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I. Introduction

The Maryland sennas* with the exceptlon of Cassia Medsgeri,
were studied by botaniasts as far back as the seventeenth century.
At that time Towrnefort (1656-1708), after a study of these
sennas, placed them in the tribe Cassla, and later Linne, in his
Species Plantarum left this classification unchanged, Willdenow,
in his work also accepted the classification of his predecessors,
Grayl, in his Manual of Botany in which the four Maryland species
are described, keeps them together and his classification is other=-
wise very similar to Linne®s, However, in recent years some

botanists have questioned this classification and have divided the

*Cassis fasciculata Michx, Fl. Bor. Am, 1:262, 1803,

Cassia Chamsecrista Walt. Fl, Car, 136. 1788. Not L. 1753.
Chamaecrista bellula Pollard, Proc. Biol, Soo. Wash. 15:19, 1902,
Chamaecrista camporum Greene, Pittonia 5:108. 1903,

Chamaecrista fasciculata (Michx.) Greene, Pittonia 3:242. 1897,

Cassia nictitans L. Sp., P1. 380. 1753, Not Chamaecrista nicti-
tans Moench. 1794.
Cassia procumbens L. Sp. Pl. 380. 1753,
Nictitella amena Raf, Sylva Tell. 128, 1838,
Oassia Champecrista nictitans Kuntze, Rev, Gen. Sp. 169. 1891,
Chamagecrista nictitans commixta Pollard and Maxon. Proc. Biol.

Soc. Wash., 14:163, 1901,
Cassia nictitans commixta Millsp. West Va. Geol. Surv., 5:283. 1913,
Chamaecrista procumbens (L.} Greene, Pittonia 4:28, 1899,

Cassia marilandica L. Sp. P1l. 378, 1783.
Cassia acuminata Moench, Math., 273, 179%4.
Cassia reflexa Salisb, Prodr. 326, 1796,
Ditremexa marilandica (L.} Britton and Rose,

Cassia Medsgerl Shafer, Torreya 4:179. 1904.
Ditremexa Medsgeri (Shafer) Britton and Rose,



Maryland sennas into two groups: Cassia, which includes Cassia
Marilandica and Cassia Medsgeri; and Chammecrista, which includes

Cassls nictitans and Csssia Chamascrl st;a,.‘?’3 Britton and Rosaq’

alsoc separated the Maryland semnas into two groups: Ditremexa
and Chamaecrista, respectively, However, up to the present time

no definite conclusions have been reasched. Most of the woi'k

attempting to decide the question has been carried out only
upon the flowers and pods,

In this paper I have made a pharmacognostic study of the
various organs of the Marylend sennas and from this study I feel
that I have obtained results which are of value in deciding this

question,

II, History.

‘"Senna," according to Joenasscm,5 "is one of the very oldest
as well as most widely used of crude drugs. It was buried in the
tombs of the Pharaohs and was widely used at the time of Alexander
the Great, Senna first came into Europe sbout the 9th or 10th

century.® Martins® and LawWall” also agree that the Arabian physi-
cians introduced the drug to Europe, and Mesue Senior (777-857},

a celebrated physician, is credited by the latter with the intro-

duction of these mild laxatives intc medicine, When senna was



first used medicinally is unknown, as it was widely employed

as a folk remedy before its introduction into med:lc:im-i.8
Senns has been officially recognized in this country as a

therapeutic agent for more than a century. It was admitted

to the first edition of the Pharmacopoeia of the United States,

which appeared in 1820, and has been included in all subsequent

editions, including the present. Senna is also included in the

following foreign pharmacopoelas: Mexlcan Pharmacopoeia, 1925;
Roumanian Pharmacoposia, 1926 Norweigian Pharmacopoeia, 1913;
Netherlands Pharmacopoela, 1926; Swedish Pharmacopoeia, 1925;

Itallan Pharmacopoela, 1920; Swiss Pharmacopoeia, 1907; German

Pharmacopoeia, 1926; Argentine National Pharmacopoeia, 1928;

Belgisn Pharmacopoeia, 1906; British Pharmacopoeia, 1932;

Russian Pharmacopoeia, 1929; French Codex, 1920; Danish Pharmaco-
poeia, 1907, For unknown reasons, the Spanish Pharmacoposia,
1926, gives 9. Hispanica as its official senna.

0f the Maryland sennas, C. Marilandica alone was official

in the United States Pharmacopoeia, being recognized as such
from 1820 to 1670, Porot? showed by his researches that

"0, Marilandica is very weak, if possessing any purgative prop-
erties at all, and entirely inferior to the imported senna" and

as other workers obtained similar results, the reason for dropping



this senna from the later editions of the FPharmacopoeia of the
United States is obvious,

No work has hitherto been carried out on C. Medsgeri. This
is most likely due to the fact that its characteristics are so
similar to those of C, Marilandica that it was generally identified
as the latter. Both chemical and pharmacognostical work has been
done on C. Marilandica. 10,11,12,13.

C. nictitans and C. Chameecrista alsoc have not been studled
oxtensively. Ga.ll:s,l:m:r,14 in a chemical analysis of C. nioctitans
states: "Cathartic acid could not he prepared from it, but the
powder was ascertained to have a laxative effect.” This is the
only important research that has been done on C. nictitans, and
no work of any great value has been carried out on C., Chamecrista.

In 1933, Sla.ma15 revorted & pharmacognostical study of the
official sennas, Cassia Senns and C. angustifolia and the four

Maryland sennas: C. Marilandica, C. Medsgeri, C. nictitans and
C. Chamgecrista. The stomata, neighboring cells, epidermal cells

and the distribution of epidermal hal rs of the upper and lower
surfaces of the leaflets were compared. A study was alsc made of
the margins, apices, petiolules, and glamds on the petioles and

the cross sections of the leaflets, From the differences noted,

the sennas were separated into three groups: Group I, the official



sennas; Group II, C, Marilandiea and C. Medsgeri, and Group I1II,

C. niotitans and C. Chamaecrista.

III, Habitat of the Maryland Semnas.

C. Marilandies is found near the Hillen Road, Baltimore and
at Owings Mills, Spesutie Island, Havre de Grace and Allegheny
County. It grows in soil which is somewhat rich and damp. PFulle
grown C, Marilandica plants are about four feet high,

C. Medsgeri is very similar in appearance and size to C. Mari~
landica and like the latter, it is found in somewhat rich, damp
scil. C., Medsgeri is rather rare in Maryland and only one colony,
situated about three miles east of Carney, Maryland, is lmown. 16
However, specimens from Bladensburg and Redgate, Maryland were ex-
amined at the United States National Herbarium,

C., Chamaecrista and C. nictitans are found nearly always in
dry, sandy soil, The fomer, which attains a heighth of about
two feet when mature, is found in Maryland at Rosedale, Garland,
South River, Mitchellsville, Chestertown, Snow Hill, College Park,
Quantico, Brooklyn, Essex, and various scattered places in the
close vicinity of Baltimore.

C. nictitans greatly resembles C, Chamsecrista, but it is

smaller., This plant was gethered on a slope at Cromwell's Woods,



Brookxlyn, Md., Gwynns Falls (Baltimore) and South River, Md.

It also grows at Emitsburg, Salisbury, Preston, Chesapeake City,
Mitchellsville and Newark. C. nictitans, like the other sennss,
grows in the open where the sunlight is plentiful,

Outside of Maryland the distribution of the four species is
as follows: C, Marilandica ~- Massachusetts to Indiana, North
Carolina and Tennessee; C, Medsgerl -- Pennsylvania to Iowa,
Georgia, Kansas and Texas; C. Chamaecrista -- Massachusetts to
Florids, Ohio, South Dakota, Kansas and Texas; and C. nictitans --~
Mzine to Georgia, Ohio, Kansas, Oklahoms and Texas.

The differences in appearance and habitat of these sennas

are shovn by the following photographs taken in the field,



Fig® 1 — 0. Marilandica Plant*



Pig. 2 — Flowering Top of 0. Marilandica.



Pig. 3 — C. Marilandica Flowers.

Pig. 4 — C. Chamaecrista Flowers.



Fig®* 5 — 0. Chamaecrista Plant
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Pig. 6 — C. nictitans Plant,
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IV. Descriptive Studles
A. Macroscopic

1, leaflets

a. Kind of leaves. All of the senna plants

have paripinnately-compound leaves.

b. Shape of leaflets, The Maryland senna
leaflets are inequilateral and of oblong-lanceolate or

oval-oblong shape.

c. Average size of leaflets. The leaflets
were pressed immediastely after collecting. The average
sizes of twenty leaflets of each species are as follows;
C. Marilandica, 42,68 mm, by 15,48 mm,, C. Medsgeri, 35,15 mm,
by 13,25 mm,, C, nictitans 8,45 mm, by 2,20 mm. and C. Cham-
aecrista 10,75 mm, by 3,25 mm, The officlal senna leaflets
were taken from stock, and thelr average slzes are C. angus-

tifolia 26 mm, by 7.85 mm.,, C. Senns 22,6 mm, by 8.1 mm,

d. Shrinkage of leaflets. After the leaflets

of C., Marilandica were completely dried out, the decresse in
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length and width was found to be 4.74% and 7.055, respectively,
C. Medsgeri showed a decrease of 2,9 in length and 5.3 in
width,, C, Chameecrista and C. nictitans showed a decregse of
13,7% and 6,8% in length and 25.8% and 13} in width, respec-

tivelyo

0. Number of leaflets per rachis
C. Marilandica gnd C. Medsgeri exhibit
from 5 to 9 palrs of leaflets per rachis. C. Chammecrista

and C. nictitans have from 5 to 10 and 10 to 20 pairs of

leaflets per rachis, respectively,

f. Appearance of leaflets near the close of
the growing season. Naturally, during the growing season,

the plants are in a healthy, vigorous condition and as a
consequence all the 1eaf1§ts are green, As the growing seam
son terminates, the green color of many leaflets is altered
and because of this change, one can separate the Maryland sene
nas into two groups. The green cclor of the leaflets of

C. Marilandica and C. Medsgeri plants, which are rather diffi-
cult to identify in the field, is changed to a deep yellow
while the leaflets of C, Chameecrista and C. nictitans exhibit

a dark brown, almost black color. Besides being able to sep-



araté the Marylsnd semnas into two groups, one can easily
differentiate between the C. Medsgeri and C., Marilandica
Plants, as the former shows a greater percentage of green
leaflets per plant. However, in the case of the two re-
maining Maryland semns plants, the leaflets are of no
value as a test for separating them, as both claases of

plants exhibit leaflets of the same color.

g. Venatlon

Upon examining the leaflets, one may
readily see that the venation occuring in Cassia nictitans
and C., Chamaecrista differs greatly from that of the two
remaining species (Figs. 7 to 10), In C. nictitans and
C. Chsmasecrista the midrid is closer to one margin and con=-
sequently 1t divides the leaflet into two unequal parts,
the larger showing the veins more numerous and longer, and
usually with three veins originating at the petiolule (Fig. 11).
The average leaflet of C. Marilandica or C. Medsgeri has the
midrid running practically through the center of the leaflet
and has veins similar to each other in size and number on
either side of the midrib.

Now if the leaflets of C. nictitans and

C. Chammecrista are examined with the nsked eye or a 5X hand

14



Fig. 7 — C. Marilandica Fig. 8 — C. Medsgeri
Leaflet, x EF Leaflet, x Fg*

Fig. 9—0.nictitans Fig. 10 — C. Chamae-
Leaflet, x 3 crista Leaflet. x3



Fig, 11 — Base of C. Chamaecrista leaflst
Showing Venation.
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lens, the veins are seen extending very close to the margins
without any apparent division into veinlets; but on the
contrary, the remaining senna leaflets show the terminal
branches of the veinlets anastomosing negr the margins.

(Figs. 7 - 10).
2. Glends.

a. Description
Although C, Marilandica and C . Medsgeri

oxhibit glands which are green and which may or may not be
situated at the base of the lowest pair of leaflets, never-
theless the former produces el ther conical or olub-shaped
glands, while C, Medsgeri presents only conical glends.
C. Chamaecrista and C, nictitans have large and small ocup-
shaped glands, respectively, and in both cases the glands
which are dark red or greemn tinted red, are always found
beneath the lowest pair of leaflats, |

With the exception of C., Marilandica, all the remaining
sennas produce only single glands., C., Marilandica shows both
single and double glands present and the latter are found on
some of the petioles of the upper half of the plant. The re=

maining petioles of the plant bear single glands. (Table No. 1).



b. Location.

All the Meryland semnas exhibit glands which

are found only on the petioles,
¢. Distribution of glands,

The glands of C, Chamgecrista and C. nictitans
are distributed rather uniformly on all petioles and are distant
from the stem approximately 4 mm, and 3 mm,, respectivaly., In
C. Medsgeri and C, Marilandica, the glands are not distributed
uniformly on the petiocles as in each species ths distance of the
gland from the stem increases graduaslly toward the base of the
plant, Furthermore, only the petioles on the lower portion of

each plant have the glands situated at the base of the lowest pair

of leaflets, C, Marilandica has more leaves per plant than C. Medse

geri, approximately twice as many,
d, Character of glands at the close of the growing
season,
After the glands have ceased secreting, they
gradually shrink and become smaller until at the end of the grow-
ing season they are dried up completely., At this time, the glands

of C. Medsgeri and C. Marilandiea are sc brittle that very little
effort is required to separate them from their respective petioles

and, as a consequence, many glands drop off and disappear frem the

plants, On the other hand, the glands of C. Chamaecrista and

18



C. nictitans are always present on both living and dried plants.

@, Comparison of the glands,

A comparison was made of the characteristics

exhibited by the glands, and the differences noted are shown in

Table NO. 1.

Table No. 1

Comparison of the Glands

T
Plant Shape of gland Color of Remurics ”
Glands
Conical (or Green Some glands are
C. Marilandica club-shaped) situated at base
of lowest pair
of leaflets.
Some glands are
C. Medsgeri Conical Green situated at base
of lowest pair
of leaflets,
Large cup-shaped | Dark red Glands always be-
C. Chamaecrista glands or green neath the lowest
tinted red| pair of leaflets.
Small cup-ghaped | Dark red Glands alweys bew-
C. nictitans glands or green neath the lowest
tinted red| pair of leaflets,
f. Conclusions
From this study of the glands it is concluded
that:

(1) C. Medsgeri, C. Chammecrista and C. nictitans produce only
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single glands, whereas C, Marilandica exhibits both single and
double glands,

(2) The glands are distributed rather unifommly only on the
petioles of C, Chanaecrista and C. nictitans,

{3) C. Marilandica has a greater number of leaves per plant
than C, Medsgeri,

(4) On the basis of data presented in Table No. 1 it is posw
sible to separate the Maryland sennas into two groups: (1) C. Mari=
landica and C. Medsgeri, and (2) C, Chamsecrista and C. nictitans
because of the differences shown in the shape, color and the dis-

tribution of the respeotive glands,
3, Flower Buds,

Table No, 2 - Compariscon of the Flowsr Buds

Appearance Position Shape of jRatio of 1eng1:l'1l
] Plant of dbuds " of buds buds to width of bud
+ —
C. Meds- |First week In short axillary |Ellipitical 1,6 to 1
gori in July racemes at top :
of plants :
C. Mari- " " Ellipitical 1,5 to 1
| landica i
r-,r—, - { —— . — - ek e sa’
{ C. Cham- |Middle of In small clustsrs Conical 3w 1
aecrista | July above the axils,
Occasionally flower
buds are found in |
the axils 3
C. nic- " " Conical dtol

titans



In Table No. 2, additional data are given which are of
importance in the separation of the Maryland sennas into two

groups,

4, Flowers

a. Color
The only characteristic common to all the

flowers of the Maryland semnas is ths yellow odlor.

b. Appearance of mature flowers,

C. Medageri and C, Marilandica produce
the first full-grown flowers about the middle of July. Full-
grown flowers are first seen on C. Chamaecrista and C. nictitans

plants about August 1.

¢, Height of flowering season.
C. Marilandica exhibits the greatest number
of flowers the first week in August, and C. Medsgeri about the
third weak in July. With C. Chamaecrista and C. nictitans, the

height of the flowering season occurs the first week in August.



d, Disappearance of flowers.,
By this means one can again separate the
Maryland sennas into two groups: one consisting of C. Medsgeri
and C., Marilandica, whose last flowers of the season disa.ppeér
about August 2 and August 13 respectively; and the second
group comprising C., Chamaecrista and C. nictitans plants,

about one-half of which exhibit flowers until the snd of the

growing season,

e, Size of flowers,
The full-grown flowers of C, Marilandica,
C. Medsgeri and C¢ Chamsecrista are normally about 3/4 inch
in diameter with occasional flowers 1 inch in diameter.
C. nictitans has the smallest flowers, which rarely exceed
1/4 inch in diameter and which are borne on very short, barely

perceptible, pedicels,

f. Size of floral organs.



Table No. 3. = Size of Floral Organs,
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= - Hﬂx;u.r.—m /r...*:'#r——? e ey
Plant Sepals Petals Stamens  Pistil k;‘l’ed.i-
Number & size | length /cel
__|length
Five Five Ten
C. Marilandica — ——— ——— 10 mm, (15 mm,
Three large 65=-8% mm, x |3-large - 11% mm,
2%-3 mm, x 6 mm, | 12% - 14 mm, |4-medium - & mm,
3-short - 6 mm,
Two small
3 mm. x 43 mm,
Five Five Ten
C. Medsgeri == - - 11 mm. (14 mm,
Three large 63-8 mm x 3-large - 11 mm,
53 mm. x5% mm. | 12-13 mm, 4emedium - 74 mm.
d-short - 6 mm,
Two small
35 mm, x 5 mm,
Five Five Ten
C. Chamascrists ——— -— — 135 - |15 mme
Three large one large 3-large - l% mm, | 16 mm
35-4 mm, x 14-15 | 13-14% mm. x | 4-wedium~ 87 mm,
Two small Pour small
2 mm x 14 mm, 7T=9 mm x
12-15 mm,
SR s S—
_Ten_ ’%
Five Five Five of nearly h |
C. nictitans - — equal length 3=4 mmr 1 mm, ;
Three large One large 2% - 3 m ﬂ‘ 5
1 mm, x 4 mm, 5 mm, x 6 mm, * !‘ f’
Pwo small Four small Five stami- ; * |
3/4 om, x 3 m. | 2% x 3% mm. nodes ‘\ ‘
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From the results in Table 3, it is concluded that:

(1) A1l the flowers consist of five sepals, five
petals, ten stamens and one pistil (5-5-10-1), However,
C. nictitans flowers differ slightly from those of the other

three species in that staminodes are present.

(2) C. niectitans flowers show the smallest pedicels.

The pedicels of the remaining senna flowers are approximately

of the ssme length,

(3) C. nictitans is the only Maryland senna in

which the stamens are practically of equal length,

{4) The flowers of all the Maryland sennas show the

outermost floral whorl made up of five sepals -~ three large

and two small,

(5) The corollas of C, Marilandica and C, Medsgeri

flowers consist of 5 almost regular petals,

{(6) In all flowers the styles are curved and point

towards the top of the flowers., All stigmas are capitate.



g. Differentiation of the senna flowers,

If the flowers of C. Marilandica and
C. Medsgeri are examined, it is immediately apparent that
they resemble each other very closely. They gre approximately
of the same color and size; their construction is very similar,
and the whorls of floral organs consist of the same numbsr of
parts. After a careful study of these flowers, it was found
that either could be identified correctly by means of the pise
tils, The pistil of the C, Marilandica flower is villose, ale
though the underside and the basal portion of the pistil are
devoid of hairs. On the other hand, the C. Medsgeri flower
show's a completely pubescent pistil, the style being slightly
less pubescent than the ovary. However, in all other respects,
the two flowers are identical, and in both cases the hairs
which are present on the pistils always point towards the bot=-
tom of the fiower,

It is a rather simple procedure to differe
entiate between C. nictitans and C, Chammecrista flowers. The
former flower is very small and is the only flower of the
Maryland sennas to exhibit five fully-developed stamens of nearly

equal length, Moreover, the C. Chamascrista flowers may further
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be identified by the presence of red patches at the base of
several petals. The majority of the flowers show only three
petals wi th red patches. In some flowers, all petals are so

marked but in this case, two of the petals always exhibit the

batches of a faint red color. The C. Chamascrista petal is
the only one that shows the red color present, but the petals

of the remaining senna flowers are always uniformly yellow in

color and are never marked with red,

] 2
AN
Fa

@,' ® “» h. Diagrams of the "

senna flowers. * @
&. J ’ [ )
&..

4

Diagram A Diagram B

Diagram A shows how the flowers C. Marilandica, C. Medsgeri
and C., Chamaecrista are constructéd; while diagram B shows the
C. nictitans flower with ten stamens, five of which have not

develioped.



In Table No., 3, Size of Floral Organs, it was stated
that the flowers of C. Marilandica, C. Medsgeri and
C. Chsmaecrista showed ten stamens which were of three
different sizes., Actually, stgmens of five different
lengths make up the androecium of any one of the three
flowars named., Stamens 1, 2, and 3 are the small ones
and are of the same length. The medium-sized stamens
are represented by stamens 4, 5, 9 and 10 of which 4 and
10 are slightly shorter than 5 and 9, Furthermore, of
the three large stamems 6, 7, and 8, the middle stamen
{7) is slightly shorter than the remaining two. Never-
theless the difference in the sizes of the stamens of
any particular group is so slight that the stamens as a
whole, were divided into three groups, and the average
size for each group was tabulated.

In the same table, it was furthser stated that all
the Maryland senna flowers have irregular calyxes, made
up of five sepals (three large and two smalllk One of the
two small sepals is always found at the bottom of the
flower in position 4, while the remaining small sepal may

ocoupy either position 1 or 2. However, the majority of
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the flowers show the small sepals in positions 4 and 1,

In all flowers the sepals are scarcely united at the base,

5. Stems

a. Size
The results obtained from a

study of the sizes of the Maryland senna stems, point
once more to their separation into two groups. €. Meds-
gerl and C, Marilandica stems have an average dlameter of
5 mm, as compared to a diameter of 1,5 mm, for C. Chamas-
crista and C. nictitana, Naturally, the stems at the top
and bottom of the plants differ slightly in their diam-
oter; and this is also true of any stem at the beginning
and the end of the vegetative cycle. Therefore, all the
stem megsurements wore made a a point midway between the ——
base and top of theo plants. The results which were ob-
tained at the time of flowering and again at the close
of the growing season when compared, differed only very

slightly from the average diameters given above,

b. Color



At the start of the growing season all
the senns plants have green stems. The stems of C. Mari-
landica and C. Medsgeri plants remain green until the
approach of fall when they turn yellow. Howover, C, Cham-
aecrista and C. nictitans stems behave differently. About
the latter part of May, these stems have some of their
green color replaced gradually by red. The majority of the
latter plants show the entire inner fase of any stem (the
half of the stem which faces the central axis of ths plant)
colored red, often dark red while the remainder of the stem
is dark green. The C. Chamaecrista and C. nic titans stems
do not change their color until the approach of fall and,
at this time, about one-half of the plants hafe brown stems,
By the end of October, all the senna plants have stema that
have becoms dark brown or black,

It is also possiblé to separate the Mary-
land sennas into two groups by the color of the fractured
ends of the stems, If the stems of C, Marilandica and
C. Medsgeri plants are broken, the exposed central cylinders
are light orchid and deep orchid, respectively. On the
other hand, C. Chamgecrista and C. nictitans stems, if

treated in a similar mafmer, always show white, or cream-



colored central cylinders.

Cs Arrangememnt

If a study is made of the arrange-
ment of the stems on the Marylamd senns plants, it may
be readily seen that two kinds of stem arrangements are
present and that they differ to such an extent that it
is possible to separate the Maryland sennas into two
groups (Figs. 1, 5, 6). In the case of C, Marilandica
and C, Medsgeri plants there is only one stem present

from which all the leaves arise., On the other hand

with C. Chamaecrista and C, nictitans plants, the main

stem branches near the ground, and secondary branching

also occurs,

d. Epidermal hairs
With the exception of O, Medsgeri,
the remaining senna stems show the presence of many hairs
which are arranged differently on each. For example,
¢, Marilandica has the largest hairs distributed irregu-~

larly over the stem, although their number seems to lncrease



as the top of the plant is apprcached. However by

making use of the distribution of the hairs on the steme,

one may differentiate between C. Chamsecrista and C.
nictitans plants, The stems of the former produce hairs
only on the inner face, or the dark red portion of the
atem, while the dark green portion is devoid of hairs.
Hairs are distributed unifommly over the entire stems of
the C. nictitans plants., 1In all the plants which pro-
duce stem trichomes, the hairs increase in number as one
approaches the top of the plants.

The results of a study of the distribution of the
hairs on the stams of the Maryland senna plants are

shown in the following chart,

{‘(Raraly found, stems practi-
! cally devoid of hairs --
¥

long Hairs < C. Medsgeri

»{ Straight hairs many, irregu-

!
: ‘ -—C.Uarilandica
Trichomes on ﬁ _larly arranged--C.Marilandic

the Epider- <

gi:mosf the j -:{/Stems completely encireled by
! ‘hairs -- C, nictitans

| Short Hairs<

AN " Hairs present only on inner
k face of stems --C,Chamaecriste

Note: During the entire growing season, only two hairs
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were seen on the stems of C, Medsgeri plants, The hairs

were long and very similar to the C. Marilandica hairs

in all respects.

6. Stipules,

&. Shape and distribution.

Once more the Maryland sennas
can be divided intc two groups by means of the different
characteristics exhibited by their stipules. (PFigs, 1l2-
15). The stipules of C. Marilandica and C., Medsgeri are
the largest. They are spatulate or lanceolate, usually
with parallel margins and apices which terminate in
short, acute polnts. On the contrary, C. Chamaecrista
end C. nictita.nsé stipules are smaller; they are triangu-

lar and are terminated by gradually-tapering, sharp points.

b. Color and duration,.

The stipules of C, Marilandica
and C. Medsgeri plants are green umtil a short time before

they disappear. All the leaves are subtended by two
stipules at the beginning of the growing season, but
gradually the lower stipules become yollow and disappear

until, by the middle of July, only the upper half of the
plant shows stipules present. Near the end of the growing



Fig. 12 — C. Marilandica Stipule

Fig. 14 — C. Ohamaecrista Stipule

Fig. 13 — 0. Medsgeri Stipule

Fig. 15 — C. nictitans Stipule
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season only the uppermost portions of the plants bear
stipules, the majority being yellow. The persistent
stipules of C. Chamaecrista and C. nictitans are green
on the very young plants, but in a short time those
sltuated at the bottom of the plants show their tips
and margins colored red. However, as one passes up

the plant, the red color gradually disappears from the
margins until at the growing tip, the stipules exhibit

only their tips of a red color.

7. Roots

a. Description

The roots of C. Marilandica

and C. Medsgeri are perenmnial and grow horizontally in
the soil, They are rough, almost black, somewhat lmotty;
stem scars are present and the roots have many rootlets
which are stiff and leathery (Figs. 16, 17)., The fracture
is tough and splintery.

The roots of C. Chamaecrista and C, nlctitans are
annuals and grow vertically in the ground, They are red-

dish brown, smooth, soft and pliable, and all the rootlets



Fig* 16 — C. Marilandica Hoot

Fig. 17 — C. Medsgeri Hoot
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Fig. 18 — 0. Ohamaecrista Hoots Shoving Tubercles

Pig, 19 — 0, nictitans Roots Showing Tubercle*s



Fig¥ SO — C. Ohamaecrista Tubercles

Fig* SI — C. nictitans Tubercles
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arise from the tap root. Both the tap root and the
rootlets bear tubercles (Figs., 18-21). Only the

C. Chamecrista and C. nictitans roots and rootlets

show the presence of the cream-colored tubercles, and
the larger tubercies are found on the former plants., The

tubercles appear s0lid and firm throughout the greater

portion of the growing season, but at the close of the

growing season the roots show only the dried tubercies

present., Their probable function is to house the bacteria
which play an important role in ths nitrogen cycla,

In the case of C, Marilandica and C. Medsgeri only
the roots of the mature plants were exemined for tubercles,
It is possible that the roots of the seedlings or the
young plants of these species would exhibit tubercles,
However, attempts to germinate these seeds proved more or
less unsuccessful, Furthernore, seedlings could not be

found growiang in their natural habitat.

8. Pods
a. General characteristics

The results of a study of the pods

of the Marylaend Sennas are showm ia the following table.
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Table No.

4 -~ Comparison of the Pods.

! 1 I T
i 14 § i
Plant EBhape of ' Average size |Average nun- Average no. Aver, [Batio of | Color of
i ‘undehi sced . of ' ber of seg~ 'of pods per  size of [length & A undehis-
i 1pod mature pods ments per pod;  plant segments width of | oced pods
| ‘ } | : segmen ts
! ; ; * fﬁ
l ‘1’ i s 5
| !
: i 8slightly  10.1 om.long i } chocolate
C. Marilandica ; curved :x 7 mm, wide 13,8 .29 ' 6 mm, long| 1l:l¢4 | to almost
g 5 x 7 mm. ! black
| | wide | |
f 806 am,long » & om. long
| G, Medsgeri , curved x 9 mm, wide 16 t 103 x 9 mn, 1:1,1 chocolate
- i ‘ f | wide !
SR s Teewo SIS e Sz 7;1“’1' — == e r-_-fL, — . ! SSSRS: S . TR
f | : | | 4 mm, long ! Yellowlsh |
i Ce chamecristaz straight | 38,3 mm.long 10,2 many ;X B mm, 131,25 | green to |
i [ ' X 5 mm, wide ; | wide J red
: Sz H—‘:{L R RS e = S e x—ﬂL—f-- = ‘i - b e —
| | : *
C. nictitans straight ' 22,7 mm.long ! Beb ' meny j 3,76 mm. | 131,07 | yellowish
: ‘ x 38 m,wide i ; long x | &reen to k
: ; ; 4 m, wide | red :
L i y |

The pods of the four Maryland senna species are shown in Figures 22 to 2B,

6¢



Pig, 22 — G. Marilandica Pods

Pig. 23 — C. MedBgeri Pods
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Pig* 24 -- C. Ohamaecrista Pods

Fig* 25 — C* nictitans pods



Under the heading of “average numher of pods per plant®
in Table No., 4, no definite number is placed opposite C.
Chamsecrista and C., nictitans because of an oversight. HOW=
ever, it can be definitel:; that the majority of these plants
Produce more pods per plant than the two remaining sennas.
I should roughly estimate that the average number of pods
on the C. Chamasecrista and C. nictitans plants would be
about 40, although one exceptionally large C. Chamaecrista
plant showed 220 pods present,

Table No. 4 shows that it is alsoc possible to separate
the Maryland sennas into two groups when the pods are com-

pared in the following ways:

(1) Shape and size of pods

(2) Average number of pods per plant
(3) Average number of segments per pod
(4) Color of pods

(6) Size of the segments

b. Dehiscence of the Pods

1. C. Marilandica pods 9/30/33

The majority of “the pods have dehisced and many are still
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attached to the plants. Although the valves have sep-
arated sufficlently to allow the seeds to escape, neverthe-

less many pods show all the seeds present, The pods of
C . Marilandica may be opened with little effort.

2. C. Medsgeri Pods 9/30/33. At
this time, all the plants showed pods that have not
dehisced. These pods seem to lack the power of dehiscing
and the valves adhere so tightly that, in sevsral cases,

& knife was needed to separate them,

3. C. Chamaecrista Pods 10/1/33.
Numerous pods have dehisced and they are found in their
characteristic twisted fashion, Other pods that have not
dehisced as yet can be opened easily but one must be care=
ful not to lose any seeds as the valves twist in order to
eject them,

4, C. nictitans Pods 10/1/33,
These behave glmost the same as the C, Chamaecrista pods,
However, the valves of the C., nictitans pods twist to a

greater degree,



The following chart shows how the pods may be of
value in recognizing the individual senna species after

the growing season has terminated,

{ Chocolate to almost black, segments
of pods (average 13,8) 1.4 as
wide as long (7mm x 5 mm) --

Large, curved C. rilandi
(valves do
not twist) Chocolate, segments of pods (aver-

age 16) approximately as wide
as long (9 om x 8 mm) --

C. Medsgeri
Mature
Pods
{ Yellowish green to red, segments of
f pods (average 10.2) 1.25 as wide

as long (56 mm x 4 mm) --

iSmll, straight C. Chamaecrista
“Valves twist)

Yellowish green to red, segments of
pods (average 5.6) almost as
wide as long {4 mm x 3,75 mm)-=

C. nigtitans
9. Seeds
The results obtained from a study of

the seeds of the Maryland sennas are shown in the follow=

ing table.
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Table No, b -= Comparison of the Maryland Senna Seeds

Name | Color Shape Average |Average Fully de-  Number of
of . of of Siz of |number of | velop pods ex-
Plant | Seeds Seeds Seeds seeds per | seeds per  amined
pod pod
(average)
C. Mari- | Brown | Fan-shaped 4,3 mm, 13,7 87.6% 30
landica wide x
4,9 mm,
long
C. Meds- | Brown | Elliptical 3 m, 15,6 324 6% 30
geri or wide x
Olive 4,6 mm,
long
C. Chamae-| Black | Somewhat rec-| 2,8 mm, 9.4 | 7.7% 30
crista tangular wide x
4 mm,
long
C. niocti- | Black | Somewhat rec-| 2,5 mm, Bed | T17% 30
tans tangular wide x
303 I, N
long f ‘

Table No, 5 shows that the physical scharacteristics of the

geeds differ sufficiently to warrant the separation of the Marye




land sennas into two groups.

C. Medsgeri shows the smallest yield of mature seeds
and all mature pods of the plant show the presence of many
brown, shrivelled, undeveloped seeds. In this case only
the fully-developed seed is of an olive color and each
flat surface shows a dark green elliptical depression whish
indicates the position and the shape of the enclosed embryo
(Fig, 27), The C. Marilandice seeds also exhibit these
depressions, but in this case the entire testa is of a
uniform brown color (Fig. 26). However, with the C, Cham~
secrista and C. nictitans seeds these characteristic de-

pressions are absent, but the testa instead is pitted.
Furthermore, the pits arrange thamselves in longltudinal rows
which make the unmagnified seeds appear striated or furrowed
(Fig. 28)., By means of these characteristics one, with the
aid of a 10 X hand lens, can separate the Maryland sennas

as shown in the following chart.

Pits arranged in prominent longitudinal rows--
Shiny and C. Chamaocrista.
Black }
(Longitudinal pit rows not quite so prominent--
Maryland C. nictitans,
Senna <
Seeds ! ~
‘ { Seed of olive color, depression dark green-=-
Not shiny, | C. Medsgeri.
Brown or <
\ O1ive / Depression present but entire seed of uniform

_brown c¢olor-~ C. Marilanilca,



26 C. Marilandica Seed Fig, 27 — C, Medsgeri Seed

Fig, 28 — C, Ohamaecrista Seed

NOflg: Seeds Magnified Approximately 25 times.
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Behavior of the Maryland Sennas During the Grow=-

ing Season.

A comparative study of the Maryland sennma plants
was made during the 1933 growing season, The purpose of
this study which extended from the first week in May umtil
the latter part of October was to ascertain whether the
Plants exhibited any important differences which would
point to their separation. In this work first the veg-
etable oycle of each pla;u: is fully described and finally,

a comparison is made of the differences noted.

C, Marilandica. The first evidence that these plants
have started to grow is shown dwring the first week in May,
when young shoots sprout from the underground roots. Grade
ually the plants increase in size and by June 1 they are
about two feet high. About July 1, they have not only
attained a height of 3 or 4 feet, but flower buds have
appeared on several plants. On July 18 the plants were
again exzamined and a few full-grown flowers were first seen,

Gradually the flowers increased in number until the first
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week in August when the height of the flowering season
occurred, However, after this period, the number of
flowers began to decrease and by August 13, all the flow=-
oérs had disappeared. In the meantime pods were being
formed, very small ones appearing for the first time on
July 23, On August 5, the largest pods were about 1/3
natural size, by August 10 they had attained two-thirds
of their natural size and it was not until August 15

that full-grown, green pods could be obtained. From Aug-
ust 15 until the middle of September, very few changes
ocourred in these plantis, the fHhost important being the
increase in the size of the pods, However, by the first
of Odtober approximately one~half of the planis were de=
void of both leaflets and pods, and only the bare yellow
stems remained. The remaining plants still showed pods
which had begun to dehisce and also bore a majority of
yellow leaflets, Nevertheless, in two or three woeks the
plants practically disappeared and only occasionally a
dried stem bearing a cluster of pods at its swmmit was

to be found,



C. Medsgoeri. Thes® plants behaved like those of
C. Marilandica daring the first part of the growing
séason, that 1s, from the first week in May until the
middle of July. In this case, the flower buds were
first seen on July 2, and in about a week they started
Yo open. By July 18, many plants exhibited several
fﬂlm flowers, the greatest number appearing about
July 24. During the latter part of July the number of
flowers gradually decreased until the last flower dis-
appeared on August 2, In this case very small pods
appeared about July 15. However, on July 23, the pods
were 2/3 natural size, and by August 2, many plants
bore pods of natural size. From early August until the
middie of September the only important change was whown
by the pods, most of which had matuwred. During the first
week of October, few yellow leaflets were present and the
plants as a whole, were in a much better condition than
those of C, Marilaniica. In about three wesks, the plants
of C. Medsgeri practically disappeared and only the bare

stems, several of which still bore pods, remained,



C. Chamascrista,. The seeds of these plants start
gorminating the first week in May, and by the latter part
of June seedlings, as well as plants 12 inches high, are
to be found. However, flower buds first appeared on July
17, and within a week the number of flower buds increased
greatly, with several blossoms pressent. On August 2,
seversl plants were nearly 2 feet high, and 211 of them
exhibited various amounts of full-grown flowers, which
continued to increase in number until the middle of
August when the maximum number was produced. As the growe-
ing season progressed the flowers gradually decrsased in
number, and pods in different degree of development occupied
their places. However, all the plants exhibited many flowers
until late in Septembar, On October 1, some plants were de~
void of green leaflets and only the stems bearing the pods
ware seen, Nevertheless, these latter plants were outnumbered
by those having green leaflets and flowers, and quite a few
¢. Chamaecrista plants exhibited flowers and green leaflets
almost until the end of the growing season, about October 15.
The pods were first aeen on August 10 and by August 18 all

the plants exhibited many pods, several of average size,
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Gradually the number of pods increased, and by the middle
of September some of them had dehisced, On October 15 these
Plants were very inconspicuous, a great majority of the pods
had dehisced and the leaflets that remained on the stems
were shrivelled and dark brown., In about a week, plants

had practically disappeared,

C, nictitans, These plants behaved to a great ex-
tent like those of C. Chamascrista, although they are
smaller and produceé full-grown flowers somewhat later,

The seeds of C. nictitans plants start germinating during
the dirst week in May, and by Jund 23 the plants have ate
tained a heigh® of eight lnshes. The first flower buds
were seen on July 19, and about a week later many flower
buds and an occasional blossom were seen, However, by
August 1 a few full-grown flowers were present on several
plants, while the remaining plants showed an Increase only

ir the number of flower buds, The greatest number of

flowers was preduced during the latter part of August, and

flowers were still present on many plants as late as October 1.
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By this time, however, several plants had become brown,
they were devoid of leaflets, and only the pods, the
greater portion which had dehisced, remained, Upon the
whole, the C, nictitans plants were in a better eonti-
tion on Qctober 1 than those of C., Chamsecrista, the
ma jority of the former exhibiting green leaflets, meny
flowers and a few unripe pods. But, by the middle of
October, the C, nlctitans plants changed greatly. All
of the plants turned brown, many leaflets disappeared,
and nearly all the pods had dehisced. Nevertheless,
within a week or ten days, the plants had salmost entire-
ly disappeared. As for the pods, a few very small ones
were seaen on August 15, and they were present until the
end of the growing season. In this case, several pods
of natural size appeared toward the end of August, and
dehiscence was first noted about Septembsr 20,

The most important characteristics shown by each
plant during the growing season are given in the following

table,



Table No. 6. - Comparison of the Maryland Sennas During Their Growing Season (1933)

T ! ! l
E EGrowing ! Pirst  PFirst Height of |Time of Rirst young ; Mature . Growe :
Eﬂame 'Season | Flower |Flowers Flowering |Last Flowers Pods | Pods - ing Sea=~
g ‘E(Start) | Buds . Season ‘ | . son ends
- § i
3 == = =
r ‘ | ! *
‘C. Mari- First July 7 |July 18 | August 4 | August 13 July 23 | August 13! About
‘landica |week in | . . [ 5 { the mid- |
i May i E . dle of Qo
| | | | ‘J
} T :
; | | |
'G. Meds- First | June 29 | July 10 July 24 August 2 iJuly 15 : August 2 {} About
|geri week in | . : : _ P ! the mid-
| sy » | ' dle of Oct
" “ i ! 3
j T ;4
C. Chamae~First | July 17 | July 27 August 15 | Flowers ;gres-& August 10? August 18  About
‘erista iweak in . . , ent until the ! the mid~ |,
ay : ' end of the | | dle of Oct!
‘ ‘ growing sea-| ‘1 !
: son . . !
L i ! ! i
L‘ : ﬂ ﬁ ! :
! {l , 1
~ | ‘ i | | |
C. nie- | | 11
% it:n: f’ :z?:tin July 19 | August 1| August 26 | Plowers pres-| August 15 August 26 | About |
.y = ‘ ent until the| ! | the mid- |
May l‘ end of the | : |dle of Oct
: 1 ; groving sea- | ! | |
; g son ‘ | ;
Y I é ! « o
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From the descriptions and Table No. 6, it is read-
ily seen that,

(1) The Maryland sennas begin growing at approx-
imately the same time,

(2) The roots of C. Marilandica and C. Medageri
are perennials, while those of C. Chamecrista andi C. nic-
titans are annuals,

(3) C. Medsgeri is about a week to tem days
ahead of C, Marilandica in its growth,

{4) A1l the flowers of C. Marilandica and
C. Medsgeri have disappeared by the middle of Auguste The
flowers of C, Chamsecrista and C, nictitans do not disap-
pear during the summer, and many plants bear flowers until
the end of the growing season.

{5) The plants of C. Chamecrista and C. nicti-
tans produce mature flowers and pods about wo weeoks
later than C. Medsgeri and C., Marilandica plants,

(6) The Maryland sennas grow to different heights;
tims C. Marilandica and C. Medsgeri attain a height of about
4% feet, C. Chamaecrista when full grown is about two feet

high, while C. nictitans, the smellest, never exceeds one

foot in height.
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B. Microscopic Studies

This portion of the work includes the study of

various differing characters as the epidermal cells and
the venatlions of petals, the vein islets .of sepals, petals
end stipules, th§ palisade ratio of the leaflets and the
pollen grains. Although the various organs with the ex=
ception of pollen grains were collected from about the
same part of the plante (middle) and were placed in the
chloral hydrate reggent at approximately the same time
(midday), nevertheless it is possible for these char-
acters to fluctuate, as the Maryland senns plants were
not grown under the same biological conditions. That
these conditions are imperative in studying legf anatomy
has been shown previously by various werkers, Zalenski,lv
a5 a result of his work in 1904 on the anatomical differ-
ences in leaves inserted at different levels on the stem,

formilated the "Zalenski law" which states that "the sna-

tomical structure of the individusl leaves of cne and the

same shoot is, sc to speak, a function ¢f their distance

from the root system," Yapp,le in 1912, came to the same

conclusion as Zaleunski, namely that '"the upper leaves of



a plant are more xeromorphic in structure than the lower

19 140

ones." Heuser, * and Rippe alsc confirmed Zalenski's

results. Also it has been shown that leaf structure is
definitely influenced by light, by envircommental moisture
{atmospheric and scil) and by periodic wi.lting‘.zl As a

result, Zalenski, Yapp, Rippel, Alexandrov and many other

investigators have come to the conclusion that “all ln=-
fluences which result in a greatly increased loss of
water by a plant, or a restricted supply of water to the
developing leaves, lead to essentially similar changes of
leaf struoture."

Nevertheless in these microscopical studies, results
have been obtained in many instances which differed suf-

ficiently to be of pharmacognostical value.

1, Sepals
a, Distribution of hairs
The hairs present on the Maryland senna
sepals exhibit characteristics which differ to such a degree
that it 1s possible first to separate the sennas into two

groups and finally intc their four respective species.
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Although both species have only marginal hairs which are
one-celled and papillose (Fig., 29), nevertheless the
distribution of the hairs plays an important role in sep-
arating them., Thus, C. Marilandica always shows hairs
present only along the margin of the upper half of the sepal,
whereas the halrs of C. Medsgeri extend along the entire
periphery of the sepal. During this study, one C. Mari-
landica sepal showed large hairs present on the lower sur-
face, and this wgs the only sepal of the several examined
which did not exhibit the upper and lower epidermises
devoid of hairs,

In the case of C. Champecrista and C. nictitans, the
hairs are distributed differently from those of C. Mari-
landica and C. Medsgeri. Marginal hairs are absent but in
each case multicellular non-pepillose hairs are present on
the lower epidermis in the neighborhood of the midrib (Fig. 30)
Furthermore, the upper epidermis is devoid of hairs as well
as are the apices and the margins of the sepals. However,
hairs may be found occasionally on the lower epidemrmis, a

short distance from the margin, but the majority are found
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along the midrib where they increase scmewhat in number
towards the base of the sepal. It is not difficult to
differentiate between C. Chamaecrista and C., nietitans
sepals, the former exhibiting the larger hairs which are
two- to four-celled, while the lattier possess hairs made
up of from two to eight cells. They are lanceolate
shaped and each sepal possesses an acuminate apex,

The results obtained from the study of the hairs
on the Maryland senna sepals are given in the following

chart,

Hairs restricted to upper half of sepal. Average

length of hairs 147.2 M Largest hair 197,94~
@inutely papil- C. Marilandica.
lose, unicellu-
lar and margin-
al

Hairs along entire periphery of sepal,

Average length of hair 85.2/u Largest hair 149, lid==
? C. Medsgeri,

Hairs 2 to 4 celled, usually 3 celled., Average
length of hairs 554, Largest hair 775,6u-=
Not papillose, C. Chamaecrista,
Hairs in heigh-

borhood of mid-

rib and multi~- ;

cellular

!Hairs 2 to 8 celled, usually 4 celled. Average
\length of hairs 395,75 Largest hair 552,44--
C. nictitans.



Fig. 29 — Marginal Hairs Near Apex of C. Mar-
ilandica Sepal

Fig. 30 — Hairs along Midrib of C. Oha-
maecrista Sepal



b. Stomata of the upper and lower epidermises.

A study of the sepals of Marylend senna flowers
revealed that in every case, the lower and upper epidermises
showed the majority of the stomata in the nefighborhood of
the midrib, The C. Chamaecrista and C. nictitans sepals
differ from those of C. Marilandica and C. Medsgeri, singce
the former show the greatest number of stomata along the
midribs near the apices; the stomata are generally absent
near the margin, although occasionally a stoma may be
found as close as six epidermal cells from the margin; and
further, very few stomata are found at the base of these
sepals. On the contrary, G. Marilandica and C. Medsgerl
sepals exhibit the greatest number of stomata in the cen-
tral portion of the sepal in the neighborhood of the mid-
rid. Also, in the latter plants, very few stomata are
found near the margins and at the bases of the sepals,
Although, in any species, it 1s possible to obtain occa-
sionally a sepal whose upper and lower epidermises show
stomata distributed somewhat uniformly, nevertheless all
species, as a whole, show the majority of the storata re-

striected to the neighborhood of the midrib,



In Table No. 7 the stomata of the sepals are compared.

Table No, 7 - Stomata of the Maryland Semna Se S

AVarage size
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_@%%Ymrb_o'f—_"

T O AVoTage 81ze | or
Species ptomata [Sepals |of guard cells| of guard cells| erdlameter tb shorter
%easured collected (microns) ,U,E, | (microns)L.E. larger. ULEJ dla, to ¢
‘ ] larger L.E.
Cassia : |
Marilandica 200 Midday 20.41 x 26,00 22,54 x 26,60 0,785 tol 0.847 to 1
¢. Meds- S
geri 200 Midday |24.85 x 33,01 26,91 x 33,19 | 0,763 tol 0,78 to 1
C. Chamse- .
erista 300 Midday (13,80 x 20,59 14,2 x 23,43 | 0,672 to 1 (0,607 to 1
C. nicti-
tans 200 Midday {14.33 x 18,1 14,58 x 20,94 | 0.79 to 1 0,696 to 1
Conelusions:

(1) The stomata of C. Medsgeri and C. Marilandica sepals are

larger than those of C., Chamaecrista and C . nictitans.

(2) The foregoing is a significant characteristic in identify-

ing the Maryland sennas.

¢. Neighboring cells,

The number of neighboring cells which accom~



Panied each stoma were studied, and the results are

given in Table No, 8.

Table No. 8 =« Comparison of the Neighboring

Cells (N.C.)

Number of
Species stoma ta 2 N.C, 3 N.C. 4 N.C, 5 N.C.
examined
C. Marilandica 100 56 32 12
C. Medsgeri 150 89 43 14 4
C. Chamaecrista 200 200
C. nictitans 200 174 23 3

From this table it may be concluded that:
(1) It is possible to separate the four species

into two main groups, as C. Marilandica and C. Medsgeri

sepals show a greater number of stomata accompanied by three

and four neighbering cells,
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d. Bpldermal ocells,

The larger epidermal cells appeared on
C. Medsgeri and C, Marilandica sepals, The cells which
comprised the upper epidermis of the former sepal were
the largest of those studied. Both species showed the
upper eplidermal cells 1larger then those on the lower epider-
mis, and in the case of C, Marilandioa the upper epidemmal
cells were also slightly more undulate, (Pigs. 31-34 )

The upper epidermal cells of C. nictitans
sepals were the smallest studied and appear very undulate
(Fig. 37); while the lower epidermal cells show very little
sinuousity and are somewhat larger. (Fig. 38). The C, Cha-
maecrista sepal can be recognized by the fact that it has
epidermal cells larger than those present on C. nictitans
sepals, and alsc by the undulate upper epidermal cells, Both
epidermises of C. Chamaecrista sepals exhibit epidermal ¢ells
whigh differ slightly in size. (FPigs. 35, 36)

The following chart shows the sepals can be

differentiated by their epidermsl cells,



!‘f‘mrge“ cells, cells with undulate outlines
! absent -- C. Medsgeri sepal,

e

(Targe’

Cells smaller than those of C. Medsgeri
(14.4-31.9,4 wide x 24.8-56,84 long)
slightly undulate, especially the upper
epidermal cells -- C. Marilandicas sepal.

r

Epidermal Cellsg
of Sepals ‘

e
/Cells larger than those of C. nictitans
(12,43-24.8 .« wide x 35,5-92,3 4 long) ;
upper epidermsl cells somewhat undulate --
C. Chamaecrista sepal.

Small.:l,\/ij
| Smallest cells (12,4~21,3,4 Wide X 3le9~67.4 M

long); upper epidermal cells greatly un-
dulate -= C. nictitans sepal.

é. Vein islet number of sepals,
By means of the vein islets(page 66 ), it
is posgible to separate the sepals into itwo groups. Tabls

No. 9 gives the results obtained in this study.
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Table No., 9, == Vein Islet Numbers of Sepals
Species Vein islet number Remarks
== — 1
C. Medsgeri 8e5
C. Marilandica 8.0
C. Champecrista 11.5
C. nictitans ( Vein islet number undetermined.
; Under low power, sepal was too
narrow to cover the entire field.

Figures 39 -- 42 show the vein islets of the sepals.
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Fig. 31 — Upper Epidermis of C. Marilandica Sepal

Fig# 32 — Lower Epidermis of C. Marilandica Sepal



Fig. 33 — Upper Epidermis of C. Medsgeri Sepal

Fig®* 34 — Lower Epidermis of C. Medsgeri Sepal



Pig. 35 — Upper Epidermis of 0. Chamaecrista Sepal

Pig. 36 — Lower Epidermis of C. Chamaecrista Sepal



Pig. 37 — Upper Epi&ennis of C. nictitans Sepal

i @

m
m

pig. 38 — Lower Epidermis of (# niotitans Sepal



Pig, 39 — Vein Islets of C, Marilandica Sepal

Pig. 40 — Vein Islets of 0. Medsgeri Sepal;



Fig. 41 — Vein Islets of C. Chamaeorista Sepal

Fig. 42 — Vein Islets of C. niotitans Sepal
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2, Corollas
a. Preparation.
During the summer I picked flowers
from the various plants and placed them immediately in a
strong solution of chloral hydrate {5-2). The specimens
remained in this clearing agent at room temperzture for
about five months, and at this time the petals were cleared
80 well that a comparative study could be made. The petals
were separated from the flowers and were mounted on a slide
in a few drops of the clearing solution. Finally a cover slip
was applied and the specimen was examined under the micro-

scope at a magnification of 450,

b, Epidermal cells
An exanination of the petals revealed
that all petals showed epidermal cells with undulate outlines
for the most part. Also, the size of the epidermal cells is
practically of no diagnostic value in the case of C. Mariland-
ica, C. Medsgeri and C. Cheamaecrista as is shown in the fol=-

lowing table. (Figs. 43 - 45)



Table No.10 Epidermal Cells of Maryland Senna Flowers.

Species ! Width of Lr Lea@th of 1
__ Kpidermal Ceils _—

0. Marilandioa 26463 to 42.6 microns 35,5 to 71 microns

C. Medsgeri 2143 +¢0 35.5 microns 35.5 to 60.4 microns
{ C. Chamaecrista | 21,3 to 32 microns 30.18 to B8l microns
C. nictitans 12,43 to 28,4 microns 28.4 to 49,7 microns

On the other hand, it is possibls that the epidermal cells
of C., nictitans petals can be recognized by their smaller size.
(Pig. 46).

¢, Marginal venations.
If the venations of the Maryland senna
petals are studied, the veins appear to leave the midrid in a
somewhat pinnate fashion, and after traversing the petals they

usually form terminal branches a short distance from the margin,
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This tendency to produce terminal branches is most pro-
nownced at and near the apices of the petals.

An examination of the apices of the
petals (Figs. 47 --50 ) shows $hat the terminal branches of
the veinlets near the margims differ suffickbntly in size
to be employed in the identification of each petal. C.
Marilandica and C. Medsgeri petals show th® medium~gized
terminal branches; the C. Marilandica petal may be differ-
entlated from that of C. Medsgerl, as the former exhibits
the smaller-sized terminal endings. €. Chamaecrista petal,
on the’other hand, has terminal branches of veinlets which
are long and narrow and the largest of all, The C., nictitans
potal is characteristic in that many smell terminal branches
are present near the margin.

The following chart shows how the fowr

petals may be differentiated.



—

Terminal branches 237,4 U~ 775,64 ==

(’Med.’mm C. Marilandica.
Terminal branches 3954 - 13804 -
C, Medsgeri
Terminal s
branches Large Terminal branches long (601,54~ 2137/ )
of vein- and parrow -- O, Chamaecrista petal
lats

{ Small { Terminal branches 158.3/4 - ('512..4/{ ——
C, nictitans,




i @

Fig. 43 — Epidermal Cells of
0. Marilandica Fetal

g»l»s

Fig. 45 — Epidermal Cells of
C. Chamaecrista Petal !

m

a8 S S

Fig. 44 — Epidermal Cells of
C. Medsgeri Petal

Fig. 46 — Epidermal Cells of
C. niotitans Petal
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Fig. 47 — 0. Marilandica Fetal (Apex)

Fig* 48 — 0. Medsgeri Petal (Apex)



Fig, 49 — C, Ohawaecrista Petal (Apex)

Fig* 50 C, niotitans Petal (Apex)
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3. Pollen

A study was made of the pollan grains to
determine whether they differed sufficiently in their
physical characteristics to he of any value in the iden-
tification of the four senna species. An examination of
the four pollens revealed that they were similar in that
all of the grains were elliptical and practically of
same size; and each grain is divided into two almost-
equal portions by a pronounced longitudinal ridge as the

result of tetrad division. (Fig. 51)

Fig. 51 — Air-Dried Pollen of C, Chamecrista



The average sizes of the pollen grains are given in

Table No., 11,

Table No, 11 -- Pollen Grains

Number of Average size of pollen! Ratio of width
Pollen pollen grains | grains in microns to length
examined Width Length
C. Medsgeri 50 25,66 39,42 1:1,497
C. Marilandica | 50 24,41 40,22 1:1,647
c. Chamaecristag 50 21,64 39, 94 1:1.846
C. nictitans 50 22,84 F,03 131,62
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4, Vein Islets

Zufall and Burla.gezz state: "If one
traces the vein of a leaf as it dwindles in size, he finds
that it becomes too small to be seen with the naked eye
and finally as he views it under the microscope he finds
that it is composed of only one or two vessels which con=
nect with similar branches of other veins."” For the
minute leaf area included within the meshes of the veinlets

Benedi etz S

coined the term "“vein islet."

Za.]'.enski'?"L was the first to show that a
mathematical relationship existed between venastion and
leaf surfaces, and from his work he concluded thst: "In
different plants, grown under exactly the same biological
eonditions, the total length of veinlets per unit area of
leaf surface is a comstant which shows only the slightest
variation, This figure bears no relation to the system-
atic position of the plant." Shusterzs, in 1908, pubblished
a pepoer in which he confivmed Zalenski's work., Later

Benedict in comparing many leaves used the area of the

vein islet instead of Zalemski's method, in which "the com-



bined length of the veins in 1 square millimetre of leaf
surface" was measured. Benedict used an enlarging cam-
era t0 photograph leaves at an enlargement of threes diam-
eters and counted the number of vein islets, Ensign26’27
reviewed Benedict's work and found it inaccurate because
the chlorophyll in uncleared leaves hides from 17 to 62
per cent of the vein islets, As a result, Ensign made
the following conclusion: "The above data show that any
study of leaf venation mgde from uncleared leaves is
wholly unreliable. The varying thickmess amd chlorophyll
content of leaves rénder many of the smaller veinlets
entirely invisible," Benedict alsc showed that the venas=
tions of leaves obtainsd from young and o0ld plants of
the same species differed, and concluded that "while the
size of the vein islets always diminished with age, the
actual size of the islets at any age was a specific char-
acter, relatively constant in each specles,” However,
Ensign'studied the vein isiets of cleared lesaves of
grape and grape fruit and showed Benedioct's methods and
28

results to be inaccurate and unreliable., Levin, in

1929, made a thorpugh study of several species of drugs
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belonging to the Barosma, Cassia, Erythroxylon and Digitalis
genera in order to determine the pharmacognostical value of
the vein islet arsas in distinguishing between drugs of
closely related species., In 1932, Zufall and Burla.g'ez2
published their work, in which vein islets were employed
to differentiate between the leaves of Atropa Belladonna
and Fhytolacca decandra; Stramonium and Hyoscyamus; and

Mentha piperita and Mentha spicata.

Method of Determining the Qverage Area of the Vein Islets.

Loevin used a modification of Ensign's method to cal-
culate the average vein islet area. lLevin's method was as
follows: ™At a definite magnification the image of the
leaf was projected by means of a series of prisms on to &
horizontally placed sheet of paper, upon which a rectangu-
lar area representing 4 square millimetres of leaf surface
had been traced. The islets which fell within this area
were counted, and from thisc figure the average area of one
islet was determined," Levin also found that "the results

obtained show thaet the welin islets are most constant in the



central portion of the lamina, excluding the regions near
the midrib and margin." He stated further that "all the
counts recorded, therefore were made in the central por-
tion of the lamina, excluding the midrib and margin,"
Zufall and Burlage used the method of Levin in g
modified fomm to determine the average area of the vein
islet, Their method is: "Two pleces of the leaf were
obtained in the following way: Each end of the leaf was
cut off at a point one~fourth of the distance from tip
to base and discarded; the plece left was cut down the
midrib and from each side & pisce was obtained by cutting
away one-fourth of the outer edge and one-fourth next to
the midrib, These areas were used because in them the
vein islets were found to be more nearly uaiform in sigze,
The véin islets next to the midrib are larger than in the
other regions, while in the margins of some leaves no
voin islets are found." They determined the vein islet
area by this method: "The area of the velin islet may be
determined by counting the number of vein islets within
the field of the 16 mm, objective. The number of vein

jslets in the field divided by the area of the field in

85



millimetres gives the area of the vein islet."

The Maryland and the officlal senna leaflets showed
veln islets arranged according to the way Levin described
Previously and, as a result, only the vein islets in the
central portion of each leaflet were examined, Since the
1eafléts were of such size that they could be studied
conveniently under the microscope, a modificafion of the
Zufgll-Burlage method was used to determine the vein islet
areas. In each case the leaflet was removed from the
clearing solution and mounted on a slide in glycerin.
Then, by means of a mechanical stage, a field was obtained
which represented the mid-points between the apex and the
base, and the midrib and the margin of the leaflet, respec-
tively. In this method, only two determinations were made
on each C ., Marilandica and C, Medageri leaflet. The two
positions are shown by the small crosses in Figure 7.

With C. Marilsndica and C, Medsgeri it is possible to make
two determinations on each leaflet as, in each casse, the
midrid divides the leaflet into two portions which exhibit
approximately the same size and physical characteristics,

However, the C, Chamaecrista and C. nictitans leaflets show

8¢



the midrib dividing each leaflet into two portions of
unequal size, Therefore, in these leaflets, the vein
islet areas were determined only on the larger portion
and as a result, each leaflet gave rise to one determin-
ation (Figure 9). The average areas of the veln islets

0of the senna leaflets are given in Table 12,

Vein islet numbers,

Levin was the first to use the term "vein islet nuwm-
ber" to represent " the number of veln isiets per square
millimetre." Ievin's method for cbtaining the veln islet
number has been given, Zufall and Burlage obtained their
vein islet number by using “a microscope whose 16 mm,
objective gave a field whose area was 2.0l square milli=~
metres." They further stated that this field was ap~
proximately 2 square millimetres in area. In this method
it is necessary only to determine the average number of
vein islets per fisld, as "this number divided by 2 {the
area of our field was & square millimetres) gives the

purber of vein islats per squre millimetre or the "vein-

islat nuwmber."
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The vein islet numhers of the six senna leaflets were

determined by a modification of the Zufall-Burlage method

(page 86}

The following table gives the results obtained in the

study of the vein isiets of the official and the Maryland

sonns leaflets,

Table No, 12 =~~ Vein Islet Numbers

Nurmber Average Vein Vein Islet Average Vein| Type of Vein
of leaf-! Islet Area in numbers Islet numbser Islets
Specie lets ex- sq. mm,
amined
C. Senna 14 04 035 26 - 31 2843 Definite
C.angus- 10 0, 047 19 -~ 23,5 21.5 Definite
tifolia
C. Meds- 15 0.111 6 - 13 9,0 ! Definite
geri :
C. Mari- 15 0,045 20 = 25 22,25 Definite |
landica ;
e i e e et e et et — ——— B S __..4
C, Chanmn= 12 0,036 24 - 32 2%.5 ﬂ Reduced
aecrista '
IS U e i e e e TR - e S — . _A_v,? e el
C. nicti-| 14 0,056 15,5 - 23 18,1 | Redused
tans !
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Table No, 12 shows:

(1) A study of the vein islet numbers of the officlal senna

(2)

(3)

leaflets showed results very similar to those given by
Levin, Levin's statement that “the vein islet nuubers
for C. aocutifolia and C. angustifolia provide a char-
acter by which these two types of sennas can be ac-

curately and easily distinguished" was cheoked and

found true,

Making use of the average vein islest¢ area, one can
differentiate C, Marilendica from C, Medsgeri, and
C. nietitans from C., Chanmeecrista.

It is possible to separate the Maryliand sennas into
their respective specisas by means of the vein islet

numbers,

Phe veln islets of the official and the Maryland

senna leaflets are shown in Figures 52 to 57.



Fig, 52 — Vein Islets of Cassia Senna Leaflet

Fig, 53 — Vein Islets of C, angastifolia Leaflet

920



Fig. 54 — Vein Islets of C. Marilaudios Leaflet

Fig. 55 — Vein Islets of C. Medsgeri Leaflet



Pig. 56 — Yein Islets of C. Chamaecrista Leaflet

1
m

m

Pig. 57 — Yein Islets of C. niotitans Leaflet
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B, Palisade Ratio

Z8rnlg snd Weiss in their anatomicel
study of the lsaves of certain composite plants found that
the average number of palisade cells beneath an upper
epidemal cell was of diagnostic value. They also stated
that the ratio of the number of palisade cells included
within the area of any upper epidermal c¢ell remained
almost constant. Wallis and Dewar“® later made a thorough
study of the comparative anatomy of leaves belonging to
several species of Barosma, and they also concluded “that
variation in the palisads ratio is independent of the pos=-
ition on the leaf,” Furthermore, they first used the term
"palisade ratio," stating in their paper that "the total
number of palisade cells beneath four upper epidermal cells
-------- when divided by fows, gave she recorded figure far the
'palisade ratio', this being the term which we have adopted
to express the average number of palisade cells bensath an
upper epidermal cell,”

In this work, the mlisade ratio was cbtained
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by examining various upper epidermal cells regardless of
their positions on the leaflets., The term “palisade ratio"
as uvsed in this work differs somewhat from the definition
glven previously before by Wallis and Dewar. Only one
epidermal cell was studied instead of four, and the num-
ber of palisade cells under any individusl epidermal cell
was determined, All determinations were made on cells which
wore separated by at least two epidermal cells; never on
adjscent cells, Throughout this work the term will there~
fore designate the average number of palisade cells, both
entire and fractions thereof, that are included bensath an
upper or lower epidermmal cell, as the case may be, For
example, the number of palisade cells beneath the epidermal
eell A, in Pigure 67was determined to be 20.

The palisade ratios of =ix senna leaflets were
studied; namely, those of C. Senna, C. angustifolia and the
four Maryland sennas, (Figs. 58--63 ), Since fhe offieial
senng. leaflets exhibit the palisade tissue adjacent to
both the upper and lower epidermmises, it was therefore
necessary to determine the palisade ratios for the upper

and lower epidermal cells of these leaflets.



The results obtained from this study are as Follows:

Table No., 13 -- Palisade Ratio
! Number of | Range of Diameter of
Species |, Source of Leaflets [leaflets determina~ Palisade Paligade
! pxamined | tions made; Ratio Cells,
iLeaflets ob |
tained UPPER E
Cassia Efrom stock and .R PIDERMIS
Senna ‘Placed in a satu=- 5 - 23 Tel = 15,97
irated solution of average 12,4 | average 1ll,4
ichloral hydrate
'(5-2) and boiled LOWER EPIDERMIS
until cleared. 3 -13 B - 24,85
gveragze 7,1 | gverage 14,48
UPPER EPIDERMIS
Cassia b =« 17 Tel =~ 28le3
angusti- " average 10,0 | average 13
folia
LOWER EPIDERMIS
3 - 12 71l - 19,563
average 7,0 | average 13,1
Fresh leaflets gath-
Cassia ered August, 1933 and 6 - 14 869 -~ 19,53
Medsgeri [Placed immediately in average 9.1 average 13,3
a saturated solution
of chloral hydrate wm-
til November, 1933.
Fresh leaflets gath-
ered August, 1933 and
Cassia iplaced immediately in
Mari- saturated solution 6 - 13 Be9 - 17.75
landica {of chdoral hydrate un-— average 8.1 | average 12
til November 1933,
eaflets collected
Sept. 1933 and dried
Cassia 54 room temperature, 12 - 23 6s2 =16
Chamae- lzngy were cleared in  Average 18.4| average 10,3
crista ﬁchloral-—phemol by ; c
fbo 111ng | §
| | ?
Cassia | " | 10 - 16 L 7.1 =151
nictitans :1 | evorage 9.9

ﬁaverage 12,5




From Table No. 13 it may be concluded that:

(1) In the official senna leaflets, the upper
epidermis in each case is easily differentiated from the
lower epidermis; it is impossible to differentiate be-
tween the lower epidermises of the official senns leaf-
lets; and finally, it is possible to identify each species
of the official senna leaflets by means of the palisade
ratios of the upper epidermises,

{2) The Maryland sennas can be separated into
two groups ~ C. Marilandica, C. Medsgeri; and C. Chamae-
crista, C. nictitans.

(3) It is possible to differentiate between
C. Chamaecrists and C, nictitans leaflets, as the former
shows a larger palisade ratio, Furthermore, C., nictitans
has the smallest palisade cells,

(4) The official senna leaflets show two rows
of palisade tissue present. The Marylend semna leaflets
have only one row of palisade tissue which is adjacent

to the upper epidermis.
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Pig. 58 — Palisade Cells of
Cassia Senna Leaflet
(Upper Epidermis)

Pig. 60 — Palisade Cells
of C. Medsgeri Leaflet

Pig. 62 — Palisade Cells
C. Chamaeorista Leaflet
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Pig* 59 — Palisade Cells of
Cassia angustifolia Leaflet
(Lower Epidermis)

npPsiil

Pig. 61 — Palisade Cells of
C. Marilandica Leaflet

Pig. 63 — Palisade Cells
C. niotitans Leaflet
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6. Stipules

a. Distribution of hairs

Although the stipules of the Maryland
sennas show thelr upper and lower epidermises dewoid of
trichomes; nevertheless, marginal hairs are always pres-
ent, C. Marilandica stipules have marginal hairs that
are straight or slightly curved and distributed rather
unifomly along both margins from the base to the apex
of the stipule, Again, the hairs are very long, and
many of them oocur approximately at right angles to the
margins (Fig. 64). C. Medsgeri stipules, on the cther
hand, often exhibit curved margingl hairs whose aplces
point towards the midrib of the stipule (Fig.65). In
this case the hairs are arranged irregularly along the
margins and usually one margin shows itself almost
devoid of trichomes, However, with C. Chamaecrista and
C. nictitans stipules the hairs are distributed umiformly
along both marginsg from a point just ’below the apex to

the base (Fig.66). The smallest hairs occur near the



apex of the stipule and gradually incresase in length,
sO0 that the largest are found at the base,
The stipules of C. Marilandica and
C. Medsgeri have unicellulsr and minutely papillose
marginal hairs, whereas the two remaining stipuies
- always show multicellular hairs which are not papiliose,
or only slightly so.
The characteristics exhibited by the
marginal hairs of the stipules gre given in the follow-
~ ing chart.
/ Hairs usually straight and at right
' angles to margins., Uniformly digm-
\ tributed along both margins. Average

size of hairs 761.4 A , largest hair

‘,’l
Hairs large, uni- t’ 1100 A{ == C, Marilandica.

/
nd Y .
czllj;ii; Ze.‘pil- \1 Hairs occasiocnally curved, with their
lgse | tips pointing towards the midrib, Not
i ; unifoymly distributed along both mar-

kgins. Average size of hairs 225, ,

f o R
Marginal trichomes/ largest hair 319.5,4 long --C.Medsgeri,

of Maryland senna

stipules j B
!

i (Hairs 2 to 4 celled, usually 2 celled,

i iAverage size of hairs 149.8..( , larg-

'Hairs swmell, mul- j @8t hair 195.3, -- G, Chamascrista.

 ticellular, not

papillose, or 3Ha.irs 2 to 4 celled, usually 3 celled.

‘alightly SO j Average size of hairs 124,7.4 , largest

\ | hair 177,54 == C. nictitans.
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Pig* 64 — Marginal Hairs of Pig. 65 — Marginal Hairs of
C. Marilandioa Stipule C. Medsgeri Stipule

Pig* 66 — Marginal Hairs of C.Chamaecrista Stipule
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This chart shows that it is possible by
means of the trichomes present on the stipules to separate the
Maryland sennas into two groups (C. Marilandice, C. Meds~
gerl and C. Chamaecrista, G, nictitans) and further to

separate them into, and to identify, the respective species,

b. Stomata of the upper and lower epidemmises,

The upper and lower epidomrmises of the
stipules exhiblt characteristics which differ to such an
extent that the species may be separated either into the
two groups previously mentioned, or finally into their
individual species, For example, the stomata on the up-
per and lower epidermises of C. Chamaecrista and C, nic-
titans stipules are distributed almost unifomly (PFigs,71-74)
whereas the stipules of C. Marilandica anmd C. Medsgeri
have stomata on the upper spidermises restricted to the
neighborhood of the midrib; the lower epidermises have
the stomata distributed more uniformly (Figs.67-70).

The results obtained from a study of the

stomata of the stipules are given in the following table,



Table No, 14 -- Comparison of the Stomata of the
Maryland Senna Stipules

102

! | lAverage size lAverage size [Ratlo of [Matioof
Species Stomata ! Stomata of guard cells of guard | shorter |shorter
per sq.mm.ﬁ per sqemm,.|(microns) ' cells (mic-:diam, to |diam, to
{U.E. i L.E, Uy B —rons LoE, | larger UL, larger LB, |
C. Marilandica | --= | 80,63 23.61 x 25.88 .. | .704 to 1| 758 to 1
33.55 T §5)
C. Medsgeri ——— 76 168,99 x 20,94 x 673 to 1} ,72 to 1
28,20 29,09
C. Chamaecrista)] 131,65 165,53 17,40 x 17.57 x «86 to 1 x o846 to 1
20,23 20477 !
C. nictitans 93,9 100,67 16,69 x 16,93 x 787 to 1 |,829 to 1
19,95 2041

Since stomata are not distributed unifommly

upon the upper epidermises of C. Marilandica and C . Medsgeri

stipules, thersfore the number of stomata per square milli-

metre for these surfaces was not incliwvded in Table 14,

Nevertheless, in both stipules, twenty guardi cells on the upper

apidermis were measured and the results appear in the fouwrth

colurm,
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An examination of Table No, 14 shows that:
(1) The senna species can be separated
into two groups since the stomata are distributed differ-

ently upon the epidermises of the stipules.

{2) The largest stomata are found on
the C. Marilandica stipules, the smallest on C. nictitans

stipules,

(3} In all species, the smaller

stomata are found upon the upper epidemmis of the stipule,

Throughout the study of the sepals and
stipules the terms upper epidermis and lower epidermis
were used to designate the adaxil and abaxil surfaces,

respectively,

¢. Epidermal cells,

The results obtained from a study of the
epidermal cells of the stipules are shown in the following

chart.



( Largest cells -~ C, Medsgeri stipule.
/ Large |

i (Cell wall <
not undulate, | Cells smaller then C. Medsgeri, often
}or sllghtly appearing somewhat squaere-like ~=

Epidermal cells C. Marilandica stipuls.

of Maryland
senng, stipules

Outline of cell very undulate, stomata
accompanied by 2 to 4 neighboring cells--

Small C. nictitans stipule,
{Cell wall
\(undulate) Outline of c¢ell not so undulate, all stom=

ata accompanied by two neighboring cells—=-
C. Chameecrista stipule.

During this study, stomata with from two to
five neighboring cells were found on the epidermises of
C. Marilandica and C. Medsgeri stipules. Thus, the neighboring
calls can also play an important role in the identification of

the spidermises,
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Pig, 67 -* Upper Epidermis of C. Marilandiea Stipule
(near midrib)

Pig, 68 — Lower Epidermis of C. Marilandioa Stipule
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Fig, 69 — Upper Epidermis of C. Medsgeri Stipule
(near margin)

Fig* 70 Lower Epidemis of C. Medsgeri Stipule



Pig, 71 «e< Upper Epidermis of C. Chamaecrista Stipule

Pig, 72 —» lower Epidermis of C, Chamaecrista Stipule
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Pig. 73 — Upper Epidermis of Fig. 74 — Lower Epidermis of
C. nictitans Stipule C. niotitans Stipule
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Summary of the characters examined upon which the separation of the

Maryland sennas into two groups is based.

A, Genotical characters (stable, not subject tc ecological modificatims)

C. Marilandica and C. Chamaecrista and
C. Medsgeri C. nictitans

1, Pods do not twist in dehiscing. 1. Pods twist in dehiscing.

2. Pods large and curved, 2. Pods small and straight.

J« Greater number of segments and 3. Smaller number of segments and
seeds per pod. seeds per pod.

4. Flower buds in short axillary 4, Flower buds in small clusters
racemes at the top of the plants. above the axils and occasionally
Large, elliptical buds, in the axils, Small, conical buds,

5, Larger seeds, Seeds brown or 5, Smaller seeds, Sesds black,
olive, not shiny and elliptical shiny and rectangular,
or fan~shaped.

6. Testa exhibits large depressions 6, Testa is pitted, gnd pits are ar-
which correspond to the position ranged in longitudinal rows. No
of the embryo. large depressions present,

7. Perennial herbs. Roots peremnial, 7. Annnals, Roots annual, smooth,
rough, almost bdlack and knotty. reddish~brown and pliable,

8, Terminal branches of veinlets 8, Terminal branches of veinlets
anastomose near the margians of end abruptly near the margins.
leaflets. Veinlets do not anastomose,

9, Leaflets divided into two nearly 9, Midrib divides leaflets into
equal parts by the midrib two unegual portions.

10, Plants show one main stem, 10, Plants branch close to base,

11, Large, conical or club-shgped 11, Small, cup-shaped glands,
glands,

12, Glands not distributed uniformly 312, Glands distributed rather uni-

on the petioles.

formly on the pstioles,



13.

14,

15,

16.

17.

18.

19,

20.

Stipules green and of spatulate or
lanceolate shape.

Sepals elliptical with broad,
well-rounded apicas,
Hairs of large size present

along the margins of the legflets,

Marginal hairs of stipules large,
unisellular and minutely papillose.

Sepals exhibit marginal hairs which
are minutely papillose and unicellu-~
lar.

Mucrons of the leaflets taper only

Mucrons of stipules terminate in
short, acute points,

Largoe leaflets,

13.

14,

15,

16,

17.

i8.

19,

20,
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Stipules of triangular shape.
They are green with red margins
and tips.

Sepals lanceolate, with acumin-
ate apices,

Hairs absent from the margins of
the lsaflets, Margins microscop-
ically serrate,

Marginal hairs of stipules small,
multicellular and not papillose,
cr slightly so.

Hairs are found only in the neigh=
borhood of the midrib of the sepal,
Hairs are not papillose and are
multicellular.

Mucrons of leaflets taper to a
sharp, slender pointe.

Mucrons of stipules terminate by
gradually-tapering sharp points.

Small leaflets.



B. Ecological characters. (subjeect to ecological modifications),

C. Marilandica and
C. Medsgeri

C. Chamgecrista and
C. nictitans

1.

2,

Se

4,

5

T

8o

10.

1i.

Plants found in rich, damp 1.
soil,
Flower buds appear the first 2,

weak ia July.

Full=grown flowers produced e
about the middle of July,

Flowers lose their sepals, 4,
petals and stamens about
August 13 and August 2,

respectively,

Plants about four feet high, 5.
Smaller number of pods per 6.
plant,

Stomata absent from the upver Te

surfaces of the leaflets,
Stomata large and elliptical,

Stomata not distributed wai- Be
formly upon the upper epider-

mises of the stipulss, OStom-

ata large and elliptical.

Leaflets have smaller palisade 9.
ratios.

Stipules havs large apilermal 10.
cells,

Large, slightly curved hairs 11,
present on the stemse

Plants grow in dry, sandy soil,

Flower buds appear about the mid-
dle of Julyo

Full-grown flowers produced
about August 1,

About one-half of the plants
exhibited flowers until the
end of the growing season.

Plants are from one to two feet
in height,

Many pods per plant,

Both leaflet surfaces show stom-
ata present. OStomata small and
tend to be circular.

Stomata distributed rather uniform-

ly upon both surfaces of the
stipuies. Stomata small and some=
what circular,

Leaflets have larger palisade
ratlose.

Stipules have small epidermal eells,

Stems exhibit smsll, curved or
coiled hairs.
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12,

13,

14,

15,

16a

17.

18,

Petioles large and green,

Average dlameter of stems 5 mm.
Fractured stems show their pith

to be either a light or desp orchid
color,

Glands always green,

Pods varying in color from choco-
late to black,

At the end of the growing season
the glands are brittle and many

are missing on the petioles,

Stems green throughout the grow-
ing season.

12,
13.

14,

18.
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Petioles small, red or tinted red.
Average dlameter of stems 1.5 mm,
Fractured stems always show white
or cream colored pith.

Glands dark red, or green tinted
rad,

Yellowish green or red pods.

Glands always present on the
petioles,

Stems not green throughout ths
growing season.



ViI. Identification of the Powdered Maryland Sennas leaflets.

If an occasion should arise whereby it would
be necessary to identify the powdered Maryland sennas,
especially a mixture of all the species, there are sev-
eral ways in which this could be accomplished,

However, befcre the examination could be made,
several important steps are necessary in the preparation
of the powders tc be examined. PFirst, if possible, a
no, 20 or a no. 40 powder should be used in order that
the fragments would be of sufficient size to show all,
or a majority of the characteristics of each plant; and
second, the specimens shcould be cleared by treating
them with chloral hydrate (5-2), or scme cther such clear-
ing agent as chloral phenol, lactic acid, or nitric acid.
Finglly, after clearing, the powder should be mounted on
a slide either in the clearing agent used previously or
in glycarin, a cover slip applied and the specimen examined
uader the micrescopes

Hven if the powdered specimen to be examined
3 agneist of a mixture of the four senna plants, there

would bs sufficient number of characteristics of each
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plant present so that each species could be easily identified,
For simplicity, each organ of the semna plants will be dis-~
cussed under a separate heading, and the methcds for the iden-
tification of each species will be given. In the following
identification key, only the surface characteristics are

employed to differentiate the four species,

Koy for the identification of the powdered official and Mary-
land senna leaflets,

1, Marging,
a. Serrated.

11. Average size of serrations--81,3 long -~
C. Chamaecrista.

21. Average size of serretions-w64.44long --
C. nictitans.

(Note: C. nictitans leaflet usually has
one margin serrated only about 1/5

of the distance from the base to
the apex. )

b. Not serrated.
11. Only large hairs always present.
al. Marginal hairs up to 953/14 in length
and almost perpendicular to¢ the mar-

ging ~- C, Marilandica.
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1
b « Margingl hairs up to 5674 in length

and parallel to the margin -- C. Meds-
gori.

21. Only small hairs present. Hairs point towards

the apex.

al. Hairs up to B2 44 in length -- C., angust-
ifolia.

bt. Hairs slightly smeller then {al}, --
C. Senna.

20 Apioes.

a. Tapering slightly

11. Mucrons about three times as long as wide
C. Marilandica,

21. Mucreons about twice as long as wide -- C., Meds~
geri,
b. Apices tapering to a sharp, slender point.

11, Apices about three times as long as wide -
' C., nictitans,

21,. Apicees about twice ag long ss wide -~ C, Cha-

maecrista,

¢. Apices from 1 to 13 as long as wide, usually as
long as wide and of ball or ccnical shape.

11. Apices usually devoid cf halrs --C.,angustifclia.

21. Apices usually shcwing hairs present --C,Senna,



3. Petiolules,

a. Large.
11. Petiolules rarely without hairs, hairs
numerous -~ C, Medsgeri,
2.1. Petiolules occasionally with hairs,

hairs not so numerous -- C, Marilandica,

b. Medium,
11. Hairs numerous on petiolules and along
| outline of petiolules - C. Senna,
2.1. Hairs not so numerous on petiolules and
along outline of petiolules ~- C, angusti-
folia,
¢, Small,

11. Either C. nictitans or C. Chamaecrista.

4, Epidermal hairs.
a. Epidermal hairs are absent in all Maryland senna

leaflets.

b. Epidermal hairs present in the officlal senna

leaflats. {50 - 250 « long).
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1
1. C. angustifolia.
1
a « Upper epidemis -- average nun-
ber of hairs per field -- ,06.
bl. Lower epidermis -~ average num-
ber of haire per field -~ 1,83
1
2. C, Senna

a.l. Upper epidemis -- average num-

ber of hairs per field -~ 1,72
vl. Lower epidermis ~-gverage num-

ber of hairs per field -~ 12.1

5. Palisade ratio.
a. C. Marilandica -=- 8,1
b. C. Medsgeri -« %1
¢. C. Chamaecrista ~ 18.4
d. C. nictitans —--- 12,5

e, C, Senng = ==--~ Upper epidermis -=- 12,4
Lower epidemis -- 74l

f. C, angustifolia - Upper epidermis ~- 10,0
Lower epidermis -« 7.0



6, Vein islet number

a.

C.
d.

e,

C.
C.

C.

Marilandica =~
Modsgeri  ——-—=
Chamecrista --~
nictitans -—----m
Senna —

angustifclia —--
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22,25
9,0
2745
18,1
26,83

20,8
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VII. Conclusions.
From this study it is concluded that:

(1) The Maryland sennas exhibit genetical and
ecological characters which differ sufficiently to warrant the
separation of the four species into two groups:- Detremexa,
which includes D. Marilandica and D. Medsgeri; and Chamaecrista,
which includes Chamaecrista fasciculata and Chamsecrista pro=
cumbans,

(2) As a result of this work the following diagnostic(new)
characters were found:

{a) Genetical characters.

D, Marilandica and C. fasciculata and
D. Medsgeri C. procumbens.
1, Terminal branches of veinlets 1, Terminal braunches of veinlets
anastomose near the margins end abruptly near the margins,
of leaflets, Veinlets do not anastomoss,

2. Seeds of Brown or olive color, 2. Seeds are asmaller, black, shiny,
not shiny and elliptical, Testa and rectangular, Testa is pitted

exnibits a large depression and ths pits are arranged in
which corresponds to the position longitudinal rows, Depressions
of the embryo. are absent,

3, Sepals exhibit small, minutely 3. Sepals exhibit large multicellu-
papillose, uanicellular marginal lar hairs only in the neighbor-
hairs, hood of the midrib, Hairs not

papillose,

4, Stipular hairs large, unicellular 4 Stipular hairs small, mmlticellu-
and minutely papillose. lar, rarely papillose.
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(o) Ecological characters.

D. Marilandica and C.fasciculata and
D. Medsgeri C. procumbens

l. Stomata absent from the upper 1, Both leaf surfaces show stomats

surfaces of leaflets. Stomats present. Stomata small and tend to
large and elliptical. be eircular,

2. Stomata not distributed uni- 2, Stomata distributed rather unifoimly
formly upon the upper epidsr- upon both epldermises of the stipules.
mises of the stipules.,

3. Flower buds appear the first 3. Flower buds appear about the middle
week in July. Full-grown of July. Full-grown flowers pro=-
flowers produced about the mid~ duced about August 1., About one-half

dle of July. Flowers lose their of the plants exhibited flowers un=
sopals, petals and stamens about til the end of the growing season.
August 13 and August 2, respec-

tively.

4, Practured stems show the pith to 4. Fractured stems always show white or
be either a light or deep orchid cream colored pith,
color.

{3} It has been shown that the adulteration of the offieial
senna leaflets with the Maryland senna leaflets can ba detected micro-

scopically.

{4) This work is of value taxonomisally as 1t shows the method

usad to find characteristics of diagnes tic imporianct.
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