rootstock. 
This species successfully reproduces from rhizomes as well as from 
seed. The extensive rhizome and root systems are effective soil 

binders. Common reed is common along the gulf coast. 

American bulrush, a perennial bulrush, has wide distribution along 

the gulf as well as inland. This species reproduces both vegetatively 
and sexually and established plants are effective soil binders. In 
areas of establishment, this species forms a dense cover aboveground 
and an extensive root system in the upper soil layers. 

Olney bulrush is a perennial bulrush of widespread distribution in 
salt marsh areas along the gulf and throughout North America. This 

species has most of the characteristics of American bulrush. 

Saltmarsh bulrush (Setrpus robustus) is a perennial bulrush that 
frequently occurs in salt marshes of the upper Texas gulf coast. 

Characteristics of this species for reproduction, establishment, and 

erosion control are similar to those reported for American bulrush. 
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Smooth cordgrass is a perennial tall grass that reproduces both from 
rhizomes and seed. This species has a wide distribution along shorelines 
and in marshes of North America. It has been effectively used for salt 

marsh development and erosion control along the Atlantic coast. 

Big cordgrass is a perennial tall grass that is similar to smooth 
cordgrass in growth habit, but it occurs at a higher elevation. Big 
cordgrass is not as abundant along the upper Texas gulf coast as smooth 
cordgrass. ; 

Gulf cordgrass (Spartina spartinae) is a widespread perennial 
grass along the Texas gulf coast. It normally inhabits areas drier 
than either smooth cordgrass or big cordgrass, It is common in cord- 

grass flats, occurring at elevations above normal high tide. This 
species, like the others, reproduces readily from short rhizomes and 
seed. It forms a dense root and rhizome system in the soil. 

Saltcedar, an introduced woody plant, readily reproduces by trans- 
plant. It now occurs throughout much of central North America where it 

was introduced for erosion control. Along the lower Texas gulf coast it 
readily establishes in beach sand and is effective in dune stabilization. 

2. Survival and Reproduction. 

A total of five experimental plantings were made during 1974 at all 
four study blocks. The January planting was during a month of above 
normal precipitation and relatively low water and soil salinity levels. 
The March planting was during a month of near normal precipitation, but 
rainfall during February had been only 0.83 inches, over 2 inches below 
normal. Thus, on the 1 March planting date elevated water salinity was 
encountered. In April, precipitation was more than 1.5 inches below 
normal, following near normal precipitation in March. However, water 
salinity at the time of planting was at maximum for the spring. May 

precipitation was over 5 inches above normal and water salinity on the 
20 May planting date was low, except in Block IV. In July, water 
salinity at all blocks, exceeded 14,000 ppm probably due to below normal 
precipitation and high summer temperatures. 

a. Giant Reed. This species readily established in the upper 
zone (Table 18). The highest percent survival (58) was with the January 

planting with- minimum survival during the late spring and summer. The 
surviving transplants readily reproduced vegetatively (Table 19) The 
number of new tillers per surviving transplant ranged from a low of over 
one in the April and May plantings to over four in the January planting. 

The transplants produced seed during the fall. 

Transplants of giant reed were not successfully in either the middle 
or lower zones. This species apparently cannot tolerate inundation 
or water salinity. In addition, the large corms planted were frequently 
washed out by wave action. The only survival in these two zones occurred 
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Table 18. 

Upper Zone 

Middle Zone 

Mean percent survival of planted species. Data combined for 

the four study blocks by 7one (upper, middle, lower) and 
planting date, 

Species 

Giant reed 

Black mangrove** 

Saltgrass 

Needlegrass 

Common reed 

American bulrush 

Olney bulrush 

Saltmarsh bulrush 

Smooth cordgrass 

Big cordgrass 

Gulf cordgrass*** 

Saltcedar 

Giant reed 

Black mangrove** 

Saltgrass 

Needlegrass 

Common reed 

American bulrush 

Olney bulrush 

Saltmarsh bulrush 

*Data collected 19 to 21 September 1974. 

9 Jan. | 1 Mar.[10 Apr. 

2.4 

Planting Dates 

0.0 

Month and Da 

**Black mangrove was not included in early plantings. 
***Normally a natural occurring dominant in this zone and was 
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Table 18. Mean percent survival of planted species. Data combined for 
the four study blocks by.zone (upper, middle, lower) and 

planting date-Continued 

Planting Dates (Month and Day 1974)* 

Species 9 Jan. 1 Mar. : 9 Mean an ar.| 10 Apr.| 20 Ma | 8 July | 

g Smooth cordgrass 26.7 

= Big cordgrass 9, 
= 

ao Gulf cordgrass*** 23.4 

Saltcedar 0.4 

Giant reed 0.0 

Black mangrove** 13.7 

Saltgrass 0.0 

Needlegrass 0.0 

: Common reed o®) 

8 American bulrush 0.0 

: Olney bulrush 3.15 

es Saltmarsh bulrush 0.0 

Smooth cordgrass 9.3 

Big cordgrass 0.0 

Gulf cordgrass*** 0.7 

Saltcedar 0.0 

*Data collected 19 to 21 September 1974. 
**Black mangrove was not included in early plantings. 

***Normally a natural occurring dominant in this zone and was not planted. 
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Table 19. 

Upper Zone 

Middle Zone 

species, planting date, and zone. 

four study blocks. 

Species 

Giant reed 

Black mangrove** 

Saltgrass 

Needlegrass 

Common reed 

American bulrush 

Olney bulrush 

Saltmarsh bulrush 

Smooth cordgrass 

Big cordgrass 

Gulf cordgrass*** 

Saltcedar 

Giant reed 

Black mangrove** 

Saltgrass 

Needlegrass 

Common reed 

American bulrush 

Olney bulrush 

Saltmarsh bulrush 

*Data collected 19 to 21 September 1974. 
**Black mangrove was not included in early plantings. 

***Normally a natural occurring dominant in this zone. 

2.8 

Planting Dates (Month and Da 

9 Jan. | 1 Mar. 20 M oi Maa g ul 

46 

Mean number of tillers produced by suryiving transplants by 
Data combined from the 

1974 )* 



Table 19. 

Middle Zone 

Lower Zone 

four study blocks-Continued 

Planting Dates (Month and Day 1974)* 

Species 

Smooth cordgrass 

Big cordgrass 

Gulf cordgrass*** 

Saltcedar 

Giant reed 

Black mangrove** 

Saltgrass 

Needlegrass 

Common reed 

American bulrush 

Olney bulrush 

Saltmarsh bulrush 

Smooth cordgrass 

Big cordgrass 

Gulf cordgrass*** 

Saltcedar 

Mean number of tillers produced by surviving transplants by 
species, planting date, and zone. Data combined from the 

8 July 

*Data collected 19 to 21 September 1974. 
**Black mangrove was not included in early plantings. 

***Normally a natural occurring dominant in this zone. 
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with the July planting with a survival rate of over 5 percent and an 
average of over one new tiller per surviving transplant. 

This species is well adapted for transplantation, establishment, 

and vegetative and sexual reproduction above the normal high tide zone. 
In the upper zone, considering all planting dates and all study blocks, 
this species had the highest survival and reproduction rate of ail 
transplants (Tables 18 and 19). Highest survival and reproduction was 
associated with winter planting. 

b. Black mangrove. A source of transplant material for this 
species was not available for the first two planting dates. In the 
upper zone, survival was low for the April and July plantings (Table 18). 

However, survival for the mid-May planting was about 17 percent. Vege- 
tative reproduction did not occur at any of the planting dates or in any 
of the zones (Table 19). 

Survival in the middle zone was more consistent, between dates, 

than in the upper zone. It ranged from a low of about 11 percent in 
April and May to over 14 percent in July. Maximum survival for this 
species occurred with the July planting in the lower zone (33.9 percent). 
However, survival at the two earlier planting dates was less than 5 
percent. 

This species may be adapted for use along eroding shorelines of 
the upper Texas gulf coast in either the low or middle zones. However, 
in both of these zones washout did occur. In addition, based on obser- 

vation, chances for establishment were increased if the transplant 
material was tall enough so that 2 to 4 leaves extend above the water 

surface. Based on the data available, this species is adapted for late 
spring or summer planting. 

c. Saltgrass. Single rhizomes of this species were used as 
planting material. Survival in the upper zone was recorded for only 
the April planting and was less than 4 percent (Table 18). However, 
each surviving transplant produced over seven runners during the summer 
growing season (Table 19). 

In the middle zone saltgrass established on all planting dates, 
except April. However, survival was low, ranging from 2 to 7 percent. 

This low rate reflects a large loss due to washout from the continual 

wave action with dispersal of the unstable soil from around the trans- 
plants. Vegetative reproduction in this zone was erratic ranging from 

0 in January to 19 in the March planting. In the lower zone no trans- 
plants survived. This indicated not only loss due to washout, but also 

that saltgrass was not adapted for areas continuously inundated. 

Saltgrass is adapted for use in the middle zone. It can tolerate 
frequent inundation due to tidal action and readily reproduces vege- 

tatively forming a mat over the soil surface. Transplanting would be 

successful during the spring or summer, provided the wave action is 
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reduced sufficiently to prevent washout. In addition, planting blocks 
of sod rather than individual rhizomes may enhance establishment. 

d. Needlegrass. This salt marsh species did not establish on any 
of the planting dates in the upper zone (Table 18). However, in the 
middle zone, establishment did occur at all planting dates, except July. 

It reproduced rapidly and at a desirable rate (Table 19). The surviving 
January ‘transplants had an average of about 21 new tillers per transplant. 
It should be noted that much of the survival and reproduction of needle- 
grass occurred in Block IV where protected from wave action. This species 
did not survive, regardless of planting date in the lower zone. It ap- 
parently will not tolerate continuous inundation. 

Needlegrass could be of value for use in the middle zone if wave 
action is reduced during establishment. It can be planted during the 
winter or spring with about equal chance of establishment. Vegetative 
reproduction was much greater with winter transplants. 

e. Common reed. The January planting of this species was the only 
one with any Survival in the upper zone (Table 18). Reproduction from 
the surviving transplants averaged seven tillers (Table 19). In the middle 
zone survival occurred at all planting dates. The range was from 1 percent 
in January to 11 percent in July. Reproduction was low, one and one-half 
tillers or less per surviving transplant. In the lower zone, survival 
occurred in only the April and July plantings. The high survival rate 

for July could be misleading due to the short time interval between 

planting date and evaluation. Reproduction from the April planting was 

five tillers per surviving transplant. 

This species does not appear to be adapted for use in either the 
upper or lower zones. It apparently cannot survive the high soil salinity 

in the upper zone nor the inundation or salinity in the lower zone. 
Transplants of this species were one of the least susceptible to washout. 
The value of common reed for stabilization is limited to the middle zone. 
Due to low survival rate it may have limited use. It can be planted any- 
time during the winter, spring, or summer in this zone. 

f. American bulrush. This salt marsh species did not survive in 
either the upper or Tower zones (Table 18). Survival in the middle 
zone occurred only with the July planting and the rate of reproduction 

was over one tiller per surviving transplant (Table 19). 

This species is not adapted to the vigorous environment of the 
eroding clay shorelines along East Bay. 

g. Olney bulrush. Establishment occurred in the upper zone at all 
planting dates, except April (Table 18). The highest rate, over 17 
percent, occurred with the July planting. However, vegetative repro- 

duction was low, about one tiller, regardless of planting date (Table 19). 
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In the middle zone, establishment occurred with each planting date, 

except March and April. Survival was greatest for the July planting and 
was less than 3 percent for the other two planting dates. Reproduction 
ranged from less than two tillers per surviving transplant in January 
and May to less than three in August. Olney bulrush survived only in 
the July planting in the lower zone and reproduction was less than two 
tillers per surviving transplant. 

This species was susceptible to washout in both the middle and 
lower zones. Thus, if wave action is reduced, this species might have 

limited value in the middle zone. Either a winter or summer planting 
date should be used. 

h. Saltmarsh bulrush. This marsh species established only in the 
January planting in the upper zone (Table 18) and at a rate of less than 
1 percent. However, those surviving transplants did produce an average 
of four tillers (Table 19). In the middle zone, saltmarsh bulrush sur- 
vived at all planting dates, except March and April. Survival ranged 
from 2 percent in May to over 10 percent in July. Reproduction was low, 
ranging from less than one tiller per surviving transplant in July to 
less than three in the January planting. This species did not survive 
at any of the planting dates in the lower zone. 

Saltmarsh bulrush may be of limited value in the middle zone. It 
was not adapted to tne harsh conditions of either the upper or lower 
zones. 

i. Smooth cordgrass. This species is not adapted for winter or 
early spring planting in the upper zone (Table 18). However, survival 
for the late spring and summer planting dates ranged from over 11 
percent to over 34 percent. Each surviving transplant produced over 
three tillers in the May planting, but less than one tiller in the July 
planting (Table 19). This low number for July may reflect the short 
time interval between planting and evaluation. 

Survival was good for smooth cordgrass in the middle zone, ranging 
from a low of less than 6 percent in March to about 45 percent in May 
and July. These high survival rates were complemented by tiller pro- 
duction rates that ranged from about 5 tillers in July to 22 tillers 
per surviving transplant for the January plantings (Fig. 11). 

Smooth cordgrass did not survive the winter and early spring 
planting dates in the lower zone. However, survival for May and July 
ranged from about 12 percent to 35 percent. Surviving transplants 

produced up to about nine tillers. 

This species is well adapted for use in the middle zone. It 
rapidly establishes at a reasonable survival rate. Smooth cordgrass 
could be utilized in the middle zone with planting dates anytime during 
the winter, spring, or summer. However, indications were that late 
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spring or summer transplants would have a higher survival rate. In 
the lower zone it is of questionable value because of low survival 
during the early spring period. 

j. Big cordgrass. This cordgrass species did not survive at any 
of the planting dates in the upper zone (Table 18). Survival in the 
middle zone occurred at each planting date, except April. However, the 
survival rates were about 3 percent or less, regardless of planting date. 
Vegetative reproduction was approximately seven tillers per surviving 
transplant in January and March plantings (Table 19). Reproduction was 
slightly less for May and was reduced to one for the July planting. 
Big cordgrass transplants did not survive in the lower zone, regardless 
of planting date. 

This species is not adapted for use in clay-loam shoreline stabili- 
zation. Survival did not occur in either the upper or lower zones. In 
the middle zone survival rate was erratic and low. 

k. Gulf cordgrass. This species is the dominant plant of the 
vegetative cover in the upper zone. Thus, efforts were not made to 
establish transplants. In the middle zone, gulf cordgrass survived at 
all planting dates, except May (Table 18). Survival ranged from a low 
of about 1 percent in January to over 8 percent in July. Even though 
this species survived, it did not vegetatively reproduce (Table 19). 
Gulf cordgrass survived in only the May planting in the lower zone. 

The surviving transplants did not vegetatively reproduce. 

This species does provide good cover and forage in the upper zone. 
However, results to date, indicate it is of little or no value in either 

the middle or lower zones. 

1. Saltcedar. This introduced species of widespread occurrence 
has been difficult to establish by cuttings along the shoreline. Salt- 
cedar survived in only the January and April plantings in the upper 
zone (Table 18). Survival was less than 7 percent and vegetative re- 
production did not occur (Table 19). Survival of less than 2 percent 
was recorded for January and July plantings in the middle zone. 
Vegetative reproduction was not observed. This species did not 
survive in the lower zone, regardless of planting date. 

3. Zonation. 

The objectives of the planting studies were to determine planting 
dates and species adaptation by zones along East Bay. Thus, by orienting 
rows perpendicular to the shoreline, each species could be evaluated with 
regard to survival and reproduction at any point along this line. 

Based on the data available three species, gulf cordgrass, giant 
reed, and smooth cordgrass are adapted for use in the upper zone (Table 
20). Since gulf cordgrass occurs naturally, other species for use in 
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this zone may not be needed. Giant reed did readily establish, vegeta- 

tively reproduce, and produce seed. Thus, if needed, it could be 
utilized for stabilization in this zone. 

In the middle zone, smooth cordgrass, gulf cordgrass, black man- 
grove, and saltgrass had good survival rates (Table 20). Smooth cordgrass 
appeared to be the best plant material for this zone, based on survival 
and vegetative reproduction rate. It appears to provide a rapid cover 
for erosion control. Black mangrove shows promise of providing long- 
term cover, based on survival, and could provide long-term protection 
with growth. Although the survival rates for saltgrass in the present 
plantings were low, it may be that by utilizing sod blocks instead of 
single rhizomes, this species would provide good erosion protection in 
this zone. Thus, in the middle zone, combination plantings of smooth 
cordgrass, black mangrove, saltgrass, and gulf cordgrass will provide 
for both rapid and short-term as well as long-term protection. 

In the lower zone, black mangrove and smooth cordgrass should 

be planted in combination (Table 20). Smooth cordgrass would provide 
protection from erosion while black mangrove would provide a barrier 
against wave action. 

4. Other Studies. 

During this initial phase, other studies have been initiated in an 
attempt to gain information that would be of value in stabilization of 
eroding clay shorelines along the upper Texas gulf coast. 

a. Block V. This study block consisted of a short section of 
shoreline that was mechanically sloped. After sloping, the block was 
utilized for a planting site. 

Soil salinity was lowest in the upper zone, and within this zone 
decreased with depth (Table 21). There was very little difference in 

soil salinity between the middle and lower zones. In the middle zone 
the minimum (9,651 ppm) was in the surface 2 inches of soil while the 

maximum was in the 2- to 4-inch layer. In contrast, in the upper zone 
soil salinity increased with depth to a maximum of over 16,000 ppm in 

the 4- to 6-inch layer. 

Soil pH varied only slightly within this block (Table 22). All 
readings, regardless of depth or zone, were near neutral. 

Sodium was the most abundant cation in this block (Table 23). 

In the upper zone, Na concentration was highest in the surface 2 
inches of soil and decreased with depth. In the middle zone it was 
twofold to threefold greater than in the upper zone and increased 

with depth. Sodium concentration in the lower zone was similar to 
that of the middle zone and exceeded 1,190 ppm at all depths. 
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-Table 21. Mean soil salinity (ppm) by depth and zone for Block V. 

Depth 
(Inches) Upper Zone Middle Zone Lower Zone 

*Soil samples collected 24 May 1974. 

Table 22. Soil pH for Block V by eau and zone. 

fiddle Zone es oe | Zone 

ea aan 

*Soil samples collected 24 May 1974. 
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Table 23. Mean quantities of extractable cations (ug/gm) (Ca - calcium, 
K - potassium, Mg - magnesium, Na - sodium) in the soil of 

Block V by depth and zone. 

Depth 

(Inches) | Upper Zone Middle Zone Lower Zone 
Saas ees Een eer Sea] Ce a ee 

*Soil samples collected 24 May 1974. 
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Magnesium concentration was lowest in the upper zone, ranging from 

about 38 ppm in the 2- to 4-inch layer to about 59 ppm in the surface 2 
inches. In the middle zone Mg occurred in larger quantities than in 

upper zone with the largest quantity in the surface 2 inches of soil. 
In general, Mg increased with soil depth in the lower zone. 

Potassium occurred in small quantities in all zones and did not 
exceed 34.1 ppm in any zone or at any soil depth. In comparison to 
K, Ca occurred in larger concentrations with a maximum of over 156 
ppm recorded in the 4- to 6-inch soil layer of the lower zone. 

Plantings along East Bay are subjected to continual wave action 
and are in a soil of low structural stability. Thus, survival within 
this area cannot be based solely on the adaptability of the plant 
species to the saline environment. The conditions that control washout 
immediately after planting must be considered (Figs. 12 and 13). 

In the lower zone of Block V, washout accounted for most of the 

mortality (Table 24). The range was from a low of about 29 percent 

for saltcedar to 100 percent for American bulrush, saltmarsh bulrush, 

gulf cordgrass and seeded smooth cordgrass. Thus, after washout and 

mortality only transplants of black mangrove and smooth cordgrass 
established. 

Washout accounted for most of the transplant losses in the middle 
zone. Of the 12 species transplanted, 100 percent of 10 species were 
lost and less than 12 percent of the other 2 species survived washout. 
In addition, the seeded plot in this zone was eroded. 

In the upper zone, the area seeded to smooth cordgrass was badly 
eroded and no germination was observed. In addition, all transplants 

of American bulrush were washed out. Species most resistant to wash- 
out in the upper zone were: gulf cordgrass, giant reed, black man- 
grove and saltgrass (Table 24). These same species ranked high in 

survival percent (Table 25). 

A comparison of survival and washout by zone in Block V shows 
over 26 percent of the transplants in the upper zone survived, re- 
gardless of species. This was significantly higher than from either 
the middle (0.0 percent) or lower (4.1 percent) zones. Percent wash- 

out was 52.2, 98.6, and 77.4 for the upper, middle, and lower zones, 

respectively. 

b. Height plantings. Based on observations, survival of black 
mangrove improved if two to four leaves of the transplants were ex- 
posed above the water. Thus, in October 1974, three blocks were 

planted to black mangrove of various heights to determine the rela- 
tionship between height, water depth, and survival. Two additional 
plantings will be made, one in the winter and one during the spring 

1975. 
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Figure 12. A general view of Block V, approximately 

4 weeks following mechanical sloping. 

Figure 13. A general view of Block V,7 months after 

mechanical sloping. Wave action eroded 

most of the 100 feet sloped. 
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Table 25. Mean percent survival of each species by zone in Block V. 
Species are arranged in descending order of survival. 

“Upper zone Middie Zone Lower Zone 
Earl 

Gulf cordgrass TAGS) No Black mangrove Sod 

Giant reed 50.0 b Survival Smooth cordgrass 1.3d 

Black mangrove 35.7 ab 

Saltgrass 34.5 ab 

Smooth cordgrass 31.0 ab 

Common reed 24.0 ab 

Olney bulrush 23.1 ab 

Big cordgrass 14.3 a 

Saltmarsh bulrush 12.0 a 

Saltcedar Sia! 

American bulrush 0.0 a 

Needlegrass 0.0 a 

Seeds 
(Smooth cordgrass) 0.0 a 

*Means followed by the same letter within zones are not signifi- 

cantly different at the 95 percent level. 

c. Wave-stilling device. Indications were that wave action com- 
bined with the structurally unstable soil was responsible for most of 
the low survival rates measured for the five planting dates. In 
November 1974, a wave-stilling device was installed. To date it has 
been effective in eliminating losses of transplants due to washout. 

5. Germination. 

Approximately 24 percent of the seed collected in November and 
December 1974 contained caryopsis. Smooth cordgrass seeds, in glumes, 

germinated under laboratory conditions (Table 26). Seeds with glumes 
removed had the lowest germination percentage. Mechanical damage or 
excessive drying with glume removal may cause the lower germination 
percentage. Germination of seeds stored under dry and cold conditions 
was slower than for seed stored wet and cold. However, total germina- 
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tion after 18 days was similar, regardless of storage conditions. Gib- 
berellic acid did not affect germination after cold storage treatments. 
Seeds stored under wet and cold conditions remained viable through 

July 1974. 

Seeds planted 23 March 1974 in a 10- by 12-foot wave-protected plot 
(Block IV) failed to establish. Many seeds were germinating at time of 
planting. Seeds planted the same date in rows in Block V also failed 
to establish. 

Soil samples collected at the shoreline, 50 and 150 feet from 

shore, on 20 June were returned to the laboratory. After 3 weeks no 
seedling plants were observed in any of the samples. If viable seeds 

were present in the soil samples they should have germinated within 
this time interval. Smooth cordgrass seeded into 11 soil samples col- 
lected from the study blocks and moistened with seawater had a 33 percent 
germination rate. Thus, the soil or its inherent salinity was not a 

factor in seed germination. 

VII. TIME AND COST 

Saltcedar required the least amount of time to transplant. The 
stems could be pushed into the ground without digging (Table 27). 
Saltgrass was easily dug, separated, and planted. Seedlings of black 
mangrove could be pulled from the soft mud with little trouble. Separa- 
tion was not necessary, reducing the time requirements for transplanting. 
Needlegrass grew in large bunches with rhizomes. The material was not 

difficult to dig, but did require separation which was not difficult. 
Many culms of smooth cordgrass could be pulled from soft mud or easily 
dug, and separation by hand was usually easy. Gulf cordgrass was hard 

to dig during dry conditions but the large clumps could be separated 
by hand. Saltmarsh bulrush was hard to dig in most instances because 
individual plants had to be removed from masses of saltgrass roots. 
Pulling was more efficient time-wise then digging but stems often broke. 
Common reed was difficult to dig because of the massive root structure 
and rhizomes. Separation and cutting of stems were also necessary. 
Big cordgrass possessed a deep root system and grew in a soil that re- 

quired extensive digging. Separation of plants and cutting of stems 

also took time. American bulrush grew in a location often covered by 
water. Extensive digging was necessary to extract the root system. 
Giant reed required picks and shovels to dig, but plants were collected 
relatively fast. Cutting of rhizomes by axe, pick axe, or edge of 
shovel was necessary for separation of plants. Large holes were 
necessary to plant the rhizomes. Olney bulrush was difficult to dig, 
separate, and plant and required the greatest amount of time. 

Planting required more time than digging or separating, regardless 

of species. Mechanical instead of manual operations could greatly 
change time requirements for each species. Man-hours and vehicles 
required to transport each species from source to planting site were 

not compiled since that time was variable. 
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Table 27. Man-hours required to dig, separate, and transplant 1,000 
plants of each species used in five monthly plantings, 
Species are arranged in order of total man-hours required 
to handle. Data are based on total man-hours recorded and 

number of plants planted in the monthly plantings. 

Planting 

material To separate 
fe anere Tage gse eee Ee 

Saltcedar cut stems 

15:to 30 inches 

Saltgrass 1 to 5 culms 
w/roots 

Needlegrass 1 to 5 culms 
w/rhizomes 

Black mangrove seedlings 
6 to 24 inches 

Smooth cordgrass 1 culm 
w/roots 

Gulf cordgrass small 
clumps 

Saltmarsh bulrush]| 1 culm 

w/roots 

Common reed 1 culm 

w/roots 

Big cordgrass 1 culm 
w/roots 

American bulrush 1 culm 
| w/ roots 

Giant reed 1 culm 

w/rhizomes 

Olney bulrush small clumps 
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Sloping of long stretches of shorelines with a bulldozer does not 
appear to be feasible. Draglines or other equipment may be more 
practical. Sloping of the shoreline in Block V took approximately 14 
hours and the total cost for 200 feet was $350. This did not include 
transportation costs. Techniques for rapid establishment of vegetation 
or for shoreline protection until vegetation is established must be 
perfected before sloping can be justified. 

Cost of wave-stilling devices could be variable. A 140-foot wave- 
stilling device was constructed for only the cost of labor, fencing, 
wire, and hog rings. If costs of hay bales, steel posts, and cable 

were added, the cost would be considerably higher. Approximately 15 
man-hours were required for actual construction. Time to load, trans- 
port, and unload hay bales at the site was not included. A 150-foot 
roll of 3-foot and a roll of 4-foot chicken wire was required. Thirty 
metal posts 5 feet tall or more plus additional shorter stakes were 
used. A total of 105 bales of hay were used in construction. 

VIII. SUMMARY 

This study, started fall 1973, was conducted along the north shore- 
line of East Bay on the Anahuac National Wildlife Refuge, Chambers 
County, Texas. 

Water salinity fluctuated throughout the year. Two peaks of high 
salinity occurred, the first, of relatively low magnitude, was from mid 

February to May 1974 and the second, of higher magnitude, was from June 
to November. In general, water salinity was related to monthly pre- 
cipitation and distance of collection point from a source of freshwater. 

Soil physical and chemical characteristics were determined. The 
soil was generally classified as loam or clay loam texture, and was 
considered structurally unstable and susceptible to erosion. Soil 
salinity ranged from about 2,500 to over 11,000 ppm in February 1974. 

In May the salinity values were higher in all blocks than in February. 

Soil salinity in February and May 1974 was consistently higher than 
water salinity. Soil pH was consistent and near neutral in all samples. 
Extractable cations (Ca, K, Mg, Na) fluctuated in concentration by date, 

depth and zone. Sodium was the most abundant cation, followed in 

decreasing order by Mg, Ca, and K. In general, all cations occurred 

in larger quantities in May than in February. 

Twelve plant species were selected to evaluate for use in shore- 
line stabilization. Giant reed is adapted for use in the upper zone, 

above normal high tide. Black mangrove established in both the middle 
and lower zones and apparently has value in these zones. Saltgrass 
may be adapted for use in the middle zone if wave action is reduced at 
the time of planting. Common reed may have limited value in the middle 
zone. American bulrush does not appear to be adapted for use in shore- 
line stabilization. Olney bulrush could be of value in the middle zone 
with a reduction in wave action during establishment. Saltmarsh bulrush 
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is not adapted for use. Smooth cordgrass is well adapted for use in 
both the middle and lower zones. Big cordgrass is not adapted for use. 
Gulf cordgrass is well adapted for use in the upper zone, Saltcedar 
does not appear to be adapted for use along East Bay. Valuable species 
for use in the upper zone are gulf cordgrass, giant reed, and smooth 

cordgrass. In the middle zone a combination planting of smooth cordgrass, 
black mangrove, and saltgrass should provide both long and short term 

protection and stabilization. In the lower zone a combination planting 
of smooth cordgrass and black mangrove should reduce shoreline erosion. 

Mechanical sloping was not successful. Within 7 months most of 

the 100-foot-sloped area had eroded to a cutbank. Studies of smooth 
cordgrass seed indicated that germination occurred following either a 
cold and wet or a cold and dry treatment. A recently constructed 
temporary wave-stilling device successfully prevented washout of 

transplants. 
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