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INTRODUCTION
The family Characeae as a whole has received relatively little attention until fairly recently.

This no

doubt is due in part to the fact that the group has very
little economic value, although, as mentioned by Zaneveld
(1940), they are of some importance in fish culture, water
purification, and food for aquatic animals.

In spite of

their general lack of economic value they have assumed some
academic importance, and certain members are commonly used
in the laboratory to demonstrate cyclosis, ion accximulation,
and cytoplasmic permeability.
To date, the focal point of interest has been centered primarily aroTind the distribution, taxonomy, and
ecology of these plants•

Within these fields studies of

North American species have been made by Robinson (1906),
Wood (1949), V/ood and Muencher (1956), Daily (1944, 1953,
195^), Daily and Kianar (1956) and Kiener (1944).

Similar

studies have been made by workers in other parts of the
world:

Corillion (1957) - France; Groves and Bullock-

Webster (1924) and Allan (1950, 1951) - England; Imahori
(1954) - Japan; 01sen (1944) - Denmark; Sundaralingam
(1959) - India; and Zanaveld (1940) - Malaysia.

Wood and

Imahori (1959) were the first to consider distribution of
the Characeae on a world-wide basis*

Investigations involving other fields of study
also have been made in this group of plants.

Some of the

earliest physiological work with the Charccjeae was done by
Karling (1924) on the influence of liK^ht and temperature
on growth and reproduction in fi. g;lobularia (fi. fra^Jiilis),
and by Vouk and Benzinger (1929) in experiments involving
absorption of nutritive materials, soil lactors, effect of
light on growth of the vegetative origans and their propagation.

Vouk and Banaingar also considered mineral nu-

trition of £. p:lob\ilaris (fi. fra^ilis). fi. vulgaris

{0.

foetida). fi. Braunii (fi. coronata), and Hitella mucronata.
Some of the recent investigations in the physiolof-y of the
Characeae include work by Anderson and Lomraason (195^) on
the effects of temperature on growth of £. zeylanica: Ross
(1959) on the physiology arid morpholory of .^Termination of
fi* f>yinnopitys; Anderson (195^) in experiments with nutrient
solutions for growth and reproduction of Chara; and Barr
(personal communication) who is currently engaged in testing media for culturing Nitalla clavata*
The cytology and spermatogenesis of fi. geylanica
was investigated by Simdaralingam (1946), and in a later
work (1954) the developmental morphology of the same species was described.

The antheridium of the Characeae has

been studied by Sundaralingam and Francis (195^), and a
study of the antheridium of fi. zeylanica is currently
being made by Dana Griffin at Texas Technologioal College.

Since past studies have been centered to a large
extent around the vegetative plant, little is known about
the oospore beyond cytological and developmental aspects.
Information concerning the physiology of oospore germination is scant, and the effects of temperature, desiccation,
light, and oxygen concentration on oospore germination have
not been fully investigated.

This study was made in an

effort to determine some of the effects of these factors.

PRELIICTNARY INVESTIGATION
At the onset of this investigation five species of
Chara^. fi. Brg^unii Gmelin, C. contraria Braun, fi. delicatiila Agardh, Q* ^lobularis Thuillier, and fi. zeylanica
Willdenow were compared on the basis of oospore germination
and response of oospores to various treatments.

The tests

and results involving these species are given below*
fi. Braunii * Oospores were harvested from plants in
the greenhouse and planted at 25°C in the light*
nation occurred.

No germi-

Oospores were then harvested and stored

both wet and dry at 5®C in the dark.

Periodically (length

of storage time ranging from twenty four hours to seventy
days) oospores were removed and planted at 25^C in the
light and in the dark.

No germination occurred.

Newly

harvested oospores (wet and dry) were heated at 50 C for
24, 4^, and 66 hours before planting.

There was 3[^o germi-

nation in each of the lots which had been heated dry for
24 and 4^ hours.
£• ^ontraria.

A lot of one hundred oospores which

were harvested and planted immediately at 25^0 in the light
showed 105^ germination.

Oospores which were planted at

37°C failed to germinate.

Newly harvested oospores were

stored wet at 25^C and 5°C for periods varying from 24 hours

1.

Nomenclature throughout this paper follows Wood

(1952)
4

5
to 4* dtnym hmfwm planting at 25®C in the light. ?mr^
cantaga of garsdnation in both lota ima found to incraaaa
aa tha pmMuotd of atoraga inoraaaad. Apparantly an aging
or dormant pariod la raquirad bafora garalnation can occur*
&• daliea:^ula» Ooaporaa wara aub^actad to tha
eama tsraatoanta siantionad abova idlth no avid^kca of gar«
silnation in any aaaa*
£• ^iS&^AMitSL* Ooaporaa alao fallad to gamlnata
in tha foraging taata lilth tha aaeeaptlon of ona lot of
ona hvBu^t^d ooaporaa uhleh had baan hee^md at 5^0 for
24 houra pra^rio^a to planting i^ 25^0 in tha lightfha ptmMMnwty taata ahowad that ooi^raa from soma
epmim. aithar failad to ^arminm^ (fi. daliea^tula)* or i f
giKWination did ocotir tha prnmemtme was vary low (fi.
PtJMlrifl and ^^ OSSSlMliJ • Haaults from bothfi.con%:p:^%^
^^ fi» gyylranioa %iar® vary fa^rablaj howavar, the latter
imB aalaotad t^r f^irthar invaatigation on the baaia of
abundiaioa of planta in thia araa»

IJIETHODS AIID lUTERIALS
As mentioned earlier very little work has been
done on oospore germination in the Charophyta; consequently,
recorded methods of collection involve the entire plant
rather than the oospores.

The two most commonly used meth-

ods of collecting the whole plants are by hand and by the
use of dredges (Olsen 1944, Imahori 1954)•

Sundaralingam

(1954) and Ross (1959) were able to collect oospores from
mud which had been dredged from the bottom of the pond.
This method of oospore collection did not seem feasible for
the present investigation because it could not insure an
unmixed collection of oospores in the event of two or more
species of Chara growing (or having grown) in the same pond,
nor could it reveal the age of the oospores.
The first collection of 06spores for this study was
made from plants growing in a small lake on the K. Kirkpatrick ranch ten miles southeast of Post, Texas in August,
1959.

The oospores were harvested directly from the plants

by pulling the plants loose from the substrate, submerging
them in a container of water, and threshing them gently between tha hands.

Tha material harvested from the plants

was then sieved rapaatadly to remove soil particles and
plant debris.

Tha ripened oospores could be determined on

the basis of color, the aborted oogonia being \^ite, the
immature oospores greenish, and the mature odspores black
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or gray (due to calcium incrustations).

Both black and

gray oospores were selected for use and in later tests
evidenced no difference in germination.

The oospores were

then cleaned in a 5•25^ commercial sodium hypochlorite
solution (Clorox), diluted one part to ten parts with tap
water, for five minutes and rinsed thoroughly in tap water.
This cleaning process reduced contamination markedly and
did not appear to be detrimental to germin^ition.

Following

this treatment the oospores were stored in tap water in
the dark at 5*^C.
Germination tests made approximately 60 days later
showed a high percentage (75-^5) of germination of oospores
from this collection.

These oospores were labeled "control»•

and were used in experiments where knoim viable oospores
were necessary.

Additional collections were made in the

field diiring the "fruiting** season ^ich is generally mids-ummer and early fall in this area.
Different types of media have been tested for the
vegetative culture of many species of algae, but few have
been tested for Chara. Karling (1924) found sandy loam and
tap water to be a usable medium for fi. ^lobularis (fi.
fra^ilis); Vouk (1929) reported that slough-soil was preferred over garden soil, clay, sand or quartz for fi.
piJLobularis (fi» fragilis). fi. vulFiaris (fi. foetida), and fi.
Braunii (fi. coronata). although garden soil showed ^ood
results.

Anderson and Lomraasson (195^) found common garden

soil covered with a half-inch surface layer of white quartz
sand to be satisfactory.

They also noted that excised por-

tions of fi. zeylanica anchored in quartz sand grew equally
well in tap water or in nutrient solution.

In a later work

Anderson (195^) successfully used white quartz as a substrate with a modification of Buljan's (1949) nutrient solution.

Sundaralingam (1954) noted that oospores of fi.

aavlanica germinated in rainwater, but added that "germlings
grow better in a substratum of soft mud than in liquid
cultures". Ross (1959) obtained results with fi. p;ymnopitys
oospores by suspension of the oospores in water in an
evacuated Thunberg tube.
Of the previously mentioned media garden soil and tap
water and tap water only were tested.

In addition to these

media a 10^ soil extract solution, distilled water, Bonner's
medium, a nutrient solution referred to as Medium E, and a
•03/^ suspension of Bacto-agar were tested.

The composition

of Bonner's medium and Medium E are listed below:

"leT^SJirTTHio

Bonner's
Medium

1%S04 . 7H2O

nm^
KCl
KH2PO4
Sequestrene NaFe*
TRIo
K2HPO4
S o i l Extract
* Distributed by Geigy

^TO55

Medium
S

6.6^0 g/1

0.042

0.050

0.0^5
0.061
0.020
0.002
0.200

0.050
0.040

0.002
0.200
0.020
75 ml
75 ml
Cham. Corp., Ardsley, N. Y.
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Bonner's medium and Medium E v/ere unsatisfactory as gerr.iination media; tap water and distilled water showed fair
results; soil extract, soil and water, and Bacto-agar
suspension produced the most favorable results of any of
the media tested.

Soil extract was used in some experi-

ments, but was not as satisfactory as soil and water.

Soil

and water was selected over the Bacto-agar suspension for
subsequent work due to the ease in preparation.

Throughout

the study, tests indicated that oospore germination would
occur in a variety of media as long as the media were not
toxic to the oospores. Apparently the medium exhibits
less effect on the germination of the oospore than on the
plant after germination.
Various temperatures which were necessary throurhout
the investigation were obtained by use of water baths,
ovens, incubators, and ice boxes in combination with a
controlled temperature (25 - l^C) laboratoiry.

Constant

light was provided when needed by flourescent lights (200
foot candles), and dark conditions were obtained by use
of cans which could be wrapped with aluminum foil. The
effects of temperature and light as related to oospore germination will be discussed later.

When oospores were

planted in a liquid medium or on top of the soil a two week
germination period was allowed.

In thirty eight tests

where counts were made at the end of this period and again
at the end of four weeks gexTidnation increased only 2^.
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In tests involving planting beneath the soil the four week
pariod was allowed.

The percentage of germination gener-

ally was based on one hundred oospores. Experiments
involving more than one hundred oospores will be so notated

TEMPERATURE
Investigations of ten^erature as it effects the
vegetative plant have been made, and optimum temperatures
for vegetative growth and fructification have been established.

Karling (1924) found 1^° to 25°C temperatures to

be most favorable for continuous growth and gamete production of C. globularis (fi. fra^ilis), but added that temperature, within minimum and maximum limits for vegetative
growth, is apparently a secondary factor in determining
production and functional activity of the antheridia and
oogonia.

Anderson and Lommasson (195^) grew clonal mem-

bers of fi. zeylanica at 16^, 20*^, 24^, and 32°C.

They

noted that at 16®C growth was restricted; at 329C the main
shoots had ceased to grow; at 24^0 growth of the main
shoots and the rhizoidal system was most abundant.
The effects of temperatizre on oospore germination
have not previously been studied.

In some species of

plants the optimum temperature for vegetative growth is also optimum for seed or spore germination.

In other cases,

however, the temperature requirement for germination may
be quite different from those favoring vep^etative growth.
The following experiment was set up to determine the temperature moat favorable for germination of fi. zeylanica
oospores.
"Control" oospores, planted in tubes of soil and
11

*» o

water, were divided into five equal lots (100 oospores per
lot) and placed in the light at 12°, 25°, 30°, 32°, and
37°C temperatures.

Results follow:

12
Percent
Germination

0

Germination
^
Temperatures (°C)
20
25
30
32
94

^B

64

7

37
0

High percentage of germination was found to occur within
the range of ten^eratures most favorable for vegetative
growth.

At temperatures above 30°C germination rates de-

clined sharply.
Although high temperatures are generally unfavorable for vegetative growth and oospore germination, they
have been used as a stimulant to break dormancy of seeds
and various types of spores.

Goddard (1935) reported the

critical temperatures of activation of ascospores of
Neurospora tetrasperma to be 49^ - 52°C, the highest rate
of germination being 95!^ when ascospores were heated at
50°C for 70 minutes.

In work on the same organism Lingappa

and Sussman (1959) noted that dormancy coiad be broken by
exposure to 60°C for 20 minutes.

Starr (1949) found in his

work with SIIC-6, a horaothallic Chjorococcum-like alga,
that high temperature stimulated zygospore germination, and
that germination rates were highest (90f^, 90^^, 70^) in
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zygospores which were heated for 4d, 60, and 72 hours
respectively at 37°C.

He also found that zygospores of

Chlamydomonas chalmydog:ama when incubated at 37°C for 4^
hours showed 90^ germination within 43 - 96 hours after
heat treatment.

Emerson (1945) found that older ascospores

o^ Neurospora crassa germinated at hir:her percentages than
young and that heat seemed to act in aginr the young
spores.
In experiments with Volvox capensis Pocock (1933)
found that the oospores were apparently not mature when
they were released from the colony, but continued to
mature at the bottom of the pool. She noted also that the
speed with which maturity was reached depended on external
conditions, of which temperature was one of the most important .
In early tests fi. zeylanica oospores were harvested
and planted immediately in tubes of soil and water and
placed in the light at 25°C. Out of 500 oospores planted
no germination occurred.

In an effort to determine the

effect of temperature on breaking the dormancy or in aging
the oospores, several hundred oospores were harvested,
cleaned, and stored in water at 5^, 23°, 32°, and 37°C
temperatures.

One himdred oospores were removed period-

ically from each of these lots and were planted in soil
and water at 25°C. Results are given in Table 1.

High

temperatures were found to age oospores more rapidly than
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TABLE 1.

Percentage of Oospore Germination After 1 Dav to
5 Weeks Exposure to Temperatures of 5° to 37°G.

Germination Percentage
Exposure
Period

Temperature Exposure of Oospores
5°C

23° G

30^0

32^0

37°C

1 day

- «

O^u

-

0%

2 days

-

0;^

-

0;^

3 days

-

Ofo

<m

ofo

4 days

-

Ofo

-

1^>

6 days

-

0%

-

17^

1 week

0%

2p

1^0

l)v

30^^

2 weeks

1%

1%

5%

10^;

S3rs

3 weeks

0%

1;%

1<

if^

65^^

4 weeks

Of^

0%

2^

2^

19f^

5 weeks

52%

-

-

* Dash indicates no tests made

-
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low temperatures.

Oospores exposed to 37°C temperature

germinated approximately four weeks sooner than those
exposed to 5*^C. Intermediate temperatures were only
slightly effective in aging the oospores.

It was of in-

terest to note that the highest germination percentages
came from those oospores which had been aged at 37°C for
a two week period.

After this point the percenta^re began

to decline as the aginr period increased.

Oospores ex-

posed to 5°C were slower in aging, but once aged they
consistently produced high germination rates even after
a twelve month period.
Lewin (1957) found the maximum temperatures tolerated by zygospores and vegetative cells of Chlanydoopnas
mo^wusii heated for 60 seconds to be 52° and 46°C respectively; or, heated for 90 seconds, to be 50° and 44°C
respectively.

He also noted there were indications that

at temperatures below 20°C the lysis of the wall was insufficient to liberate the contained spores, so that germination was incomplete.

In an effort to determine the

effect of extreme ten^eratures on oospores of fi. zeylanica
three hundred oospores were divided into three equal lots,
planted in soil and water, and exposed to temperatures of
-20°, 50^, and 60°C respectively for one hour after which
time they were placed at 25°C in the light.

Results of

this experiment were as follows: Lot 1 (-20°C) - 5%; Lot
2 (50*^C) - 20^; Lot 3 (60°G) - Ojt.

A simUar test was made
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in which exposure time was increased to twelve hours; no
germination occurred in any lot.
Although oospores of Chara zeylanica can tolerate
extreme temperatures, they can do so only for a brief
period.

Reaction of oospores which were dried prior to

temperature treatment have a much greater tolerance for
high and low temperature (see chapter on desiccation).
This is apparently true in many of the higher plants.
Siegel (1950) found that in seeds of certain wild and ciativated plants a combination of high water content and
high conditioning temperatures was deleterious to germination, but noted that son^ species were more resistant
than others. Since work of this natiire has not been conducted with other species of Gh^ra comparison of heat
resistance cannot be made.
Hie ability of oospores of Chara to withstand
exposmre to a wide range of temperatures no doubt plays a
part in the wide distribution of this group of plants.

DESICCATION
In this region playas are relatively common and are
normally filled in the early part of the year by spring
rains.

By late sumn^r or early fall, however, these playas

have become dry and usually remain so throughout the winter.
£* aaylanica makes its appearance in many of these t e s ^ rary ponds (as well as permanent bodies of water) in late
spring - the date of appearance in one such playa was May
12, I960,

By the following August this playa had dried up,

and the soil was dry to a depth of at least six inches.
The reappearance of these plants each year raiaes
the question of whether bits of plants or oospores are
transferred each year to the newly filled playas or
oospores from the past season's plants have been able to
survive the long period of drought and low ten^ratures
from fall to spring. Kiener (1944) suggests that ducks may
act as agents in dispersing Chara propagules.

The follow-

ing tests were made to determine some of the effects of
desiccation on oospores prior to germination.
The first test was designed to detersdne the length
of time oospores could survive desiccation under high, medium, and low teaperatures•

"Control" oospores were placed

in petri dishes lined with filter paper and allowed to air
dry for twenty four ho\urs, after which they were divided
Into three lots and placed under teii^eratures of 5^, 25^»
17

IS
and 37°C, respectively.

At the end of 1, 2, 3, 4, 6, and

^ weeks, one hundred oospores were removed and sowed in
soil and water and placed in a light cabinet at 25°C. It
was found that the oospores in all three lots were viable
at the end of the eight week period.

Percentage of germi-

nation was highest in the lot of oospores which was exposed
to 25°C for the first three weeks of the test.

After this

time, however, the rate decreased and highest percentage
of germination for the remaining five weeks of the test was
found in oospores which were kept at 5°C temperatiure.
A second experiment was set up to observe the response of dry oospores to -20° and 50°C ten^eratures.
Eighty test tubes were partially filled with oven dried
soil, and were divided into two equal lots. Each tube was
innoculated with ten oospores.

Test tubes of Lot 1 were

placed in the freezing compartment of an icebox (-20°C);
tubes of Lot 2 were placed in a 50°G water bath.

At the

end of 12, 24, 36, and 4^ hoxxcs respectively, ten tubes
were removed from the icebox and ten from the water bath.
After the addition of water, the tubes were placed in the
light cabinet at 25°C.

Results of this experiment are

incorporated with the foregoing experiment in Table 2. Dry
oospores exposed to -20°C and 50°C respectively, for a
forty eight hour period remained viable, although percentage of germination was relatively low, and in all cases
germination rates were somewhat higher in oospores exposed

19
TABLE 2.

Percentage of Oospore Germination After Desiccation of 12 Hours to S Weeks at Temperatures of
-20°C to 50°C.

Drying Temperatures
Di*ying Time

-20°C

5°C

25°C

37°C

50° C

Germination Percentage
12 hours

4^

—^

24 hours

39

36 hours
4^ hours

~

30

-

"

25

34

-

-

25

20

-

-

15

1 week

-

60

76

44

-

2 weeks

-

36

24

24

mm

3 weeks

-

5^

^4

42

-

4 v/eeks

-

37

40

2d

-

6 weeks

-

34

36

13

-

S weeks

-

52

34

36

-

^ Dash indicates no tests made

•.
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to «20°C temperature.

In a similar test with wet oospores

no germination occurred with the exception of 5% in the lot
exposed l^ -20°C for 12 hours.
In November, 1959, oospores were harvested from
greenhouse plants and were air dried for twenty four hours.
Following drying they were stored at 22°C in the dark. In
December, I960, four hundred of these oospores were removed,
divided into 4 equal lots, and planted in soil and water
and placed in the light at 2^G.

Germination percei:ta£:ei3

were 36, 35, 39, and 37.
The above tests indicate that oospores can suirvive
long periods of drought as well as exposure to a wide range
of temperatures.

There does not seem to be an appreciable

difference between low and high temperatures as they effect
the dry oospores, nor is there a great decline in percentage of germination of oospores dried for short periods as
opposed to longer periods.

It is interesting to note that

only the dry oospores can survive exposure to both extremely high and low temperatures.

When wet oospores were ex-

posed to the same high and low temperatures for more than
1 hour no germination occurred; although relatively low
temperatures (approximately 5^C) are much more favorable
than higher temperatures for the storare of oospores for
extended periods.
Under field conditions the soil in area playas,
which are normally dry from late summer until spring, is
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subject to a greater teB9>erature fluctuation than would
normally be found in mud of a permanent body of water.
The fact that oospores of fi. zevlanica can survive long
periods of desiccation and exposure to extreme temperatures during these periods may in part account for the
reappearance of these plants in the ne/ly filled playas
in the late spring.

LIGHT
Some of the effects of light on vegetative growth
and fmictification in Chara have been investigated and recorded.

Karling (1924) found that a few hours of artifi-

cial illumination in addition to daylight was sufficient
to induce the formation of antheridia and oogonia in fi.
Rjobularis (fi. frap;ilis). He also reported that -rowth
under artificial illumination, as used in his experiment,
led to lengthening of the internodes, shortening of the
leaves, reduced branching, etiolation, and a general
spindling habit in the plants. Vouk (1929) observed that
cultures of fi. globularis (fi. frafiilis).fi.vulgaris (fi.
jToetida), and fi. Braunii (fi. coronata) grown in the sun
showed less growth in length, reduced chlorophyll formation, more incrustations, and earlier fructification while
cultures in the shade showed an intensive growth in length,
a strong chlorophyll formation, weak incrustation and late
fructification.

Sundaralingam (1954) noted that "germlings

of fi. zeylanica are strongly positively phototropic with
the apical portion of the main axis of the young plants
growing bent towards the source of light."
Work also has been done on the effects of light on
zygospore germination in certain Chlorophyceae. Lewin
(1957) reported that light apparently was not required for
gennination of Chlamydomonas laoewusii zygospores since
22
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zygospores exposed to constant illumination for two or
more days entered a condition of dormancy and germination
was delayed and erratic, rarely exceeding 1% even after
several weeks. Pocock (1933) found the opposite to be
time with Volvox capensis oospores, since oospores stored
where no direct sunlight ever fell failed to germinate.
Although the light factor as it affects vegetative
growth and fructification in Chara and germination in certain other Chlorophyceae has been investigated, the light
requirements for oospore germination in Chara have not
been established.

In order to determine these require-

ments and to observe the effects of darkness on the young
sporelinc:3, the following three experiments were set up:
(1)

One hundred "control" oospores were planted in tubes

of soil and water.

The tubes were placed in cans ifrtiich

were securely wrapped with aluminum foil and placed in a
cabinet at 25°C.
germinated.

Ninety four of the one hundred oospores

This experiment was repeated in triplicate

with similar resixlts.

(2)

The above test was repeated

using 10^ soil extract instead of soil and water.

In ad-

dition to the one hundred oospores in the dark an equal
number were exposed to the light.

Germination of oospores

exposed to light was 79%; germination in the dark was 55^«
(3)

This experiment was set up to determine the length of

time sporelings qould survive after germination in the absence of light.

A six week period was arbitrarily selected
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as a time limit. Six 1" x 11" tubes of 10,1 soil extract
were inoculated with ten oospores each, and were placed
individually in cans which were then sealed with aluminum
foil and placed in a cabinet at 25°G, .At the end of each
week for a period of six weeks one tube was removed and
the odspores observed.

Germination Period
(V/eeks)
—J—
2
3
4
5

Number of Odspores
Germinated
^
6
7
7
S

6
In all cases of germination
the rhizoids 6were very long and
branched; protonema were short or underdeveloped and unbranched; the plant body was colorless except for a pale
green color in the apical cell of the main axis. Although
the sporelings were underdeveloped when compared to plants
grown in the light, they appeared to be relatively healthy
as evidenced by the rapid streaming of the cytoplasm.
Light has very little, if any, influence on oospore
germination in fi. zevlanica since oospores were observed
to germinate under both light and dark conditions (this,
incidentally, is also true with fi. contraria). Light does,
of course, become a major factor after germination has occurred and the sporelings have penetrated the soil level.
The fact that oospores can germinate in the absence
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of light contributes to a major problem of fish hatcheries - that of erradicating Chara from hatching ponds.
These plants form such dense mats that they must be removed by means of sc^'thes before the young fish can be
seined from the ponds. Hatcheries, in an attempt to prevent the g2?owth and reoccurrence of these plants, commonly
drain the hatching ponds and plow under the vegetative
plants along with the oospores.

This method is only a

temporary solution, however, since nev/ plants soon reappear due to germination of the oospores which seemingly
are not effected by being buried.

To observe the effects

of varying amounts of soil placed over the oospores the
following test v/as set up.
Two inches of soil were placed in six 1" x S" test
tubes and ten oospores were planted on top of the soil in
each tube*

The tubes were divided into six groups identi-

fied as Lot 0 through Lot 5 - the lot number corresponding
to the number of inches of soil placed over the oospores
after planting*

The tubes were filled with water, v/rapped

in dull black paper up to the upper soil line, and placed
in a light cabinet at 25°C.

Counts v/ere made at the end

of four and ten weeks. The resulting germination percentages of the oospores in the above test are tabulated as
follows:
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tot NuBiber Am't Soil
Over Ooaporea

.(fftff^fa)
0
1
2
3
4

—i

Gerxaination Percentage

4 we^a
60
0
30
0

10 weeks
100*
95*
0
90**
0

2

2

8

* Three plants with mature oospores
** Pour planta with mature ooaporea
Although sporelings were observed to penetrate up
to only three inchea of overlying aoil, it seems probable
that penetration thi*o\igh greater aiaounts of soil is possible; however^ under the conditions of this test this was
not the case* Oospore germination is not prevented by
overlying soil, but it may be delayed depending upon the
depth of the aoil layer. Apparently there is enoiigh stored
food within the odapore to support growth for a relatively
long period, consequently, light is \mnecessary until this
food supply is depleted at which time the sporeling has
likely reached the surface of the soil.

OXYGEN
The mature oospores of C. zeylanica after being
shed from the plant and buried in the mud vdll, after a
short period of dormancy, germinate quite readily. :>ince
the oospores are buried in the mud at the time of germination the oxygen requirement for this process must be
low, although no work has been done previously to substantiate this idea.

The following experiments were set up to

obtain an estimation of oospore germination in highly
oxygenated water on a comparative basis. Critical determination of oxygen concentration was not attempted.
Four hundred control oospores were divided into
lots of one himdred each.

In each lot the oospores were

planted in 50 ml Erhlenmeyer flasks (twenty five oospores
per flask) of previously autoclaved soil and water. Each
lot underwent a different treatment:

Lot 1 - flasks were

submerged in a glass bowl of tap water into which compressed air was constantly bubbled;

Lot 2 - flasks were

submerged in a glass bowl of tap water;

Lot 3 - mouths of

flasks were covered by inverting small beakers over tops
of flasks;

Lot 4 - two methods were used to remove as

much oxygen as possible from the water in the flasks:

(a)

carbon dioxide was bubbled into the water after vdiich the
flasks were tightly stoppered and sealed with vaseline;
(b) flasks were placed in a desiccator over an alkaline
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2:^
solution of pyrogallic acid.
Each lot was duplicated; one set up was placed in
constant light at 23°C and the other in darkness at the
same temperature.

Difference in germination percentage

under light and dark conditions proved so negligible except in Lot 4 that only the data for light conditions are
presented.

Lot Number .0
Treatment
Lot 1 - compressed
air in water
Lot 2 - no compressed
air in water
Lot 3 - mouth of flasks
covered
Lot 4 - (a) COo bubbled

Germination
Percentap:e*
1% (light)
41/^
75^

acid in desiccator
* Based on 300 oospores per lot.
In addition to the difference in germination percentages of the four lots, a difference in the appearance
of the plants was observed.

Plants exposed to light: Lot

1 - plants were normal in their color, but were extremely
dwarfed in size (average height 1 1/2 mm). Lots 2 and 3 plants were found to be normal in color and size (average
height 20 mm). Lot 4 - plants were completely colorless
and dwarfed in size (average height 1 1/2 mm). At the end
of the two week germination period the plants in Lot 4
were removed from the desiccator and placed under room
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conditions at 25°C under constant li^ht.

At the end of

one week the original plants had died, but five new plants
normal in size and color had appeared.
to light:

Plants not exposed

Plants in all lots (except Lot 4 where no germi-

nation occurred) were colorless with exception of a pale
green coloration in the apical cell, and although they were
noinnal in their height (average 20 mm) no branching could
be observed.
Uo attempt is made here to explain the physiology
involved in the foregoing tests, but the interesting results obtained seemed to justify their presentation.

The

effects of oxygen - carbon dioxide ratio concentration
upon germination and the resulting plants presents an
interesting problem for future investigation.

CONCLUSIONS
Aged oospores of fi. zevlanica can easily be germinated under laboratory conditions. Odspores required ten
to fourteen days to rermlnate,

and germination rates were

highest in lots of odspores exposed to temperatures ranging
between 20° and 30°C during the germination period.

Of the

media tested, soil and water proved most successful for
oospore germination.
Oospores harvested and planted immediately will not
germinate.

It was discovered that a period of dormancy or

aging was required before germination would occur. It was
also found that the length of this aging period varied
with the temperature to which the oospores were exposed
prior to planting. Odspores exposed to temperatures ranging from 5°C to 32°C required a four to five week aging
period.

Oospores exposed to 37°C temperature required

approximately one week to mature.
Wet oospores were able to survive at least one hour
exposure to ten^eratures as low as -20°C and as high as
50°C although percentage of Termination of these oospores
was low (3% and 20^ respectively). Air dried oospores
survived exposiure to these temperatures for periods in excess of forty eight hours, and showed higher rates of germination {20% and 15/» respectively).
Oospores can withstand long periods of desiccation.
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Oospores dried under 5^, 25°, and 37°C temperatures for
an eight week period showed 52, 34, and 35^ germination
respectively.

Oospores dried at 22°C for approximately

one year showed 36^0 germination.
Light is not necessary for oospore germination;
94^ germination resulted from oospores planted under dark
conditions.

Sporelings can survive at least six weeks

without light, and can penetrate at least three inches of
overlying soil.
Under the conditions of the tests in this study
germination rates were higher in oospores planted in water
with reduced oxygen concentration than in highly oxygenated
water*
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