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ABSTRACT

The purposes of this study were to explore what effect light quality
and light intensity and various sugars have on the sexual expression of
Equisetum gametophytes and to determine some characteristics of the red
pigment in Equisetum gametophytes,

Light quality and light intensity were employed to seek the presence
of a morphogenetic factor involved in the sexual expression of Equisetum
gametophytes. The gametophytes were grown in mass culture in petri dishes
and singly in test tubes under red light and white light or under high
light intensity and low light intensity. Light quality was employed when

the Equisetum species was Equisetum hyemale, When the species was

Equisetum arvense, light intensity was employed. A higher percentage of

antheridial gametophytes in mass culture in petri dishes than singly in
test tubes under either red light or high light intensity would indicate
an interaction among the gametophytes due to a diffusible substance and
thus would indicate that light quality or light intensity was probably
involved in a mechanism which activated a morphogenetic factor determin-
ing the sex of Egquisetum gametophytes. In mass culture in petri dishes,
the morphogenetic factor activated by either red light or high light
intensity would influence the sexual expression of other gametophytes in
the same petri dish; whereas, singly in test tubes the gametophytes are
isolated from each other so that any morphogenetic factor that is pro-
duced could not influence the sexual expression of the gametophytes. The
factor would probably be some sort of diffusible substance comparable to
the antheridogens of ferns. The results were ambiguous,

Mannitol, sucrose and glucose were added separately to Bold's basal



medium to determine what effect these sugars have on the sexual eXpression
of Equisetum gametophytes. The results were ambiguous.

The red pigment often associated with Equisetum antheridial produc-
tion was isolated by column chromatography and some characteristics were
determined using visible light spectrophotometry. It is definitely not
rhodoxanthin, as reported, but could not be identified other than to be
a carotenoid.

This study showed that Equisetum gametophytes are a difficult system
with which to experiment. It seems the sensitivity of Equisetum spores

to light quality and light intensity can vary.
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INTRODUCTION

Equisetum, a vascular cryptogam, has a life cycle of two alternating
generations, the sporophyte generation and the gametophyte generation.
The sporophyte generation bears the strobili that shed the spores. The
gametophyte generation, the sexual phase, bears the gametangia (arche-
gonia and antheridia) which form the gametes (egg and sperm).

Uncertainty over the nature of sexuality in Equisetum gametophytes
is seen in the morphology textbooks. Some authors (Bold, 1957; Campbell,
1913) have considered them to be unisexual, Other authors (Eames, 1936;
Foster and Gifford, 1957; Haupt, 1953) have considered them bisexual.
Hauke (1967) believes that Equisetum gametophytes have the potential to
be bisexual, but most gametophytes are unisexual and those that are bi-
sexual are postmature and were once unisexual, There is only one species
of Equisetum which has bisexual gametophytes from the beginning (Hauke,
1963 and 1969).

Factors other than genetic seem to play an important role in the
sexual expression in Equisetum gametophytes. Several authors (Campbell,
1913; Schratz, 1928; Walker, 1931; Eames, 1936; Williams, 1938; Haupt,
1953; Scott and Ingold, 1955; and Doyle, 1970) have reported crowded and
unfavorable conditions increase antheridial formation in Equisetum gameto-
phytes, Factors such as nutritional deficiencies, hormonelike substances,
and the accumulation of waste products may influence sexual expression in
Equisetum gametophytes.

It may be that a hormonelike substance may control sexual expression

in Equisetum gametophytes. Already antheridogens that control the forma-


















RESULTS

Efrect of red light on sexual expression in Equisetum hyemale gameto-

phytes. The results of the experiments on the effect of red light on

the sexXual expression in Equisetum hyemale gametophytes are recorded in

Table 1. In the experiments with isolated gametophytes, the results
did not show any significant differences in the percentage of anther-
idial gametophytes formed singly in test tubes under red light and under
white light using Clopper and Pearson's 95% confidence belts (Clopper
and Pearson, 1934), In the fourth, fifth and sixth sets of experiments
in which Equisetum gametophytes were grown in both petri dishes and
test tubes, the results did not show any significant differences in the
percentage of antheridial gametophytes formed in mass culture in petri
dishes and singly in test tubes under red light. It was expected that
there would be a higher percentage of antheridial gametophytes in mass
culture than singly in test tubes., One reason the results did not show
any significant differences might be that too few gametophytes were
counted singly in test tubes for each set of experiments to determine
differences. Finally in the third and fifth sets of experiments the
results showed a higher percentage of antheridial gametophytes in mass
culture under red light than under white light, but in the fourth and
sixth sets of experiments, the results did not show such significant
differences. However, contamination might have affected the fourth
experiment and using spores obtained in the field in the middle of the
winter after the strobili had become frozen might have affected the

results of the sixth experiment,
























Table 4., Effect of various sugars on the sexual expression in Equisetum arvense gametophytes.

Sugara Intensity of Number of Number of Percent 95%
light, ergs/ gametophytes antheridium antheridium conf idence
cm“/sec gametophytes gametophytes belt®

No sugar 5,000 405 93 23 20-27

No sugar 20,000 554 180 3z 27-37

Glucose 5,000 431 357 83 78-86

Glucose 20,000 503 440 87 84-91

Mannitol 5,000 422 94 22 18-26

Mannitol 20,000 830 380 46 40-50

Sucrose 5,000 633 128 20 16-25

Sucrose 20,000 701 179 26 23-29

80.5% (w:v) concentration,
bEach datum represent the sum of 3 to 4 petri dishes.

®From a table by Clopper and Pearson, 1934.
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formed singly in test tubes under red light were the same as those
formed singly in test tubes under white light. In experiments three
and five (Table 1), the mass cultures under red light did have a higher
percentage of antheridial gametophytes than those under white light.
However experiments four and six did not show this difference between
red and white light in mass culture, The lack of statistically
significant differences between sexuality of gametophytes in mass
culture under red light and single gametophytes under red light is
probably only a reflection of the small sample size for test tube
cultures. Although light intensity varied between sets of experiments,
light intensity was not expected to affect the results because Hauke
(1971) has shown that light intensity was not a factor in the sexual

expression in Equisetum hyemale gametophytes. Contamination might have

affected the results in the fourth set of experiments and using spores
obtained in freezing temperatures during the winter might have affected
the results in the sixth set of experiments. Duckett (1970) reported

that Equisetum telmatia spores stored at &4 C for sixty days produced a

higher percentage of antheridial gametophytes, Freezing Equisetum
hyemale spores might have affected the sensitivity of these spores to
red light.

The results were too ambiguous to either confirm or deny the
expectation that red light activated a morphogenetic factor which

controlled the sexual expression of Equisetum hyemale gametophytes.

These experiments should have been repeated but were not because there

were no longer any more viable strobili of Equisetum hyemale. In future

experiments light intensity should be kept constant and only fresh viable
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strobili should be used.

Effect of light intensity on sexual expression of Equisetum arvense

gametophytes., In the experiments testing the effect of light intensity

on the sexual expression in Equisetum arvense gametophytes, the author

had intended to show that a morphogenetic factor comparable to the
diffusible substances of antheridogens in fern controlled the sexual
expression in Equisetum gametophytes. Earlier the author had expected

to show such a morphogenetic factor was operating in Equisetum hyemale

gametophytes but did not reach any conclusions when the results proved

to be inconsistant and unreliable. It was decided to use Equisetum
arvense when there were no longer available viable spores from Equisetum
hyemale, Light intensity and not light quality was employed to seek

the morphogenetic factor because Hauke (1971) had shown light intensity
and not light quality influenced the sexual expression in Equisetum
arvense gametophytes. In order to seek such a morphogenetic factor,

the results had to show (1) a higher percentage of antheridial gameto-
phytes in mass culture in petri dishes under high light intensity than
under low light intensity, (2) a higher percentage of antheridial gameto-
phytes in mass culture in petri dishes than singly in test tubes under
high light intensity, and (3) no differences in the percentage of anther-
idial gametophytes formed singly in test tubes under high light and low
light intensities. In mass culture in petri dishes the morphogenetic
factor activated by high light intensity in a gametophyte would influence
the sexual expression of other gametophytes in the same petri dishes;

whereas, singly in test tubes the gametophytes are isolated from each
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other so that any morphogenetic factor that is activated in a gameto-
phyte could not influence the sexual expression of other gametophytes.

The results showed very little difference in the percentage of
antheridial gametophytes between those in mass culture in petri dishes
and those grown singly in test tubes under either high or low light
intensities. Unfortunately, there was also no difference between mass
culture under high light intensity either. Therefore, no conclusions
could be drawn about the presence or absence of a diffusible morpho-
genetic factor. It may be that since Hauke got his strobili as soon as
they appeared above ground and the author got his later in rhe season,

an aging factor may be affecting the sensitivity of Equisetum arvense

spores, The author's spores may have been less sensitive than Hauke's
spores to light intensity because they were postmature. It seems working

with Equisetum arvense gametophytes it very difficult, because various

unknown factors may be affecting the sensitivity of Equisetum arvense

spores. These experiments were not repeated because viable spores of

Equisetum arvense were no longer available. Usually the strobili of

Equisetum arvense are available for only a month each year.

Effect of various sugars on the sexual expression in Equisetum hyemale

gametophytes. In setting up the experiments, light intensity was not

controlled between sets of experiments because Hauke (1971) had shown
that light intensity was not a factor in the sexual expression of Equise-
fum hyemale gametophytes., The author thought light intensity would not
affect the results determining the effect of various sugars on sexual

expression of Equisetum hyemale gametophytes.
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this additional factor may be a direct morphogenetic one.
It is interesting to note that Wollersheim (1957) observed a higher

percentage of archegonial gametophytes using Equisetum fluviatile with

a medium supplemented with glucose, but the author observed instead a

higher percentage of antheridial gametophytes using Equisetum arvense.

It appears a different mechanism is involved in the effect of glucose
on these two species of Equisetum.
These experiments were done only once because there were no longer

available viable spores from Equisetum arvense., In further experiments

sugars should be added to the nutrient medium in equal molarity concentr-

tions rather than equal weight to volume concentrations.

Red pigment isolated from Equisetum. The absorption spectrum of the red

pigment in light petroleum ether from both Equisetum gametophytes and
Equisetum sporophytes indicated that the pigment was a carotenoid but

not rhodoxanthin. Rhodoxanthin in light petroleum ether has a different
absorption spectrum than the red pigment in the same solvent. The red
pigment has absorption peaks at 452, 475 and 505 nm in light petroleum
ether and rhodoxanthin has peaks at 456, 487 and 521 nm in the same
solvent (Karrer and Jucker, 1950)., Lippmaa (1926a, b and c) had reported
the red pigment to be rhodoxanthin in a few Equisetum sporophytes. He
had apparently identified and named the pigment rhodoxanthin just by
looking at a few drawings by Schimper (1895) of chromoplasts containing

this red pigment in Equisetum telmatia sporophytes, for he gave no

indication in his article of having extracted the pigment from Eguisetum.
The red pigment cannot be considered another cis-trans form of

rhodoxanthin because unlike rhodoxanthin the red pigment was not reduced
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by NaBH This red pigment also has a different partition coefficient

X
value than rhodoxanthin in light petroleum and 95% methanol. The
partition coefficient value for the red pigment was determined to be
0:100. Quackenbush (1965) has determined the partition value in hexane
and 95% methanol to be 55:45 for rhodoxanthin.

The red pigment could not be identified for the author could not
find a red pigment in the literature that had an absorption in light
petroleum ether similar to the absorption spectrum of this red pigment
in the same solvent, It is possible the red pigment had not yet been
identified.

Nuclear magnetic resonance spectrum and infrared absorption spectrum
would be the next steps to take in identifying the pigment, but because
of the scope of the problem, amount of pure pigment required and equip-
ment required, these steps were not taken.

In Equisetum, antheridial gametophytes are often pigmented red.
Under the microscope the red pigment is found in chromoplasts in cells

adjacent to the antheridia, It is possible the red pigment is related

to the sexual development of Equisetum antheridial gametophytes.



CONCLUS IONS

This study showed that working with Equisetum gametophytes is
difficult. However, this study did show that glucose promoted an

increase in number of antheridial gametophytes in Equisetum arvense

and that the red pigment observed in Equisetum is not rhodoxanthin

as reported in the literature but some other red carotenoid not yet

identified,



LITERATURE CITED

Bold, H. C., 1957. Morphology of plants. Harper and Brothers, New York.

1
. 1967, A laborarory manual for plant morphology. Harper
and Row, New York.

Campbell, D. H. 1913, The structure and development of the mosses and
ferns. Second edition. Macmillan, London.

Chatterjee, J. and H. Y. Mohan Ram. 1968, Gametophytes of Equisetum
ramosissimum. I, Structure and development., Botanika Notiser
121: 471-491,

Clopper, J. E. and S. Pearson. 1934, The use of confidence or fiducial
limits illustrated in the case of the binomial. Biometrika 26: 404,

DYpp, W. 1950. Eine die Antheridienbildung bei Farnen fYrdernde Substanz
in den Prothallien von Pteridium aquilinum (L.) Kuhn, Ber. Deut. Bot.
Ges. 63: 139-147, (The original was not seen).

. 1959, ﬁber eine hemmende und eine fYrdernde Substanz bei
der Antheridienbildung in den Prothallien von Pteridium aquilinum
Ber. Deut. Bot. Ges. 72: 11-24. (The original was not seen).

Doyle, W. T. 1970. Biology of higher cryptogams. Macmillan, London.

Duckett, J. G, 1970. Sexual behavior of the genus Equisetum subgenus
Equisetum. J. Linn. Soc. London (Bot.) 63: 327-352,

Eames, A. J. 1936. Morphology of the vascular plants. Lower groups.
MacGraw-Hill, New York.

Foppen, F. H. 1969, On some pigments of Epicoccum nigrum Link: their
isolation and structure elucidation and a biosynthetic pathway of
rhodoXanthin, Ann, lst, Super. Sanita 5: 439-513,

Foster, A, S. and E, M. Gifford. 1959. Comparative morphology of
vascular plants, Freeman, San Francisco.

Hauke, R. L. 1963. A taxonomic monograph of the genus Equisetum
subgenus Hippochaete. Beih., Nova Hedwigia 8. Cramer, Weinheim.

. 1967. Sexuality in a wild population of Equisetum arvense
gametophytes, Amer, Fern J. 57: 59-66,

. 1969, Gametophyte development in Latin American horse-
tails. Bull. Torrey Bot. Club 96: 568-577.



28

Hauke, R. L. 1971. The effect of light quality and intensity on sexual
expression in Equisetum gametophytes. Amer. J. Bot. 58: 373-377,

Haupt, A. W. 1953, Plant morphology. McGraw-Hill, New York.

Jagels, R. 1970, Photosynthetic apparatus in Selaginella. II. Changes
in plastid ultrastructure and pigment content under different light
and temperature regimes. Can, J. Bot. 48: 1853-1860.

Karrer, H. and E. Jucker. 1950, Carotenoids., Elsevier Publishing Co.,
New York. (Translated and revised by Ernest A, Braude).

Lippmaa, T. 1926a. Uber den Vermuteten Rhodoxanthingehalt der chlopr-
plasten. Ber. Deut. Bot. Ges. 44: 643-648, (The original was not
seen),

. 1926b, Pigmenttypes bei Pteridophyta und Arthrophyta. I,
Algemeiner Teil, Acta Instituti et Horti Botanici Universitatis
Tartuensis (Dorpatersis) 1(1): 1-71. (The original was not seen).

. 1926c. Pigmenttypes bei Pteridophyta und Arthrophyta. II.
Spezieller Teil, Acta Instituti et Horti Botanici Universitatis
Tartuensis (Dorpatersis) 1(2-3): 1-229. (The original was not seen).

Ndf, U. 1956. The demonstration of a factor concerned with the initia-
tion of antheridia in polypodaceous ferns. Growth 20: 91-105,

. 1959, Control of antheridium formation in the fern species
Anemia phyllitidis. Nature 184: 798-800.

. 1960. On the control of antheridium formation in the fern
species Lygodium japonicum. Proc. Soc. Exp. Biol. Med. 105: 8Z-86.

. 1961, Mode of action of antheridium inducing substances in
ferns., Nature 189: 900-903,.

Quackenbush, F. W. 1965, Japanese-American confernece on Biosynthesis
of carotenes, Kyoto (Japan). (The original was not seen).

Schimper, A, F. 1885. Untersuchungen Uber die chlorophyllkYrper und die
inner homologer Gebilde. Jahrb. f. wiss. Bot. 16: 1-247. (The
original was not seen).

Schratz, E, 1928. Untersuchungen Uber Geschlechterverteilung bei
Equisetum arvense, Biol. Zentrable, 48: 617-639, (The original
was not seen),

Scott, D. H. and C, T. Ingold. 1955. Flowerless plants. Adam &
Charles Black, London.

Voeller, 1964. Antheridogens in ferns. In "Regulateurs Naturels de la
Croissance Vegetale," Colloques Centre Natl. Rech. Sci., Gif-sur-
Yvette., 123: 665-684. (The original was not seen).



29

Walker, E. R. 1931. The gametophytes of three species of Equisetum.
Bot, Gaz. 92: 1-22.

William, S. 1938, Experimental morphology. In Manual of Pteridology.
Martinus Nijhoff, The Hague, The Netherlands.

Wollersheim, M. 1957. Entwicklungphysiologische Untersuchungen der
Prothallien von Equisetum arvense und Equisetum limosum mit
Besonderer Beruchsichtigung der Frage nach der Geschlectsbestimmung.
Zeit. Bot, 45: 245-261. (The original was not seen).




	Effect of Light Quality and Light Intensity and Various Sugars on the Sexual Expression and Some Observations on the Red Pigment in Equisetum Gametophytes
	Terms of Use
	Recommended Citation

	thesis_thompson_1971_001
	thesis_thompson_1971_002
	thesis_thompson_1971_003
	thesis_thompson_1971_004
	thesis_thompson_1971_005
	thesis_thompson_1971_006
	thesis_thompson_1971_007
	thesis_thompson_1971_008
	thesis_thompson_1971_009
	thesis_thompson_1971_010
	thesis_thompson_1971_011
	thesis_thompson_1971_012
	thesis_thompson_1971_013
	thesis_thompson_1971_014
	thesis_thompson_1971_015
	thesis_thompson_1971_016
	thesis_thompson_1971_017
	thesis_thompson_1971_018
	thesis_thompson_1971_019
	thesis_thompson_1971_020
	thesis_thompson_1971_021
	thesis_thompson_1971_022
	thesis_thompson_1971_023
	thesis_thompson_1971_024
	thesis_thompson_1971_025
	thesis_thompson_1971_026
	thesis_thompson_1971_027
	thesis_thompson_1971_028
	thesis_thompson_1971_029
	thesis_thompson_1971_030
	thesis_thompson_1971_031
	thesis_thompson_1971_032
	thesis_thompson_1971_033
	thesis_thompson_1971_034
	thesis_thompson_1971_035

