104 JOURNAL OF THE TENNESSEE ACADEMY OF SCIENCE

LITERATURE CITED

Clausz, J. C. 1970. Distribution of propagules of species of the
Saprolegniaceae in the North Carolina Botanical Garden Lake
and some possible controlling factors. 107 pp. Ph.D. Thesis.
University of North Carolina, Chapel Hill.

Clausz, J. C. 1974. Periods of activity of water molds in a North
Carolina lake, Phenology and seasonality modeling. In H.
Lieth, ed. Ecological studies, analysis and synthesis, volume
8. Springer-Verlag, Berlin, pp. 191-203.

Coker, W. C. 1923, The Saprolegniaceae, with notes on other
water molds. 201 pp. University of North Carolina Press,
Chapel Hill.

Coker, W. C., and Matthews, V. D. 1937, Blastocladiales, Mono-
blepharidales, Saprolegniales. N. Amer. Flora 2:1-76.

Hughes, G. C. 1962. Seasonal periodicity of the Saprolegniaceae
in the southeastern United States. Trans. Br. Mycol. Soc.
45:519-531.

Hutchison, D. L. 1940. Studies on some aquatic Phycomycetes.
Master's Thesis. Vanderbilt University, Nashville, Tennessee.

Johnson, T. W., Jr. 1956. The genus Achlya: Morphology and
taxonomy. 180 pp. University of Michigan Press, Ann Arbor.

Lund, A. 1934. Studies on Danish freshwater Phycomycetes and
notes on their occurrence particularly relative to the hydrogen

JOURNAL OF THE TENNESSEE ACADEMY OF SCIENCE

VOLUME 52, NUMBER 3, JuLy, 1977

EFFECTS OF SOME PHENOLIC ACIDS UPON THE
GERMINATION OF LETTUCE SEED

FREDERICK T. WoLF, MiTzI L. MARTINEZ, AND RONNIE H. TILFORD
Vanderbilt University, Nashville, Tennessee 37235

ABSTRACT

Effects of 13 naturally occurring phenolic acids, lac-
tones and flavonoids upon the germination of seed of
Lactuca sativa L. var. Black Seeded Simpson were de-
termined. The di-hydroxy phenolic acids, caffeic acid and
chlorogenic acid, and the di-hydroxy flavonoids, quer-
cetin and rutin, were completely non-inhibitory to germ-
ination. Mono-hydroxy compounds, isomers of coumaric
acid, exhibited slight toxicity, while the lactones cou-
marin and unbelliferone showed the greatest degree of
inhibition of any of the compounds tested.

INTRODUCTION

The hydroxylated cinnamic acids are widely dis-
tributed constituents of higher plants, occurring free
or in combination with sugars, as glucosides or esters
(Harborne and Simonds, 1964; Harborne, 1964). Mayer
and Evenari (1953) and Mayer and Poljakoff-Mayber
(1963) have studied the effects of a number of these
compounds upon the germination of “seeds” of lettuce,
Lactuca sativa L. var. Progress. The present studies
were undertaken in order to test the germination re-
sponse of lettuce seed to additional compounds of this
type, as well as a number of structurally and biochemi-
cally related lactones and flavonoids of natural occur-
rence.
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MATERIALS AND METHODS

Seed of Lactuca sativa L. var, Black Seeded Simpson, a light-
insensitive variety, were obtained from Carolina Biological Sup-
ply Company, Burlington, N.C. 27215. Batches of ca. 100-150
seed were sown in petri dishes containing 2 sheets of filter paper,
and moistened with 8.0 ml of water or experimental test solution.
The dishes were then placed in a dark box, and the percentage
of germination was scored after 2 days at 25°C. Concentrations
of the test solutions were varied in order to determine the
concentration resulting in 50% inhibition of germination, Germi-
nation of controls in distilled water exceeded 99 per cent in all
instances.

RESULTS

Caffeic acid, chlorogenic acid, sinapic acid and the
flavonoids quercetin and rutin were completely non-in-
hibitory to the germination of lettuce seed in concen-
trations equivalent to the upper limits of their solubili-
ties in water (Table 1), while some degree of inhibition
of germination was produced by all other compOlll:lds
tested. The concentration resulting in 50% inhibitlfm
of germination was determined for each of the r_ema{n-
ing compounds, with the exception of m-coumaric acic,
a saturated solution of which produced only 15-20%
inhibition. Since solubilities of a saturated solution of
these acids are low, so that saturated solutions are still
quite dilute, it does not appear that pH is an important
factor in their toxicity (Mayer and Evenari, 1953)-




g ——

B o

-

R o T R

Effects of Some Phenolic Acids upon the Germination of Letiuce Seed 105

e

TABLE 1: Effects of Cinnamic Acid Derivatives upon
Germination of Lettuce Seed.

ound Concentration producin

somp 50% inhibition of
germination

o-Coumaric Acid 0.05-0.1%
m-Coumaric Acid *
p-Coumaric Acid 0.05-0.1% 0.08% ***
Caffeic Acid No inhibition** >0.18% ***
Chlorogenic Acid No inhibition#**
Quinic Acid 0.2%
Ferulic Acid 0.1-0.2% 0.099, *=*
Sinapic Acid No inhibition**
trans-Cinnamic Acid 0.05% 0.04% ***
Umbelliferone 0.02%
Quercetin No inhibition**
Rutin No inhibition**
Coumarin 0.01% 0.002-0.007 % ***

#15-20% inhibition of germination produced by a saturated so-

lution.

**No inhibition produced by a saturated solution.

#***Calculated from data of Mayer and Evenari (1953) and
Mayer and Poljackoff-Mayber (1963).

Coumarin, the lactone of cis-o-hydroxy cinnamic acid,
was the most inhibitory of the compounds tested,
slightly exceeding the inhibition produced by exposure
of the seed to the closely related compound, umbelli-
ferone. The o- and p-isomers of coumaric acid and
trans-cinnamic acid were somewhat more toxic than
m-coumaric acid, while ferulic acid and quinic acid were
only moderately inhibitory.

DiscussioN

It is of interest to compare the present data with those
of Mayer and Evenari (1953) and Mayer and Poljakofi-
Mayber (1963) which were reported on a molarity
basis. Their figures for inhibitory concentrations of
ferulic, caffeic, p (?)-coumaric acids, and coumarin
(Mayer and Poljakoff-Mayber, 1963) have been con-
verted to a percentage basis, and their result with
Cinnamic acid (Mayer and Evenari, 1953) has been
estimated from their graph and likewise converted
10 a percentage basis (Table 1). When one considers

that the findings of these workers were based upon a
different variety, namely Progress, the degree of agree-
ment is very close.

In attempting to interpret these results and relate
them to the structure of the compounds concerned, it is
apparent that the di-hydroxy phenolic acids, caffeic acid
and chlorogenic acid, and their flavonoid derivatives,
quercetin and rutin, are completely non-inhibitory to
lettuce seed germination, while the mono-hydroxy cin-
namic acid derivatives, the o-, m- and p-isomers of cou-
maric acid, show varying degrees of toxicity. It has been
shown that mono-hydroxy phenolic acids are cofactors
of IAA oxidase, resulting in increased rates of destruc-
tion of auxin and consequent decreased growth, while
di-hydroxy phenolic acids inhibit IAA decarboxylation,
resulting in an increase of growth (Nitsch and Nitsch,
1962; Henderson and Nitsch, 1962; Zenk and Miiller,
1963; Tomaszewski and Thimann, 1966). While the
mechanism of the effects of these compounds upon let-
tuce seed germination may be different, the present re-
sults can be correlated with those of other workers con-
cerned with growth responses.

LITERATURE CITED

Harborne, J. B. 1964. Phenolic glycosides and their natural dis-
tribution. In Biochemistry of Phenolic Compounds, J. B. Har-
borne, ed., Chapter 4, pp. 129-169, Academic Press, London.

and N. W. Simmonds. 1964. The natural
distribution of the phenolic aglycones. In Biochemistry of
Phenolic Compounds, J, B. Harborne, ed., Chapter 3, pp. 77-
127, Academic Press, London.

Henderson, J. H. M. and J. P. Nitsch. 1962. Effect of certain
phenolic acids on the elongation of Avena first internodes in
the presence of auxins and tryptophan. Nature 7195: 780-782.

Mayer, A. M. and M. Evenari. 1953. The activity of organic
acids as germination inhibitors and its relation to pH. J. Exptl,
Botany 4: 257-263,

————— and A. Poljakoff-Mayber. 1963. The Germina-
tion of Seeds, vii 4 236 pp., Pergamon Press, Oxford.

Nitsch, J. P. and C. Nitsch. 1962. Composes phenoliques et
croissance vegetale. Ann. Physiol. Veg, 4: 211-225.

Tomaszewski, M, and K. V. Thimann. 1966. Interactions of
phenolic acids, metallic ions and chelating agents on auxin-
induced growth. Plant Physiol. 471: 1443-1454,

Zenk, M. H. and G. Miiller. 1963. In vivo destruction of exo-
genously applied indolyl-3-acetic acid as influenced by naturally
occurring phenolic acids. Nature 200: 761-763.

JOURNAL OF THE TENNESSEE ACADEMY OF SCIENCE

VOLUME 52, NUMBER 3, JuLy, 1977

DEPOSITIONAL ENVIRONMENT OF THE WILCOX-CLAIBORNE SEDIMENTS
IN HENRY, WEAKLEY, AND CARROLL COUNTIES, TENNESSEE
ARMIN L. CLARK

Murray State University
Murray, Kentucky 42071

ABSTRACT
The Wilcox-Claiborne sediments in Henry, Weakley,
and Carroll counties were deposited in a fluvial environ-
Ment. The values of the textural parameters, sorting and

skewness, calculated from grain size analysis of 116
samples on a quarter phi interval basis, indicate fluvial
sedimentation. Other physical characteristics that sup-
port a fluvial interpretation include cut-and-fill struc-




106 JOURNAL OF THE TENN

tures, Kaolinite and lignitc beds, leaf fossils and lenses
of lignite in some clay beds. There is also an absence
of features associated with a marine environment: no
marine fossils, glauconite, or grains of calcite, dolomite
or siderite were found in the study area.

INTRODUCTION

There are a few investigations of Eocene rocks in
Tennessee and much of what has been done deals with
the commercially valuable clay bodies enclosed by the
sands. Very little work pertains to the environments in
which the sands were deposited. Statements made in
carlier studies about the sands are based on very little
quantitative evidence. The purpose of this study is to
provide a better understanding of the depositional en-
vironment of the sands, and to some extent the clays,
in northwestern Tennessee (Fig. 1).
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FIG. 1: Location map of study area.

The study area includes parts of Henry, Weakley, and
Carroll counties. The area is rectangular, extending
north-south about 35 miles and east-west about 25
miles. The northern boundary is the Tennessee-
Kentucky state line: the southern boundary is the 36°N
parallel; the eastern boundary is the outcrop of the
Porters Creek Clay of Paleocene age; and the western
boundary is State Highway 118 from the Tennessee-
Kentucky state line to Dresden. The western boundary
continues south as an imaginary line to the 36° N
parallel.

GEOLOGIC SETTING

The area studied is in the northeastern part of the
Mississippi embayment on the east limb of the Mis-
sissippi embayment syncline: formations strike approxi-
mately north-south and dip about 30 feet per mile to
the west. The stratigraphic column in Fig. 2 shows
the generalized relationships of the exposed geologic
units present.

The Wilcox and Claiborne Formations are litho-
logically similar and, for the most part, lack distinguish-
ing characteristics (Parks, 1971). They are varicolored,
heterogeneous units which consist chiefly of sand, silt,

and clay. These sediments are interbedded and inter-
lensed and no lithology or sequence of lithologies s
laterally persistent for any great distance. The sangd
consists chiefly of quartz and is sparsely to very
micaceous. Bedding ranges from thick to very thin and
is horizontal and irregular, crossbedded, and lenticular.
Cut-and-fill structures are present. Iron-oxide concre-
tions of various sizes and shapes and discontinuoys
iron-oxide layers one to several inches thick are
abundant locally. Clay beds of these formations range
from thick to laminated and ordinarily occur in dis-
continuous lenses which apparently are not related to
a particular stratigraphic position within the forma-
tions. In some lenses, clay is separated from the over-
lying sands by lignite beds which range in thickness
from several inches to several feet. Leaf fossils and
lenses of lignite are present in some clay beds. Scattered
clay pebbles and lenses of clay conglomerate occur at
various horizons throughout the Wilcox-Claiborne sedi-
ments. No marine fossils, glauconite, or grains of cal-
cite, dolomite or siderite were found in the study area.
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FIG. 2: Generalized stratigraphic column of geologic
units in study area.
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GRAIN SIZE ANALYSIS

Grain size analysis of the Wilcox-Claiborne sediments
was performed to determine the textural parameters in
order to discover the depositional agents and environ-
ments. The sampling techniques used are those outlined
by Folk (1965, p. 16) as to sample size and method of
collection. Samples were obtained from road cuts and
overburden faces in clay pits. A field description of
each sampled exposure was made to note any features
that could be used in interpreting the environment,
Each sample was tagged and numbered, and its location
and tag number were recorded on the topographic map.
Sample site locations were shown and given in Tennes-
see Rectangular Coordinates (Clark, 1973, Fig. 9 and
Table 8). Commonly, a series of samples was taken at
a particular site or location. These samples were grouped
and shown as one sample. One hundred and sixteen
samples from 57 sand sample sites were selected for
grain size analysis.

Techniques utilized in sieve and pipette analyses are
standard sedimentological procedures described by Folk
(1965, p. 34-39). Sieve sizes used in this study ranged
from —2.0 phi to 4.5 phi using quarter phi sieve inter-
vals. In 15 samples the weight percent of the finer than
4.5 phi fraction (pan fraction) exceeded 5 percent and
grain sizes of these pan fractions were measured by
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] »lhc fluvial class wing cither Folk's (1965, p. 46) or
Friedman's (1962, p. 749) classification. Sorting values
suggest the Wilcox-Claiborne depositional environment
Wwas not a high enzrgy environment like a beach but
a lower energy environment such as a fluvio-deltaic
complex that lacked sufficient current action to remove
silt and clay. The average skewness valus is --0.12, fine
skewed. Though skewness values range from —0.60 to
+0.59, the sands are predominantly positively skewed,
which supports a fluvial classification (Friedman, 1961,
p. 519). The average Graphic Kurtosis value is 1.28
and the range of values extends from 0.80 to 2.47. A
representative curve for the samples is leptokurtic,
showing that the central portion of the curve is better
sorted than are the “tails.” Skewness and Graphic
Kurtosis values indicate the presence of silt in the
Wilcox-Claiborne sediments, which reinforces the idea
that depositional currents were unable to remove ef-
fectively the finer grained material. Sorting and skew-
ness values for the sand samples support a fluvial inter-
pretation for the Wilcox-Claiborne sediments.

A binary plot was used to make evident the fluvial
nature of the Wilcox-Claiborne sediments. Binary plots,
constructed by plotting one textural parameter against
another, have been used to determine depositional en-
vironments of samples taken from unknown environ-
ments. If the samples, indicated by points, group to

TABLE 1: Summary of Grain Size Analysis of the Wilcox-Claiborne Sedimenis.

. 7;/;:rbal
Graphic G Total Average Standard 95 Percent 4 .
Si;:pPaiam?tz Range Value Deviation Confidence Designation
Mean Size (M,) 0.90-4.32 phi 2.13 phi ;; phi . ﬁ:: t;?d:?:i;y
Sorting (oy) 0.25-1.74 phi 0.61 phi 2 Pl ’ well sorted
kewed
Skewness (Sk;) —0.60 to +0.59 +0.12 {g '22' E':::kuxiec
Kurtosis (Kg) 0.80-2.47 1.28 i : -

pipette analysis on a quarter phi interval basis from
4.75 to 8.75.

Graphic analysis of each sample following the tech-
nique of Folk (1965, p. 41-48) was completed and
percentiles used in calculating the lextural.pammelels
of Graphic Mean (M,), Inclusive Graphic Standard
Deviation (o,), Inclusive Graphic Skewness (Sk1). and
Graphic Kurtosis (K,;) determined. These parametcrs
were calculated and tabulated for all samples (Clark,
1973, Table 9).

Results of the grain size analysis are ;
Table 1. The a\'ef:ge grain size of the samples ;2'l_3
Phi, fine sand. Individual samples range from 0.0 phi.
coarse sand, to 4.32 phi, coarse silt. The mean sor:enlsl
value for the sediments is 0.61 phi. mederately ;
sorted. Sorting values range from 0.25 to 1.7452:?“22
well sorted to poorly sorted, and place the

i in

form a pattern or trend. they can be compared with
characteristic patterns established by.plou of samPles
taken from knmown depositional environments. Fried-
man (1967) tried scatter piou.ot t.wo parameters eagh
and found 12 different combinations uscful for dis-
tinguishing river and beach deposits. All of the 12
appeared to be equally effective.

One of Fricdman's 12 plots was seleqted as rep-
resentative of the method for use in plotting data dg-
rived from grain size analysis: lnclus‘Wc Graphfc
Skewness (Folk, 1965) versus Inclusive Graphic
Standard Deviation (Folk, 1965). Thesc parameters
were selected because, as individual statistical measures,

appear 10 be more significant than the others in
this study; furthermore, they are generally f:?nsidcred
to be amt;ng the most environmentally sensitive para-
meters. Thesc parameters of the Wilcox-Claiborne

e e S L
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FIG. 3: Plot of Inclusive Graphic Skewness and In-
clusive Graphic Standard Deviation.
samples were used in a binary plot (Fig. 3) to de-
termine the depositional environment of the Wilcox-
Claiborne sediments. A beach-river boundary line of
known beach and river samples is superimposed on the
Wilcox-Claiborne samples. The location of this line is
based on data from Folk (1965) and Friedman (1962).
Most of the Wilcox-Claiborne samples plot as river
sands. The binary plot indicates that the Wilcox-
Claiborne sediments represent fluvial deposits.

CLAY MINERAL ANALYSIS

Nineteen clay samples from 19 sites (Clark, 1973,
Table 8 and Fig. 26) were used to study the depositional
environment. Eleven of these sites are clay pits and the
other eight are exposures in road cuts. One site is ap-
proximately 7 miles west of the western boundary of
the study area, near Bradford in Gibson County, but
is included because it represents the westernmost
pit dug in Eocene clay in western Tennessee,

Oriented aggregates of the minus 8-micron fraction
were made and X-ray diffractograms obtained for each
sample. Four clay samples previously X-rayed were
heated to 500°C for 12 hours and X-rayed again to
determine whether the 7-angstrom peak was kaolinite or
septechlorite (Warshaw and Roy, 1961, p. 1484). Heat
treatment collapsed the 7-angstrom peaks, indicating the
mineral represented by the peaks is kaolinite. The clay
minerals, listed in order of most common occurrence,
are kaolinite, illite, mixed-layer clay and montmorillo-
nite. Only kaolinite occurs in all 19 samples; illite is
present in all but two samples in various amounts, Judg-
ing from the asymmetry of the illite peaks, a little
mixed-layer clay is present in most of the samples. Only
one sample, taken immediately above the Porters Creek
Clay, contains montmorillonite.

The ratio of kaolinite to illite wag estimate
samples using a semi-quantitative method Proposed ,
Weaver (1958, p. 270). The ratios range from 4 / y
1/1 with the average value 2.3/1. Kaolinite s dom
nant in 17 of the 19 samples and equal in abundance tL
illite in the other two samples. 0

Kaolinite is the dominant clay mineral jn the sampleg
In a study of Cretaceous and Tertiary clays of thé
upper Mississippi embayment, Pryor and Glass (1961)
found kaolinite to be the dominant clay minera] jy ,
fluvial environment. Their criteria for the fluvia] gp.
vironment included fluvial and deltajc sands, cut-and.
fill structures, leaf fossils, and lignite beds in the clay
strata or in adjacent beds, and the general absence of
features associated with a marine environment, Al of
these criteria are evident in the study area. The
Wilcox-Claiborne clays support a fluvial origin for the
Wilcox-Claiborne sediments.

d for g,

CONCLUSIONS

The outcropping Wilcox-Claiborne sediments were
deposited in a fluvial environment on the basis of the
following physical characteristics of the study area:
grain distributions characteristic of fluvial sands, cut-
and-fill structures, kaolinite and lignite beds, leaf fossils
and lenses of lignite in some clay beds. There is also an
absence of features associated with a marine environ-
ment. There are no marine fossils, glauconite, or grains
of calcite, dolomite or siderite.
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