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DUNE STABILI ZATIOR WITH PAR'SCUTE APARUH ALONG THE
THE NORTH CAROLINA COAST

E.D. Seneca, V. I, Poorhouse,
and S. 4'. Bz oome

I . INTRODUCTI OR

The perennial coastal dune grass Panieum ama~ Ell.  bitter
panicum!  Fig. 1! is distributed on foredunes in a discontinuous manner
from New England to Florida, and around the gulf to Texas. The
taxonomy, distribution, and habitat preferences of bitter panicum have
been described in a study by Palmer �975! . She indicated that this
grass is a sterile form of Panicum amarulum Hitchc. 5 Chase  shoredune
panicum!, and is well adapted to the foredune habitat. The shoot and
rhizome systems have the potential to produce new shoots and roots at
the respective nodes as described by Dahl, et al. �974!. The growing
season  aboveground growth! along the North Carolina coast is from May
through October, which is about 2 to 3 months less at this latitude than
that of Ammophila brevikiqu2ata Fern.  American beachgrass!. However,
unlike American beachgrass which is a temporary stabilizer and often
loses dominance within 5 to 10 years along the southeastern coasts,
bitter panicum forms a part of the permanent cover along with Vniokr
panieulata L.  sea oats!.

There is no universal agreement among dune researchers as to the
reason for the discontinuous distribution and, until recently, for the
relative sparsity of bitter panicum along much of the coast. Some
researchers believe that this grass was grazed out by free-roving
livestock, while others feel that certain environmental factors are
responsible. Dahl, et al. �974! noted that it is preferred by cattle
to several other dune grasses on the Texas coast. Whatever the
limiting factors were in the past, within recent years established
stands of bitter panicum on the North Carolina coast have spread and new
areas are being colonized.

Earlier dune building and stabilization studies along the North
Carolina coast have concentrated on American beachgrass  Woodhouse and
Hanes, 1967! and sea oats  Woodhouse, Seneca, and Cooper, 1968!.
Although American beachgrass is a good dune builder at this latitude, it
is attacked by a scale insect, Zrioeoceua caroHmae Williams  Campbell
and Fuzy, 1972!, is susceptible to the mushroom-forming fungus,
Namamius sp.  Lucas, et al ., 1971!, and appears less drought tolerant
than sea oats. A controlled environment study with seedlings grown from
seed collected along the Atlantic and gulf coasts suggested that
temperature is a major factor responsible for the observed replacement
of American beachgrass by sea oats south of the Virginia-North Carolina
line  Seneca, 1972! . A receipt study on the Texas coast established that
bitter panicum and sea oats were the two best adapted plants tested for



Figure l. Panic~ amain Ibitter panicum! near Duck, North Carolina.



dune building and sand stabilizing  Dahl, et al., 1974! . In that study,
American beachgrass was not successfully established, and bitter
panicum was more successfully transplanted and easier to procure and
handle than sea oats.

This study began in the spring of 1972 to determine the dune
building and sand stabilizing potentials of bitter panicum along the
North Carolina coast.

II METHODS

l. Nurser Pro a ation.

Plants of bitter panicum were collected from Hatteras Island and
Ocracoke Island, North Carolina, in March 1972, to establish a nursery
at Clayton, North Carolina  Fig, 2!, Single culm  stem! plants were
spaced 0.6 meters apart in rows 1.1 meters apart. These transplants
were cultivated to control weeds, and fertilized in mid and late summer.
By fall, there were about 10 culms for every original one  Fig. 3!,
This number coverts to about 660 culms per are �00 square meters! in
the first year. By the end of the second growing season there were
about 1,650 culms per are.

Field experiments with these plants began in the spring of 1973,
at Duck and Drum Inlet  Fig. 2! . About 2 man-hours were required to
prepare 1,000 plants for field planting. Processing included digging,
breaking apart into usable transplants  Fig. 4!, dipping in a clay
slurry, and packaging in reinforced paper to prevent desiccation.
These plants and two other dune grasses were used to test the dune
stabilization effectiveness of mixed species plantings with primary
emphasis on bitter panicum.

2. Plantin at Duck, North Carol,ina.

The experimental planting at Duck was located about 300 meters
inland on a relatively broad, high, unstabilized sandy site  Fig. 5!,
which is a part of the barrier island site of the Coastal Engineering
Research Center  CERC! Field Research Facility. This area was once part
of an aerial practice gunnery range and was largely denuded of
vegetation. Stabilization at this site became more of a concern than
dune building.

The planting was established on 4 and 5 April 1973, using
mechanical procedures developed earlier  Woodhouse and Hanes, 1967!.
Six planting treatments were replicated three times in 14- by 50-meter
plots. Each plot consisted of plants in 14 rows running toward the
ocean with 0.9 meters between rows and 0.9 meters between plants within
rows except for certain rows in which bitter panicum plants were buried.

The six treatments consisted of:  a! nursery transplants of
bitter panicum from Hatteras Island stock;  b! nursery transplants of
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Figure 2. KIap of bitter panicum sites of origin  I{atteras and Ocracoke
Islands!, nursery  Clayton!, and experimental planting sites
 Duck and Drum Inlet!,
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Figure 3. Bitter panicum nursery at Clayton, Vorth Carolina, September
l972, 6 months after establishment.



Figure 4. Bitter panicum transplants; top transplant pruned to
facilitate machine planting, bottom transplant unpruned.



Figure 5. experimental planting site at Duck, Nor th carolina, June 1973.



bitter panicum from Ocracoke Island stock;  c! nursery transplants of
Hatteras beachgrass, a locally adapted strain of American beachgrass;
 d! a combination of transplants used in  a! and sea oats from Duck;
 e! a combination of transplants used in  a! and  c!; and  f! a
combination of transplants used in  a!,  c!, and  d! .

The planting was sampled in October 1973 and 1974. Nine 14-meter
transects were sampled in 1973, across the width of each of the 18
experimental plots. A modification of the line intercept technique was
used to determine number of leaves, culms  stems!, and percentage of the
length of the transect actually occupied by shoots  plant cover! for
American beachgrass, bitter panicum, and sea oats. A stand count was
also conducted on selected plots to compare the number of living bitter
panicum plants per row where the entire transplant was buried in a furrow
with those established by the conventional upright planting technique,

Five l-square-meter quadrats  subplots! were sampled in 1974, in
each of the 18 plots. The different species present and the estimated
combined cover were recorded for each plot. The aboveground vegetation
was clipped for selected species for subsequent biomass determinations,
and dried at 70' Celsius prior to dry weight determinations for
American beachgrass, bitter panicum, shoredune panicum, TripLaeza
pmpurea  Walt,! Chapm.  purple sandgrass!, and sea oats.

The planting was observed periodically and fertilized at the rate
of 56 kilograms of nitrogen per hectare  one time the first growing
season and three times the second!.

3, Plantin at Drum Inlet, North Carolina.

The experimental planting at Drum Inlet was located about 100 meters
inland on the level strand 1 or 2 meters above the normal mean high tide
level  Fig. 6! . There were scattered clumps of native Spartzna patena
 Ait.! Muhl.  saltmeadow cordgrass! and sea oats throughout the planting
site. Since the study was concerned with dune building as well as
stabilization at this site, a 0.61-meter sand fence  Fig. 6! was
constructed in February 1973 to accumulate a ridge of sand before
planting.

The planting was established during 13 to IS March 1973, using
mechanical procedures cited earlier. The variably spaced, mixed
species planting was designed to determine dune building and dune
stabilization response by three species of grass with primary emphasis
on bitter panicum. Seven treatments consisted of nursery-grown
transplants of:  a! NJ-327 American beachgrass;  b! Cape American
beachgrass  Gaffney and Duell, 1974! formerly NJ-390;  c! Hatteras
beachgrass, a locally adapted strain of American beachgrass;  d!
bitter panicum from Hatteras Island;  e! a combination of  c! and
 d!;  f! a combination of  d! and sea oats from Drum Inlet; and  g! a
combination of  c!,  d!, and  f!. One row of sea oats and two rows of
bitter panicum  buried! ran through all plots of all treatments.
Saltmeadow cordgrass was not planted. The planting was oriented

J4



Figure 6. Experimental planting site at Drum Inlet, North Carolina,
March l973.
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parallel to the beach with each treatment replicated twice by 14- by
70-meter plots. Within these 16 r��<lots, the center 4 rows were
spaced 0.46 meters apart, the 4»ws on either side of the center 4
rows were sPaced 0.76 meters apart and the outermost 2 rows on either
side were spaced 1.1 meters apart In the spring of 1974, greenhouse-
grown seedlings of sea oats were planted 1 ~ 5 meters apart on the crest
of the dune in barren areas.

The planting was sampled in October 1973 and l974. The 14
experimental plots were sajnpl~d in 1973 in the same manner as those
at Duck except that. saltmeadow cordgrass was also sampled. Eight 1-
square-meter quadrats were samp]ed in 1974 on the oceanside and 8 on
the sound side of the dune in each o f the l4 plots. The plant species
present and the estimated combined cover were recorded for each
quadrat. The aboveground vegetatjon was clipped by species for
subsequent biomass determinations, and dried at 70' Celsius before
dry weight determinations for American beachgrass, Eupharbia
polpponzfoHa L.  seaside spurge!, bitter panicum, saltmeadow cordgrass,
and sea oats.

The planting was observed periodically and fertilized twice during
the first growing season at the rate of 56 kilograms of nitrogen per
hectare. Elevation surveys were conducted in June 1973, 1974, and
1975, by running two cross sections per plot with a level to determine
sand accumulation. The exper imental area was also repaired in the
spring of 1974, by filling gaps with sand and replanting barren areas.

III. RESULTS AND DISCVSSION

a. 1973. There was litt le growth in the April transplants by
June 1973~Fig. 5! . Although much of the sand was still bare of
vegetation in September 1973, surviving transplants of bitter pani curn
were well established and the area was becoming stabilized  Fig. 7!.
With the exception of plot 3, wh ich was a mixed species treatment
consisting of bitter panicum plus Hatteras beachgrass, the number of
leaves, culms, and the cover was greater with bitter panicum than either
of the other two dune grasses in all plots of two- and three-species
treatments  Table 1!. Only bitter panicum yielded cover values of
more than 0.50 percent. American beachgrass and sea oats were
initially found in scattered clumps throughout the planting site
 Table 1!.

A count on selected plots indicated the number of living bitter
panicum plants was greater in ro» ""ere the entire plant had been
buried in a furrow than in row«stablished by the conventional upright
planting technique  Table 2! - Average percentages of living transplants
were 31 for Hatteras beachgrass> 62 f» bitter panicum, and 16 for
sea oats. Although survival >+»«er panicum was good, growth during
the first growing season was slow omp»ed to the other experimental

l6



Figure 7. Experimental planting site at Duck, North Carolina,
September 1973
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planting site at Drum Inlet. There were no noticeable ditferences in
the performance of the selections of bitter panicum from Hatteras and
Ocracoke. The low survival of Hatteras beachgrass cannot be explained;
it is possible that the transplants were initially of low vigor. The
low survival of sea oats is consistent wi,tb results from other
experiments and those of Dahl, et al. �975!,

b. 1974. Plant cover was estimated to be about 70 percent in June
1974. Of the three dune grasses planted in April 1973, only bitter
panicum contributed an appreciable amount of this estimate  Fig. 8!.
The remainder of the cover was composed of native plants that invaded the
planting  Table 3!; a few seedlings of American beachgrass and sea oats
were observed. Cenahrua tribuliodea L.  sand spur!, Dzodia tepee Walt.
 buttonweed!, Oenothera humifuaa Nutt.  evening primrose!, and purple
sandgrass were the most widely distributed invading species  Table 4!,
Only 0. hemi fossa is a perennial.

By September 1974, plant cover was estimated to be about 75 percent
 Fig. 9l. Again, only bitter panicum contributed an appreciable amount
of this estimate, with the remainder composed of the invading native
plants  Table 3!. Purple sandgrass, one of the four abundant invaders,
was the most prominent. Although the shoots of bitter panicum were well
developed, the rhizomes had not proliferated rapidly over the area.
This growth response was possibly due to the lack of sand movement.
Bitter panicum is most healthy and vigorous in areas accumulating
moderate amounts of sand.

Plant frequency, the percentage of sample plots in which a plant
species occurs, is a relative measure of distribution. In the October
sampling, values of 60 percent and above were obtained for bitter
panicum in all plots of original planting  Table 4!, However, for both
American beachgrass and sea oats, frequency values were 60 percent or
below in the experimental plots; in several plots these species were not
recorded in the sample.

Except for plot 18, cover values were 70 percent and above  Table
5!. The relatively high cover values were largely due to the invading
species, particularly the annual, purple sandgrass.

Bitter panicum contributed about 27 percent of the aboveground dry
weight, and averaged about 30 grams per square meter in the plots of
original planting, I, 2, 3, S, and 6, and where purple sandgrass biomass
was also determined  Table 6!. Purple sandgrass was sampled for biomass
in only six plots, but since it was uniformly distributed it probably
contributed at least a minimum biomass of 37 grams per square meter
which would be more than that of bitter panicum  Table 6! .

2. Drum Inlet Plantin

a. 1973. Survival of transplants in June 1973 was estimated at
75 percent, except for the two rows adjacent to the 0.61-meter sand

20



Figure 8. Experimental planting site at
Duck, North Carolina, June l974.

Figure 9. Experimental planting site at
Duck, North Carolina, September
l974.
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Table 3. Invading flowering plants to the experimental planting at
Duck, June and Sept emb er 1974,

Abundance
IGrowth

form
Month

recorded

Name

Ambrosia artemisiifoZia L.  ragweed! herb infrequent

rare

abundant

Sept.

sedge

grass

June

June, Sept.

Car ex' sp.

Cenchrus Cmbuloides L.  sand spur!
ChenopoCkum ambrosioides L.  Mexican-

tea!

C'yperus iria L.  rice flatsedge!

Digital'ia fi Zi foimris  L. ! Xoel er
 slender fingergrass!

Diodia ter es Walt.  buttonweed!

Zmgeron canadensis L.  horseweed!

Euphorbia polygoni foZia L  seaside
spurge!

GhaphaZium obtusi foZium L.  rabbit
tobacco!

hhjrica pensyZvanica Loisel.  bayberry!
Oenothem humifusa Nutt.  evening

primrose!

Panieum amaruZum Hitchc. 5 Chase
 shoredune panicum!

Physalis viscosa ssp. maritima
 M. A. Curtis! Waterfall  ground
cherry!

~artina parens  Ait.! Muhl.
 sal tmeadow cordgrass!

~plasis purpuz'ea  Walt.! Chapm.
 purple sandgrass!

herb Sept.rare

raresedge Sept.

infrequent

abundant

infrequent

Sept.grass

herb June, Sept.

June Sept.herb

herb Sept.common

herb infrequent

rare

June, Sept.

June, Sept.shrub

herb abundant June, Sept.

June, Sept.grass common

infrequentherb June, Sept.

June, Sept.grass rare

abundant June, Sept.grass

22

1. Scale of abundance from most to least abundant: abundant, common,
infrequent, rare.
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1Table 5. Mean estimated cover for al 1 plant species at Duck,
North Carolina, l974,

Percentage of ground surface covered by shade as determined by
projecting area covered by vegetation groundward, based on five
].-square-meter sample subplots in each replicate  plot! per
treatment, n = 90-

24



Table 6. Bean aboveground biomass for five plant species at Duck,1

North Carolina. 1974.

1. Based on five 1-square-meter sample subplots in each replicate
 plot! per treatment, n 90.

2. Amaophila breogligu Lta  American beachgraas! .

3. Bunioum asttrum  bit ter panicum! .

1. Ponioum omarulum  shoredune panicum!,

S. ~plasge isurlnuua  purple sandgrass!; sampled in only one replicate
 plots 1 to 6!.

6. 7jniota peniouluto  sea oats!,

7. Treatment means for bitter panicum only, standard error of the
difference among equally replicated treatment means, s- 21;
lsd e 17. d

0. 05



fence where sand accumulation had buried the transplants about 45
centimeters deep  Fig. 10! . Dahl, et al. �975! noted that survival
of transplants buried by 15 centimeters or more of sand was less than
the upright transplants. Growth and vigor of the surviving plants at
Drum Inlet continued to be good through the remainder of the growing
season  Fig. 11!.

The number of leaves, culms, and the cover in the October sample,
was equal to or greater for American beachgrass and sea oats than for
bitter panicum in all plots with treatments of two and three species
 Tables 7, 8, and 9!. All three selections of American beachgrass
 NJ-327, Cape, and Hatteras beachgrass! produced greater values for
number of leaves, culms, and the cover than the Hatteras selection of
bitter panicum in single species treatments. The relatively large
values for sea oats were partly due to a row of this species running
through all plots. There were also scattered clumps of native
saltmeadow cordgrass and sea oats in the experimental area.

b. 1974. Growth of bitter panicum and sea oats was healthier
and more vigorous during the 1974 growing season. The increased amount
of sand trapped and cover established from 1973 to 1974 was readily
apparent  Figs. 12 and 13! .

In the October sample, frequency values of 50 percent and above
were obtained for the originally planted species  Table 10!, except for
sea oats in the three-way mixture  Ilatteras beachgrass plus bitter
panicum plus sea oats!  Fig. 14! . Bitter panicum had spread into all
six American beachgrass experimental plots, but was more prevalent on
the oceanside of the dune. American beachgrass was not found in the
bitter panicum experimental plots 4 and 8, and plot 6 of the bitter
panicum plus sea oats treatment, Annuals, Caki.le edent:ula  Bigelow!
Hooker  sea rocket! and seaside spurge, invaded some of the
experimental plots  Table 10! . Except for plots 10, 12, and 14,
cover values were higher on the oceanside than on the sound side of
the dune  Table ll!. This condition was largely due to burial of
first-year transplants on the sound side of the dune sections by
about 45 centimeters of sand, In general, cover values were somewhat
higher in the plots with bitter panicum than in the three American
beachgrass treatments,

Although a few plants invaded the experimental planting, the three
originally planted species  American beachgrass, bitter panicum, and
sea oats! still constituted 99.5 percent of the aboveground biomass
after two growing seasons  Table 12! . Bitter panicum provided more cover
per unit biomass than American beachgrass. This condition is well
illustrated by comparing oceanside of the dune bitter panicum plots
4 and 8  Fig. 13! with oceanside of the dune American beachgrass plots
3 and 13  Fig . 15! . All of these plots had frequencies of 100 percent,
but the bitter panicum plots had higher cover values  Table ll! and
the American beachgrass plots had higher biomass values  Table 12!.
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Figure 10. Sand accumulation on the
sound side of 0.61-meter
fence at Drum Inlet planting
site, May 1973
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Figure 1 l. Experimental planting of
American beachgrass, bitter
panicum, and sea oats at Drum
Inlet, September 1973.



'Table 7. Mean number of leaves per transect for four dune grasses at1

Drum Inlet, North Carolina, 1973.

Plot
No.

Mean No. leaves
per 14-m transect

Treatment

A p3

NJ-327 American beachgrass 104. 33
201.67

1
12

0.33

2.78
2.11
3.78

4.33
14.33

Cape American beachgrass 2
14

4.56

5.56 3,56

3
13

Hatteras beachgrass 4.67

15.896. 891.44

Bitter panicum  Hatteras! 69. 78
37. 78

0.56 4.33
15,22

Hatteras beachgrass plus
Bitter panicum  Hatteras!

78. 11
81. 89

17.22
32. 00

5
ll

7.89
59.11

Bitter panicum  Hatteras! plus
Sea oats  Drum Inlet!

1.56
5.33

66.33
61.33

6
10

19. 22
32.44 8.44

Hatteras beachgrass plus
Bitter panicum  Hatteras! plus
Sea oats  Drum Inlet!

29. 22
35. 78

9.44
9.89

19.11

41.67

3. 33

Based on nine transects per plot per treatment, n = 126.
Ammophila bveuilipulata  American beachgrass! .
Panic' amarum  bitter panicum! .

4. Spartina patent  saltmeadow cordgrass!.
5. Unioka panicuLata  sea oats! .
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2.

3.

105.00

158. 11

162. 00
167. 89



Table 8. Mean number of culms per transect for four dune grasses at1

Drum Inlet, North Carolina, 1973.

l. Based on nine transects per plot per treatment, n = l26.

2. Ammaphi& breviligula&  American beachgrass!.

3. Parziaum am~  bitter panicnm! .

4. Spartina patene  saltmeadow cordgrass!.

5. UnioLa panioulata  sea oats! .
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Table 9. >tean cover per transect for four dune grasses at Drum1

Inlet, North Carolina, I973.

1. Based on nine transects per plot per treatment, n = 126.

2. Anmophila breviligwlata  American beachgrass!.

Panic' amavum  bitter panicum!.

Spartina palette  saltmeadow cordgrass!.

Viola paniculaM  sea oats! .
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Figure 12. Bitter panicum treatment in
experimental planting at Drum
Inlet, September 1973.

Figure 13. Bitter panicum treatment in
experimental planting at Drum
Inlet, October 1974.



Table 10. Frequency fOr SiX dune Plante St Drun Inlet, NOzth CsrOllna, 1974.I

Frequency  percent!Dceanside
or sound
sade of
dune

Plot
iso,

Treat nant

56Pg 117

10D
100
75
86

Itl-327 Anericsn beschgrass ocean
sound
ocean
sound

1262
25

12
25

12
12

1212Cape Anerican beschgrsss OCean
sound
ace aa
sound

12
12

12
3S

12ld

50Hatteras beschgrsss oCen a
sound
ocean
sound

25
62
12

13

100
5D

100
88

Sitter panicun  Hatteras! ocean
sound
ocean
sound

12
12 25

100
100
88
75

SS
62

100
Be

12Hatteras bcachgrsss plus
Sitter panicon  Hatteras!

oceaa
saund
ocean
sound

12
12
50

25
3S

88
50

100
100

Sitter psnicun  Hatteras! plus
Sea oats  Drua Inlet! 12 IDD

SS
IDD
75

ocean
sound
ocean
sound

12
25

10
12

73
75
ee
75

Hatteras beachgrxss plus
Sitter panxcun  Hatteras! plus
eea Os'ts  Dries Isle't!

5D
75
50
BB

12
12

75
75
75
12

ocean
sound
ocean
sound

12

The percentage of ssnple plots in uhich a species occurrod, based an eight I-square-aeter ssnple
subplots on oceanside and eight on sound side of dune per plot per treatnent, n 224.

2. dssnspbgle hreui tiyulatn  Aaeri can beschgrass!,
3. Ceekdge edensn u [sea rocket!.

ghphorbiu polygonifo fo  seaside spurge!,
5, pnnieua Iansrue  bitter paniCua! .
6. Bpareinn pocene [saltneadov cordgrass].
7. Ihtgole pcoldouhxto  sea oats! .

88
100
100
IDD
100
100
100
IDD



Figure 14. Experimental planting of American beachgrass, bitter panicum,
and sea oats at Drum Inlet, North Carolina, October 1974,



1
Table ll. Mean estimated cover for all plant species at Drum Inlet,

North Carolina, 1974.

Treatment Plot
No.

NJ-327 American beachgrass

12

Cape American beachgrass ocean
sound
ocean
sound

Hatteras beachgrass ocean
sound

13 ocean
sound

Bitter panicum  Hatteras!

Hatteras beachgrass plus
Bitter panicum  Hatteras!

Bi t ter pani curn  Hat teras ! plus
Sea oats  Drum Inlet!

10

1. Percentage of ground surface covered by shade as determined by
projecting area covered by vegetation groundward, based on eight
1-square-meter sample subplots on oceanside and eight on sound sid~
of dune per plot per treatment, n = 224.

Hatteras beachgrass plus
Bitter panicum  Hatteras! plus
Sea oats  Drum Inlet!

Oceanside
or sound
side of

dune

ocean
sound
ocean
sound

ocean
sound
ocean
sound

ocean
sound
ocean
sound

ocean
sound
ocean
sound

ocean
sound
ocean
sound

Mean estimated
cover

 percent!

16
8

21
22

16
8

12
21

24
18
20

14

33
13
46
16

18
16
33
29

36
33
26
41

17
16
30
ll



Table 12. linen aboveground biomass far five dune plants at Drua Inlet, liorth Caro!ina. 1974,I

Treatment Plot
ko.

Oceans ide
or sound
side of
duno

Mean aboveground dry
veight  S/a2!

55 ua

HJ-327 Anorican beachgrass 23

12 25
13

Cape American beachgrass

14 12
6

Hatteras beachgrass ocean
sound
ocean
sound

Sitter panicum  Hatteras!

14

Hatteras bearhgrass plus
Sitter panicum  Hatteras!

34
IS

Sitter panicum  Hatteras! plus
gea oata  Drum Inlet!

oc a ail
mund
ace ah
sound

10
16

Hatteras beachgrass plus
Sitter psnicum  Hatteras! plus
Saa oats  Stum Inlet! 10

1. Sased on eight I-square-aeter sample subplots on ocoansidc ahd eight on mund side of dune per
p!ot per 'tteatneii'1, h 224.

2. kmmspltila breuiliyulara  Aaerlcan beachgrass!.
gngslarrbia polyycmifogia  seaside spurgc! .
paniosee aeatrum  bitter pahiCua! .

5. Spica nina Zsatene  ssl tneadou cordgrass! .
6. Ibtioga pcmsioulaga  sca oats! .

ocean
sound
oct ah
sound
ace ah
sound
ocean
sound

OC cali
sound
ocean
soiind
OCeah
sound
oc'cail
sound

ocean
sound
ocean
sound

162
73

120
223
120
11D
214
345
266
17 ~
225
234

142
100
97
94

99
24

116
46

I ~ 2
49

157
36
45
37

117
59

90
69
96

200

29
SZ
d2
33

116
119
60
34

143
6

22
1



Figure IS. Hatteras beachgrass treatment in experimental planting at.
Drum Inlet, North Carolina, October l974.
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c. Sand Accumulation. Volumes of sand accumulated during the
initial 3 months  Table 13! were largely due to sand accumulation by the
0,61-meter fe»ce  Fig. 10!, not the planted vegetation. After 3 months,
the bitter panicum plots had as much or more sand than the other
experimental plots except the American beachgrass plots 1 and 2  NJ-327
and Cape, respectively! . These values had »o uniform correlation with
the 15- and 27-month values. For example, plots 1, 2, 4, and 6 had
higher values after 3 months than the other replicate plots �2, 14, 8,
and 10! in the respective treatments, but lower values after 27
months  Table 13!. These results indicate that the sand fence did
not significantly influence the 15- and 27-month values which were
primarily due to the differential sand-trapping potentials of the
vegetation.

After 27 months, the three American beachgrass treatme»ts had
trapped more sand than all other treatments, and over twice as much
as the bitter panicum treatment  Table 13, Fig. 16!. The llatteras
beachgrass treatment accumulated slightly more sand over the 24-month
period, June 1973 to June 1975, than the other two American beachgrass
treatments. Over this same period, the bitter panicum treatment
averaged about 1 cubic meter of sand accumulation per linear meter of dune
which is about one-fifth as much sand as any other treatment. Even if the
best replicate of the bitter panicum treatment is considered, sand accumu-
lation during this period was only 1.9 cubic meters per linear meter or
one-third the sand accumulated by other treatments.

All three mixed species treatments accumulated over 5 cubic meters
of sand per meter of dune over the 24-month period. Although the
bitter panicum plus sea oats treatment accumulated more sand than the
other two mixed species treatments, American beachgrass or sea oats
planted with bitter panicum accumulated more sand than did bitter
panicum alone.

Three treatments  Hatteras beachgrass, bitter panicum plus sea oats,
and Hatteras beachgrass plus bitter panicum plus sea oats! trapped over
1 cubic meter of sand per meter of dune more in June 1973 to June 1974,
than in June 1974 to June 1975. Only the NJ-327 American beachgrass
treatment accumulated more than one-half meter of sand per meter of
dune during the second 12-month period. If the supply of moving sand
was equal over both years, the vegetation should have caught more sand
during the second year since the vegetation was more dense at that time.

Cross-section profiles indicate that the dune crest in all
treatments moved seaward about 3 meters from June 1973 to June
1975  Fig. 16! . The dune crest in the Hatteras beachgrass treatment
moved the most, about 5 meters. We have observed other experimental
American beachgrass dunes move seaward more rapidly than those
of sea oats. This movement is due partially to American beachgrass'
tremendous vegetative growth  by rhizomes! potential under conditions
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Table 13. Cumulative mean volume of sand accumulated over 3-, 15-,
27-month periods at Drum Inlet, North Carolina.

Volume of sand  cubic meters
per meter of dune! bv time

after planting

Treatment

3 mont >s l mont ~s 7 mont s

NJ-327 American beachgrass

Cape American beachgrass

Hatteras beachgrass

Bitter panicum  Hatteras!

1. Based on two elevational cross sections for each of two replicates
per treatment.

2. Planting established in March 1973.

3. Treatment mean.
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Hatteras beachgrass plus
Bitter panicum  Hatteras!

Bitter panicum  Hatteras! plus
Sea oats  Drum Inlet!

Hatteras beachgrass plus
Bitter panicum  Hatteras! plus
Sea oats  Drum Inlet!

P lot

No.

1

12
X

2
14

X

3
13

X

4
8
� 3
X

5
ll
-3
X

6
10

X

7

9� 3
X

3.4
2.4

2.9

4.0
2.7
3.3

2.7

2.3
2 5

3.3
3.1
3.2

2.3
2.6

2.4

3.3
1.7
2.5

2.6
2.8
2.7

4.8
7.1
6.0

6.7
6.6
6.6

6.9

6.8
6.9

3.0
4.9
4.0

4.8
5.4
5.1

5.6
6.7
6.2

6.3
6.4
6.4

7.1
10. 8

9.0

8.8

10. 3
9.5

10,7
9,8

10.2

3.7
5.0
4.3

7.3
8.4
7.9

7.7

9.7
8.7

7.2
9.2
8.2



NJ - 321 American beochSrors

C ape American beech@rom

c Hatteras hsochSross
~ t t ter Sorecvm

Hatteras heachSrras pha hrtter trantcsm

Sitter pamcvm pho rea eah

Hetteros bmrchSrors plvr bitter paicvrn pha seosots

oisEntrcE FROM SOvrtD-SIDE SSSE I.!RE i st.!

Figure 16. Mean dune cross sections
in meters above mean sea
level  MSL! For seven
treatments at Drum
Inlet, 1973 to 1975.
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of sand accumulation. Based on the 1975 profiLes, oceanside and
sound side dune slopes were most gentle in the American beachgrass
treatments; the sound side slope was steeper in the other treatments,
all of which included bitter panicum. Dune side slopes were steepest
in the Hatteras beachgrass plus bitter panicum plus sea oats treatment.

IV. SUMMARY AHD CONCLUSIONS

Single culm transplants of bitter panicum can be planted in an
inland nursery, and with routine cultivation and fertilization, can
yield a supply of transplants for field planting at the end of the
first growing season. A tenfold increase in number of culms was
obtained at the end of the first growing season at Clayton, with an
additional 2.5-fold increase by the end of the second growing season.
The plants should be separated into single culm transplants after
digging, dipped in a clay slurry, and packaged in reinforced paper to
prevent desiccation. About 2 man-hours are required to dig and process
1,000 transplants for field planting. This is about twice the time
required to process an equal amount of American beachgrass transplants.

Bitter panicum has the potential to stabilize foredunes and inland
sandy areas. On the high sandy site at Duck, bitter panicum
contributed more toward stabilizing the site than American beachgrass
or sea oats. However, the American beachgrass planting stock may not
have been as vigorous as generally encountered, Although bitter panicusm
can stabilize an area where relatively little sand is moving, such as
the Duck site, the species was more vigorous and spread more at the
foredune site at Drum Inlet where moderate amounts of sand were
accumulating.

production of new shoots by bitter panicum plants buried in a 15-
centimeter furrow was higher than transplants planted in the conventiona.l
upright manner at Duck. However, most of the buried transplants at
Drum Inlet were covered by 4S centimeters of sand and unable to grow.
Transplants should be planted in the conventional manner in areas
accumulating sand, but may be buried in a furrow in nursery plantings
and in areas not accumulating much sand. Recent observations suggest
that a furrow planting technique which allows the tip end of the
transplant to protrude above the sand, may be as good as upright
planting, even in areas accumulating sand.

On the foredune planting site at Drum Inlet, each of three
selections of American beachgrass accumulated over five times more
sand than bitter panicum in a 24-month period. Sand accumulations in
mixed species plantings of bitter panicum with American beachgrass
and sea oats over this period of time were more comparable with that
of American beachgrass alone. Both American beachgrass and sea oats
were more efficient sand trappers than bitter panicum.



Cross section profiles indicated that American beachgrass dunes
moved seaward more rapidly and had more gentle side slopes than
bitter panicum dunes. These findings and other observations suggest
that American beachgrass dunes can repair themselves more rapidly
following storm attack than dunes with bitter panicum or sea oats.

The length of the growing season, and the width and number of
leaves per unit area may be factors related to differential sand
accumulation by the three dune grasses tested. The leaves of bitter
panicum are wider and generally fewer per unit area than those of
either American beachgrass or sea oats, Therefore, bitter panicum
may not be as effective at trapping sand. The relatively short  May
to October! growing season of bitter panicum compared to the
relatively long one  February to November! for American beachgrass
at this latitude may be one of the reasons for not accumulating as
much sand as American beachgrass. The growing season of sea oats
coincides closely with that of bitter panicum; other factors, such
as leaf width and density, may be responsible for the differential
sand trapping between the two species. Since bitter panicum has a
longer growing season at a more southerly latitude, it is probably
a better dune builder farther south.

Sand accumulation and dune profile data suggest that bitter
panicum should not be used in monospecific plantings to build dunes
along the North Carolina coast. The results indicate that the mixed
species planting is almost as good at dune building as monospecific
stands of American beachgrass, These mixed species plantings are
ecologically more desirable because of the insect, disease, and
physiological problems associated with American beachgra.ss at this
latitude. In a mixed species planting of American beachgrass, bitter
panicum, and sea oats, a dune can be built primarily by the sand
trapping potentials of American beachgrass and sea oats; when American
beachgrass begins dying out, it can rapidly be replaced by the other
two native grasses to stabilize the area. The principal values of
bitter panicum are in stabilizing sandy coastal areas and in mixed
species plantings to build and stabilize coastal dunes in the
southeastern United States.
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