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PROPAGATION OF SPARTINA ALTERNIFLORA FROM SEED

Introduction

~S artt.ua alterniflora boisei. is the dominant plant of the inter�

tidal zone of bays and estuaries along most of the east coast of North

America, This salt. marsh grass produces a considerable amount of food

energy which is utilized by certain fauna of the estuaries  Odum, 1961;

Teal, 1962; de la Cruz and Odum, 1967! and is also important in trans-

ferring mineral nutrients from the sediments to surrounding waters

 Pomeroy et al., l967; Williams and Murdoch, 1969!. An additional value

of S. alterniflora is retarding erosion of shorelines and in some cases

trapping sediments and increasing the elevation.

Although S. alterniflora salt marshes are a valuable natural

resource, protection and preservation of these wetlands has begun only

recently. ln the past, many acres of ~S artina have been destroyed by

man's activities. Consequently, creating new salt marshes by propagating

S. alterniflora seems to be a desirable objective  Woodhouse, Seneca

and Broome, 1972!,

There are few records of attempts to establish new salt marshes

in this country  Larimerp 1968!. However, S. townsendii H. 6 J. Groves.,

an ecological equivalent of S. alterniflora, has been planted in Europe

for many years  Ranwell, 1967!. ~S artina townsendii has been used to

reduce the source area for channel silting, to reduce erosion of shore-

lines and to help reclaim mudflats on behalf of agricultural interests.

It is reasonable to assume that it would be feasible to propagate S.

alterniflora in this country if economical techniques are worked out.



Oliver �925! recognized the economic and labor-saving advantages

of seed over transplants as a mode of establishment of S. townsendii.

However, reports in t: he literature  Chapman, 1960; Larimer, 1968!

indicate that S. alterniflora produces very few viable seed and that

seed are not as important as rhizomes in spreading this grass. Contrary

to these reports, we have observed, along the North Carolina coast, that

seedlings are the primary means of natural colonization of S. alterniflora

on freshly deposited sediments within the intertidal zone. Seeds

germinate in late March and seedlings are numerous in the debris of drift

lines near the high tide mark. Seedlings can also be found at lower

elevations in protected intertidal areas. These seedlings grow rapidly

during the summer and produce flowers and seed by the end of the growing

season. Laboratory studies by Mooring, Cooper and Seneca �971!

showed that 52X of S. alterniflora seed germinated when subjected to a

65-95 F �5-18 C! alternating diurnal thermoperiod after storage in sea

water at 43 F � C! for 8 months. None of the seed stored dry at 43 F

germinated after 8 months, suggesting that seed must be kept moist to

remain viable over winter.

This paper reports a study of the effect of source of' seed and

storage treatments on viability of seed of S. alterniflora and the

performance of seed planted in suitable habitats in North Carolina

estuaries.

Materials and Methods

Effect of Stora e Treatment on Germination

In October 1969, seed of S. alterniflora were collected from five

locations along the North Carolina coast. These locations were Oregon



Inlet  lat. 35 46' N, long. 75' 32' W!, Ocracoke Island  lat. 35 12' N,

long. 75' 44' W!, Beaufort  lat. 34' 43' N, long. 76 40' W!, Surf City

 lat. 34' 22' N, long. 77 38' W!, and Oak Island  lat. 33' 54' N, long.

78' 01' W! . Samples of seed from each location were subjected to the

following storage treatments: �! submerged in estuarine vater at 2-3

C, �! submerged in distilled water at 2-3 C, �! suspended over water

on screen wire at 2 � 3 C, �! frozen dry, �! frozen in estuarine water,

and �! freeze-dried. The salinity of the estuarine water was in the

range of 2.0 to 2.5/.

Germination was tested in February 1970 by placing 50 seed, which

vere disinfected by soaking in a 25Z Cloro~ solution for 15 minutes, on

moist filter paper in a petri dish. Three replicates of seed from each

treatment and location were prepared with a replicate consisting of a

petri dish of 50 seed. Careful selection was made to be reasonably sure

a seed was present within each glume. The petri dishes containing the

seeds were placed in canisters  which excluded light! and were subjected

to an alternating thermoperiod of 7 hr at 35 C and 17 hr at 18 C  Mooring

et. al., 1971! in a growth chamber. The numbers of seed germinated

 indicated by the emergence of the epicotyl! were counted after 5, 7, 9,

21 and 30 days. Since none of the seed subjected to freeze-drying

germinated, the results of this treatment were deleted from the statis-

tical analysis. Germination failure of freeze-dried seed is consistent

with the findings of Mooring et al. �971! and showed ST alterniflora

seed must remain moist to retain viability.

Seed were also collected in 1970 and 1971 to study the effects of

date of harvest, length of after-ripening period, and storage on ger-

mination.



Field Ex eriments

Harvestin and Stora e of Seed. In the beginning of the studies,

seed were harvested by hand and stored in small containers in estuarine

water at refrigerator temperatures. However, for field-scale plantings

of significant size, it is necessary to obtain a large volume of seed.

Since harvesting by hand is slow and laborious, a mechanical harvester

was developed which consists of a sickle bar blade, a reel and a canvas

bag for catching the seed heads. This apparatus was mounted on a two-

wheel garden tractor. Harvested seed heads were placed in 8 x 8-ft

burlap sheets for easy transportation. The sheets of seed heads were

temporarily stored in a cooler �-3 C! until they could be threshed.

A threshing machine, previously used. for small grain from experimental

plots, was used to separate the seed from the straw. This threshing

procedure considerably reduced the amount of storage space required.

The threshed seed were placed in 30-gallon plastic garbage cans which

were filled with estuarine water and stored at a temperature of 2-3 C.

Seedin Methods. Trial plantings of ST alterniflora seed were

made in the field in 1970, 1971 and 1972. In 1970 and 1971 a limited

amount of seed were available; consequently, planting was limited to

small plots. A seeding trial at Oregon Inlet. in 1970 was included in a

randomized complete block experiment. Each plot of the three replicates

consisted of three rows of seed planted in furrows 1.0 m apart and 15.2 m

long on April 21, 1970.

In 1971, seed plots were established at Oregon Inlet, Ocracoke,

and Snow's Cut  lat. 34 07' N, long. 77' 56' W! . At each location a

comparison was made between applying the seed to the surface mixed in a

slurry of Unisoil  attapulgite clay! with a centrifugal pump or



broadcasting the seed evenly over the plots by hand and working them into

the substrate with rakes.

In 1972 a large volume of seed  approximately 1200 1! was available

for planting. Several areas were planted to seed at Ocracoke and Beaufort

on recently deposited dredge spoil. Seed were broadcast by hand and

covered by using five narrow sweeps mounted on the tool bar of a tractor

followed by a spiked-tooth harrow. A rototiller was also used for in-

corporating seed in areas not accessible to the tractor. Seeding rates

were adjusted according to germination studies on each lot of seed used

such that about 100 viable seed per square meter were planted. The

number of viable seed per liter varied from 500 in the poorest lot of

seed to 27,000 in the best lot. An average value was 10,000 viable

seed per liter �0/ml!.

Results and Discussion

E f f sets o f S tora e Treatment on Germina tion

The combined analysis of variance over all locations, times at

which percent germination was recorded, and storage treatments revealed

a highly significant  .01 level! three-factor interaction. Consequently,

it was not considered meaningful to compare the main effects of loca-

tions, times, or treatments. An analysis of variance was then performed

separately for each location. Since there was still a treatment x time

interaction, LSD's were calculated for comparing the differences in

percent germination among treatments on any particular day. Calcula-

tions of this LSD involve both error  a! and error  b! since both whole

plot and subplot differences are involved  Steel and Torrie, 1960! .



Results of the effect of storage treatment on germination indicate

that freezing, either dry or in estuarine water, was clearly detrimental

to germination of seed from all locations  Figures 1.1 � 1.5!. Freezing

was particularly harmful to seed from Surf City and Oak Island. Ger-

mination of seed from Oregon Inlet, Ocracoke and Beaufort, which were

stored frozen was fair; however, germination was delayed. This indicates

that the after-ripening or development process of the seed  which was

shown to be important in other experiments! was retarded while the seed

were frozen.

The effects of storage of seed in estuarine water, distilled water

or over water on germination was more variable between locations. Seed

from Oregon Inlet showed no statistical difference in percent germina-

tion of seed among these three treatments at the end of 30 days. Ger-

mination of seed stored over water did lag somewhat for the first 10

days of the germination period. Storage over water produced the best

germination percentages for seed from Ocracoke and Oak Island, while

storage in estuarine water was significantly better than any other

treatment for seed from Beaufort and Surf City.

The explanation for the variable response to storage treatment of

seed collected from different locations is probably due to the degree

of maturity of seed at the time of harvest. ~d artina alterniflora seed

apparently are never dormant but continue development during an af ter-

ripening period. The degree of seed development at the time of harvest,

as well as the environment in which the after-ripening proceeds, probably

influences viability of the seed. Although there is considerable

variation in seed maturity even within a particular stand, flowering
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and seed maturity occurs earlier along the northern coast of North

Carolina with about a 3-week span from north to south.

The seed collections from the different locations used in the

experiment were made within 3 days; therefoxe, seed from the northern

coast; e.g., Oregon Inlet, were more mature than those from the southern

coast; e.g., Oak Island. Consequently, the difference in the effect of

storage in estuarine water, distilled water or over water on germination

was least in the seed collected from Oregon Inlet. Storage over water

was advantageous for seed collected at Ocracoke and Oak Island.

Apparently these seed were less mature at harvest and storage in a

saturated atmosphere, but not submerged, was more conducive to the

after-ripening process'

This study of germination indicates that seed should be harvested

as near maturity as possible and that stoxage in estuarine water or

possibly fresh water at 2-3 C is an acceptable and relatively easy way

to maintain. viability over winter. However, it is often necessary to

compromise on complete maturity since many seed may be lost due to

natural shattering if harvesting is delayed too long. At Oregon Inlet

the optimum harvest date has been from about September 20 to October 10.

The best harvest date is later farther south.

Selecting the proper location is also important in harvesting a

good seed supply. It' has been observed that the quality and quantity of

seed produced varies greatly from one stand of S. alterniflora to

another. As would be expected, the most vigorous plants set the most

seed and these are generally found in areas recently colonized by S.

alterniflora. There is little flowering and seed production in the short
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height zone areas of older marshes with most seed being produced by the

tall form along creek banks. A similar observation was made by Taylor

�938! on Long Island, New York where he reported that thick stands of

S. alterniflora did not flower.

Another factor which may reduce seed production in local areas is

infestation by flower beetles  family Mordellidae! which destroy the

1
flowers preventing seed from being produced.

The effects of date of harvest, length of after-ripening period,

and storage in distilled or estuarine water were evaluated with seed

collected in 1971.

Seed harvested on September 28, 1971 at Oregon Inlet had a sig-

nificantly higher germination percentage than those harvested 1 week

earlier  Figure 1.6!. However, it must be pointed out that' there was

one other difference in the way the seed from each harvest date were

treated. The seed harvested on September 21 were threshed and stored

in estuarine water within a few days of harvesting, while those har-

vested on September 28 were stored dry in a cooler for 3 weeks before

threshing and storing in estuarine water.

Results of a study on the effect of length of storage on germina-

tion indicate that immediately after harvest, seed were slow to ger-

minate, requiring about 24 days to reach 50/ germination  Figure 1.7!.

By February, 50K of the seed sample germinated in only 4 days. The

results indicate that an after-ripening process occurs which speeds up

the germination process and increases the germination percentage as the

1 Campbell, W. V., Professor of Entomology, M. C. State University
at Raleigh; personal communication.
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length of storage increases. Similar results were obtained by

Van Shreven �958! in a study of S. townsendii seed. It is difficult to

evaluate the effects of length of storage on germination beyond 6 or 7

months since the epicotyl of a large percentage of seed emerges even

though stored in salt water at 2-3 C.

Samples of seed harvested September 21, 1971 at Oregon Inlet were

used to compare storage in estuarine water with distilled water. After

2 months storage there was no difference in germination between the two

storage treatments  Figure 1.8!. However, after 5 months, when the

after-ripening process was apparently complete, seed stored in estuarine

water had a significantly  .05 level! higher germination percentage

than those stored in distilled water  Figure 1.8!. At least in some

cases storage in salt water enhances seed germination.

Field Ex eriments

The success of seeding has been variable with some very good results,

but also some failures due to excessive deposition of sediment or loss

of seed or seedlings by erosion.

Seed planted in rows in 1970 at Oregon Inlet produced very little

growth on a per-unit-area basis during the first growing season  Table

1.1!. The seedlings were confined to narrow rows the first year but

produced a co~piete cover by the end of the second growing season. From

this initial experiment it was concluded that seed could be successfully

used to establish S. alterniflora. The results also indicated that seed

should be distributed evenly over an area to give a better cover during

the first growing season.
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Table 1.1. Standing crop produced from seed planted in rows
1 m apart at Oregon Inlet April 21, 1970

Dr wei ht   /m2!
9/8/719/22/70Rep

Roo ts Rhizomes Shoo ts Shoots

24525.914.2 8.8

2624.8 10.96.7

31315.810.7 7.3

273.317.57.010.5Mean

Table 1.2. A comparison of growth measurements of seedlings produced
from seed applied to the surface in a clay slurry and seed
covered by raking at two locations

Dry wt of No. of No. of Height
shoots  g/m ! stems/m flowers/m  cm!

Ore on Inleta harvested 9/1/71!

41.3

30.3
101. 2

60 ~ 0
Clay slurry
Raked

72.0

25.2

208.0

173.2

Snow's Cut  harvested 9/15/71!

Raked: Plot 1

Plot 2

260

120
1236.8

685.6

116

116

480

388

Means of three replicati,ons.

In 1971, split-plot experiments at Oregon. I~let and Snow's Cut were

used to compare application of seed to the surface in a clay slurry

versus incorporating the seed to 1 to 4 cm in the substrate with rakes.

At Oregon Inlet, applying the seed to the surface in the clay slurry

produced a greater amount of top growth than covering the seed  Table

1.2!. The seed in the clay slurry germinated sooner and got off to a
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faster start since temperatures on the surface were probably higher and

the seedlings did not have to emerge through a layer of sand. However,

at. Snow's Cut seed planted in the clay slurry produced essentially no

seedlings. There is a greater tide range at Snow's Cut and due to the

regular flooding the clay slurry containing the seed did not remain in

place long enough for germination and rooting to occur. In ad!scent

plots, where seed were thoroughly mixed with the substrate by raking to

a depth of 1 to 4 cm, there was a good stand of seedlings which produced

very good growth  Table 1.2! . It appears that broadcasting the seed and

covering to a depth of 1 to 4 cm is the best method to assure a good

stand of S. alterniflora seedlings over a wide range of conditions.

Experiments have also shown that seeding is more successful in the upper

portion of the tide range. The chance for survival of seedlings is much

less at lower elevations ~

In 1972 plantings of about 0.5 ha each were made at Beaufort  April 11!

and Ocracoke  April 13! on freshly deposited sandy dredge spoil. A

second seeding was made at Beaufort on June 21. Seed germinated well at

both locations. However, a storm covered the seedlings at Qcracoke with

wind-blown sand ~ The seed at Beaufort were protected by a sand fence

and produced a good stand which grew very rapidly during the first

growing season  Table 1.3!. Dry matter production. by plants from the

April 11 seeding was equal to that from the mediu~ height zone of a

nearby long-established natural marsh. Clipped plots from the old marsh

2
on September 7, 197l had an average dry weight of 1019 g/m for tall,

355 g/m for medium and 241 g/m for short S. alterniflora. A study by2 2

Williams and Murdock �969! showed the average annual aerial standing

crop of S. alterniflora marshes in the Beaufort area to be 545 g/m
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A comparison of the above-ground standing
crop of S. alterniflora produced from seed
planted on adjacent plats on two planting
dates at Beaufort  plots were harvested
October 5, 1972!

Table 1.3

D wt   /m2!
P lantin dateSample no.

4/11/72 6/21/72

52384

59297

382 56

354

Thus the aerial standing crop produced from seed in one growing season

was 65% of the average standing crop reported far long-established marshes.

The difference in standing crop produced from seed planted April 11

and June 21 is striking  Table l.3!. The difference in dry weight is due

to the shorter growing season for the June seeding. However, the stand

was as good or better from the June seeding and growth vill probably

equal the earlier planting during subsequent growing seasons. Earlier

seedings produce more growth but the chances of storm damage are greater.

The seeding experiment at Beaufort also gives evidence of the

limited elevation range aver which seedlings are able to survive. An

average of several points along the lower edge of the adjacent natural

~arsh showed a lower limit of 1.42 ft above local mean low water  LMLW!

or 0.12 ft below mean sea level. The upper edge of the S. alterniflara

was 3.78 ft above LMLW. However, seedlings from the April 11, 1972

seeding survived only as low as 3.33 ft above LMLW. Although seedlings
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survived above the upper elevation cut off of the natural marsh, the

portion of the elevation range normally occupied by S. alterniflora at

this location that was effectively colonized by seeding was rather narrow.

This area was between 3.33 ft and 3.78 ft above LMLW, or a range of 0 ' 45

which amounts to about 19X of the 2.36-ft elevation range of the

natural stand of S. alternifloxa. Tide tables list the average tide

range at Beaufort as 2.5 ft. Due to fewer storms and less intense wave

action, seed planted June 21 produced seedlings with an average lower

li.mit of survival of 3.05 ft above LMLW. This represents about 31X of

the elevation range of S. alterniflora being colonized by seedlings.

Seed planted April 10, 1972 on a dredge spoil island in the Cape

Fear River near Snow's Cut, produced seedlings over a larger portion of

the elevation range of S. alterniflora. Transplants survived from 0.83

ft to 4.63 ft above LMLW or a range of 3.80 ft. Seedlings survived down

to 2.58 ft above LMLW which is a range of 2.05 ft or about 54/. of t: he

elevation range at this location. The tide tables list the mean tide

range as 3.8 ft at nearby Campbell Island.

Summer and Conclusions

Under favorable environmental conditions, S. alterniflora produces

large quantities of viable seed. Seed should be collected from vigorous

stands and stored over winter submerged in estuarine or sea water at

temperatures i.n the range of 2-3 C. Areas recently colonized by S.

alterniflora produce the best seed crops. The performance of seed is

affected by maturity and should be collected as near the shattering

stage as possible, Seed are slow to germinate immediately after harvest

and require a storage period of 3 or 4 months. Seed may be kept in cold
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material. The elevation range over which seedlings can be expected to

survive is limited to about the upper 20-50%%d of the elevational range

of naturally occurring stands in a given area. This is affected by the

exposure of a site to normal wave action and the occurrence of storms.

Other studies  Woodhouse et al., 1972! have shown that transplants are

more effective in establishing S. alterniflora in the lower elevations

of its habitat. The above-ground standing crop of plants produced from

seed in one growing season may approach that of long-established marshes.

The protective cover established by seedling growth during the first

growing season exceeds that produced by transplants in the same length

of time.
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THE RELATIONSHIP OF MINERAL NUZRIENTS TO GROWTH OF SPARTINA

AI TERNIFLORA IN NORTH CAROLINA. I. NUTRIENT STATUS

OF PLANTS AND SOILS IN NATURAL STANDS

Introduction

~Sartina alternif lors Loisel. salt marshes are an important component

of many of the productive estuarine ecosystems along the Atlantic coast

of North America. A high proportion of the annual production of S.

alterniflora is exported ta adjacent estuaries in the form of par-

ticulate organic detritus  Teal, 1962; de la Cruz and Odum, 1967;

Williams and Murdoch, 1969!. The detritus is utilized by fish and in-

vertebrate animals which may be permanent or temporary inhabitants of

the estuary.

The annual net primary production of S. alterniflora has been found

to be quite high, often exceeding that of many cultivated crops  Odum,

1959!. Reports of the amounts of annual production of S. alterniflora

from several locations were summarized by Cooper �969!. A general trend

of decreased productivity from south to north was noted which was

probably due to the decrease in length of growing season. Productivity

of S. alterniflora also varies a great deal within a given location.

Three distinct height forms described as tall, medium and short are

generally recognized  Teal, 1962; Adams, 1963; Cooper, 1969! . The dif-

ference in the yield of dry matter between these height forms is quite

pronounced as evidenced by a study in Brunswick County, N. C. by Stroud

and Cooper �969!. They reported the annual net primary production of

tall, medium and short S. alterniflora as 1563, 471 and 280 g/m /yr,
2

respectively. When relative areas of the height forms were considered,

the average production over the entire marsh was 646 g/m /yr.2
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There is some disagreement as to whether the difference in growth

habit and productivity between the height forms of S. alterniflora is due

to genetic differences between the short and tall forms or if the size

difference is a result of environmental factors. Chapman �960! states

that in his opinion the stunted S. alterniflora community is actually a

special form  variety pilose! which is smaller than variety glabra. Data

reported by Stalter and Batson �969! from a transplant experiment

suggest that there are two forms of ~g artina alterniflora, one of which

is inherently dwarf and one which is inherently tall. However, the

period of time over which the transplants were observed was too short to

be conclusive.

Although some evidence has been put forth to indicate possible

genetic differences between the tall and short. form, there is also

evidence which indicates the difference in growth and appearance is the

result of certain envinonmental factors. The most obvious factor to

which zonation in salt marshes may be related is the relationship between

tide and elevation and the amount of inundation to which a particular

area is subjected  Johnson and York, 1915; Hinde, 1954; Adams, 1963!.

Reed �947! pointed out that individual S. alterniflora plants reach

their best development half way between the low and high tide levels

and decline in height and luxuriance both seaward and shoreward. Reed

did not measure differences in soil factors within the S. alterniflora

zone, but differences in salinity and drainage were shown to exist

between various plant communities in the marsh. Tide-elevation relation-

ships obviously affect many soil physical and chemical properties which

in turn influence plant growth, but salinity is the factor most often
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studied and. related to zonation of marshes. Bourdeau and Adams �956!

found that salinity increased markedly from the tall to the short S.

alterniflora zone. Results of a greenhouse study by Mooring, Seneca,

and Cooper �969! indicated that the height forms are ecophenes. From

these results they postulated that exposure to environments differing

in salinity may be the cause. Shea, Warren, and Niering �972! also

report evidence to support. the ecophene status of the height forms.

Several reports of concentrations of various nutrients in the plant

tissue of ~Sartina can be found in the literature  Williams, 1955;

Williams and Murdoch, 1969! . However, nutrient concentrations have not

been related to productivity of the grass. The objective of this study

is to determirie if there are relationships between nutrient concentra-

tions of the plant tissue and/or nutrient status of the soil and dif-

ferences in productivity of S. alterniflora, either between locations or

between height zones,

Materials and Methods

Seven stands of S. alterniflora along the North Carolina coast were

selected for sampling during the summer of 1970  Figure 2.1!. These

stands are representative of variations in latitude, tide range, and

type of substrate which occur along the North Carolina coast. The

Oregon inlet, Hatteras Village and Ocracoke sites are similar in that

they are located on the sound side of barrier islands where the lunar

tide range is 30 cm or less. There are two important damper effects

which cause the narrow lunar tide range in estuaries north of Gape

Lookout: �! there are very few inlets through the barrier islands,

and �! there is a large expanse of water behind the islands. However,
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Figure 2.1. Locations of sampling sites  indicated by arrows!
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Table 2.1. Soil text:ure and percent organic matter

X sand %%d O.N.

Tall Short Tall Short Tal1 Short Tall Short
Location

Oregon Inlet 97.3 96.3 0.6 0.8 2.1 2.9 0.1 0.1

5 ' 1 10.8

0.7 0.3

1.6 2.4

5.0 6.0

1.1 0.5

9.3 6.5

Hatteras Village 84.6 71.6 9.1 20.5 6.2 7.9

Ocracoke

North River

Beaufort

Swansboro

Oak Island

92.7 96.1 3.7 0.5 3.6 3.3

54.9 69.0 30.3 20.6 14.8 10.4

47.1 52,4 40,2 34.4 12.7 13.2

86.4 93.9

57.3 57.7

6.2 2.6 7.4 3.5

30.6 30.3 12.1 11.9

LSD

Loc x ht zone

.01

.05

2.3

1.7

ns

10. 0

ns

3.1

ns
7.9

a Hain effects are not presented because of signii'icant loc x ht
zone interaction.

winds greatly influence the tide levels causing a greater but irregular

fluctuation of tide, The Oregon Inlet and Ocracoke marshes are young

st.ands on sandy substrate, The Hatteras Village marsh is growing on a

substrate which consists of 10X organic matter. The North, River marsh

is also in a location of low tidal amplitude. This marsh consists of a

narrow fringe  about 20 m wide! along the shore.

The Beaufort, Swansboro and Oak Island marshes are in areas of wide

tidal range and are more typical of the regularly flooded southeastern

tidal marshes as described by Cooper �969!. South of Cape Lookout

inlets are more numerous and the estuaries are narrower allowing a

greater tide range. Texture of the substrate is quite variable between

the locations  Table 2.1! .
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Plant samples were taken from each location and each height zone

June 17-23, August 5-17, and September 30Wctober 2. The distinctness

of the height zones varied among the locations. The medium height zone

was a narrow transition zone which was barely di,scerUable in several

locatioas; consequently, only samples from the tall and short height

zones were included in the statistical analyses. The plant samples,

2
consisting of 0.25 m plots, were clipped at ground level from each

height zone. The sample plots were selected by establishing a transect

across and perpendicular to the height zones. From this line 3 points

for sampling were randomly selected within each height zone. Sampling

was done at low tide when possible.

Salinity of the soil solution was determined in the field with a

hand-held refractometer  American Optical Co.!. Measurements on the

grass included dry weight  dried at 70'C in a forced-air oven!, number

of stems and height  the average of five randomly selected stems in each

0.25 m plot!. The dried samples were chopped with a silage chopper,2

and subsamples were ground in a Wiley mill in preparation for nutrient.

analyses of the plant tissue. Determinations of the concentrations of

N, P, K, Na, Ca, Mg, S, Fe, Zn, Mn and Cu were made by the Department of

Soil Science Analytical Service Laboratory at N. C. State University.

Soil samples of the upper 15 cm were taken in each height zone at the

time of the first plant sampling. These samples were air dried,

screened and the following determinations were made by the Soil Testing

Division of the N. C. Department of Agriculture using their routine

methods: organic matter, Ca, Mg, P, K, Mn, Na, CEC and soluble salts.

Soil texture was determined by the Bouyoucos hydrometer method  Day,

1965!.
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Regression analysis was the statistical technique used to detect

relationships among nutrient levels in the soil, plant tissue and

productivity, The logarithm  base 10! of yield and height at maturity

were the dependent variables. The log-transformation was used to provide

a better fit for the curves, decrease random variation and normalize

the mean square error. There were 48 independent variables in the

original data which consisted of the concentration of 11 different

mineral nutrients in the plant tissue at each of three sampling times,

the salinity of the soil solution at each sampling time, and 12 soil

chemical and physical properties . The "best" regression model was

2
selected using a combination of the maximum R improvement procedure

 Service, 1972!, the stepwise regression procedure  Draper and Smith,

1966! and critical examination of the independent variables from an

agronomic viewpoint. In the stepwise procedure the single variable

2model which produces the highest R is selected; then variables are

added one by one to the model according to their si,gnificance as measured

by the F-test �,1 level of significance for entry! . At every stage of

regression the variables incorporated in the previous stages are re-

examined for significance. A variable which was entered at an early

stage may become insignificant because of its relationship to other

variables which enter the regression. The maximum R improvement tech�2

nique developed by J. H. Goodnight selects the "best" one variable model,

the "best" two � variable model, etc. according to R

Results and Discussion

Selectin the De endent Variable

The independent variables were measurements of soil chemical and

physical properties and nutrient concentrations in the plant tissue at
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three sampling dates  Table 2.2!. Multiple regression procedures were

used as variable screening devices in an attempt to determine which of

these independent variables were related to yield and height of S.

alterniflora. It was necessary to select two models  one for log

yield and one for log height! because the relationship between height
10

and yield was not as close as might be expected  Figure 2.2! . Although

2
the relationship between yield and height is highly significant, the R

2
 multiple correlation coefficient! is only 0.26. The R was not

greatly improved by transformation to logarithms. This lack of fit is

due to the variation in growth habit between locations. Stands are

thinnest where the tallest grass occurs; consequently, shorter grass

may produce higher yields where stands are thicker. An example of this

may be seen by comparing the data for yield and height from the tall

height zones at Oregon Inlet and Beaufort  Table 2.3!. The average

height at Beaufort is much greater than at Oregon Inlet, but the yield at

Oregon Inlet is greater. This can be attributed to the fact that there

are nearly twice as many stems per unit area at Oregon Inlet to produce

the total biomass. This difference in growth habit may be related to

tide range. Shorter grass and thick stands occur at Oregon Inlet,

Hatteras Village and Ocracoke where the regular lunar tide range is less

than 30 cm. At Beaufort, Swansboro, and Oak Island where the tide

range is about 1 m, the grass is taller but the stands are more sparse.

There is also a significant difference between the number of stems

per unit area between the tall and short. height zones. The stands are

thicker in the short height zones but the yields are much less than in

the tall height zones. Height and yield are more closely related within
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Table 2.2. Variables used in model building and their simple correla-
tions with dependent variables height and yield

coefficient r!
Height

correlation

Yield
Abbrevi- Sim le

ation

Soil ro erties  sam led June 17-23, 1970!

0.04

0 ' 15
0.07

0.09
S.OM

S.CEC

Sa] i.nit of the soil solution  /!

0 49k*

-0. 23

Q 39**

AS-SAL

BS � SAL

CS-SAL

June 17-23

August 5-17
September 30-October 2

� 0. 05

0.01

0.00

Nutrient content of the lant tissue

June 17-23

August 5 � 17

Nitrogen  /!
Phosphorus  /!
Potassium  X!
Sodium  /!
Calcium  /!

-Q. 18

0.09

0.09

0.23

� 0.03

-0.22

0.08

BN

BP

BK

BNa

BCa

Q 33*

-0. 08

� 0. 09

Organic matter  /!
Cation exchange capacity

 meq/100 g!
Soluble salts  MMho!
Phosphorus  ppm!
potassium  ppm!
Calcium  ppm!
Magnesium  ppm!
Manganese  ppm!
Sodium  ppm!
Sand  /!
Silt  /!
Clay  /!

Nitrogen  /!
Phosphorus  /!
Potassium  /!
Sodium  /!
Calcium  /!
Magnesium  /!
Sulfur  /!
Iron  ppm!
Zinc  ppm!
Manganese  ppm!
Copper  ppm!

S.SALT
S � P

S � K

S-Ca

S � Mg
S-Mn

S-Na

SAND

SILT

CLAY

AN

AP

AK

ANa

ACa

AMg
AS

AFe

AZn

AMn

AC Li

� 0.07

0.06

-0.02

� 0.03

-0.04

-0.19

0.09

0.14
-0.15

-0.12

0.14

0.09

0.08

0.16

-0. 23

� 0.23

-0.14

� 0.11

0.25
-0.24

0.05

0.22

-0 ~ 09

Q 38**

-0.17

0.22

-0.08

0.29

-0.36*

0.37*

0.31*

0.04
0 39**

-0.08

0 52**

-0 ' 25

0.03
Q 52**

Q 43**

0.30*

0.32*

0.15
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Table 2.2  Continued!

Abbrevi � Sim le correlation coef f icient  r!
ation Yield Height

September 30-October 2

* 05 r > 10.301
t* 05 r > 10.391

Magnesium  /!
Sul f ur  /!
I ron  ppm!
Z inc  ppm!
Manganese  ppm!
Copper  ppm!

Nitrogen  /!
Phosphorus  /!
Potassium  X!
Sodium  /!
Calcium  /!
Magnesium  /!
Sulfur  %%d!
Iron  ppm!
Zinc  ppm!
Manganese  ppm!
Copper  ppm!

BMg
BS

BFe

BZn

BMn

BCu

CN

CP

CK

CNa

Cca

CMg
CS

CFe

CZn

CMn

Ccu

0.05
Q 42%A

� Q.ll
-0.13

-0.06

0.22

-0.14

-0.23

-0.32*

-0,18

0.06

0.07
-0.32*

-0.06

-0.06

-0.04

-0.17

0.02
0 59A*

0 43**

0.01

0. 24

0.16

-0. 27

� 0.04

-0.38*

-0.20

0.05

-0.05
Q 50**
Q 40*%'

� 0.02

0.16

-0. 15
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Figure 2.2. Relationship between height and yield of S.
alterniflora
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Table 2.3. Means and LSD's for yield, height and number of stems of S.
alternif lors samples from the tall and short height zones of
seven locations

 " /
Talla Short X Tall Short X Tall Short X

Location

68 90 7987 49 688253 2213 5233Oregon Inlet

76 38 57 144 171 158

91 47 69 102 148 125

Hatteras Vil. 12867 5213 9040

8800 2013 5407

4200 1707 2953 100 34 67

6973 2253 4613 144 58 101

83 42 627800 4613 6207

7893 2360 5127 105 37 79

98 458112 2910

LSD:

Loc .01

.05

Ht zone .01

.05

Loc * ht zone .01

.05

a
Height zone.

a given marsh or type of marsh  Williams and Murdoch, 1969! . That is, at

a particular location the taller grass produces higher yields. For what-

ever reason, the correlation between height and yield was low enough

that it was necessary to create separate models for height and yield.

The Model Buildin Process

There were 47 independent variables in the original model. Silt

was omitted since the percent sand, silt and clay always sums to 100%.

This causes any two of these variables to correlate perfectly with the

Ocracoke

North River

Beaufort

Swansboro

Oak Island

2899

2149

1549

1149

ns

ns

11 8 6
4

15

11

30 59 44

35 46 40

62 131 96

37 61 49

68 100.8

30

22

16
12

ns

ns
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third; therefore, only two of the variables can be used in a regression

equation. The number of variables in the original model was reduced
2

with the aid of the stepwise regression procedure and the maximum R

improvement procedure. By using regression techniques two sets of

variables most likely to be related to yield  Table 2.4! and height

2
 Table 2.5! were selected. Each model contains 11 variables with an R

of 0.90. Thus, about 90X of the variation in yield and height is ex-

plained by the independent variables in each regression equation. The

variables in these models represent a subset of variables which can be

used to explain differences in yield and height; however, they may not

necessarily be the most important variables affecting plant growth in

the salt marsh system. Other subsets may produce similar R values but

the two presented were considered the most agronomically feasible. Some

models with fewer variables also produced satisfactory R values  Table

2,6!. Regression equations with more independent variables produced

2higher R values, but beyond 11 variables there was very li.ttle i.ncrease

in the regression sum of squares or reduction in error mean square and

C.V., and it appeared that overfitting was a factor.

Inter retation of the Model for Yield

As would be expected in a natural ecological system, there is some

intercorrelation of variables  Table 2.7! . When there is a correlation

between independent variables in a model, the regression coefficients

 b's! may not be reliable. However, by considering the regression model

in combination with the simple correlations of each independent variable

with yield  Table 2.2! and the means and LSD's obtained by analysis of

variance, some insight as to the effect of each variable on variation in
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Table 2.4. Analysis of variance table, regression coefficient and
statistics of fit for dependent variable log10 yield

df Sun of squares F-value R2 C.V.Source

23.29** 0.90 3.1%3 ' 3090

0.3876

3.6966

Regression

Deviations

Total

30

41

Re ression coefficient  b! Partial sum of s uares F-valueSource

Intercept

CK

CCa

AS-SAL

BMn

S-Mn

0. 145

BP 0.091

0.085

0.033

S � P

AS

Variables which also appear in the height equation.

*0.10 level of significance
**0.01 level of significance

3.7428

-0.9873

0.3197

1.3632

-0.0161

-0.0095

-0.0046

3.4720

-0.0116

3.2208

0.0005

-0.3368

0. 619

0. 309

0.238

0.233

0.177

0.174

0.155

47 9**

23 ' 9**

4**

j **

j3 7**

]3 4**

j2 0**

j] 3**

7 jA*

6k*

2.6~
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'fable 2.5. Analysis of variance table, regression coefficients, and
statistics of fit for dependent variable logl0 height

df Sum of squares F-value R2 C.V.Source

25.54*~ 0.90 3.8X1.3301

0.1420

1.4722

Regression

Deviations

To tal

30

41

Re ression coefficient  b! Partial sum of s uares F-valueSource

Intercept

0.250

0. 110AN

0.100BNg

AN

CCa
a

BP

BNn

5*

4. Q*

AS 3.70

a Variables which also appear in the yield equation.

*0.05 level of significance
**0.01 level of significance

TQ.LO level of significance

1.0822

-0.3408

0.2177

1.4944

0.0001

-1.3985

-0.3963

0.4167

0.6428

1.8244

-0.0028

-0.2340

0 ' 093

0.057

0 ' 052

0.048

0.040

0.031

0.019

0.018

8**

23.3+*

2*%

j9 7**

12, 1**

11.0*+

j Q,2**

4g*
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Table 2.6. Selected models for predicting log of yield and height

2 C.V,

y
No. in

model
Model

Yield

0.26 7. 2

0.46 6.2

0.55 5.8

Q. 70 4.8

0.76 4.4

1 BS

2 BS, BMn

3 BS, BMn, AS-SAL

5 AS-SAL, BMn, BS, ANa, S-Mn.

7 BMn, BS, AS-SAL, ANa, BCa, SMn, ACu

11 CK, ANa, CCa, AS-SAL, BMn, S-Mn, AP, AMn, BP, SP, AS 0.90 3.1

0.36 8.4

0.59 6.9

0.67 6.2

0.78 5.2

0.84 4. 6

0.90 3.8

1 BS

2 BS, ANa

3 BS, ANa, CCa

5 BS, CCa, ANa, BFe, AS-SAL

7 BS, CCa, ANa, BFe, BMn, S-Ca

11 BS, ANa, BMg, AFe, AMg, CN, AN, CCa, BP, BMn,, AS

yield may be obtained. The partial sum of squares are a measure of the

relative importance of the variables in a regression equation and t: he

variables may be ranked on this basis  Table 2.4! .

The K content of the plant tissue at the fall sampling date  CK!

is the variable which accounts for the highest amount of yield variation

in the regression equation. At five of the seven locations K concen.tra-

tions were greater in. plants taken from the short height zone  Table 2.8!.

The trend of lower K concentrations in higher yielding plants is probably

an indication of a greater dI.lution of K in the plant tissue where

higher yields occur.
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Table 2.8. Means and LSD's for variables which appear in regression
equations for yie1d and/or height

Short XTalla Short X Tall Short X TallLocation

AS-SAL

15.7 27.7

16.0 18. 3

30.0 37.0

31. 7 40.3

35.0 36.3

35.0 36.3

30.0 25.0

27.6 31.6 0. 110.98 0.98 0.12

LSD:

Loc .01

.05

Ht zone .01

.05
Loc x ht zone .01

.05

0.11

0.08

ns

ns
ns

AS

0.38 0.23

0.57 0.25

0.58 0.29

0.44 0.32

0.41 0.28

0.46 0.33

0.31 0.33

2.00

2.53

2.20

2.67

2.97

2.43

2.73

2.50 2.29 0.40 0.51 0.29 0.29

0.04

0.03

ns

Oregon Inlet
Ha t tera s Vil .

Ocracoke
Nor th River

Beaufort

Swansboro

Oak Island

Oregon Inlet
Hatteras Vil.

Ocracoke

North River

Beaufort

Swansboro

Oak Island

LSD

Loc .01

.05

Ht zone .01

.05

Loc x ht zone .01

.05

3.4

2.6

1.8

1.4

4.9

3 ~ 6

1.83

2.13

2.23

2.33

2.60

2.37

2.53

0.38

0.25

0.18

0.13

21.7

17.2

33.5

36.0

35.7

35.7

27.5

1.92

2.33

2.22

2.50

2.78

2.40

2.63

1.06

0.99

1.08

0.83

1.01

0.98

0.92

0.31

0.54

0.48

0.42

0. 30

0 ~ 48

0.25

1.04

1.03

1.12

0. 76

1.07

0.98

0.89

0.46

0.60

0.68

0.46

0.53

0.44

0.36

0.13

0.09

0.07

0.05

ns

ns

1. 05

1.01

1.10

0.80

1.04

0.98

0.91

0.13

0.11

0. 10

0.10

0.14

0.09

0.19

0.11

0. 10

0.09

0.11

0.12

0.12

0.13

0.02

0.01

0.01

0.01

0.02

0.02

0.30

0.25

0.31

0.30

0.27

0.32

0.28

ns

ns

0.05

0.04

0.12

0.10

0.09

0.11

0.].3

0.11

0. 16

0.27

0.25

0.30

0.31

0.27

0.32

0.31
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Table 2.8  Continued!

Shor t XShort X Tall Short X TallTallaLocation

AFe BP

0.090.1030.6 28.2701. 6 530. 3

7.2

5.3

BSBmn

0 ~ 34 0.55 0.9822.7 19.90.32

7.4

5.5
0.05

0.04

ns ns

ns

0.07

0.05

ns

10.5

7.8

Oregon Inlet
Hatteras Vil.

Ocracoke

North River

Beaufort

Swansboro

Oak Island

89

96

460

940

1413
1160

753

LSD:

Loc .01

.05

Ht zone . 01

.05

Loc x ht zone .01

.05

0.24

0.37
0.36

0 ' 30

0.30

0.38

0.33

Oregon Inlet
Hatteras Vil.

Ocracoke

North River

Beaufort

Swansboro

Oak Island

LSD:

Loc .01

.05

Ht zone .01

.05

Loc x ht zone .01

.05

121

113

131

380
1887

407

673

208

154

ill

83

295

218

0.31

0.28

0.37

0.31

0.31

0.32

0.32

105.0

104. 3

295.3

660.0

1650.0

783.7

713.3

0.27

0.33

0.37

0.37

0,30

0.35

0.32

32

22

29

41

41

11

37

28.7

22.0

14. 7

31. 3

28.0

10 ~ 7

23.3

31 31.7

25 23.3

40 34.7

37 39.0

25 33.0

9 10.0

31 34.0

ns

ns

10.1

7.5

41. 3 35.0

17.3 19. 7

14.0 14. 3

24.0 27. 7

16.0 22.0

6.7 8.7

20.0 21.7

0.14

0.11

0 ~ 08

0 ~ 08

0.09

0.09

0.11

0.30

0.72

0.60

0.38

0.52

0.88

0.48

0.13

0.07

0.09

0.10

0.08

0.10

0.09

0.02

0.01

0.01

0.01

0.03

0.02

0.48

0.84

1.44

1.01

1 ~ 19

0.91

1.03

0.19

0.14

0.10

0.07

0.26

0.19

0.13

0.09

0.09

0.09

0.09

0.10

0.10

0.39

0,78

1.02

0.70

0 ~ 85

0.89

0.76



Table 2.8  Continued!

Short X Tall Short XTall Short X TallLocation

CCaCKCN

0 ' 72 0.82 0.77

0.83 0.70 0.77

0.77 0.84 0.81

0. 76 0 ~ 92 0.84

0 ~ 76 0 ~ 89 0 ~ 83

0.77 0.93 0.85

0. 74 0.67 0 ~ 71

0.32 0 ~ 310.77 0.82 0.77 0.96

LSD:

Loc ,01

.05

Ht zone .01

.05

Loc x ht zone .01

.05

18. 3

24.0

46.3

64.7

90.7

592.0

33.0

124.1 127.4 7.95 14.95

LSD:

Loc . 01

.05

Ht zone .01

.05

Loc x ht zone .01

.05

8.75

6.48

35.4

26. 2

4.67

3.47

l2.37

ns

ns

50.0

37.1 9.17

a Height zone .

Oregon Inlet
Hatteras Vil.

Ocracoke

North River

Beaufort

Swansboro

Oak Island

Oregon Inlet
Hatteras Vil.

Ocracoke

North River

Beaufort

Swansboro

Oak Island

ns

ns

ns

0. 05

ns

0.13

11.0

6.7

35. 7

34.7

71. 7

696.0

36.0

14.7

15.3

41.0

49.7

81.2

644.0

34.5

0.80

0.73

0.53

0.60

0.73

1.13

0.87

3.33

4.33

5.00

5.67

7 ~ 33

3.00

27.00

0.87

0.60

1.03

0.93

1.03

1.33

0.90

0.14

0.10

0.07

0.05

0 ~ 19

0. 14

4 ~ 00

13.00

3.00

5.33

6.33

3.67

69.33

0.83

0.67

0.78

0.77

0.88

1.23

0 ' 88

3.67

8.67

4.00

5.50

6.83

3.33
48.17

0. 33

0.29

0.38

0.33

0. 27

0.34

0.33

0.37 0.35

0.23 0.26

0.47 0.43

0.26 0.30

0.29 0.28

0.29 0.31

0.23 0.28

0.06

0.04

ns

ns

0.08

0.06



Sodium concentration of the plant tissue at the first sampling

date  ANa! is positively related to yield. Significant differences in

Na concentrations occur between height zones and locations  Table 2.8! .

Plants from the tall height zones had higher concentrations than from

the short height zones. The explanation for this is not apparent;

particularly in light of the fact that higher salinities of the soil

solution  AS � SAI ! were clearly related to decreased yields  Table 2.2! .

High salinity of the soil solution has often been suggested as a

cause for reduced growth of S. alterniflora  Mooring, Seneca, and

Cooper, 1969! .

The reason for the appearance of calcium concentration in the plant

tissue at the fall sampling date  CCa! in the regression equation cannot

be readily explained. The means  Table 2.8! and the simple correlations

 Table 2.2! show no obvious relationships between yield and calcium

concentrations in the plant. It probably enters the regression equation

because of its relationship to other variables.

Manganese canientration in the plant tissue at the first sampling

date  AMn! and the second sampling daLe  BMn! and soil Mn  S-Mn! are

all negatively related to yield. The solubility of soil manganese is

increased under conditions of poor a .ration. The importance of Mn in

the regression equation may be an indication that the more reduced

soils produce lower yields of S. alterniflora. The chemical environ-

ment produced by waterlogging of soils produces several toxicity

problems which have been studied in relation to reduction of rice

yields; common problems are iron, manganese and sulfide toxicity and

toxicity from soluble organic products  Black, 1968!. However, Mn
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toxicity is unlikely in light of the concentration in the plant tissue

 Table 2.6! . We found concentrations of 10X this amount with no

apparent ill effects to plants in growth chamber studies with S ~

alterniflora in which the nutrient source was modified Hoagland's

solution.

Phosphorus concentrations in the plant tissue at the first sampling

date  AP! and the second sampling date  BP! and soil phosphorus  S � P!

are positively related to yield, The need for adequate supplies of P

for plant growth is well known and is often a limiting factor in the

growth of plants.

Sulfur at the first sampling date  AS! is negatively correlated

with yield. The means in Table 2.8 clearly show that concentration of

sulfur is much less in plants from the tall height zones. It is not

possible to determine from the data if this is a dilution effect or if

there is more. sulfur available in the short height zone.

Inter retation of the Nodel for Hei ht

Since some variables in this modei are also correlated  Table 2.9!,

caution must again be observed in interpreting regression coefficients.

The sulfur concentration in the plant tissue at the second sampling

date �S! accounts for the highest amount of variation in height in the

regression equation. Sulfur concentration at the first sampling date

 AS! also appears in the equation. The sulfur concentration at the

second sampling time is the single variable with the highest R in
2

both the height and yield equations  Table 2.8! . There is a clear

relationship between increased sulfur concentration and decreased
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growth, but it is not possible to determine from the data if it is a

cause and effect relationship.

Sodium concentration in the plants at the first sampling date  ANa!

is positively related to height as it was to yield. The concentration

is significantly higher in samples from the tall height zone  Table 2.8!.

Magnesium concentration. in the plant tissue at the first  AMg! and

second  BMg! sampling dates are in the regression equation. However,

there is no relationship of Mg with height apparent from the simple cor-

relations  Table 2.2! or the means  Table 2.8!. This variable may have

entered the regression equation due to its relationship with other

variables'

The iron concentration in the plant tissue at the first sampling

date  AFe! is positively correlated with height. The difference is

greater between locations than between height zones. This difference

is probably because finer sediments occur at the locations where taller

plants are found and would be expected to contain more iron  associated

with clay! than the sandy sites.

Nitrogen concentration at the first sampling date  AN! was positively

correlated with height, while N concentration at the third sampling date

 CN! was negatively correlated with height. A probable explanation for

this is that plant available N is scarce in the marsh environment. At

the first sampling date high N concentrations in the plant are indicative

of a high potential for growth. At maturity the N concentration is

lowest in plants which have achieved maximum growth due to dilution in

the greater amount of plant tissue.

Calcium concentration at the third sampling date  CCa! probably

ent'ers the regression equation because of its relationship to other
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variables since no relationship with height is apparent from the means

 Table 2.8! or the simple correlation with height  Table 2.2!.

Phosphorus concentration at the second sampling time  BP! was

positively correlated with plant height. This indicates that where

greater amounts of P are available for growth, greater heights are

attained.

The concentration of manganese ac the second sampling time  BMn!

appears to be negatively related to height according to the regression

coefficient  Table 2.5!. However, the simple correlation shows a

positive relationship of BMn to height. This is an example of sign

reversal of b-values when there is correlation between variables in the

model. This positive relationship of Mn concentration to height is

opposite of that with yield.

The sulfur concentration of the plant tissue at the first sampling

date  AS! is negatively related to height as it was to yield. Concen-

trations of S in plants from the short height zones were quite high

 Table 2.8! .

Predictin Standin Cro of Mineral Nutrients from Dr Wei ht

lt is of interest to know the quantities of nutrients conveyed to

estuarine food chains by S. alterniflora  Williams and Murdoch, 1969! .

From the data in our study it is possible to calculate the standing

crop of nutrients contained in the above-ground portion of mature S.

alterniflora stands  Table 2.10!. Since the total amount of nutrients

incorporated in the plant tissue is highly dependent on yields, the dry

weight is a good predictor of standing crops of the mineral nutrients.

2
The R values for standing crop of N, P, K, S, Ca, Mg and Na are quite
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high  Table 2.10! and these equations should be reliable and useful for

estimating the amount of nutrients contained in the mature shoots of S.

alterniflora salt marshes. However, the fate of the nutrients as the

plants decompose is more difficult to determine. Because of greater

variation, the predictions for Fe, Zn, Mn and Cu standing crops would

be less accurate.

Summar and Conclusions

The results indi. cate that tissue concentrations of several

nutrients and several soil properties were significantly associated

with variations in yield and height of S. alterniflora. It is important

to keep in mind the purposes of multiple regression analyses. Pre-

dictive models are not necessarily functional but can lead to insight

into a problem. According to Draper and Smith E',1966!, construction of

this type of model from problems where much intercorrelation of data

exists is where regression techniques can make their greatest contri-

bution. It provides guidelines for further investigation, pinpoints

important variables and is useful in screening variables.

Several variables selected by the multiple regression procedure in

this study seem to warrant further investigation to determine their

relationship to productivity of S. alterniflora. Such variables

negatively associated with yield include salinity of the soil solution,

manganese concentration in the plants and soil and sulfur concentrations

in the plants. Important variables positively associated with yield

include P concentration in the plant tissue and in the soil.

The reduction of yield of S. alterniflora with increasing soil

salinity has long been recognized. This study confirms this, but there
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was not a striking difference in salinity between height zones. This

is indicated by the fact that the simpLe correlation of height with

soil salinity is near 0  Table 2.2!.

The importance of ~ and S in both the yield and height equations

and Fe in the height equation suggest investigation into the influence

of the chemical effects of waterlogging of the marsh soil on S. alterni-

flora growth. Undoubtedly there are different degrees of aeration both

within and among ~g attica marshes which affect soil chemical properties.

There is an extensive literature on waterlogged soils in connection

with rice culture  Redman and Patrick, 1965; Black, 1968!. Useful

reviews on the chemistry of P and N in sediment � water systems are

presented by Syers, Harris, and Armstrong �973! and Keeney �973!.

The positive influence of P concentration in the plant tissue

would be expected since in most natural plant-soil systems P is

second only to N as a limiting factor in plant growth. Nitrogen con-

centration in the plant tissue was a part of the regression equation

for height but not for yield. Perhaps N does not show up in the

equation because it is the limiting factor in growth. If the avail-

ability of N was limiting growth, then growth would proceed whenever N

became available. Consequently, the concentration of N in the plant

tissue would remain relatively constant due to the increase in biomass.

It is possible that if samples had been taken earlier in the growing

season, the N concentration in the plant tissue would have been a better

indicator of yield potential.

It is interesting to note that there was no significant correla-

tion of yield with the soil properties measured  Table 2.2! . There
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are two factors which contribute to this. First, the waterlogged condi-

tions of these soils tend to equalize chemical differences. A second

factor is the methods by which these determinations were made. Standard

soil testing procedures were used which probably are not suitable for

these kinds of soils. An important difference is that North Carolina

soil test procedures and. extracting solutions are designed for acid

soils. The pH of the soils in this study were between 7 and 8.

Developing suitable techniques for studying properties of marsh soils

would be an extensive project in itself .

In conclusion, it is not within the scope of this study to explain

each observed effect, but several relationships were shown to exist

between variables which were measured and yield and height of S.

alterniflora. Several of these effects may warrant further investiga-

t ion..
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THE RELATIONSHIP OF MINERAL NUTRIENTS TO GROWTH OF

SPARTINA ALTERNIFLORA. II. THE EFFECTS OF N, P, K AND Fe FERTILIZERS

Introduction.

Although there have been many studies on the productivity of S.

alterniflora and its importance to the estuarine ecosystem, there have

been very few reports of studies related to the mineral nutrition of

the plant. Neither the effects of nutrient supply on the difference

in productivity of the height forms within a marsh nor the effects of

differences in nutrient supply between marshes at different locations

has been studied.

Adams �963! suggested that the chlorotic appearance of short

~S artina was due to iron being less available in the short height zone

than in the tall. Pomeroy et al. �969! found that the sediments

dominate both the P and Zn cycles in a Georgia salt marsh. Pigott

�969! reported increased growth of some marsh species with the addi�

tion of N and S, but ~S artina was not included in the study. Marshall

�970! found that the addition of sewage effluent to a marsh near

Beaufort, N. C. increased the biomass of ~Bertine.

Since very little is known about the effect of mineral nutrition

on the growth of S. alterniflora, a study was initiated to evaluate the

influence of N, P, K, and Fe on primary productivity by applying these

nutrients to plots in natural S. alterniflora salt marshes and on S.

alterniflora seeded and transplanted on dredge spoil.

Materials and Methods

Descri tion of Sites

Fertilizer experiments were established in natural stands of S.

alterniflora o n the North Carolina coast at Ocracoke Island and Oak
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Island. Fertilizer plots at Ocracoke were located in a marsh an the

north end af the island near Hatteras Inlet. This is a relatively

young marsh estab1ished on a substrate of sand in which there is as yet

very little development of creeks, There is some difference in growth

between different areas within the marsh, which is apparently due to

environmental factors, but zonation of height farms is not as obvious

as in many older marshes. The regular lunar tide at this location is

only about 30 cm, but the added effect of the wind produces a range of

up to 1 m. Consequently, flooding and draining of the marsh is

irregular depending on wind velocity and direction.

The Oak Island marsh, located near the Oak Island lighthouse,

differs markedly from the Ocracake site and is more typical of a South

Atlantic coastal Plain marsh as described by Cooper �969!. It is an

ald marsh drained by a dendritic pattern of creeks. The substrate is

bluish gray in color, has an organic matter content of 10X, and is

silt loam in texture. A dense mat of roots 15-30 cm thick is character-

istic of the short S. alterniflara. The typical zonation pattern of

tall, medium and short for~s as recognized by Teal �962! is present.

The lunar tide range is about 1.3 m and the marsh is regularly flooded

and drained twice daily.

Some characteristics of the two marshes are presented in Table

3.1. Texture was determined by the hydrometer method. Salinity was

determined on soil water with an American Optical refractometer.

Organic matter, cation exchange capacity  CEC! and nutrients were

determined by the Soil Testing Division, North Carolina Department of

Agriculture.
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Fertilizer Ex eriments at Ocracoke

In 1970 two fertilizer experiments were established in the S.

alterniflora marsh at Ocracoke. Qne experiment consisted of several

combinations of N, P and K fertilizers. The field layout was a

randomized complete block design with two replications at each of three

sites within the marsh. The sites were selected to represent the range.

of S. alterniflora growth within the marsh varying from stunted tc

vigorous. Plots were 1.83 x 7,62 m with a 1,83-m border area between

each plot. The sources of N, P and K were ammonium nitrate, concentrated

superphosphate and muriate of potash, respectively, which were broadcast

on the sediment surface. The rates were 56 kg/ha N, 24.6 kg/ha P and

46.5 kg/ha K applied on July 1, 1970. The plots to which N was applied

received an additional 56 kg/ha N on August 3. The treatments con.�

sisted of the following combinations of fertilizers: �! NPK, �! NP,

�! NK, �! PK, �! Check.

A second experiment consisted of four rates of nitrogen �, 112,

224, 448 kg/ha! applied as NH�NO in a randomized co~piete block

design with three replications. Plots were 1.22 x 7.62 m with 1.22-m

borders between plots. All of the N was applied on August 3, 1970.

Samples were harvested from both experiments October 1, 1970 by

2randomly selecting and clipping two 0.25-m samples from each plot. The

samples were dried in a forced-air oven. at 70 C and weighed. Sub-

samples were ground in a M'iley mill and were analyzed for nutrient content

by the Department of Soil Science Analytical Service Laboratory of North

Carolina State University.

To more c1early document the effect of N snd P fertilizers on yield,

an experiment of factorial design with two levels of P and four levels



of N was initiated at Ocracoke in 1971. The experiment was a randomized

complete block design with 1.22 x 7.62-m plots and 1.22-m borders

between plots. Phosphorus was supplied by concentrated superphosphate at

rates of 0 and 74 kg/ha P. Nitrogen rates were 0, 168, 336 and 672 kg/ha

N supplied by ammonium sulphate. An ammonium form of nitrogen was

thought to be more suitable to the marsh environment since it is the

form of N found in the greatest quantities in reduced soils. Applica-

tion of the nitrate form of nitrogen to poorly drained soils is un-

desirable since it is subject to denitrification and loss to the

atmosphere in the gaseous forms N or N 0  Keeney, 1972! . The ammonium

form also has the advantage of being adsorbed by the exchange complex

of the soil. It is also possible that S. alterniflora is adapted to

utilization of the ammonium form of nitrogen similar to certain other

plants which grow under waterlogged conditions.

The fertilizer materials were applied in split applications with

equal amounts applied on Nay 12, Juoe 22 and July 27, 1971 by broad-

casting evenly over the sediment surface. Samples were harvested

September 1, 1971 by cutting a 0.61 x 1.52-m swath from each plot with

a Jari. sickle-bar mower. Salicornia spp., dead stems of S. alterniflora

from the previous years growth and other foreign matter were separated

from the S. alterniflora plants. The plants were dried and processed

in the same manner as previously described.

This experiment was continued in 1972. The plots were clipped and

raked in early spring to facilitate harvesting and insure that all plant

material harvested in the fall was produced in that growing season.

The same rates of nitrogen and phosphorus fertilizers were again
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applied in split applications on April 13, June 20 and July 19, 1972.

Samples were harvested September ll by clipping a 0.61 x 3.96-m swath

from each plot.

Roots and rhizomes were sampled in 1972 by taking five cores 8.5 cm

in diameter and 30 cm deep from each plot. The cores were returned to

the laboratory where they were divided into 0-10 and 10-30-cm layers and

washed with tap water by placing them on screens and spraying with a

hose until all the soil material was removed. Ten core samples were

selected at random to separate the roots from rhizomes. All the

samples were then dried in a forced-air oven at 70 C.

Fertilizer Ex eriments at Oak Island

In 1971 at Oak Island, an experiment was begun to test the theory

of Adams �963! that iron deficiency may be the cause of the chlorotic

condition often observed in stands of S. alterniflora and to evaluate

the effect of N fertilization. Plots vere 1.22 x 15.2 m vith 1.22-m

borders between plots and laid out perpendicular to a creek such that

each plot contained the tall and short forms of S. alterniflora. Iron

and nitrogen fertilizers vere applied in split applications on Nay 18,

June 30 and August 3, 1971  Table 3.7!. Ammonium sulphate was the

nitrogen source. The iron sources were Geigy Sequestrine/330 iron

chelate applied �! as a spray to the plants and �! in the dry form to

the sediment surface and �! ferrous sulphate applied as a spray.

2
Samples were harvested October 4, 1971 by clipping a 0.25-m area from

the short S. alterniflora and a 0.25 � m area from the tall S. alternif lors
2

in each plot. The samples were washed in tap water and then distilled

water to remove mud from the leaves and stalks, dried at 70 C, weighed

and ground in preparation for nutrient analyses of the plant tissue.
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In 1972, an experiment was established adjacent to another creek in

the same marsh to evaluate the effect of P fertilization. The experiment

was a factorial design with two levels of P and four levels of N

identical to the factorial experiment previously described for Ocracoke.

Three randomized complete blocks were laid out perpendicular to a creek

so that each plot contained the ta11 and short forms of grass. Plots

were 1.22 x 15.2 m with 1.22-m borders between each plot. The fertilizer

was applied in split applications with equal amounts applied on May l,

June 22 and July 26, 1972. Samples were harvested September 20, 1972 by

clipping a 1-m sample from the short height zone of each plot and a2

0.25-m sample from the tall height zone of each plot. The samples were2

dried in a forced-air oven at 70 C and weighed.

The Effect of Fertilizer on Seedlin s and Trans lants

Fertilizer plots were established on seedlings at Beaufort and

transplants at. Drum Inlet. Seed were planted in the intertidal zone of

a pile of sandy dredge spoil, which had been in place for about 1 year,

near Beaufort on April 4, 1972. The seed were broadcast and then covered

by six sweeps mounted on the tool bar of a tractor and followed by a

section harrow. Af ter the seedlings were established, a randomized

complete block fertilizer experiment with three treatments  N, NP, Check!

and three replications was superimposed. Rates were 224 kg/ha N and

49 kg/ha P with half applied on June 26 and half on July 26, 1972.

Plots were 1.22 m x 7,62 m with 1.22-m borders. Samples were harvested

October 5, 1972 by cutting a swath .6 m wide x 6 m long from each plot

at ground level with a Jari mower. The samples were dried at 70 C and

weighed'
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Fertilizer was applied to plots just before transplanting at Drum

Inlet�The fertilizer treatments were a 2 x 4 factorial design  N =

0, 56, l12, 224 kg/ha and P = 0 and 25 kg/ha! . Plots consisted of three

rows .91 m apart and approximately 18 m long in a randomized complete

block design with three replications. The rows were perpendicular to a

drainage creek and extended over the elevational range of S. alterniflora

at this location. The fertilizer was applied in furrows under each row

opened by sweeps on a tractor the day before transplanting which was

June 28, 1972. The transplanter closed the furrows and covered the

fertilizers The dredge spoil, which is almost pure sand, was deposited

during November 1971. However, transplanting was delayed because

extensive grading was necessary to prepare a suitable area for the

experiment within the elevational range of S. alterniflora of only about

30 cm at this location  the elevational range of the grass is approxi-

mately equal to the tide range at a given location! . Plant samples were

taken October 4, 1972 by clipping one plant from each row. Data recorded

included dry weight, number of flowers, number of center culms and

number of rhizomes per plant.

In all the experiments the yield or standing crop of shoots which

is reported is the dry weight of the living stems and leaves clipped at

the sediment surface.

Results and Discussion

Ocracoke

NPK Ex eriment. The addition of N and P significantly increased the

standing crop of S. alternif lore  fagle 3.2! . Since site x treatment

interaction was not significant, the analysis was combined over the three
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sites within the marsh. The addition of N, P, and K did not significantly

increase the yield over the NP treatment alone. This might be expected

since the K content of the soil i.s high  Table 3.1!, and the concentra-

tion of K in the sea water which floods the marsh is also relatively

high  Horne, 1969!, The increase of N in the plant. tissue was highly

significant  .01 level! for treatments which received nitrogen when

compared to the check. The addition of fertilizer P significantly  .05

level! increased P content of the plant' tissue. However, the addition of

fertilizer K did not increase K in the plant tissue indicating that the

K supply in the environment is adequate.

Nitro en Rates. Nitrogen alone applied to the marsh at Ocracoke

produced a definite trend of increasing yields with increasing N rates

 Table 3.3!. The only statistically significant  .05 level! difference

in yield was between the check and the 448 kg/ha rate. This heavy rate

was necessary to increase yields significantly possibly because of

inefficient uptake or because the fertilizer was applied late in the

growing season. The increased. yield resulting from nitrogen applica-

tion indicates that lack of N availabi.lity is limiting productivity in,

this S. alterniflora marsh.

As the N rate increased, the N content of the plant tissue increased

2linearly with an R of 0.91 [Y = 0.62 + 0.001  X!]. Potassium, Fe and

Mn concen.trations in the plant tissue also increased significantly with

N rate.

N-P Factorial. Since the results of the two experiments in the

summer of 1970 revealed a lack of growth response from the addition of K

and a significant response to both N and P, a factorial experiment was
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designed to more clearly document the effects of the N and P fertilizers

on yield and chemical composition of the plant tissue.

The results indicate that, although additions of nitrogen alone can

increase yields significantly, the availability of P quickly becomes

limiting when N rates are increased  Figure 3.L! . Yields at the end of

the first growing season were increased only slightly by the addition of

N without P. The only statistically significant  .05 level! difference

was between the yield of the check plots and those receiving 672 kg/ha N.

However, when P was applied at the rate of 74 kg/ha, yield was markedly

increased by additions of N up to 336 kg/ha. The yield produced by 672

kg/ha N was not significantly greater than that where 336 kg/ha were

applied during the first growing season.

During the second growing season, higher yields and a greater

response to fertilization was attained  Figure 3.1!. When P was

supplied, the rate of yield increase did not level off beyond 336 kg/ha

N as in the first year, but was linear ovsr the range of N rates

applied. Apparently a rate of N fertilization even beyond 672 kg/ha

would have produced significant yield increases. Lt is not surprising

that response to fertilizer would be greater the second year since S.

alterniflora is a perennial grass which would likely require a period of

adjustment. to an increase in nutrient availability before maximum

yields were reached. There was also an increase in the difference

between yields of no P and P treatments, indicating P became more

severely limiting during the second year as yields increased.

Nitrogen content of the plant tissue was closely related to the

rate of N applied as fertilizer  Figures 3.2a and 3.2b!. During both
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Q R = .951.6

1.5

R = .91
2

1.4

1.3

x!

.002  X!
15  X
0.9

0.8

l68 336 672

Nitrogen rate  kg/ha!

Figure 3.2a. The relationship between N fertilizer applied and N
content of the plant tissue at harvest �971!
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Figure 3.2b. The relationship between N fertilizer applied and
N content of the plant tissue at harvest �972!
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Table 3.4 Apparent recovery of fertilizer nitrogen in the
shoots at harvest

A arent. recover  %%u of total N a lied!N rate

kg/ha 19721971
0 74Oa 74

30. 315.2 20.224.3168

28,011.912.2 33.0

9.6 19.,9

336

9.7 26. 3672

Rate of P  kg/ha!,

Concentration of P in the plant tissue was not significantly

affected by N rate; however, the increase in P concentration due to P

fertilization was highly si.gn.ificant  .Ol level!, In 1971 the mean

concentration of P was increased from 0.084 to 0.150X, where 74 kg/ha P

were applied. In 1972 there was a similar increase due to P fertilization

growing seasons the R values were higher where no P was applied,2

indicating a greater proportion of the variation in N content. is accounted

for by nitrogen rate when N alone is applied. Where P was applied,

both the R and the actual concentration of N in the tissue decreased.2

This decrease was probably due to dilution of N in a greater amount of

dry matter as yield increased when the P suppIy became adequate.

The apparent recovery of fertilizer-N by the above-ground portion

of the grass may be calculated by subtracting the uptake of the check

plots from that of the treated plots, The calculations reveal a sur-

prisingly high recovery of N considering the flooding which occurs

 Table 3.4!,



Table 3.5. The relationship of nutrient concentration in the plant
tissue to N ratea

P rate 2Nutrient Year k h R Regression equation

y 0.987 + 0.0033 X!

y = 0.09 � 0.00007 X! + 0.00000007 X!

y = 0 ' 33 + 0.00036 X! � 0.00000039 X!

y 15.75 + 0.0092 X!

y = 320 � 0.219 X!

y = 18 ' 8 + 0.117 X!

74 0.59**

0 0.68*

0 0.61*

1971

1972

19 72Ca

1972 0.62~*

0,59**

0.57**

1972 74Fe

1972 74

a
X = rate of N fertilizer  kg/ha! .

*Significant. at the .05 level

*+Significant at the .01 level

from 0.087 to 0.147%. The amount of fertilizer P recovered for treat-

ments receiving the maximum rate of N was l5.0 and 26.1% of that applied

during 1971 and 1972, respectively. The ca1culations of recovery of

both N and P in 1972 may include some carryover from 1971 through

storage in the roots and rhizomes or residual in the soil. Xt is more

likely that P would be retained by the soil than N. Also it should be

noted that uptake of fertilizer was not determined for roots and rhizomes

and this may be a significant amount.

Analyses for other mineral nutrients included K, Ca, Ng, S, Fe and

Na in both 1971 and 1972. An analysis for Mn was included in 1972 .

Regression analysis was used to determine if there were significant

linear or quadratic relationships between the nutrient concentrations

in the plant tissue and N rate. Of the nutrients checked in 1971,

only K was found to be significantly related to N rate  Table 3.5! and



this was true only when P was applied. En 1972, when no P was applied,

P, Ca and Mn oncentrations were significantly affected by N rate Ca

and Mn concentrations increased as N rate increased, while P concentra-

tion decreased as N rate increased. The decrease in P concentration

indicates that there is a limited amount of P available and the amount in

the plant tissue is diIuted as growth is increased due to N fertiliza-

tion. Where P was applied, only Fe and Mn concentration was significantly

affected by N rate. Manganese increased and Fe decreased as N rate was

increased.

Total uptake of mineral nutrients increased as N rate was increased

 Figures 3.3 and 3.4! . This was due mainly to an increase in yield in

response to N and P fertilization producing more plant material in which

nutrients in adequate supply may be incorporated. The standing crop of

these nutrients is controlled by yield which is in turn limited by

availability of N and P to the marsh plants. Obviously, the amount of

N and P available is the limiting factor in the total amount of nutrients

in the dead plant material which is exported from the marsh to contribute

to the nutrient cycle of the adjacent estuary as well as the amount of

energy contributed to the estuarine food chain.

An obvious feature of the data for uptake of mineral nutrients is
C'

the large difference in Na uptake between 1971 and 1972. This was

probably due to periods of high salt concentration in the substrate in

1972. The level of Na in the substrate varies with rainfall and fre-

quency of flooding, At Ocracoke, southwest winds during summer often

prevent regular flooding of the marsh for periods of a week or more

causing an increase in the salinity of the soil solution as evaporation

proceeds. However, measurements of salinity of the soil solution were
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Figure 3.3a. The relationship of N rate to total uptake of N, K
and Na in 1971  P was supplied at the rate of 74
kg/ha!

El Na y = 50.9 + 0.58
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Figure 3.3b. The relationship of N rate to total uptake of N, K
and Na in 1972  P was supplied at the rate of 74 kg/ha!
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Figure 3.4b. The relationship of N rate to total uptake of P,
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made only at harvest time each year. The salinity was 3.6% on

September 2, 1971 and 3.0 to 3,4% on September 11, 1972. Even though

no data are available, apparently where were periods of salt buildup

earlier in the L972 growing season.

Standin Cro of Roots and Rhizomes. The standing crop of roots

and rhizomes in the upper 30 cm was increased significantly by N

fertilization  Table 3.6!. There was no response to N rates above 168

Table 3.6. Effect of N and P on standing crop of roots and rhizomes

N rate
0-30 cm0-10 cm 10-30 cm

0 74 X
kg/ha 0 74 X0a 74

0

168

336

672

3659

2763

ns

ns

920

695

ns
ns

ns

ns

ns

ns

26.0CV % 37.028.8

kg/ha, indicating that this rate of N was adequate for maximum growth of

roots and rhizomes. When root and rhizome weights are broken down to

0.10 and 10-30-cm layers, a variable response to fertilization is noted.

Xn the 0-10-cm Layer there was a significant response to N and no

response to P similar to the case when the total weight of the upper 30

cm is considered. However, in the 10-30-cm layer there was a significant

LSD:

N: .01

.05
P: .01

.05

N x P: .01

.02

Dr wei ht of roots and rhizomes k /ha

13714 11900 12807 4170 5525 4847 17884 17425 17654
17308 16333 16820 4276 6136 5206 21584 22469 22026
16162 16300 16231 5267 4972 5119 21429 21272 21350

15702 16864 16283 4537 6613 5575 20239 23477 21858

15721 15349 4563 5812 20284 21161

3039

2295
ns

ns

ns

ns



response to P but not' to N. The distribution of roots and rhizomes in

the profile is apparently the reason for this variable response. The

overall means of 120 core samples show that. 75% of the roots and

rhizomes are in the 0-l0-cm layer with only 25% of the total in the

10-30-cm layer. From field observations it appears that essentially all

the roots and rhizomes were contained in the upper 30 cm and any below

this depth would be an insignificant. portion of the total weight.

Results of separating roots and rhizomes from 10 random core samples

indicated that in the 0-10-cm layer, the percentages by weight were

49.6% roots and 50.4% rhizomes. In the 10-30-cm layer, only 34.6% of

the dry weight was roots with rhizomes accounting for 65.4%. Since

there was a higher proportion of rhizomes in the 10-30-cm layer, it is

possible that the response to P in this layer is due to an increase in

rhizome growth. That. is the response to P is relatively greater for

rhizomes than for roots. The increase in dry weight of the 0-10-cm

layer was probably due to an increase of root growth in response to N

fertilization.

The total dry weight of roots and rhizomes in the upper 30 cm

exceeds the dry weight of shoots  Figure 3.5! . Since the response of

roots and rhizomes to fertilization is less than the response of shoots,

the ratio of shoots to roots and rhizomes increases with N rate from

0.29 for the check to 0,75 at the highest rata of N.

Oak Island

The marsh at Oak Island differs from that of Qcracoke in several

ways which would be expected to cause the response to fertilizer applica-

tions to be somewhat different. Most important is that the sediments on
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which the marshes formed are quite different. At Ocracoke the substrate

is almost pure sand, while at Oak Island it is much finer textured and

would be expected ta be inherently more fertile. Another difference is

that the Qak Island marsh is older with well developed creeks and

distinct zonation of the height forms. A third difference is that at

Oak Island there is a greater tide range �.3 m! which is affected very

little by the wind and floods the marsh regularly twice a day.

Fe-N Ex eriment. The experimental fertilizer plots at Oak Island

contained both the tall and short forms of S. alterniflora. Neither

growth, chemical composition of the plant tissue, nor general appearance

of the tall farm was significantly affected by additions of Fe or N

 Table 3.7!. This is probably due to the fact that the creek bank area

is adequately supplied with nutrients from fresh sediments which may be

deposited by the overflowing creeks at flood tide. Levees which are

for~ed are evidence of greater deposition along creek banks. The

meandering of creeks may also expose fresh sediments which have not been

exploited by plant roots. If nutrients are taken up directly from the

tidal waters, then the tall height. zone area is in a favorable position

for more frequent and longer inundation, However, it is also possible

that fertilizer applied to the sediments in the tall zone of S. alterni-

flora is simply dissolved in the estuarine water on fload tide rather

than being taken up by the plants. Fewer fine roots are present at the

sediment surface in the tall S. alterniflara than in the short; conse-

quently, uptake of nutrients applied ta the surface would be less. Cal-

culation of the apparent recovery af fertilizer N for plants which

received 336 kg/ha N indicates that only 3.2% of that applied was

recovered in the grass shoots.
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Growth in the zone of short S. alterniflora was enhanced by the

addition of N but was not affected by the Fe treatments  Table 3 8!,

The characteristic chlorotic appearance of short S. alterniflora was not

affected by Fe, but N produced an obviously greener appearance. Plots

which received applications of N fertilizer yielded approximately twice

as much dry matter as the check plots. The N content of the plant

tissue also increased as the amount of N fertilizer applied was increased,

indicati.ng that uptake was more efficient than in. the tall height zone,

The average recovery of N by the grass shoots in plots receiving 336

kg/ha N was 13/, The recovery of fertilizer N by the grass in the short

height zone is much more efficient than in the tall height zone. This

is probably due to the greater amount of roots at the soil surface in

the short height zone and to the fact that the loss due to flooding is

probably much less than in the tall height zone. Another possible

difference is that the N supply in the tall height zone i.s adequate and

little of the fertilizer-N is utilized, while N is in short supply in

the short height zone. The efficiency of uptake of N is less than at

Ocracoke even in the short height zone, The less frequent flooding at

Ocracoke allows the fertilizer to remain in place and subject to uptake

for a longer period of time.

N-P Factorial A fertilizer experiment was begun at Oak Island in

1972 to determine if P was a limiting factor in productivity at this

location as was the case at Ocracoke. At the end of the first. growing

season there was no significant yield increase due to P fertilization

 Table 3.9!: The highest rate of nitrogen nearly doubled the yield of

short S. alterniflora compared to the check, and plots which received N

were much greener, but again the tall did not respond to fertilization.
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Table 3.9. Effect of N and P on. S. alterniflora at Oak Island

Standin cro  k /ha
TallShort

74 X 0 74Oa

16713 17113 16913

15547 18623 17085

25553 22777 24165

18967 16840 17903

5100 6503 5802

6653 9653 8153

8370 7337 7853

11053 9653 10353

0

168

336

672

19195 188387794 8287

2884

ns

ns

LSD: N � .05
P � -. 05

NxP � .05

ns

ns

CV % 29.0

P rate  kg/ha! .

of S. alternif lors on dredge spoil is being investigated to provide a

means for creating new tidal marshes and to stabilize the spoil material

 Woodhouse, Seneca, and Broome, 1972! . To determine if the addition of

fertilizer would speed up this process, fertilizer plots were established

on seedlings at Beaufort and transplants at Drum Inlet.

The lack of response to P was expected due to the nature of the substrate

at Oak Island. The fine textured reduced sediments have a greater

potential for supplying P than the sand at Ocracoke. If the experiment

were continued for several years, a response to P might be obtained as

increased yields produced by N fertilization depleted the supply of

soil P. The second year of fertilization at Ocracoke produced a greater

response to P than the first giving evidence for such a depletion of

available P in the soiled

The Effect of Fertilizer on Seedlin s and Trans lants. Propagation



The dry weight of seedlings at the end of one growing season was

increased threefold by the addition of N  Table 3.10! . Where N and P

were applied, the dry weight was increased slightly over the N treat-

ment. These results indicate that at this location fertilizer was

beneficial in producing increases in growth and consequently increasing

the cover produced by seedlings on dredge spoil during the first growing

season.

Table 3.10. The standing crop of seedlings at Heaufort to
which N and P fertilizers vere applied  plots
were harvested October 5, 1972!

Dr wei ht k /ha
Fertilizer treatmenta

Check N NP

14180

10200

8010

11100

9430

7480

4450

2860

3100

X 9340 108003470

N rate = 224 kg/ha N; P rate = 49 kg/ha P; half the
fertilizer vas applied on June 26, 1972 and half on July 26,
1972.

Fertilization also enhanced first-year growth of transplants at

Drum Inlet  Table 3.11!. There were significant  .05 level! increases in

dry weight and number of flowers and a highly significant  .01 level!

increase in the number of center culms due to N fertilization. The

number of rhizomes was not affected by N. There were highly significant

increases in dry weight, number of flowers and number of center culms

due to P fertilization. There was a significant increase in number of
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on growth of S. alternif lors at Drum
the t ime o f transp lan ting

Table 3.1l. The effect of N and P

Inlet when applied at

N rate

kg/ha
0 2 Xpa 24.624.6

No. of flowers/ lantDr wei ht / lant!

3.3 6.220.911.6

LSD:

ns

nsns

43.445.4Cv X

No . of rhizome s/ lantNo. of center culms/ lant

1.824.015. 7 0.9

LSD: ns

ns

ns

0.8

ns ns

cv % 131. 835.2

0

56

112

224

X

0

56

112

224

X

N � .01

.05
P � .01

.05
N xP � .01

.05

N � F 01

.05
P � .01

.05
Nx P � .01

.05

8.9

11. 9

11.9

13.6

10.6

15.8

16.0

20.3

17.0

22.0

16.4

28.2

ns

4.9

4.7

3.5

ns

19.7

27.7

20.3

28.3

6.2

4.7

4.4

3 ' 3
ns

12.9
16.9

14.2

20.9

IS.1

21.7
18.2

24.3

2.8

2.6

3.7

4.2

0.4

0.7
0.9

1.6

5.1

6.6

5.6

7 ~ 6

ns

1.4

1.3

1.0

0.9

2.2

1.4

2.7

3.9
4.6

4.6

5.9

0.7

1.4

1.2

2,1



87

rhizomes due to P. Unlike results from experiments in the natural marsh,

there was no N x P interaction. The Drum Inlet site was freshly

deposited dredge spoil of almost pure white sand. The response of the

transplants to fertilizer is evidence of the low N and P content of this

material. It is likely that dredge spoil higher in silt, clay and

organic matter would provide adequate N and P for maximum growth of

transplants during the first growing season.

Summar and Conclusions

increased growth of ~S attica alterniflora in response to applica-

tions of fertilizer indicates that the productivity of some salt marshes

is limited by the supply of nutrients. The standing crop of above-

ground shoots of salt marsh growing on a substrate of sand was increased

significantly by additions of N alone and increased about threefold when

P was also supplied. In a marsh developed on finer textured sediments,

N fertilizer doubled the standing crop of short ~S artina, but there was

no response to P. There was no growth response from applications of iron

to support previous speculation that iron nutrition might be a par-

tularly important factor causing the chlorotic appearance of short

~S artfna and reducing its productivity. The chlorotic condition was

remedied by additions of N.

lhe response of short. ~S artina to N implies that at least a part of

the difference in productivity between the tall and short forms is due

to the amount of N available to the plants. Undoubtedly many other

environmental or possibly genetic factors or combinations of factors

may be responsible for producing the short form of S. alterniflora. The

factor most often implicated is that of salinity. It is true that high



salinities will stunt ~S acting and areas with high salinity and short

~S artina can be found. However ,I have observed short ~S artina growing

where the salinity was found to be only about 1% several different times

during a growing season. If the stunted form is produced by environmental

factors, the factor or interaction of factors may vary from one location

to another. That is, at a particular location, high salinity may limit

growth, while at another an unfavorable water regime or a shortage of N

or P or both might be limiting growth.

An explanation for N deficiency in short height zone may be in the

thick mat of roots which develops, creating a sod-bound condition. When

a new mud flat is deposited and becomes colonized by ~S acting, most

sediments contain adequate. nitrogen for plant growth except in the case

of almost pure sand such as the Drum Inlet site. Year after year as

the fibrous mat of roots develops, all the available N is absorbed and

either exported in the shoot growth, carried over in living root tissue

or bound up in dead root tissue. The dead root material is probably

decomposed and mineralized very slowly due to the anaerobic condition

of the marsh sediments. The addition of nutrients from natural sources

apparently is not adequate for maximum plant growth. The addition of N

to the marsh probably includes small amounts from rainfall, asymbiotic N

fixation, directly from flooding tidal waters, deposition of feces from

filter feeders in the marsh and deposition of inorganic and organic

sediments.

The amount of sediments deposited is probably the chief difference

between the nutrients available to the tall and short forms of ~S artina.

Sediments are deposited regularly along creek banks providing a fresh
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medium for plant roots to exploit. Unexploited sediments are also

exposed by meandering of creeks. The amount of N supplied would, of

course, be dependent on the nature of the sediments.

It is even more certain that the sediment is the dominant factor in

the supply of P to S. alterniflora  Pomeroy et al., 1969!. This is

borne out in the results of our fertilizer experiments which showed a

response to P on sandy substrate but not on finer textured material.

The texture of the sediments is quite important in the P-supplying

capacity. In eroded soils in humid climates, phosphates are associated

with hydrated oxides of iron and aluminum which occur as films on clay

particles. When sediments are deposited in a marsh, the reducing condi-

tions cause the solubility of iron and aluminum phosphates to increase.

At the high pH of marsh soils �.0 � 8.0! calcium phosphates probably

become an important form of P. The amount of P available to plants in

a salt marsh then is related to the amount of clay in the substrate.

Pomeroy et al. �969! concluded that the subsurface reduced sediment's

are the source of P for ~Sartina; however, the response to surface

applied fertilizer P in this experiment seems to contradict this.

Uptake of fertilizer P apparently occurred at or very near the sediment

surface.

The fact that N and P are the limiting factors in growth of S.

alterniflora in some salt marshes has several ecological implications.

It is possible that the marsh may act as a buffer for the estuarine

system providing a sink for excess nutrients which may stem from

municipal wastes and land runoff. In the marsh, excess nutrients would

produce increased growth of S. alterniflora which would provide an
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increased supply of food energy and nutrients to the detritus food chain

of the estuary rather than altering energy pathways as often happens

when the phytoplankton system receives excess nutrients. This ability

of the salt marsh to utilize more N and P may be important in managing

estuarine systems. Disposal of wastes high in nutrients  such as sewage

effluent! may be less disruptive to the estuarine ecosystem if dumped

in the salt marsh rather than in open water. With proper management

such disposal might actually enhance estuarine productivity. Further

research is needed to determine the exact nature of the nutrient cycle

in the marsh-estuarine system and the capacity of the marsh to receive

excess nutrients.

Nitrogen and P fertilizers were shown to enhance growth of seedlings

and transplants which were artificially established on dredge spoil. Since

establishing a substantial vegetative cover rapidly may be critical in

stabilizing an area, applications of fertilizer may be of some practical

benefit. However, it should be remembered that the dredge spoil was

sandy at both locations; hence, the nutrient-supplying capacity was low.

Response to fertilizer would be expected to vary with the inherent

fertility of the dredge spoil material.
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Combined analysis of variance of percent germination
of S. alterniflora seed collected from five locations

in October 1969 and subjected to five storage treat-
ments until February 5, 1970

Appendix Table l.

df Mean squareSource

10

16

50

Time

16

8.7840

125.01**64

150 5.51

374 899.80

*Significant at .05 level

**Significant at .Ol level

Location

Treatment

Rep  treatment!

Treatment x location

Rep  treatment x location!

Time x loca t ion

Treatment x time

Rep x time  treatment!

Treatment x time x location

Residual

Corrected total

12437 ' 49*

45583.68**

66.65

3430.41**

257.10

3977.28

452.21

231.79
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Appendix Table 2. The effect of storage treatment on germination of S.
alternjflora seed collected from five locations along
the North Carolina coast October 7-10, 1969

S tora e treatment

Estuarine Distilled Frozen Frozen in Over
water water dry estuarine water water

LSD: for comparing treatments within a given day

Ocracoke

LSD: for comparing treatments within a given. day

Beaufort

LSD: for comparing treatments within a given day

Days in
germination

period

5 7
10
21

30

5 7
10

21

30

5 7
10

21

30

72.0

88. 7

93.3
94.0

94.0

40.7

52.7

58.7

67.3

70.0

72.0
76.0

76 ' 0

76.0
76.0

86.0

88.7

88.7
88.7

88.7

.01 � 10.9

.05 - 7.9

CV X - 6.8

36.G

44.7

49.3

54.7

54.7

.01 � 17.G

.05 � 12.2

CV X � 10.7

42.0

42.0

44.0

44. 7
44. 7

.01 � 20.9

.05 � 14.8
CV X � 18.5

0.7

2.7

11.3

36.7

50.0

0.7

0.7

2.0

19.3

28.0

4.0

16.0

24.0

37.3
49. 3

0.0

0.0

0 ' 7

12.7

22.0

0.0

0.0

1 ~ 3

24.7

32.0

1.3

2.0

6.7

13.3
16. 7

44.0

55.3

70.7

81.3

86.7

22.0

32.0

54.0

82.0

83.3

30.7

32.7

32.7

32.7
32. 7
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Appendix Table 2  Continued!

Stora e treatment

Distilled Frozen Frozen in Over

water dry estuarine water water
Estuarine

water

LSD: for comparing treatments within a given day

Oak Island

LSD: for comparing treatments within a given day

Days in
germination

period

5 7
10

21

30

5 7
10
21

30

46.0

48.0

51.3

52.0

52.0

15 ~ 3
18.0

23.3

34.0

37.3

27.3

28. 7

28.7

28.7

28.7

.01 � 21.2

.05 � 14.9

CV ! � 8.1

44.0

50.7

52.7

53.3

54.7

.01 � 24.5

.05 � 17.3

CV /o � 8.2

0.0

1.3

4.0

6.7

7.3

0.0
0.0

0.7

1.3
1.3

0.0

0.0

0.0

0.0

0.0

0.0
0.0

0 ' 0

0.0

0.0

9.3

16.7

16.7

17.3

17.3

61.3

65.3

66.7

68.0
70.0
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Appendix Table 3. Analysis of variance  by location! of percent ger-
mination of seed collected at five locations along the
North Carolina coast in October 1969 and subjected to
five storage treatments until February 5, 1970

Mean s uare

Source

Treatment

Reps in trt.  error a! 10 49.3 173.8 300.2 327.4 434.9

9 3A* 47 ' 9**

2.5 5 ~ 5

797.4383.3

20.9

14.8

24.5

17.3
17.0

12.2

21.2

14.9
.01

.05

10. 9

7.9

CV X 8.1 8.210. 76.8 8.2

++Significant at .01 level

T ime

Treatment x time

Residual  error b!

Corrected total

LSQ:

for comparing trts
within a given day

df Oregon Surf Oak
Ocracoke Beaufort

Inlet City Island

4 22231.1** 8366.1** 9309.5+* 6158.5** 13240.1**

4 1866.5** 3235.1** 455.1** 52.6** 176.7**

16 277.7** 235.0** 161.8**

40 13.75 15.1 9.2

74 1376.7 709.5 608.2
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X ermination
Harvest dateDay

9/28/719/21/71

42.048. 735.3

62.349.3 75.3

74.362.0 86. 7

17 63.3 76.088.7

64.721
76.788.7

26 70.7 79 ' 788.7

79.457.6

.01 � 6.9

.05 � 5.1

LSD: Harvest date

T ime . 01 � 11 ~ 9
.05 � 8.8

Harvest date x time .01 � ns
.05 � ns

CV X 10.8

Appendix Table 4. The effect of date of harvest on germination of S.
alterniflora seed  the seed were harvested at Oregon
Inlet and stored in estuarine water at 2-3 C until
February 17, 1972!
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df Mean, squareSource

4312.1**

1226.3**

Harvest date

Time

Harvest date x time

Reps in harvest date x time

Corrected total

38.8

54.9

341. 635

.01 � 6.9

.05 � 5.1
LSD: Harves t da te

.01 � 11.9

. 05 � 8.8

Harvest date x time .Ol � ns
.05 � ns

10.8CV X

**Significant at .01 level

Appendix Table 5. Analysis of variance comparing germination of seed
harvested at. two different dates
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The effect of after-ripening on germination of S.
alterniflora seed harvested September 28, 1971 at
Oregon Inlet, stored in estuarine water at 2-3 C
and tested on five dates

Appendix Table 6.

10/20/71 11/17/71 12/19/71 1/21/71 2/17/71
Day % germ. Day % germ. Day % germ. Day % germ. Day % germ.

24.0

47.3

69 ~ 3

82.7

90.0

90.0

CV % 12. 7

Appendix Table 7. Analysis of variance for percent germination of seed
harvested September 28, 1971 and tested on five dates

Mean squareSource

11116.6**

6598.6~*

328 ' 4**

Germination date

Germination date x time

Reps in germination date x time

Corrected total

20

60 36.0

968.4

CV % 12.8

*+Significant at .01 level

Date of be innin of ermination eriod

5 2.0 3 0.0 2 3.0 3

7 80 7 60 8 280 5

12 14.7 12 10.7 16 41.0 8

15 28.0 15 16.7 19 47.0 12

27 57.3 21 44.7 22 49.0 18

30 59.3 27 66.7 32 52.0 25

LSD: Germination date x time .01 � 13.0

.05 � 9.8

LSD: Germination date x time .01 � 13,0

.05 � 9.8

4 48.7

8 75.3

11 86. 7

17 88.7

21 88.7

26 88.7
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Appendix Table 8.

Length of germination
period  days!

Stora e treatment

Distilled water Estuarine water

1.31.31.3

5.76.74.7

6.7 8.09.312

7.3 9.712.015

24.7 25. 726.721

47.748.7 46.727

54.756.034 55.3

21.3 22.5

.01 � ns

.05 � ns
LSD: Storage treatment

.01 � 8.36

.05 � 6.20

Storage treatment x time .01 � ns
.05 � ns

cv % 23.91

A comparison of the effect of storing S. alterniflora
seed in distilled water or estuarine water from
September 21, 1971 until November 17, 1971 on percent
germination



Appendix Table 9. Analysis of variance for percent germination of seed
harvested September 21, 1971 and stored in estuarine
or distilled water until November 17, 1971

df Kean squareSource

Storage treatment

Time

433.7541

~ 01

.05

LSD: Storage treatment ns

ns

.01 � 8.36

.05 � 6.20

Time

Storage treatment x time .01
.05

ns

ns

cv % 23.91

**Si,gnificant at .01 level

Storage treatmeo.t x time

Reps in storage treatment x time

Corrected total

13.715

2825.270"+

8.381

27.429
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Appendix Table 10. A comparison of the effect of storing S. alterniflora
seed in estuarine or distilled water from September 21,
1971 until February 17, 1972 on percent germination

Stora e treatment
Distilled water Estuarine water

26.035. 316.7

49.3 37.726.0

62.0 53.745 ~ 3

64.750.717 57 ~ 7

58.051. 3 64.721

54.0 62.370.726

57.840.7

.01 � 8.54

.05 � 6.31
LSD: Storage treatment

~ 01 � 14.85

. 05 � 10.92
Time

Storage treatment x time .01
.05

18.6CV X

Length of germination
period  days!

ns

ns
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dfSource Mean square

2635.1~*

1215.4**

Storage treatment

T 1IQe

S to rage trea tmen t x t ime

Reps in storage treatment x time

Total corrected

19.6

24 84.0

309. 335

,01 � 8.54

,05 � 6.31
LSD: Storage treatment

.01 � 14.85

F 05 � 10.92

Time

Storage treatment x time .Ol � ns
.05 � ns

CV X 18.6

**Significant at .01 level

Appendix Table 11. Analysis of variance for germination of seed
harvested September 21, 1971 and stored in estuarine
or distilled water until February 17, 1972
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Appendix Table 13. Sulfur, Fe, Mn and Zn content of S. alterniflora
from three locations within a marsh at Ocracoke

Pe, ppm Mn, ppm Zn, ppmTreatment

Location 1

10.9

6.6

LSD: Trt .01

.05

ns

4.5

ns

0.13

ns

ns

8.914. 6 6.5CV % 7.5

Location 2

7.5

8.2

8.5

9.2

10.4

LSD: Trt .01

.05

ns

0.077

ns ns

ns nsns

CV % 14.85.8 19.5 9.5

Location 3

9.3

9.4

11.8

9.1

9.5

LSD: Trt .01

.05

ns ns ns ns

ns ns

CV X 15.4 16.5 15.4 10.7

NPK

NP

NK

PK

0

NPK

NP

NK

PK

0

NPK

NP

NK

PK

0

0.51

0.58

0.39

0.37

0.36

0.40

0.50
0.46

0.53

0.51

0. 34

0.40

0.34

0.32

0. 35

500 ~ 5

460.0

392.0

385.5

313.0

279.5

223.5

363.5

263.0

366.5

194.0

229.5

201.5

193.5

300.0

44.5

39.5
37.0

32.5

28.0

25 ' 5

29.5

27.5

20. 0

24.0

22. 5

25.5

24.5

23.5

27.5

14.1

20 ~ 2
18.4

21.6

17.2
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Appendix Table 14. Analysis of variance by location of S, Fe, Nn and
Zn content of S. alterniflora from Ocracoke fertilized

with N, P and K in 1970

Mean s uare
Source df X S 'Fe, ppm Mn, ppm Zn, ppm

Location 1

1 0.00001 8065.6

4 0.0135* 10511. 7

4 0.00209 3599.4

9 0.0069 7167.7

LSD: Trt .01

.05
10.9

6.6

ns

0.13

ns ns

4.5ns

CV X 7.5 14.6 6.5 8.9

Location 2

LSD: Trt .01

.05

ns

0.077

ns ns ns

nsns ns

CV %%d 5.8 14.819.5 9.5

Loca tion 3

LSD: Trt .01

.05
ns ns ns ns

ns ns ns ns

CV %%d 15 4 16.5 15.4 10. 7

Rep
Trt

Error

Corrected total

Rep
Trt

Error

Corrected total

Rep
Trt

Error

Corrected total

0 ~ 0084

0.0050+

0.00076

0.0035

0.0023

0.0020

0.0029

0.0024

1742 .4

8046.4

3433.9

5296.0

14516. 1

4071.2

1357.9

4025.8

52.9
80.7**

5.7
44.2

22.5

26.2

5.8
16.7

16.9

7.4

14.4

11.6

44.1

16. 7+
2.7

13.7

1.30

2.43

1.69
1.97

1. 76

2.49

1.11

1.80
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Appendix Table 15. Yield and nutrient content of plant samples from
nitrogen plots at Ocracoke harvested September 2,
1971 �9 kg/ha P were applied to half of each plot
on July 27, 1971!

Nitrogen a

rate, kg/ha
0 49 X49 0 49

%%d P% N

0. 10 0.16 O. 13

0.08 0.15 0.12

0.07 0.15 0.11

0.07 0.15 0.11

2518.8 2683.9

5048 ~ 4 4834. 9

6562.6 5401.8

6856.8 5579 ' 4

0.08 0. 151.21 1.214003.4 5246.7

0. 15

0.10

ns
ns

ns

nsns

7.42CV X 5.2813.15

~%M% Ca

0.47 0.460.98 0.98 0.35 0.32

ns

0.13

ns

0.07

ns
nsns

nsns

0.16 ns

CV % 8.56 6.23 9.25

0

168
336

672

X

LSD:

N rate .01

.05

P rate .01

.05

NxP .01

.05

0

168

336

672

X

LSD:
N rate .Ol

.05
P rate .01

.05

N x P .Ol
.05

2848. 9

4621.4

4241.1

4302.1

0 ~ 90
1.03

1.10

0.90

1856.7

1225.4

832.9

572.4

1665.9

1144.8

0 ~ 80
0. 93

1.07

1.13

0.85

0.98

1.08

1.02

0.77 0.79 0.78

1.12 1 ~ 14 1.13

1.29 1.33 1.31

1.67 1.60 1.63

0.40 0.41 0.41
0.47 0.45 0.46

0.48 0.48 0.48

0.54 0.50 0.52

0.35

0.37

0. 32

0.36

ns

ns

0.011

0.008

ns

0.35 0. 35

0,31 0, 34

0.31 0.31

0.32 0.34

ns

ns

ns
0.03

ns
ns
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Appendix Table 15  Continued!

Nitrogen a

rate, kg/ha
0 49 X0 49 XX

Fe  ~m!S% Na

1.71 1.90

nsns
nsns
nsns

0.19 ns

nsns ns
nsns ns

11.36 27.6716.63cV %

0

168

336

672

X

LSD:

N rate ~ Ol

.05

P rate .Ol

.05

N x P .Ol

.05

1.60 1.84 1.72

1.90 1.78 1.84

1.43 1.97 1.70

1.91 2.02 1.97

0.26 0.25 0.26 117.1 128.9 123.0
0.27 0.24 0.26 134.8 104.9 119.8

0.25 0.27 0.26 92.3 116.6 104.4
0.38 0.33 0.36 141.7 100.1 120.9

0 ~ 29 0.27 121.5 112.6

0.05

0.03

ns

ns
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The effect of N and P fertilizers on yield and
chemical composition of S. alterniflora from Ocracoke
after fertilizing for one growing season.  harvested
September 1, 1971!

Appendix Table 18.

N rate

 kg/ha!
0 74 0 74 X 0 74

4367 3240 3803 0.83 0.86 0.84
5755 6416 6085 1.07 1.08 1.08
6279 10398 8339 1.23 1.34 1.29

6398 11209 8803 1.60 1.45 1.52

0.084 0.1505700 7816 1.18 1,18

CV % 6.6419. 88 11.03

Ca j

0.29 0.29 0.29

0.31 0.32 0.31

0.30 0.30 0.30

0.30 0.30 0.30

1.12 1.08 0.39 0 ' 40 0.30 0.30

ns ns

nsns

nsns

ns ns

nsns
ns ns ns

CV % 6. 15 13 ~ 66 10. 21

0

168
336

672

X

LSD:

N rate .01
.05

P rate .01

.05

N x P .Ol

.05

0

168

336

672

X

LSD:
N rate .01

.05

P rate .01

.05

N x P .01

.05

1.07

1.10

1,13

1.17

2309
1663

1632

1176

3265

2352

1.00 1.03

1.00 1.05

1.13 1.13

1.20 1.18

0.12

0.08

ns

ns

0 a134

0.097

ns

ns

ns

ns

0.33 0.37 0.35

0.41 0.43 0.42

0.42 0.38 0 ~ 40

0.39 0.44 0.41

0. 097

0.080

0.083

0.077

0.157

0.143

0.163
0.137

ns

ns

0.0157

0.0113

ns

ns

0.127

0.112

0.123

0 al07



Appendix Table 18  Continued!

N rate

 kgjha!
0 74 0 74 X 74

~Na

136.3 136.40.32 0.301.64 1.83

LSD:

N rate .Ol

.05

P rate F 01

.05
N xP,01

.05

nsnsns
nsns ns

nsns

ns
ns

ns
ns

nsns

CV % 55.2110 ~ 23 17.85

a
Phosphorus rate  kg/ha! .

0

168

336
672

X

1.56

1.64
1.70

1.66

1.58 1.57

1.88 l. 76
1.93 1.82

1.93 1.80

ns

0.16

ns

ns

0. 33

0.28

0.29

0.36

0.25 0.29

0.33 0.31

0.32 0.31

0.31 0 ~ 33

121.7

145.8

183.8

93.9

117.9 119.8

135.6 140.7

182.9 183.3

109.3 101.6
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The effect of N and P fertilizers on. yield and
chemical composition of S. alterniflora from
Ocracoke after fertilizing for two consecutive
growing seasons

Appendix Table 20

N rate

 kg/ha!
0 74 X 0 74 X

~N

0. 83 0.90 O. 86

1.04 0.92 0.98

1.08 1.10 1.09

1.31 1.25 1.28

5390 4997 5194

7605 10380 8993

7833 12595 10214
8400 17501 12951

0.083 0.1477307 11368 1.06 1.04

0.12

0,08
ns

ns

ns

6.776.49CV % 17.26

0.48 0.45 0.46

0.43 0.44 0.44

0.48 0.44 0.46

0.45 0.41 0.43

1.00 0.34

1.05 0.37

1.07 0.42
1.10 0.40

1.06 1.05 0.46 0.440.38 0.42

nsns

ns ns

nsns

ns

nsns

ns ns

CV % 5.43 8.0710. 26

0

168

336

672

X

LSD:

N rate ~ Ol

.05
P rate .01

.05

N xP .01

,05

0

168

336
672

LSD:

N rate F 01

.05
P rate .Ol

.05

N x P .01

.05

2770

1996
1959

1411

3918

2823

~K
1.00 1.00

1.10 1.00

1.03 1.10
1.10 1.10

Ca %%d

0.37 0.35

0.43 0.40

0.41 0.42

0.46 0.43

ns

0.05
ns

0 ' 04

ns

0.093

0.083

0.077
0.077

0.143 0.118

0.153 0.118

0.150 0.113

0 ' 140 0.108

ns

ns

0.009

0.007

ns

ns
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Appendix Table 20  Continued!

N rate

 kg/ha!
0 2 0 74 X 0 74

Na

3.13 2.90

2.73 2.93

3.10 3.20

2.97 2.87

0.48 0.45 293.1 255.82.98 2.98

LSD:

N rate .Ol
.05

P rate .Ol

.05
N x.P .01

.05

ns ns

nsns

ns ns

nsns
nsns

nsns

1.9.43cv % 7.559.15

~Mm m

17.00 15.98

22.23 20.77

24.13 20.78

25.60 23.88

l8.47 22.24

LSD:

N rate .01
.05

P rate .Ol

.05
N x P .01

.05 n.s

CV % 10.80

Rate of P  kg/ha!.

0

168
336

672

0

168

336

672

14.97

19.30

l7.43

22.17

3.78
2.72

2.67

1.92
ns

3.02

2.83

3.15
2.92

s

0.48 0.46

0.49 0.46

0.44 0.49

0.51 0.41

0.47

0.48

0.47
0.46

~Pe ~m

366. 3 350 ~ 2 358. 3

249.2 260.8 255.0

284.8 220.3 252.6

272.2 191.7 231.9

91.6

66.0

ns

ns

ns
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Appendix Table 22. Analysis of variance of the effect of N and P on
the standing crop of roots at 0cracoke

Mean s uare

De th of core  cm!
Source of variation 0-10 0-30

Dry weight:, g/m2
0-30

864411 795531030331

1279753** 1013759** 27099

41610 468114~*

86297

93519

24678

43971

3679396

119

304

230

ns

ns

ns

ns

366

276

N rate .01

.05

P rate .01

.05

N x P .01

.05

LSD: ns

ns

92

70

ns

ns

ns

ns

ns

ns

CV % 26.2 28.8 37.0

+*Significant at the .01 level

Reps

N rate

P rate

Nxp

Rep x N rate

Rep z P rate

Rep z N x P

Error

Total

230595

210663

118161

531366

261653

290705

126386

103206

370048

120772

200565
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Appendix Table 24. Analysis of variance of the effect of N snd P on
S. alterniflora yield at Oak Island

Mean s uare

Yield  k ha!Source of variation df
ShortTall

Reps

14

23

LSD: ns

ns

XLS
ns ns

ns ns

CV % 28.9732.5

*Significant at the .05 level

N rate

P rate

NxP

Error

To tal

N rate .Ol

.05

P rate .01

.05

N x P .01

.05

167999117

71800389

763267

10674811

38087602

33048517

20818671*

1455338

6513449

5424341

ns

2884

ns

ns
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Appendix Table 25. Analysis of variance of the effect of N and p on
S. alterniflora transplants at Drum Inlet

Mean s uare
Source of

variation
df Dry wt No. flowers/ No. culms/ No. rhizomes/

plant  g! plant plant plant

2.798.0Reps 2 57.7 5.5

6.5293.4**

1250.0~*

3 223.6~ 12.0A

15 ~ 1*1 1577.3** 150.2**

3 80.1 4.1

6 38.4 4.1

44.0 1 ~ 2

6.425 ' 7

6.238. 62 23.6

6 56.2 4.9

48 54.3 4.3

1.880.0

48.3 3.2Error

Total

LSD: N

71

ns

1.4

1.3
1.0

ns

ns

ns

0.84

ns ns

ns ns

43.445.4CV %%d 131. 835.2

*Significant at .05 level

**Significant at .01 level

N rate

P rate

Nxp

Rep x. N rate

Rep x P rate

RepxNxP

rate .01

.05

rate .01
.05

x P .01

.05

ns 4.9
4.7
3.5

ns

ns

6.2

4.7

4,4

3.3

ns

ns
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