132,

Figure 43. Seasonal patterns of the partitioning
of net primary production between roots
and stems in wild rice (Zizania aquatica).
Refer to Figure 2 for site locations. -
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most of the net production went into shoot.grcwth. Root:shoot-ratios
fem&ined a?proximately 1:3 during the remainder of the growiﬁg Season.
Bray et al (1962) also found_loﬁ root,biomassrfor wild rice. They

_ #scribed the low root biomass to be due to weak root developmént
characteristic of many aquatic plants. Thigris probably true only
of annual species for Dykyjova {1972} has shown that perennial species
" of marsh habitats have higher root:shoot ratios for wild.rice were
very consistant even though there was considerable difference in
substrate conditions between the populations (see description of
substrate properties on pages 8 - 26 of this.report).

Figure 44 shows the pattern of biomass accumulation in

individual plants; Growth averaged .07-g/ind/day during the

period May 15 - June 29 and T3 g/ind)daf during Julﬁ. Toward

fhe end of July the growth rate slowed. This coincided Wé;h

the onset of flowering and fruifing phenophases. By the end of

the growing season an average individual weighed 25.2 + 3.5 g

- (Figure 44.0) |

Net primary production on an area basis is shown on Figure 453.
Overall biomass accumnlatiﬁn followed a pattern simiiar to the
accumulation of biomass in individual plants. Total net primary
production for all sites was 2.2 g + .6 on May 15, 41.5 ¢ + 6.7

on May 30, 346.3 g + 48.4 on June 26, and 1453.4 g +

225.1 on September 10. Net primary production data for four of the



135.

Figure &44. Net primary production of individual wild
vice (Zizania aguatica) plants in the

Hamilton Marshes. All values are means
(g/ind.) + 1 standard error.
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Figure 45. Net primary production of wild rice
 {Zizania aquatica) in the Hamilton
Marshes, All values are means (%/mz)' ‘ .
+ 1 standard error. (g/m® x 10”2 = T/Ha)
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Table 10

Density owm;mmm.wn wild rice populations. Values are mean number of plants /m2,

Sampling Site (see Figure 1)

mwﬁm 1 Site 1A - Site 2 Site 3. Site 3A Site 6 Site 7
4mmﬂmw<, . . _

150 211 250 N.S. 134" N.5. 216 168
155 172 N+S. | N.S. N.S. N.S. 212 N.s.
170 76 132 30 86 . 114 182 148
184 52 74 18 52 80 72 90
210 . - N.S. N.S. X ‘ 56 16 64 92
238 69 24 X 36 X 59 a4

N.5. = Not sampled

¥
"

All plants destroyed (Site 3A) or eaten (Site 2)
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" sites are shown in Figure 5 (Page 44). Produﬁtion was similar for
the four sites until July but tﬁere were differences afterward.
Site 4B has the highest net aﬁnuai primary production (2163.2)

+ 663.2 g/mz)._ Production at Sites 4B, 5A and 7 was 1619.1 +
489.5, 823.8 + 58.9 and 1234.2 + 187.2 respectively.

DISCUSS ION o

Het primary producfion of wild rice in the Hamiltqn Marshes
differedkbetween sample areas. Total production at Sites 7

and 5 were probably leést because of competition and mortalily.

At Site 5B there were fewer individuals that survived (Table 10)
"and thus production on an area basis was less thén that of any
other site. Many indifiduals at Site 5B were killed during a

" storm in July, Net primary production was lower at Site 7 than
at Sites 4B énd AA because the individual plants were smaller. At
area 4A wild rice maintained dominance throughoﬁt the growing season -
and individual plant size was the.greatest.

There is not apﬁarent correlation between production 5f wild_

rice and location of populations with regard to the amount of
tidal activity. Based upon theﬂgreateét length of time that each -
area would be covered by water during a tide cycle, the areas would
be ranked as follows? 4B, 5B, 7, 5A, 4A, and 5.

Table 11 compares production data for wild rice in other
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Table 11. Comparison of production values
for wild rice in fresh water tidal marshes.
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NET PRODUCTION (g/m?) STATE SOURCE

605 - 1547 , Pa. | McCormick (1930)

1390 N. -J . - McCormich and Ashbaugh (1972)
659 - 1125 ' N. J. Present study

1699 ' _ N. J. Jervis (1964)
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geographic 1ocations. Net primaxy producfion appears to be
extremely high in tidal areas. Production in-two other Delaware
Rivér freshwater tidal marshes was 6051547 g/hz/yr'(Mchrmick,
1970; McCormick and Ashbaygh, 1972),7 Jervig (1964) has measured
rice production at‘169§ g/m2/year in-aﬁother'New Jersey fresh-
water marsh. In.féct, primary production of wild rice in New
Jersey's freshwater tidal marshes is comparable to annual net

production of salt marsh plants. Good (1965) measured a net

production of 300 g/m? for Spartina alterniflqra in ﬁew Jexrsey
and Potera and MacNamaré (1972) measured values of 191 g/m2 for
the same species in a polluted estuary. Although there is little
comparable data for wild rice in inland areas of New Jersey, it
appears that primarxy production-is equal to or greater in thé
freshwater tidal marshes than it would be in non-tidal ehviron~
ments. Bray measured wild rice production at 630 g/m? in Minnesota

(Bray et. al., 1962).

CONCLUSION

Robichaud and Bﬁell xeported-that wild rice is sénsitiverto
pbllution, dredging, etc. and that, as a result of such actions,
the distribution and abundance of wild rice in the Delaware River
Basig has beeﬁ drastically reduced. They stated that it was
abundant as far north as Rancocas Creek. This study has proved
that wild rice isstill abundant and doing well in the Hamilton

Marshes. This may be due to the fact that these marshes have not
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been filled or dredged recently. Other data preseﬁted in this report
have shown that the waters of the marsheé are not pollutéd
beyond acceptable standards. This study has also shown-that
wild rice is an invaluable component of the marsh ecosystem.
‘We have estimated that commuﬁities of dominated bﬁ wild rice
roduce more than 200 tons of material per year. ure man-

agement of the marshes should include planning that will insure

the existence of this valuable species.
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A STUDY OF VARIQUS ASPECTS OF THE ECOLOGICAL LIFE
HISTORY OF PONTEDERIA CORDATA (Pickerelweed)

by

Patricia Parkinson

| Pontederia cordata is a common aguatic plant which grows in

marshy areas and on the shores of streams (Fairbrothers and
Moul, 1965). Although other-genera of the family Pontederiaceae
have been studied, there is little literature available on

Pontederia (Sculthorpe,-1967).

NOMENCLATURE AND DESCRIPTION

‘Pontederia corxdata (P. sagittata Seubert) is an aquatic

macxophyte of the family Pontedexiaceae {Muenschexr, 1944 and
Stodola, 1967)., It is a perennial with thick, creeping xoot-
stocks and clusters of erect leaves which have~fleshy petioles
and heart-shaped to lanceolated blades. Leaves are borne singly
on a simple stem. It.is an emergent spécies, but can grow
entirely submerged. The leawves of the submerged form, forma
taenia, are ribbon-like with little or no differentiation of a

~ blade. P. coxdata also has a leaf sequence from the lineaxr oOx
spatulate first-férmed leaves of the seedling to the mature leaf
form described above (Sculthorpe, 1967). The perfect, irregular,
trimercus flowers are borne on a spike, They are violet-blue,

' funnel-shaped, two-lipped, and hairy on the outside. - There are
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six stamens and the ovary is three-celled, buf two of the

cells are sterile. Pontederiaceae is one of only three
angiosperm families in which tristyly is known to occux, and

is the only monocotyledonous family exhibiting this type of
floral heteromorphism {Hazen, 1918; Ornduff, 1966). In
pickerelweed, the three forxms are: (1) those having flowers
~with long styles and anthers at two levels below the stigma;

(2) those having flowers with mid-length styles and one set

of anthers above the stigmas, the othex set below; and (3)

those having flowers with short styles and aﬁthgrs at two levels
above the stigmas. This system promotes cross-pollination,

since self-pollination or cross—pollination between stigmas and
anthers not at equivalent levels is'much Iesé préductive of
seeds than pollination between stigmas and anthers at equivalent
levels (Oxnduff, 1966). Representation of the floral forms in
populationé is unequal, This is because, once an area is

" colonized, tooc few sexually produced generations succeed to
allow equilibrium to be established. This species is insect
pollinated. Nectar accumulates in the perianth tube. The lower
lip of the flower serves as a ianding platform for smaller insects.
The upper 1lip is erect and has a large double blofch of bright
yellowrcn the posterior petal segment, which.probably serves as
a nectar guide. Hazen (1918) observed ten species of Lepidoptera
and many Hymenoptera visiting the plant in a marsh in New Jexsey.

Dufourea novea-angliae, a bee, visits no other plant and its
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emergence coincides with the onset of flowering of pickerelweed.

{Sculthoxpe, 1967).

The fruit, an achene bearing one seed; has crested ridges
running lengthwise and a "beak" at thé end, which is a pex~
sistent styvle basegr The seeds are 3-4 mm long, ovoid ellipsoid
in shape, and contain a pure white ehdosperm. The fruits have
a-period of bouyancy due to large intefcellular spaces in the
pericarp which allow them to be carxied well away from the

- parent plant, which is a very competitive environment {Sculthorpe,

1967).

P. cordata is a geophyte and the stout, spongy rhizome is the

organ of perennation. Vegetative reproduction by extension of

the rhizomes predominates over sexual reproduction (Oxnduff, 1966).

Pickerelweed is native to the Americas and its distribution is
from the eastern United States south to Argentina.r It was obser-
ved in several locations in the Hamilton Marshés'(Whigham,*1974).
it wasrmost common along the banks of Crosswigks Creek and in
the Rowan Lake, Spring Lake, and Sturgeon Pond sections of the
marshes. It is, however, not restxicted to those areas and
populations arxe scattered throughout. Pickerelweed is not one
of the dominanf species in the Marshes. Whigham (1974) listed
it as the 13th most important species. It is most comﬁonly
associated with yellow water lily, arrow arum, and water smart-

weed. Its contribution to the overall productivity of the marshes
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was studied in 1973 and 1974 (Table 12 ). The differences
between the 1973 and 1974 data were due to~fhe-sampling methods
"employed. In 1973 the sampling at eabh site was random and |
.because-the species is primarily congentrated.inﬂcertéin com=

- munities fhere-was much variation in the harﬁest data. In 1974,
having determined what community types exist in the maxshés,
the vegetation was sampléd-systematically. Pickerelweed appear—
ed in many of the samples collected at several sites ﬁhere is
waé part of the communities found there. The 1974 data shows

an increase in aboveground biocmass thrxoughout the growing season

with a beak biomass of approximately 592 g/hz.

PHENOLOGY

Pontederia cordata was in flower when phenological data was

first collected on June 25, 1973. In 1974 flowers were first
noted-on.June 21, During both years‘tha'floweiing phenophase
lasted for the remainder of the growing season. Fruits were
first seen on July-é and onrAugust 3 it was first noted that

some had been shed from the stalks.,

TRANSPLANT EXPERIMENT -

Most perennial,species in the marshes appear to grow whenever
temperatuie conditioné are favorablg. Dormancy thus appears
tc be maintained by low temperatures throughout the winter. In
order to determine what factors controlled dormancy in pickerel-

weed, a transplant experiment was performed.
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_dewmwm

Productivity nm\awv of Above-ground Poxtions of Pontederia cordata in the Hamilton Marshes.

Sample Date (1973)

Site No.  June 14 June 26  July 11  August 3

August 17 Average
4c - L 19.7 10.0 28.8 38.0 24,1
4B 25.6 32.4 8.3 - - 22.1
4A 13.6 1.9 - - - 7.8
Sample nmnm (1974)

Site No. : May 30 hﬂuw 20 July mk July 31 August 27 Average
4C , 6.2 - .- o - - -
4B _ - 56.3 71.2 129.9 328,
4A 48.2 - 163.1 - -
3 _ . 161.5 484.9 353.8 592.1
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' Rhizomes’were.collected in the field in eaxly November,1973

after leaves begén to senesce.r The ¥hizomea were planted in

soil in 5-gallon plastic pOts lined with giastic'bags to retain
water. ‘Laxger rhizomes were cut and planted separately, with at
least one growlng tip present on each. They wefe stored outdoors
until all leaves had completely died back and were then placed

in a cold xoom (2-4°C). At the same time, 5 plants were placed
in the greenhouse as contxrols. Rhizomes were removed ten at a
time from the céld room to the greenhouse at two-week intervals
after 8 to 16 weeks of cold storage. Results of this eipe:iment

are given in Table 13 .

Eight& percent of the plants that had received no cold treatﬁent
had Sroken dormancy after 15 days. There were not significant
differences in the percentages of plants that had broken dormancy
after varying periods of cold storage. The.results of this.
experiment show that Pickexelweea will gfow as long as temperature
and moisture conditions are favorable. The effect of photoperiod

was not studied.

SEED GERMINATION EXPERIMENTS

Seeds were collected on six occasions between September 28 and
November 9, 1973. The fruits mature from the bottom of the
stalk upward and drop off while still green. In order not to
lose seeds between collection dates, net bags were placed over
the stalké and tied below the fruits. 7The stalks were collectéd

when all fruits had dropped off into the bag. The fruits were



Table 13 . “
: _ Percents of rhizomes ;
that had broken dormancy after various periods of cold storage. !

Length of Cold . Day Number after transfer to Greenhouse

151.

Storage of 2-49C 5 . 10 , 15
None | , B 0 60 80
8 weeks | | 0 N 70 | 90 W
10 weeks o _ o 20 70 80 ,
i2 weeks . | , 10 ._ 50 60
14 weeks . - o 10 50 _ 80

16 weeks , 50 . 60 | 90
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stoxed moist in pla#tic bags at room temperafure until the
germination experiment was begun. During this-time; the fruit
coats turned from green to brown and only those with dark brown
coats were used for the experiments. The average number of

fruits per stalk was 178 t 97.3.

Germination pretreatments were begun 2-3 weeks after collectien

of the seeds. Seeds were subjected to the following - treatments:
. Treatment

Stratification (2-4°9C) for 31 days

Dxy storage (2-49C) fox 31 days

Stored moist (200C) for 32 days

Stored dry (20°C) for . 31 days

Scarification _

Gibberellic Acid, O.1mM 23 hours

Gibberellic Acid, 0.01mM 23 houxs

As a control, 90 untreated seeds were placed in a germination
chamber at 15°C. Scaxification consisted of removal of the
fruit coat and scratching the soft seed coat with foxcepts. Each

treatment consisted of three replicates of 15 seeds pex replicate,

Germination was attempted ét the following teﬁperatures: 109C,
}SOC, 200¢, and 30°C. At each temperature, one group of seeds
was maintained on moist filter paper (approximately 3 ml distilled
water) and anothexr group was kept in approximately 30 ml. Of the
2600 seeds used in this experiment, only 8 gexminated. It was

concluded that the pickerelweed seeds were in a state of deep

dormancy imposed by one or both of the following factors:
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(1) immaturity of the embryo or {2) a requirement for leaching

of an inhibitor.

Seed ripeness,lor readiness fbr harvest, occuxs at different
stages of the embryo's development in diffeﬁent plants; some
are of considerable size and a high degree ofldifferentiaxion,
‘and in others the embryo may consist of a few undifferentiated
cells. The latter type is incapable of Qermination without

a beriod du#ing which the development of the embryo is completed

within the doxrmant seeds.,

A stratification requirement is most often associated with the
presehce of germihation-inhibiting substances in the embxyos.

If such embryos are excised and washed with watexr, frequently
they will germinate; if they are sim?ly excised and held in a
humid atmosphere where leaching could not occur, the embryos
remain dormant. Production of germination stimulating substances

can also overcome the effects of the inhibitors;

A second series of germinations experénts were initiated between
6 and 11 weeks after harvest. Fruits were washed in running
water for one hour, soaked for one hour in 1.0% sodiuﬁ,hypo-
chlorite, and washed again in running watexr for one hour. They
were then stored moist in covered bowls for two to three weeks,
during which time a few seeds germinated. Fruits were then
placed 25 each in petri dishes on moist filter paper and placed
in a cold room {2-4°C) foxr various stratification periods (Table

14 ), Three hundred of the fruits werxe stored dry at 2-49C for
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Table 14

_vmﬂombd omnawbmﬂwos ow.mmmam of Pontederia cordata,

15°¢ _ 200¢ 30°%¢

1Hmwnmmwam=n , Moist wet_ Moist wet Moist  Wet
Contxol ‘. 0 .o : . 0 S 4 w
Stratified 6 weeks 22 46 34 52 92 90
Stratified 8 weeks 54. 64 . 54 44 02 88
Stratified 10 weeks . s4 58 | 54 50 | 90 82
Stratified 12 weeks 46 30 56 66 . . 82 88

Dry, 2-49C, 8 weeks 0 2 - 4 4 22 14
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eight weeks and 300 were placed in a germination chamber at

200C for eight weeks as a control. After the prescribed
stratification periods, the fruits were transferred to germin-
ators at 15°C, 20°C, and 30°C under both moist (3 ml) and wet
(30 ml) conditions. Resuits of those-experiments'are given iﬁ
Table 14 ., Very few seeds in the control group germinated.
Similarly, seeds that were stoxed dry at 2-49C did not have
high germination pexcentages. Under a cold moist stratification

regime, high germination percentages occurred for each of the

four stratification periods.

A significantly greater percentage germination occurred at 30°C.
There was no significant differencé between seeds gefminated at
15°C‘and 200¢C. Néifher were there any large differences between
fruits germinated on moist filter paper and fruits éubmerged'in

water.

At 30°C germination temperature there is little difference among
the various stratification periods (Figure 46 ). At 20°C there
is a cohsiderable difference between the 6 ard 12-week strati-

fication periods with the highest percent germination occurriné

in seeds that were stratified for 12 weeks and gexminated wet.

At 159C the best germination was obtained with seeds stratified
for 8 and 10 weeks and the iowest with those stratified 6 weeks.
Overall, the best stratification period is 8 weeks, followed by

10, 12 and 6 weeks, in that order.




Figure 45.
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The effects of temperature and
moisture on the germination of
pickerelweed (Pontederia cordata)
seeds that had been stratified for
periods of 6-12 weeks.
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Seeds germinated rapidly at 30°C for all treatments. Maximum
germination was obtained within 3 days or shortly thereafter.
Germination was also more rapid at 20°C than at 159C fox all

‘stratification periods.

Léck of germination in the first expe;iment may have been dée

to seed immaturity, a requirement for_leacﬁing of a germination
inhibitox, or for production of a germination stimulator. Seeds
were not-washed in running water or sterilized in the first
experiment. In the second experiment, a few seeds:germiﬁatéﬁ
while being stored in the bowls and also in the control gYoUup.
The washing procedure may have removed a germination iﬁhibitor.-
The second expeximent was carried out three months later than the
first, which allowed considerable time for maturation of the
embryos., However, if dormancy'were due to immatuxity-alone, there
would have been germination in the coﬁtrol group. It can be con-
- cluded that the seeds of pickerelweed reqﬁire at least an 8 week
period after harvest for the embryo to mature before germination
will occur under any circumstances. In addition, they must bé
stratified in order to overcome the effects of-a germination
inhibitox. The minimum period of stratification required was

not determined in this study.
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CONCLUSIONS

Pickerelweed is not a dominant plant speﬁies in the Hamilton
Marshes. It occurs sporadically throughout but is common

along the banks of Crosswicks Creek and side chammels leading

into it and the Spring Lake, Rowan Lake, and Sturgeon Pond sections
of the marsh. It occurs in all habitats throuéhout the maxshes
and thus éppears to be able to withstand a wide range of enyirn
onmental conditions. Along the stream banks and in.the ﬁowan

Lake sectioﬁ it is exposed at low tideiwhich is always cévered
by water in other areas. ‘It is most commonly found groﬁing

with yellow water lily, arrow arum, and water smartweed. Alfhough
it produces a large nuﬁber of seeds, few seedlings are encﬁqntered
throughout the marshes, Many are undbubtedly'consumed by animéls.
Sculthorpe (1967) has stated that they are readily consumed by
ducks and muskrats. Because of the high mbrtality rate of seeds;
the species is most successful in spreadingrby asexual means.

As a result, one frequently encouﬁters the speéies growing'in
clones., The mature plants have no internal dormancy mechanisﬁ
and will start to gxoﬁ as soon as the water and substrate temper-
atures begin to warm in the spring. The seeds, on the other hand,
possess an internal germination inhibiior that must be removed by
stratification. In addition, the embryo is immature at the time
that thé seeds are shed., Both of these mechahisms insure that

the seeds do not germinate before the onset of cold weather.
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- STUDIES OF THE SEED GERMINATION AND SEED MUCTIAGE OF PELTANDRA
: VIRGINICA L. (Azrow #Arum) -

by

David West

Introduction

Peltandra virginica (L;)-Kunth. is a pereﬂnial.herb arising from
& thick fibrous rootstock. The species is commonly seen growing
along muddy shores or advancing into shallow water of streams:
and ponds, Distxribution is from Maine to Florida, west fo :

Michigan, Montana and Louisiana (Gleason, 1963).

Peltandra is a member of the Aracéae _ "f, a fémily of about
2,000 species most abundant in the troplcs {Gleason, 1963). The
dominant family characteristic is the typical aroid 1nflorescence
of numerous flowers on a fleshy spadix subtended by a-spathe

{Fassett, 1969),

Whigham (1974) in his étudy of a freéhxwater tidal marsh in

New Jersey, found the speéies to be wﬁdespread.thr0ughout,the
marsh, He alsc showed the species to bé the fourth most important
species of the open marsh vegetation. The study also indicated

that Peltandxa, unlike the yellow water 1lily (Nuphax advena},

does not do well under conditions of continual complete submergence,
Thus, Peltandra grows on the relatively higher ground adjacent

to the stream channels in which Nuphar thrives.
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Peltandra begins to flower from June to late July. Fruiting
lasts from August to early September at which time the fruit,
" a head of,green berries begins to_Swell.' By late November, all

of the multiple fruits have been dispersed.

Peltandra seeds will not germinate in their intact condition
after dispersal., Seed dormancy of mény species have been
extensively studied with Vegis (1964) giving'a generai defiﬁi—
tion of seed dormancy as being a éondition under which germination.
and establishment axe possible only within'a narrow range éf-u
environmental conditions; Barton (1965) states that there ére
b#sically two kiﬁds of dormancy: ectogenous, influenced by
external factors such as light,'température, watér;'etc., and
endogenous, conditioned by the internal physiology of the seed.,
Furthermore, Sculthorpe (1967) reports that the overwhelning .
majority of aguatic angiosperms exhibit ectogenous dormanCy.
Sculthorpe also states that in most species this dormancy is
simply due to containment of the embryo within the periCarp..
Hart (1928) suggests in her germination studieé of Peltandra
that dormancy was due to the containment of the embryo within
the pericarp. One purpose of this study was to determine the

dormancy mechanism in seeds of Peltandra virginica. The second

objective of the study was to determine the purpose of the
mucilage found in each Peltandra seed. The muscilage is located

between the embryo and the seed coat.
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Materials and_Méthods

- Peltandra seeds were collected between early Sepfember and
November from the Hamilton Marshes. The seeds were then stored

in distilled water at room temperature.

The séeds, on the average, consist of a large, ﬁell developed
and slightly curved embryo whose piumule is about eigﬁt milli-
metexs long, lying in a groove along a large mass of endosperm.
A translucent pericarp surrounds the entire embryo w1th a two
-‘to three millimeter thick layer of mucilage sqrroundlng the
pericarp. A dark green to black seed coat énclosés the_muéilége_

- and embryo.

Expeflments were conducted to determine relative germlnatlon-
rates of seeds which had various components of the fruit removed
. effects of temperature and stratificatibn on germination, and
effects of the seed mucilége on seedling development énd seed
dessication. For each of the above experiments the methodology

was as follows:

I. Effects of Removal of the Fruit Components

A1l germination tests were conducted in petri dishes filled
half way with distilled water and kept at rqom temperature.
Twenty intact fruifs were washed and placed in petri dishes.,
Seed coéts were removed from a second set of 26 seeds, From a
third set of twenty seeds, the seéd coats and mucilages were

roemoved., Seed coats and mucilage were removed from the next
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threersets-of fruits (20 seeds éer set) follbwe& byrpartial ox
entire removal of the pericarp. From one set, about one half

of the pericarp was removed from the end of the embryo nearest
the tip of the plumuie., A second sef wasrprepéked by removing'

about one half of the pericarp on the opposite end of the embryo,

was removed from the final set of 20 fruits. There were three
'repiications of each of the above experiments. Germination was
considered to have occurred when the tip of the plumule rose

above its groove in the endosperm.

II. Stratificatién Experimeﬁts)

Two stratification expéximents were ﬁerforméd. In the
first experiment tﬁe seed coats, mucilage, and pericaxp were
removed from each fruit leaving only the,bare embrvo. Twenty
embryos were stared at each of the foilowing iempet#fures: 0o,
50, 109, 20°, and 24°cC. Germi#ation, percentages were determined
- after two weeks of stratification at the above temperatures. The
second experiment involved the effecté of variéus periods of
stratification on germination. Forty seeds were prepared in
each of the following categories: dintact fruit, seed coat xremoved,
seed coat and mucilage removed, and seed coat, mucilage, and
pericarp removed. All of the seeds were then placed in water at
59C, Ten seeds from each of the_above categories were reﬁoved
weekly and placed in water at room temperature. After two weeks
at réom temperature, germination percentages were recorded for

each category.
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IXI. The Effects of Seed Mucilage on Seedling Development and
Seed Dessication )

The seed coats were removed from 40 seeds and, in addition,
mucilage was removed from 20 of those seeds. The two sets of 20
seeds were then placed in water at room temperature. The day

- that each seed germinated was recorded.

Experiments were designed to.detexminé if the mucilége had_any
effect on seed desiccation and thus any effect on germination}
Three categories were eétéblished: entire fruits, fruits with
the seed coat removed, and fruits with the seed coat and mucilage.
removed. One hundred seéds were used in the first.category and |
40 in the following fﬁoq All of the seeds were placed on dry
filter paper at room temperature, Periodically‘(weekly for the
entire fruits, daily fﬁ: the other two categories), several dry
seeds from each category wexe remoﬁed. If the seed coét ox
mucilage were present, they were removed and the seedé placéd in
water at room temperature. Two weeks after being placed in water,
the total germination for each time period of dryness and each

category was recorded.

RESULTS .

I. Effect of Removal of Fruit Cbmponents

significant differences in germination rates were obtained
through removal ofrvaxious parts of the fruit. Results are given
in Table 15 . After 2 weeks, 3.3 percent of the intact fruits had

germinated and 10% had germinated after four weeks. With removal
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Table 15

Germination rates of Peltandra <wﬂnwﬁmm% seeds after removal of various parts of the fruit.
Each treatment consisted of 60 seeds. All germination tests were conducted at room temperature.

Seed <oat and Seed coat and Seed toat,

: mucilage removed, mucilage removed, mucilage, and
. Seed coat p exricap removed pericap removed, entire pericap
Time Entire Seed coat and mucilage from plumule and from radicle and t emoved
(Days) fruits - removed removed of embryo © of embryo
1 0 o o o . | 0o - 25
2 ¢ 0] ¢ : 0 21.7 : 45
4 0 0 o T 4o | 56.7
5 - 0 o R 8 S 55 : 70 70
7 0 50 46.7 63.3 | 80 | 80
10 9] 70 81.7 . 88,3 , 81.7 | 80
14 3.3 |
15 - 75 83,5 88.3 - 96.7 81.7
21 8,3
28 10.0
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of the seed coat, germination,hadroccurred in 50% of the

seeds in bnly.seven days (Table 15 ). Seventy-five percent

had germinated within 15 days. When the seed coats and mucilage were
removed 40% of the seeds germinated within five days and 83.3%

- germinated. in 15 days,

Partial or entire removal of the pericarp reduced the timé
required for germination. With partiéal reméval‘of the pericarp
' near the radic1e, 21.7% of the seeds germinated after only two
‘days while 96.7% had germiuate& after 15 days (Tablellﬁ); “With
the entire pericarp removed, 25%. of the seeds germinated after':
1 déy, 457, after two days, and 8l.7% after 151days.r-The slow-
est germination occurred‘ﬁhen the pericarp was partially remﬁvedl
from near the pitumule end of the seéﬁ,l In four days 207 of the
seeds had germinated (Tab1e 15). After 35 days;'there was no

significant difference between this and any other treatment.

II. Stratification Experiments

Cold temperatures greatly reduced germination of_ Peltandra
seeds. Bare embryos failed to.grow after two weeks at 0°C and
' 5°C (Table 16). As teﬁperature.increased there was a corre3p6nd-r
ing increaée in germination. Ten percent of the embryos germinated

at 10°C, 75% at 20°C, and 95%.at 24°C.

Although embryos will not grow below 5°C, it appears that the

length of exposure to cold temperatures or the condition of the
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Table 16

Germination of seeds of Peltandra virginica after 2 weeks
in water at temperatures ranging from O to 24 degrees cent-
igrade. The seed coat, mucilage, and pericarp were removed
from all seeds. There were 20 seeds at each temperature,

TEMPERATURE (C) _  _% GERMINATION
o R o
5 E o
10 , - | - 10

20 ' ' 75

24 | _ 95
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- fruit exposed to those temperatures haé little effect on the
ability of the seed to germinate when placed at room temperature.
Eighty perxcent of the entire fruits kept at 5°C for one week
germinated after two weeks at'room temperature (Tab;el7).‘ Fruits
kept foxr four weeks at 5°C also had high.germingtion percentages
(Table 17). V'High germination percentages were recorded for the
other classes of seeds which were stored at 5°C for periods of

1-4 weeks (Table 17.),

III. Seed Mucilage effects on germination and dessiéation

Results of the experiment to determine the effects of
desiccation on germiﬁation.appeax in Table 18. fhé data ipdicates
‘that entire fruits are not affected, By'drying. Germination
significantly decreases with dry storage when the-seed ceoat is
removed., .All seeds germinate after one day éf dry storage.
Gérmination percentages étaxted to drop after 5 days of dessica-
tion and all seeds fail to germinate after eight-days;‘ A siﬁilax
pattern occurred when both the seed coats and ﬁucilage were

removed.

DISCUSSION

Seed doxmancy in Peltandra virginica is primarily imposed by
the seed coat. The thick seed coat is extremely resistant to
mechanical damage and to microbial decomposition. As evidence

of the seed coats impermeability, water had penetfated only 10% ef
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Table 17

Germination of seeds of Peltandra virginica at room temperature following periods of cold,
wet treatment rangirig from one to four weeks. The seeds were divided into four classes
depending on how much of the fruit was removed, Each c¢lass contained 40 seeds, with 10
removed weekly. All parts of the fruit were removed from the 10 seeds before being placed
in water at room temperature for two weeks.

Time " Entire Seed coat Seed coat and Seed coat, mucilage and entire
(weeks)_ fruit r emoved mucilage removed _ pericarp removed

1 80 90 100 | 90

2 90 90 76 | | 80

3 100 70 | 60 , . 90

4 90 _ 80 90 80
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Table 18

The effects of various periods of desiccation on the germination of seeds of Peltandra
virginica, Three classes of seeds were placed on dry filter paper at room temperatures
entire fruits, fruits with the seed coat removed, and fruits with the seed coat and
nucilage removed. Feriodically some of the dry seeds were removed, the remaining parts
of the fruit removed and then placed in water at room temperature for two weeks.

Length of dry

- period (Days) _ Entixe mwﬂﬁam Seed coats Temoved Seed coats m&u mucilage removed
W - 100 - : 80
2 o g0 80
3 o o _ o 80 | 80
4 _ - | 80 | 60
5 . 80 | . 40 | 20
6 | | | | 0
7 . 90 | _ 20 ; _ 0
8 0
9 0
14 70
21 80
28 90

42 80
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the intact seeds (Tablel5). Mucilage may also servé to inhibit
germination somewhat since, with its removal, germination was
initiated in 5 instead of 7 days {Table 1. The pericarp also
appears to inhibit germination. Twenty-five percent of the
seeds with the entire pericarp removed germinate in dnly one

day and 80 per.c:ent after five days -('Table 15. Partial removal
of the pericarp w#s only effective in initiating germination
earlier when it was removed from near the root end of the
embryo. Partial removal of thé_pexica£p near the roots.resulted
in a 21.7% germination fate of within the first tﬁo days. . These
results égree with Hart (1928} who suggested that partial dor-
mancy was due to containment of the embryo withig the pericaxrp.
Edwards (1933} also reﬁorted,the pericarp to be an obstacle

to germination.

Temperature can also serve to hold seeds in a dormant condition.
Seeds only germinated at temperatures above 10°C. In the marshes,
the onset of the growing season corresponds with that temperature
threshold. In the field, if seeds are to successfully survive
they ﬁust be able to survive long periods of cold. Seeds strat-
ified for periods varying from 1-4 weeks at 5°C all had high
germination percentages once they were placed at room temperatures
and the seed coats, if present, were femoved. This is true

regardless of the condition of the fruit since even seeds with
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the entire pericarxp removed show high germination pexcentages
following the cold treatment. These results differ from those

found by Adams {1927) from studies on Crataegus mollis. He

found that after-ripening at 5°C was greatly influenced by the

structures surrounding the embryo, namely the testa and carpel. -

ILh

Parkinson (1973) has showsn that Pickerelweed, a common plant in
.the marshes, also requires a period of after~ripening before the
seeds will germinate. Mucilage has virtually no effect on

germination or in protection of the embryo from cold temperatures.

Mucilage does not provide protectiénrfrom.dessicaﬁibn damage._
‘Gutterman (1967) suggested this for the mucilage of Blepharis
Eeﬁsica seeds. Hoﬁevex, fhe data.indicates,that such is not

the case for Peltandra (Table 18.). wWhen the seed coét is removed,
the mucilége quickly dries out and flakes off the embryo. The |
seeds continue to dessicate aﬁd the germinaticnrfails to occux:’
after seven days. With the mucilage removed prior to the drying
period, the seed appears to dry out slightly fastexr with no
germination occurring five days. With the seed coat intact,
seeds remained viable after six weeks of dry storggé. Examina-
tion of those seeds showed that fhe seed coat remained pliable
and that the mucilage had. shrunk but was still in.the gel state.
This suggests the possibility that the mucilage is capable of
keeping both the seed coat and embryo from drying out if the

seed coat is intact.
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Ko;lowski (1972) has reported that seed mucilageé may reduce
the specific weight of seeds-in water. This does not seem

to be true'for Peltandra. The intact fruit is bouyant in
water, howevér, with removal of the séed coat, the.émbryq

- losses its bouyancy as the mucilage absorbs water. The'embryo
itself is not bouyant, therefore the fruits® bouyancy is prob-
ably due to air trapped between the mucilage and seed coaﬁ.

In the winter the mucilage freezes torthe-marsh surface Whén
the témperatures are below 0°C. This serves to hold the seeds

in place and prevent them from being washed away.

‘Both Kozlqw#ki (1972) and Ferry-(1959) sf#te'th#t seed mucilages
have a large capacity to absorb water and swell. This is |
espécially true for Peltandra where, on the average, the seed
mucilage is capable of absorbing better than twice its weight
in watex. Pxeliminary.field studies élso indicate that about
ten percent of the seeds collected during éarly December have
some amount of gucilage exuding through the seed coat. This

is indicaied_by thé observation that through‘swelling,‘the
mucilage is able to enlarge a small tear in the seed coat into
an area large enough for the embryo to escape. Once this is
accomplished, the seeds will be held in a dormantrstafe by low
temperatures. When substrate temperafures rise above 5-1G°C,r
the seeds will germinate because the muscilage will have éaused
a break in the seed coat. On January 16, 1975, we collected a
number of arrow aﬁum seeds from the marshes. All of the seeds

s
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that had had the seed coat removed or otherwise broken germinated
within 2 days of being returned to the laboxatory and placed
at room temperatures. None of the.seeds that we collected which

had the Seed coats intact germinated.

The following ecological strategy has evolved in Peltandra
virginica. When the seeds ate shed from the parent plant, most
of the seed coats are intaet and the seeds are-buoyaht. Thus

' the seeds are able to be dispersed throughout the marshes. As
one would expect, arrow arum seeds are ubiquitous and are foundr
in habitats where the species doesn't grow. Seeds are held“-
dormant as long as the seed coat is intact. Duriﬁg the late
éutumn, the muscilage expands and causes a break ih.the seed
coat. _1t_has not been determined whether or not the ﬁuécilage
expands because water had moved across the seed éoat or
whether the water was generated internally via yespiration.
Preliminary studies of seed metabolism have shown that there
is an increased respiration rate just prioxr to gexmination.
Since respiration is strongly temperature dependent, séme meté—
bolic water would be generated prior to the onset of cold
temperatures. The seedslcould germinate,in the marsﬁes whenever

the seed coats are broken but watér and substrate temperatures
are low enough to hold the seéds in a dormant state., A few
germinated seeds were observed prior to the onset of cold weather.

The seeds are éblé to withstand extended.céld periods and are
viable once substrate and water temperatures xeach 5 - 10°C in

the spring. These temperatures~coinciderwith the beginning of
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the growing season for mature arrxow arﬁm pianfs énd with the
onsét of germination of arrow arum seeds. Evidence to support
ﬁuch_of these conclusions was seen in the field in the fall

of 1974. The seed coats of a number of seeds were broken before
the onset of cold weather and those seeds gerginated. Thus,

the seed coat and muscilage appear to be the most important

components in the ecology of arrow arum seeds.
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ENVIRONMENTAL EDUCATION

Another goal of our work was to consider thé feasibility of using the marshes
~as an outdoor educational facility. It is our opinion that the marshes can
be used for that purpose and that serious thought should be given to the
development of a toWnship'oﬁtdoor énvironmental educatipn'program_utilizing

the Hamilton Marshes as a focal point.

We feel that the most-appropriéte site for an outdoér e&ucational facility

is an island and ad jacent marshland located near the.Hamilton Township Sewage‘
Treatment Plant (Fig. 46). We consider this to be thé best site for the

- Following reasons: |

1. All wajor marsh habitats are in close proximity to the island.

2. Its proximity to the sewage plant would make it easier to provide
security if any permanent facilities were to be constructed.

3. The sewage plant could be used as an integral part of educatiomal
programs that would be developed.

4. It is close to Crosswicks Creek, Watsons Creek and other uniamed
channels which can all belused for:eanoe trails.

5. The island is iarge.and is covered with mature forests, There is
enough additional area for thé establishment of fields and plantations
"0of other trees, eatc. : '

6. We have seen no evidence that the island is regularly flooded.

7. The entire area is cowned by the township.

8. Figure-46.also shows that the island is horseshoe shaped and that it

« - encloses a section of marsh. It would be feasible to dike that area,
dredge it, and create a ground water fed fresh water lake. The lake
could be used for beating, fishing, attracting birds, etc.

We propose that the Township seriously consider establishing an environmental

study center in the Hamilton Marshes and recommend the following timetable

to accomplish its development:
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Fiscal Year 1976

1.

3.

The Hamilton Township Environmental Commission working ﬁith
Township'schoois (including teachers, students, and_adminiétrators)
Should.establish the need for a Townéhip envirdhﬁental education
facility.

A comprehensive plan for the environmental education center should
be developed. This plan should consider alignment of nature

trails and catwalks in the ﬁarsh and forest areas; placement and design
of facilities including mqééum and interpretive Euildings; and
location of fields-and plantations. The Delaware and

Raritan Canal Commission should be contacted during this

phase regarding their plans to develop the firét lock éréa

of the Delaware and Raritan Canal at Bordentown. It would be
entirely feasible fo.link-the Hamiltonm facility With the canal

facility.

' Grant funde should be soughit for the development of the ceﬁter.

Fiscal Year 1977 -

1.

Build trails, catwalks, and clear island areas for plantations,
fields, etc.
Develop curricular materials for grades K-12 (this should be

done by Township educators).

Fiscal Year 1978 and beyond

1.

Build museum and interpretive buildings. An environmental
education facility invelves people, land, and buildings. As
described in the National Audubon Societies bulletin on A Nature

Center for Your Community, '"to run a mnature center eéfficiently, one

must have a place where people can meet. An education building, then
with an orientation-assembly room, exhibits, displays, book store,
offices, restrooms, and a workshop, is essential”™, This phase of

development would be the most expensive and should be
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undertaken'after the center is established and its future assured. The
area has a rich pre and pos£eurbpean history thaf should be included in
the planning of the center. | |
Plans should be formulated for the creation of the propoéed lake.

We recommend that this projéct be given early consideration because

it would be feasible to use the dredged material to fill; cﬁmpletely

mi. ~
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apparently be drained and filled whenever construction begins on the

~expansion of the sewage plant.  This fill would save the Township
.money and it would then be economicélly feasible to construct the

- proposed lake.
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