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Historical Introduction

The secretions and secretory systems of the Cardu-
aceae, Ambrosiaceae and Cichoriaceae (Coumpositae) have
been the object of research of many investigators. Some
of these have been impelled by the purely scientific
aspects of the subject and others by the possibility of
finding néw sources of products of~economio importance;

Early mention of the secretory system of the Gompo-
sitae in botanical literature was made by Treoul (1882},
wao distinguished between the secretory canals and labex
vossels by the fact that the latter were 1imited by
their own walls while the foimer were intercellular spaces
without any such layer. He also mentioned the occurrence
of endodermal secretion canals in the Tubuliferae repre-
gented by Vernonia praealta.

Muiler (1866-87) confirmed the ooinion that the
secretory canals were intercellular spaces{ In dealing
with the Compositae he says of Inula helenium that it is
distinguished by large passages in the pith oontaining
ethereal oils and the occurrence of smaller passages in
the cortex. o

Van Tieghem (1885) has shown that secretory canals
are of common occurrence throughout the Compositae and
he emphasized the fact that in roots they are formed in

close association with the endodermis. Van Tieghem
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stateslthat in the Compositae the secretory system has
three different forms: {1) oil-bearing canals (23) lati-
ciferous cells unitiag in a network and (3) isolated,
long resiniferous cells; also that, aside from certain
transitional forms, "Les Radiees et les Labiatiflores"
have only oil-bearing canals, the Liguliflores have only
anéstomosing latex tubes, while the Tubuliflores, for
the most part at least, have both oil-bearing canals and
isolated resiniferous cells. Ven Tieghem discussed the
difference between the secretory canals of the sten and
‘root. He held fhat the outstanding difference hetween

he two was, that in the stem the canals were surrounded
by specialized cells, while in the case of the Toob they
were considered to be merely intercellular spaces formed
in close associatidn with the endodermis. He has record-

Ja

ed Aumbrosia trifida as having secretion canals at the
external border of each vascular bundle at the uanion of
the pericycle with the phloem. These canals are consid-
ered by him to belong to the phloen.

Triebel (1885) gave a description of the develop-
ment of the o0il canals in the roots of a few members of
the Compositae. He found that the formation of the ca-
nals was always preceded by the tangential division of
the endodermal cells opposite the phloem, the canals
beginning as minute intercellular svaces at the junction

of the radial and newly formed tangential wells. These
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canals became filled with drops of almost colourléss
0il at a very early stage. The cells surrounding the
0il canals had thinner walls and were much shorter than
those of the cortex proper, they wers meristematic in
appearance, being filled with dense protoplasm.‘ He con-
sidered that these cells probably played an important
part in the secretion of the oil in the canals. Thé oil
was termed an ethereal oil, a conclusion based on the
following facts: (1) that most of the plants examined
had a characteristic smell (2) that the oil was soluble
in alcohol (3) and that it stained with alkanet.

Col (1899-1904) studied the secretory apparatus
mainly from the point of view of the classification of
the group. He brings to light the following main facts:
(1) a survey of the secreting apparatus of the different
tribes of thé Oompositae shows that according to the
ohyllogenetic progression one finds a gradual replaer
ment of secretion cenals by a laticiferous systen, howé
ever the transition is not an equal gradation in the
roots, stems and Thizomes. The transition takes vlace
flrst in stéms, then in rhizomes énd roots. (2) Secre-
tion sacs or pockets are simply reduced secretion canals,
differing only in longitudinal extent. (3) There are
really only two forms of ihternal sécreting apparatus
in the Compositae, the canals and anastomosing latex

tubes. The ocourrence of sacs or pockets and of soli-
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tary tubes more or less branching is evidence of either
advancing or regressive evolution. Col also distinguished
three classes of secreting apparatus (1) anastomosing
latex vessels (3) secretory canals (3) isolated cells
which secrete latex.

Work by Tschirch (1906-1934) on resins was, for the
most nart, concerned with the resin and resin ducts of
the Coniferae, however, his observations included soime
on the secretory canals of Compositae. He concluded, as
a result of this work that resin formation in the Conif-
erae took place in what he termed a "resinogener Schicht"
which he found lining the canals. He considered that
the same layer was present in the secretory canals of
the Oompositae, but he called this a "Schleimschicht"
or mucilage layer, and it was this layer that was sup-
posed to excrete the resin into the canal. He consider-
~ed that the young resin canals were filled with mucilage
before &ny resin is secreted and that the older secre-
tion canals were lined somewhat evenly with muoilage;

In this layer numerous droplets of the secretion were
thickly embedded and ﬁhe cavity surrounded by the muci-
lagé layer contained the most of the secretion. Tschirch
was of the opinion that the secretion of resin droplets
takes place only in the resin canals and not in the
epithele cells.

Moenike's (1924) chief object in his research was
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to clear up the formation of éecretions in the UMbellif;
srae, Compositae and Araliaoeaé, and to prove up on
Tschirch!s idea of there béing a resinogenous layer, and
that the secretion doés not occur in the epithele cells
but in the resin canals. He considers that there is no
resinogenous layer in any of the above-mentioned families;
- Moenike did not.observe»a muoilage layer in the canals
of Compositae. He held that the epithele cells do con-
taih resin droplets although extraordinarily minute. By
cheuical and solubility tests he shows that the droplets
in the epithele cells and the resin in the canals are
the same substance, and so concludes that the resin is
gecreted in the epithele cells and then transferred to
the canals. Moenike does not know how the droplets gét
through the wall of the epithele cells when they are
excreted into the resin canals. He finds droplets of
the secretion adhering to the walis bordering the resin
canal just where the droplets accumulate in the epithele
cells. Another object'of Moenike was to determine the
nature of the secretions in the secretion canals of the
roots of the Umbelliferae, Compositae and Araliaoeaé{
‘Tétléy (1925) in more recent work on the roots of
the Qompositae has discussed the formation of the canals
and attemnted an interpretation of her observations in

the light of work waich has been done on the endodermis.
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Bhe classifies the secretion canals in the roots into
two main groups (1) endodermal, and (3) non-endodermal.
The canals are said to be invariably formed opposite
the phloem in véry early sﬁagés. Hichrochemical studies
of the secretion are discussed. She considers the sapon-
ification test which Hoenike used as unfeasible due to
the minute guantity of substance secreted within the
cells. However, she concludes that in developmental
stages the secretion is a fatty substance with the nature
of an unsaturated drying oil. Various thebries of the
method of deposition of the secretion in the canals are
discussed, and she concludes that the fat is released
during the differentiation of the phloem, from which it
passes outwards across the endodermis by way of the radial
walls to the endodermal canals in which it is deposited;
Lloyd (1932) in an investigation of caoutchouc in
Parthenium argentatum diseusses'possible usesg of the
secTetion to the plant. He feels that very little evi- -
dence has been shown for its being used in the metabolic
processes of the plant or as an aid to drought resistance.
Whitaker, (1923) in the study of the anatomy of
aertéin‘goldan rods statesg, "Another point of interest,
whioch is of course a common anatomical character of the
Tubuliflorac is the presence of 0il cangls in the pith

and cortex, or in both."
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Comparative Anatomy of the Internal
Secretory Systems in the
Various Species

Agoserlis cuspldata.
Root.

Latex tubes are scattered throughout the phloem
énd cortex,
Stem.

Latex tubes occur in the phloem and on the inside
of, and lying in contact with, a slightly suberized
endodermis. The suberized endodermal cells are decid-
edly tangentially flattened. |

Tatex tubes are also found in the pith in associ-
ation with isolated groups of phloem. |
Leaf,

Latex tubes are found below each of the veins and
in the midrib., Those associated with the veins are in
cohtact with the phloem. In the midrib the tubes are
next to the group of primary hard bast beneath the
phloem, -

Ambrosla elatlor L.
Root.
Relatively small inconspicuous canals averaging

«015 mm, in cross diameter are found in the inner cor-
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tex, being more numerous radiaily opposite the phloem
strands.
Stem.

Caﬁals averaging .0l5 mm. in cross dilameter occur
within the stém cortex lying alternate with the groups
of primary hard bast (Plate III, Fig. 5).

Leaf,

No specialized secretory system is present.

Ambrosia trifida,
Root .

Numerous canals without a differentiated eplthele
cell layer are found in the inner cortex and phloem
which average .015 mm, in cross diameter (Plate I, Fig.
2). Those of the inner cortex of the root are grouped
radially opposite the phloem strands.

Stem,

\ Canals are in the cortex, phloem and pith. Those
of the cortex are coﬁparatively few, numbering from
four to five as seen in cross section. The average
canal is ,03 mm. in cross dlameter and is surrounded
with approximately two rows of secreting cells.

Canals of the phloem are very inconspicuous, as
thelr epithele cells are about the same size and shape

as the cells of the surrounding phloem parenchyma. The



canals average .007 mm. in cross diameter and there may
be from one to several canals within the phloem of each
bundle.

_ In the pith the canals are located near the proto-
xylem points at the inner margin of the rays and are
comparativeiy small, averaging .009 mm. in cross diam-
eter. They have a definite epithele cell layer composed

~of from five to eight cells,
Leaf,
| Canals'are found in the midrib only, one in the
ground tissue and several in the phloem. The one occur-
ring in the ground tissue is similar to ﬁhose in the
stem Cortex. Its position 1s below the central vascu-
lar bundle. Around this cansl are two to three layers
of secreting cells which are filled with a derk brown
substance, These canals average .02 mm. in cross dlam-
eter. The canals of the phloem are quite small and ob-
scure, averaging .0l mm., in cross diameter., There are
‘often several of these canals in the phloem of a single

vasculsr bundle,

Amphiachyris dracunculoides.
Root.
There is a suberized endodermls but no specialized

secretory system 1ls present.
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Stem.

The cansls,averaging .05 mm. in cross dilameter,
occur within the cortex only and often lie in an in-
dentation of the endodermis. »Théy have a definite epl-
thelium with some cells joined with the suberizéd endo-
dermis. |
Leaf.

One canel occurs beneath each of the larger veins
of the leaf blade and one in the ground tissue of the
midrib (Plate V, Fig. 3), those below the veins having
their epithelium cells in contact with the phloem. An
average canal of the midrib is .05 mm. in cross'diam-
eter and an average canal of the mesophyll is .03 mm.
in cross diameter. The single canal of the midrib has
the same position in relation to the phloem as have the

canals beneath the velns.

Aster azureus.
Rodt.‘

Canals averaging .012 mm. in cross dlameter ére
found located radially oppoéite the phloem, their epl-
thelium cells lying in eontacﬁ with the suberized endo-
dermis.

Stem,

There 1ls a suberized endodermis but no specialized



secretory system.
Leaf.,

Only one cenal is found in the 1eaf,\lying iIn the
ground tlssue on the lower side of the vascular bundle

of the mldrib, The average Cross diameter was .003 mm,

Aster ericoldes.
Root.

There 1s no specialized secretory system,
Stem.

Canals averaging .03 mm. in cross'diémeter occur
in the stem cortex with their epithelium cells lying
in contact with a suberized endodermis.

Leaf.

Canals are present in both midrib and mesophyll,
those of the mesophyll always occurring singly below a
‘larger veln. Only one canal is found in the midrib,
near the phloem in the ground tissue. Average canals
of the leaf are .02 mm. in breadth.

Rhizome.

A specialized secretory system is lacking.

Aster Drummondii.
Root .
No occurrence of a specilalized secretory system 1s

found.
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Stem.v

No speclalized secretory system is in evidence.
Leaf,

There is no speclalized secretory system.
:Rhizome. ‘

There are canals averaging .045 mm. in cross diam-
eter in the cortex, lylng in contasct with the endo-

dermis.

Bidens frondosa.
Root .

A specialized secretory system does not occur.
Stem,

Canals are found in the cortex and pith. The cor-
tical canals are irregularly dispersed within the inner
cortex, and are comparatively numerous but relatively
small, averaging .02 mm, in cross dlameter. The epi-
thelium cells are not different 1n shape and size from
the other cortical cells; however, from one to three
rows of the adjacent cortex cells contain a dark brown
substance which marks very conspicuously the position
of the cahals (Plate II, Fig. 1).

The canals of the pith are very sparce and rela-
tively 1nconspicuous, excepting for éhé fact that their

epithellium cells also contaln a dark brown substance.

The canals average «01l mm. in cross diameter and are
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surrounded with four or five eplthele cells. They oc-
cur close to the protoxylem points.
Leaf,

Comparatively small canals averaging .003 mm. in
cross diameter occur singly on the lower side of the
veins and the mldrib, Thése are made consplcuous by
the presence of a dark brown substance found in the
epithelium cells. These cells always follow the velns
of a leaf, as is plainly apparent in bleached leaves,

whether or not a canal is formed.

Bidens involucrata.
Root.
Several relatively inconspicuous canals averaging

.015 mm, in cross diameter are found ln the inner cor-
tex,

Stem,

| Canals occur in cortex and pith. The canals of

the ¢ortex are quite similar to those of Bidens frondosa,
but occur radially opposite the rays. The canals aver-
| age .01l mm. in cross diameter and are surrounded with
from one to three rows of cells containing a dark brown
substance., These cells do not form a well-differenti-
ated epithelium but have the shape and appearance of the

other cortical cells.,
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The pith canals are not so closely associated With
the protoxylem points as in Bidens frondosé but do 1lie
in the outer part of the'pith cylinder. These have a
comparatively definite epithelium of from four to seven
somewhat four-sided cells.

Leaf, |

Secreting cells with dark brown contents ére found

conspicuous in the mesophyll and midrib of this species
" as was the case in Bidens frondosa., The canals of the
-midrib are dispersed through the ground tissue with a
somewhat defiﬁite arrangement in relation to the vaécu-_
lar system. Where the secreting cells surround s defi-

nite canal they average .005 mm. 1in cross diameter.

Boltonia latisquama,

Root.

There are all told five canals which, average .015
mm. in cross diameter, occurring singly and radially
opposite aybhloem group, and one to three cells of the
suberized endodermis compose a part of the epithelium,
Stem,
" The only canals present in the stem are located in
the cortex, These are compératively large, averaging
.045 mm, in cross diameter. The epithelium lies in

contact with a suberized endodermis. These canals
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number from one to four in the cortex, alternating tan-
gentially with several large groups of primary bast
fibers.

Leaf,

The cansls (or pockéts) are relatively conspicuous
and numerous in the leaf blade (Plate V, Fig. 6). These
average .04 mm. in cross diameter and are found singly
below a veln in each case, and often are larger than
the veins with whiéh they are associlated. A single ca-
nael averaging ,04 mm. in cross diameter is found in the
ground tissue on the lower side of the vascular bundle
of the midrib. ‘

Rhizome.

Comparatively large secretion pockets averaging
«15 mm, in cross dismeter are found within the cortical
and pith region of the thickened rootstock. These ex-

tend longitudinally approximetely .15 mm.

Erigeron canadensié.
Root.

Very inconspicuous canasls, .015 mm. in cross diam-
eter occur in the root radially opposite the phloem
within the inner cortex.

Stem.

Canals occur in both cortex and pith. The epi-
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thelium of the cortical caenals lles against the suber-
ized enﬁodermis. An average canal 1s .04 mm, in cross
diameter (Plate III, Fig. 1),

Those canals occurring in the pith are comparative=-
ly few and are dispersed throughout the entire pith
c¢ylinder., ZEach canél 1s surrounded by several layers of
secreting cells. The canals are relatively small, aver-
aging 012 mm, in breadth.

Teaf,

Very conspicuous canals averaging ,09 mm. in cross
diameter occur below the veins, where these are located
the leaf 1s decidedly swollen; especially at the mar-
‘gins (Plate V, Fig, 8). A single canal occurs in the

ground tissue below the vascular bundle of the midrib,

Erigeron ramosus.
" Root.

Canals averaging .018 mm. in cross diameter are
found radially opposite the phloem groups. These occur
in association with a slightly suberized endodermis,
the endodermis furnishing the lnside boundary of the
intercellular space,

Stem.
Canals are found only in the cortex lying against

a suberized endodermis. These canals are often compar-



atively inconspicuous from being somewhat tangentially
flattened, The average canal is .02 mm., in cross diam-
eter. An epithelium surrounds each canal, lying immedl-
ately in contact with the endodermis. These canals are
usually radially opposlte ﬁhe groups of primary hard
bast and vascular bundles,
Leaf,

Canals averaging .0l5 mm. in cross dlameter are
associated with the vascular bundle of the midrib and
wlth the larger veins, a single canal occurring on the

lower side near the phloem in each case.

Eu@atorium altissimum.
Root. |

Several comparatively émall canals surrounded b;gri~
four to five epithelium cells are seen in the inner
cortex, These average .02 mm. in cross diameter,
Stem. | ‘

- Fairly consplcuous canals averaging ..05 mm. in
diameter, are found only in the cortex alternate with 4
the primery hard bast groups which are opposite the
vascular bundles,

Leaf,
There are canals averaging .02 mm. in cross dlam-

eter in both mesophyll and midrib, laterally to the

veins iIn each case.
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Fupatorium urticaefolium. .
Root. ’

There are two to three relatively small inconspic-
uous canals averaging .01l5 mm. in breadth,'éccurring
radially opﬁosite each phloem group.

Stem.

Canals occur in the cortex and plth. The canals
of the cortex are found radially opposite the medullary
rays and in depressions between the groups of primary
hard bast. The canals are relatively inconspicuous be-~
cause they and their epithelium cells are approximately
the same size and shape as the surrounding cortical
cells, An average cansl 1s ,015 mm. in breadth., The
Immermost epilthelium cells are 1ln contact with a suber-
ized endodefmis.

In the pith the canals are 1ocated‘1ndefinitely
through the outer reglon of the pith and are similar to
those of the cortex in size énd shape.

Leaf;

Several comparatively inconspicuous canals occur
in the ground tissue sbove and below the vascular
bundle of the midrib. These have no well-differentiated
eplthelium layer and average .0l mm. in breadth; also,
cenals averaging .0l mm. in breadth are assoclated with

the velns.



Futhamla camporum.
Root.

No specialized secretory system 1s present.
Stem.

Canals are infrequent and occur only opposite the
hard bast in the cortex, with imnermost epithelium
cells in contact with the definitely suberized endo-
dermis. The average canal is approximately .03 mm, in
breadth. In older stems these canals are very hard to
find because of the tangentlially flattened epithelium
cells and canals, | |
Leaf,

ﬁelatively large and conspicuous canals. averaging
.06 mm, in cross diameter, are associated with the velns
on the lower side near the phloem. A single canal
approximately .03 mm. in breadth is embedded in the
ground tissue of the midrib on the lower side.

Rhizome. |

:Canals averaging .06 mm. in breadth are found ly-

ing radielly opposite the phloem groups and in contact

with a suberized endodermis.,

Galinsoge ciliata.
Root .

No specializéd secretory system ls present.
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Stem.

Canals averaglng .006 mm. in breadth are found in
the cortex, These are relatively inconspicuous because
they and their epithelium cells are approximately the
same size and shape as the surrounding cortical cells.
Leaf.

Canals averaging ,008 mm. 1n cross diameter occur

singly ebove the veins and midrib,

Grindelia squarrosa;
Root.

'No-specialized secretory system 1s to be seen.
Stem,

Canals are found only in the cortex in slight in-
dentatioha of the suberized endodermis. They are quite
inconapicuous, averaging .03 mm.'in cross diameter and

- having no definite epithelium cell-lajer. The canals
‘are somewhat tangentially flattened against the endo-
dermis. They occur opposite the primary hard bast
which in turn is opposite the vascular bundles.
Leaf,

Canals averaging .04 mm, in cross dismeter are
located below a few of the larger veins near the phloem.
In the midrib a single canal of about the same size as
the others is embedded in the ground tissue below the

vascular bundle,
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Helianthus annuus.
Root.

Tangentially flattened canals averaging .04 mm. in
breadth are fouﬁd in the cortex with their epithelium
lying in contact with a suberized endodermis. One or
more are found to occur radially opposite the phloem
groups .

Stem,

The canals are found in the cortex and pith. Those
of the cortex are comparatively large, averaging .08 mm.
in cross dismeter, and are dispersed through the corti-
cal parenchyma with no definite position in relatibn to
the vascular bundles. The epithelium cells have about
the same shape as the surrounding cortical cells,

In the pith the canals are disperéed near its periph-
ery and are mﬁch smeller than those of the cortex, aver-
aging .015 mm., in breadth. Théy have a very definite
epithelium layer composed of rectangular cells.

Leaf,

The canals, averaging .04 mm. in diameter, are
assoéiated wilth both the veins and the mldrib, occur-
fing singly above the veins,'and in the midrib there
are elght canals dlspersed within the ground tlssue of
the lower side in definlte relatlon to the five vascu-

lar bundles,
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Helianthus rigidus.
Root;

Numerous comparatively inconspicuous canals aver-
aging .015 mm, in breadth occur within the inner cor-
tex radially opposite the phloem. These lie in contact
with the endodermis. |
Stem.

Canals are found in the cortex, phloem and pith.
Those of the cortex are relatively large, averaging .09
mm. in breadth, while some are as large as .2 mm, (Plate
11, Fig. 3). They are dispersed in the cortex, some=-
times opposlte the vascular bundles, and again opposite
g ray. The eplthelium is very pronounced, with compar-
atively large rectangular cells,

The canals of the phloem also are larger than

~ those 1in the phloem of most other species, averaging
.012 mm., in breadth., Several canals may be found ih
each phloem group, each with a definite epithelium
(Plate II, Flgs. 2 and 3).

In the pith the canals are fairly evenly dispersed “
throughout the entire pith cylinder, These are also
relatively large, averaging .04 mm. in cross diameter,
and have a definite epithelium layer with decidedly
tangentially flattened cells,
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Leaf,

Canals are found above the velns and in the ground
tissue and phloem of the midrib, those above the veins
and in the midrib ground tissue averaging .03 mm. in
breadth while in the midrid phloem an average canal 1s
.015 mm., in breadth, In the midrib there are four
canals located below the three main vascular bundles,
and the phloem of each vascular bundle may have several
canals (Plate V, Fig. 7).

Rhizome,

Canals ere found in both cortex and pith; those of
the cortex are comparatively large, averaging .06 mm,
in cross diameter (Plate IV, Fig. 3). The canals of
the pith are dispersed throughout'the pith cylinder

with an average cross dlameter of .02 mm,

Helianthus salicifolius.
Root.

There are several tangentlally flattened canals in
the inner cortex which average .04 mm, in breadth,
Thése do not have a well-defined épithelium.

Stem. | |

There are numerous compératively‘large canals in

the cortex of the stem and several smaller canals in

the plth. Those located in the pith occur near its



periphery but have no particular position in relation to
the protoxylem pdints. These average ,015 mm. in»
breadth, and have from six to eight epithelium cells.
The cortical cansls average .04 mm, in cross dlameter
and are surrounded with from twenty to twenty-five rec-
tangular epithelium cells,

Leaf,

Canals occur in the midrib and above the veins, .
averaging .03 mm. in cross diameter. There are four
canals located in the ground tissue of the midrib on
the lower side of the vascular bundle (Plate V, Fig. 5).
These are conspicuous for their well-differentiated,
triangular epithelium cells,

Rhizome.
Numerous canals forming & broken cylinder are found
- within the inner cortex. The canals group themselves
‘most noticeably radially opposite the phloem strands.
These ganals average;.OS mm. in breadth whilé canals

ocecurring in the phloem average .05 mm. in breadth.

Helianthus strumosus.
-Root.
Numerous comparatively large tangentially flattened
canals are found scattered within the inner cortex and

phloem averaging .04 mm. in breadth (Plate I, Fig. 4).
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The epithelium is not well differentiated,
Stem,

Canals occur in the Qortex, phloem and pith. The
canals of the cortex have no definite location in
respect to the vascular system. An average canal here
is ,06 mm. in breadth and is usually somewhét tangential-
ly flattened, These canals have a comparatively pro-
nounced epithelium composed of rectangular cells (Plate
II, Fig. 5).

The phloem canals are relatively small, averaging
.007 mm. in breadth, They each have a definite epi-
thelium,

The cenals of the pith are also comparatively
small, averaging .008 mm. in cross diameter, but are
numerous and scattered throughout the pith cylinder.
Leaf,

Canals averaging .02 mm. in breadth occur above the
veins. 1In the midrib the canals,averaging .04 mm,
across,are found in the ground tilssue.

Rhizome,

’ There are numerous canals within the cortical
parenchyma and pith of ﬁhe rhizome. Those of the cor=-
tex average ,06 mm, in breadth while in the pith the
canals average .04 mm. in breadth. Canals averaging

.015 mm. are often found in the phloem (Plate IV, Fig, 4).
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Helianthus trachelifoiius.
Root,

Several canals averaging .0l5 mm., in breadth are
found immediately opposite the phloem groups and each
phloem group has from one to three canals.

Stem,

Canals occur in the cortex, phloem and pith of the
stem., Those in the cortex have no uniform arrangement
in relatlon to the vascular system. They usually are
slightly tangentially flattened and average .04 mm, in
breadth, The epithelium is not as pronounced as in
other specles of this genus, though each canal does
have a definite layer, |

Canals of the phloem occur often two or three to
a vagcular bundle and average ,007 mm. 1n breadth,
There is a definite epithelium surrounding each canal,

In the pith the canals‘are also comparatively
small, avefaging .007 mm, in cross dlameter. These
canals are located in considerable numbers near the
protoxylem points and thelr epithelium cells average
four or five to a canal,

Léaf.

In the midrib canals occur in the ground tissue

and in the phloem of the vascular bundle. There are

six canals within the ground tissue averaging ,04 mm,
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in breadth., These have a definite arrangement in rela-
tion to the five vascular bundles., The canals in the
phloem average ,012 mm, in breadth., No canals are with
the veins.
Rhizome,

Numerous relatively small canals averaging ,018 mm .,

in breadth are found in the cortex, pith and phloem.

Hellopsis scabra.
Root.,

The canals are relatively inconsplcuous, appearing
as minute intercellular spaces fllled with secretion.
These average .01l mm. in cross diameter and are located
in the inner cortex,

Stem,

Canals averaging .0l mm. in cross diameter occur
in cortex and pith. They lie in the cortical paren=-
chyma between the large groups of primary hard bast
and opposite a medullary ray in eaoh’case. Thé‘epi-
thelium 1is composed of comparatively small cells which
have in general the same shape as the surrounding cor-
~tical parenchyma cells.

In the plth the canals are similar in shape to
those of the cortex and are only slightly smaller in

size, averaging .008 mm. in cross diameter, These are
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close to the protoxylem points and alternate with them.
Leaf.

There are canals below the larger véins and in the
midrib. Those with the veins average ,015 mm. in cross
diameter., In the ground tissue of the midrib the six
relatively small‘canals are dispersed with definite reg-
ularity in relation to the five vagcular bundles, An

average canal of the midrib is ,02 mm. in cross diameter,

Iva ciliata,
Rdot.

No specialized secretory system occurs.,
Stem,

The stem of Iva cilliata has cahals occurring in
the cortex only. They are just outside the groups of.
primary hard bast, They average .04 mm. in cross diam-
eter and have a definite epithelium layer composed of
rectangular cells, .

Leaf.“

The larger veins of the leaf blade have canals
located above them avéraging «015 mm, in breadth, A
single canal averaging .01l5 mm. in breadth occurs above

the vascular bundle of the midrib,

Lactuca pulchella,
Root.
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There are numerous 1étex tubes occurring in radiat-
ing groups opposite the phloem.
Stem.

Latex tubes are found in the cortex and phloem,
Those of the cortex form a row lying in contact with
each of the groups of priﬁary hard bast (Plate III, Fig.
1). |
Leaf,

Latex tubes occur in association with each of the

veins and in the ground tissue of the midrib,

Lepachys columnifera.
Root.,

Several large secreting pockets are located wiﬁhin
the inner cortex., These average .06 mm, in breadth,
Stem.

The stem of Lepachys columnifera has comparatively
few and small canals, These occur in thekpith only,
near the protoxylem points. The average canal is .006
mm, in cross diameter and has relatively small epithel=-
lum cells,

Leaf,
Canals averaglng .015 mm. in breadth are found in

the mesophyll and midrib.
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Lepachys pinnata,
Root .-

Canals appearing as ofdinary intercellular spaces,
because of the similerity of the epithelium cells to
the cortical cells, are found in groups of three or
four radially opposite the phloem. An average breadth .
is 04 mm.,

Stem,

Canals occur in both cortex and pith (Plate III,
Fig. 3). The canals»iﬁ the cortex are not numerous and
are opposite the groups of primary hard bast. They are
comparatively obscure because they are tangentially
flattened against the suberized endodermis. The aver-
age canal is .03 mm, in cross diameter. The eplthelium
layer 1s composed of relatively small cells,

‘ Leaf,

Two cansls averaging .0l mm. in breadth occur in
the ground tilssue of the midrib, one above and one be-
low the vascular bundle, and canals averaging .OOBAmm.
in cross diameter occur above some of the main veins,
Rhizome,
| 'Tangentially flattened canals averaging .06 mm, in
diameter occur in the immer cortex radially»opposite

each phloem group.



Liatris pycnostachya.

Root. |

There 1s an average of three canals geen in cross
section, These lie next to the endodermis and are
radially opposite the phloem‘ An average canal ls .03
mm. in breadth,
Stem,

Canals found in the stem occur 1ln the cortex only.
They are comparatively inconspicuous, lying against and
within an indentation of the undulated primary hard
bast. The average canal 1s ,015 mm, in breadth and is
surrounded with from five to seven epithelium cells
which are not well differentiated from the cortical
parenchyma,
‘Leaf,

“ Comparatively inconsplcuous canals averaging .0l
mn. in breadth occur laterally to the veins, while in
the midrib there is & canal in the ground tissue on
each slde of the vascular bundle.

Corm.

| The corm has exceptlonally large secretlon pockets
embedded in the parenchymatous tissue, a feature common
in this genus (Plate IV, Pig. 5). The pockets, averag-
ing .9 mm. in orosskdiameter are lined with several

rows of tangentlally-flattened cells,



Liatris punctata.
Root, |

The canals are similar in position and size to
those of Liatris pycnostachya.
Sten,

The canals of this specles averaging .02 mm. in
breadth occur in the cortex only, lying against the
primary hard bast, and having about the same location
and size a8 in the species aspera and pycnostachya.
Leaf.

The location and size of the canals of this species
are simllar to those of Liatris pyenostachya.

Corn.

Secretion‘pockets occur like those in Liatris pyc=

nostachya.
Liatris aspera.
Root.

The éanals have comparatively no difference in sige
and location from those in Listris pycnostachya and
punctata.

Stemn.,

Cangls are found in the cortex only and average .02

mm, in cross diémeter. These have no well-differentiated

eplthelium layer.
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Leaf,

The canals ih position end size resemble those of
Liatris pycnostachya and punctata,. |
Corm,

Secretion pockets occur like those in Liatris

pycnostachya and punctatsa,

Mesadenia atriplicifolia,
Root.

Reletively large cenals, averaging .12 mm, in cross
diemeter, one radlally opposite each phloem group, are
seen 1in cross section (Plate I, Fig. 6)., These are next
to a suberized endodermils.

Stem, ‘ :

| Canals with definite epithelium occur in both cor-
tex and pith. The canals of the cortex are comparative-
ly numerous and occur radially opposite a vascular bun-
dle and close to the primary hard bast (Plate II, Fig.
6.). An averége canal is ,04 mm. in cross diasmeter.

Canals occﬂffing at the periphery of the ﬁith cyl-
inder are like those of the cortex in size and shape.
'Leaf. |

Canals occur in both the mesophyll and the midrib,
averaging .03 mm., in cross diameter. In the midrib

there are usually from two to four canals at the margins
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of the phloem, and in the mesophyll canals occur singly
above and'below/the veins,
Rhinme (tuberous).
Comparatively large secretion pockets averaging
.08 mm, in cross diameter, are found within the cortex

of the tuberous underground stem.

fyrrhopappus cérolinianus.
Root.

Nﬁmerous latex tubes are found in the cortex and
phloem. H
Stem.

Latex tubes are in the cortex, phloem and pith.
Those of the cortex are in'contact with an endodermis,
occurring more abundanﬁly radially opposite the vascu-
lar bundles (Plate III, Fig. 2). | |

Those of the pith are in associaﬁion with isolated
groups of phloem. |
Leaf,

The latex tubes are beneath the veins and in the

midrib.

Seneclo plattensis.
Root.,

There is no specialized secretory system,
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Stem .
- No specialized secretory system ié present.
I)eaf [

No specialized secretory system is present.

Silphium speciosum,
Root.,

The canals of young roots averaging .015 mm, in
breadth form a broken éylinder around the stelé, notice-
ably grouping opposite the phloem,

Stem,

Canals occur in the cortical parenchyma opposite
the medullary reys and in the pith (Plate III, Fig. 6).
In the cortex they are relatively large and conspicuous,
averaging .08 mm. in breadth. . Comparatively small epi-
thelium cells form a single layer about each canal.

The canals of the pith occur in the periphery of
the cylinder. They average .04 mm. in dismeter and each
is surrounded with a definite epithelium.

Leaf.

Comparatively minute canals averaging .006 mm. in
cross diameter occur above the veins, In the midrib
the canals with trlangular eplthelium cells are inter-

spersed between the vascular bundles.



Rhizome,

Canals averaging .04 mm. in cross diameter and with
a definité epithelium are found dispersed throughout the
cortex, phloem and in the outer regions of the pith cyl-
inder (Plate IV, Fig. 2).

Silphium laciniatum.
Root .

vTangentially flattened canals averéging .018 mm, in
cross diameter are quite numercus within the iﬁn;r cor=-
tex., They have no well-differentiatedVepithelium and
appear simply as intercellular spaces 1in contact with
the endodermis.

Stem,

In this species also the casnals are found in the
cortex and pith. Those of the cortex are dispersed
throughout the parenchyma without definite relation to
the vascular system. They are comparatively numerous
and large, averaging .08 mm. in diameter. Each canal
has a definite epithelium of rectangular cells,

In the pith the canals are located at the periphery
of the cylinder and are much larger than the average of
other species, being .08 mm, in breadth., There is a
definite eplthelium composed of comparatlvely large cells

surrounding each canal.
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Leaf,

Outside the midrib, canals averaging .015 mm. in
cross dismeter are usually found one above and one be-
low the larger veins (Plate V, Fig. 4). Several canals
sveraging .03 mm, in diaﬁeter are located in the ground
tissue surrounding the vescular system of the midrib
(Plate Vv, Fig. 2).

Rhizome,

Numerous, large, tangentlially-flattened secretion

canals occur in the inner cortex averaging .06 mm. in

cross diameter.,

Solidago canadensis gilvocanescens,
Root.

Quite consplcuous canals with an average diameter
of ,06 mm. occur singly radially opposite each of the
phloem groups and in contact with the suberized endo-
dermls,

Stem.

There are canals in the cortex and pith of this
species, The cortical canals lie against the suberized
éndodermis and are tangentlally flattened. The epi-
thelium cells differ from the other cortical cells only
by thelr relatively small size, An aveérage canal is

.04 mm. in cross diameter,
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The canals in the pith are near the protoxylem
points, They average .05 mm, in diameter and have a
well-differentiated epithelium, |
Leaf. |

All canals are compératively large, averaging .04
mm. in diameter. They occur more often below than above
the veins and those in the ground tissue of the midrib
are located above and below the vascular bundle (Plate
v, Fig. 1).

Rhizome,

Numerous large canals are found in the cortex and
pith (Plate IV, Fig. 1), The canals in the cortex lie
next to a suberized endodermis and average .07 mm. in
breadth. Those of the pith cylinder lie near the xylem

and average ,09 mm., in diameter.

Solidégo Lindhelmeriana,
Root.

The canals, ten in number, averaging .06 mm, in
diameter, lie within the lmmer cortex and in associa-
tion with a slightly suberized endodermis. The epi-
thelium cells are tangentially flattened and relatively
small, ZEach canal occurs radially opposite a phloem
group. |
Stem,

The canals, found in the cortex only, are very
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1nconspicﬁous and comparatively few, They are decidedly
tangentially flattened against the suberized endodermis
bounding the primary hard bast. The epithelium cells
are comparatively small and tangentially flattened. An
average canal is approxiﬁately .03 mm., in diameter
radlally and .06 mm. tangentially.

Leaf,

The canals are comparatively inconspicuous, aver-
agingk.OlS mm, in diameter. They occur singly below
the veins and in the ground tissue of the midrib below
the vascular bundle, |
Rhizome.,

Numerous 1arge‘canals averaging .1 mm, in breadth
are found located within the Inner cortex. The cells
composing the epithele layer are quite tangentially
flattened. |

Solidago rigidiuscula,
Root.

A single canal lying in contact with a suberized
endodermis and averaging .08 mm. in diameter 1s found
opposite each phloem group (Plate I, Fig. 1).

Stem.
This species of Solidago also has canals in the cor--

tex only, located against a suberized endodermis and
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radlally opposite the vascular bundles, The average
canal is ,06 mm, in diameter. Also there are canals
assoclated with the suberized endodermis which sur-
rounds each leaf trace as it traverses the cortex (Plate
II, Fig. 4). The epithelium isvnot‘wellédifferentiated.
Leaf, |

.A single canal averaging .06 mm, in dlameter occurs
beneath each of the three vascular bundles of the mid-
rib, Beneath the larger veins 1s a canal averaging .03

mm, in diameter (Plate V, Fig. 9).

Solidago rigida.

Root. | 7

The canals have the same position as in the other
speclies of Solidago but are smaller, averéging .04 mm,
in breadth,
Stem, |

The canals of this species are very conspicuous
because of their size, an average canal being .15 mm. in
dilameter. They are found in the cortex only, radially
opposite the vascular bundles, with the epithelium in
contact with the suberlzed endodermis.
Leaf,

Canals averaging .05 mm. in diameter occur in the
mesophyll and midrlb, Those of the mesophyll occur sing-

ly below the larger veins., In the midrib a single canal
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is found in the ground tissue below each of the several

vascular bundles,

Vernonia fasciculata.
Root. »

The root has both & latex system and cenals, It
is typlcal of the above—ground parts to have latex ves-
sels only, but in the root a single canal averaging .03
mm, in diameter is found opposite each phloem group. |
Thb latex vessels ére quiﬁe numerous in the cortex and
phloem. |
Stem, |

Latex vessels occur in the cortex and phloem but
there are no canals,

Leaf,

Latex tubes occur in the ground tissue of the mid-
rib and in assoclation with the veins,
Rhizome.

One to three canals averaging .045 mm., in breadth
occur within the inner cortex radially opvosite each of
the primary phloem groups. Scattered throughout the
phloem and cortei there are comparatively numerous latex

tubes,
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Discueslion,

The Carduacese, Ambroslaceae and Cichoriaceae
have been studied by a number of investigators
from both anatomical and mierochemical view points.
Those princlipally interested in the anatomicsl ine-
vestigation of the three‘families, grouped as one
family, the Compositae, were Irecul (1862), Vuillemin
(1884), Van Tieghem (1885), and Col (18995. These '
1nves£igators recognized certain chafactefistic‘features
of the secretory systems of the Compositae. It was
early observed by them that resin canals were widely
distributed in the Carduaceae and Ambrosiacese, while
1atex~system§ distinguished the Clchoriacease. Supple=
menting these earlier anatomical studies the research
embodled in this paper presents a more complete record
of a large number of speclés, especlally in the Cardu=~
aceae,

Nearly all the species of Carduaceae and Ambros-
laceae that I have studied have resin canals pfesent
in roots, stems or leaves; however, Senecio lobatus
has no specialized secretory system and Aster Drummone
dii has canals only in the underground stem. Vuille-
min (1884), however, says that Seneclo cordatﬁe has g

specializéd secretory system in the stem.
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The roots of species of the Gardﬁaceae presenﬁ a
much. ﬁore-unlform arrangement of the canals than do
ﬁhe stems, as was recognized by Col (1899), the
majority of specles, indicated in Tab&e I‘have canqls;
however ngnefwere-observed in Amphiachyris dracuncu-
loides, Aster azureus, Aster,ericqides,.Aster Drummon-
dii, Bidens frondosa, Euthamia camporum, Galinscga ciii-
ata, Gfindelia squarrosa and Seneclo plattensis., The
resin canals of the roots are found occurring singly or
in groups radially opposite the primary ph;oem. Speclal-
1zed secreting cells forming an epitheliumggre not pre-
gsent with the canals of the roots. As stated by Van
Tieghem (1885), we do not recognize speclalized secret-
ing cellé in ihe roots because each secreting cell has
the saﬁé form and dimensions as the ndn—secrening cells
and each excretes 1te products into the canal which 1t
borders. The comparatively small sizes of canals of some
species indicated in Table I and the lack of a well=defin-
ed epithelium make it difficult at times to locate can-
als until after treating sections with Scarlet R. +The
majority of specles have relatively emall intercellular-
gpace canals in the younger roots, which occur in groups
opposite the primary phloem and against the endodermis

"when this is present, often forming a broken cylinder a-
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bout the stele. In the genus’Solidago the canals are
comparatively 1arge (rable I) one occurring radlally
opposite each primary phloem"group (Plate I, Fig. 1.
The presence of canals in the rootsfdistaﬂt from thé en-
dodermis is not common but Hellanthus 8Trumosus has can-
als within the phloem and scatpered throughout the cor-
tex '(Plate I, Fig. 4). Inrqnly one Speciesféf the Car-’
duacéae, Vebhonia faécicﬁlata, have I found both reéin
‘canals and a latex system. Here‘the'canals;,averaging
«03 mm, in cross diameter; oceur singly radislly 0ppoaite
each of the primary phloem groups. <the laﬁex tubes in
this species are dispersed throughout the cortex and
sbme are found in the.phloem.

' In the roots of the species of Ambrosiaceae stude
ied by me the canals in nhe’endodermal region are com=
parable to those of the Carduaceae. Ambrosia trifida
has canals in the phloem of the root also. No secre-
tlon system was observed in Iva cilliata,

In the Cichoriaceae, a iéteX-system is commonly

| found in the roots as well as in other parts. The latex
tubes here are dilspersed somewhat in the;cortex; and
mostly‘radlally opposlte the phloem, with a few in the
phloem, - |

The specles of Carduaceae, excepting Senecio plat-
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tensls and Aster Drummondii, have canals in some part

of the stem (Table II). The canals are relatively

more common in the cortex but sometlimes they are found
in the phloem and pith. <Those specles having canals

in the cortex, as indicated in Ttable II, may be divid-
ed into two groups according to the location of the
canals, When an endodermis is present the canals char-
acteristically lie with their epithelium against the
‘endodermis. ‘this characterizes one‘sroﬁﬁ; while 1n*£he
second group the canals are found diépersed in the cor-.
tex.' Col (1899) says that in the stem the secretion
canals are'alwa§s endodermal in origin. ©Since my find-
ing a large group of specles in which the cortlical can-
als are in no way assoclated with an endodermis Col's
statement needs modificatipn; Van Tieghem (1885) ﬁékes
the astatement that besides the endodermal sécretion céﬁ-
"als others occur in the cortex of stems beneath the epl-
dermlis, and in the parenchyme of the leaves, but he con-
slders these to be rare., Species mentioned by Van Tieg-
hem as having cortical canals not in associatidn with an
endodermls were Kleninla neriifolia, Solidago limonifolia,
Solidago sempervirens, Solldago laevigata and fuscata. I
find Solidago canadensié gllvocanescens, rigidiuscuia

(Plate II, Fig. 4), Lindheimerians, and rigida to have cor-
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tical canals in contact with an endodermis, There are
comparatively great differences 1n sizes of cortical
canals in the various gpecies. The slzes range from

«008 mm. in cross diameter in Heliopsis scabra to .05

and .09 mm. in species of Helianthus, Solidago and Sil-.
phium (rable II)., Position of the cansls in relation

to the vascular system, whether radlally opposite or
alternating wlth the phloem, varies with the different
species, but this feature is not stable enough in the
various species for their identification although Soler-
eder (1908) refers to it as being the most useful for
systeﬁabic'purposes (mostly as a génerlq character). The
occurrence of well—défined eplthelium cells 1s not con~.
sistent in the stem, but 1s more frequent there than in
the root. Species of Hellanthus exhibit strikingly well-
differentiated secreting cells surroundihg cansls in the
cortex (Plate II, Fig. 5). Solereder (1908) says that
the eplthelium'is probabiy of 1little value éa a character-
istlc anatomical character, since resin canals devoid of .
eplthelium and others provided with 1t occassionally oc-
cur side by side in the same plant (Lasthénia glabrata,
Cynaria corsica) and that the canalé"without an epithellium
do not always aﬁpear in gll specles of a genus (Cacalia, -

Senecio). I have observed Mesadenia (Cacalia) atriplici-
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folia (Plate II,'Fig; 6) to have canals in the cortex
wlth an eplthelliun, while Senecio plattensis has no
canals in the stem. |

Those species having canals within the phloéh of
the stem are not numerous in the Carduacese. Hellanthus
rigidus (Plate II, Fige 2), strumosus and trachelifol-
lus were«bbservé& to have one or more canals in each
phloem group, averaging .012 mm., .007 mm. and 007 mm.
in breadth, réspectively.

In the Ambrosiaceae, Ambrosia trifida has one or
more cansls in each phloem group of the stem. Vﬁiilemin
(1884) considers it an exception to find cansls located
within the phloem of the stem. | A

Canals in the pith are found in a majority of the
specles of Carduaceae and Ambrosiacese. These canals “
are smaller on an average than those of the cortex, as
indicated in Table II, ranging from .009 mm. in Ambrosia
trifide to .08 mm. ih Silphium laeinistum, The Character-
1stic position of the canals in the pith is at the peri-
phery where they usually occur opposite the protoxylem
points in the.various species (Plate III, Fig. 3). Van
Tieghem (1885) observed cénalsioccurriﬁg either éingly
or severél toéether in the pithkof speclee of Ageratum,

Carduus, Dahlia, Helianthus, Serratula, Solidago, and
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Spllanthes.

Of the Carduaceaé I have found only one member,
Vernonia fasciculata, to have a latex system in the stem.
In this specles the latex tubes are scattered within the
inner cortex, phloem and more'abuhdantly in' the pith,
trecul (1862) speaks of Vernonia praealta as having endo-
dermal secretion canals, and Van Tieghem (1885) has found
latex tubes 1n_the phloem of thls speciesé ' ;

The stems of species of Cichoriaceae have secretory
systems in the form of latex tubes, & feature ssld by
Van Tieghém (1885) and Col (1899) to be typical of the
group, I find that these may océﬁr in the cortex, phloem
and pith. In the cortex they are most abundant within
the inner cortex forming a broken-undulated cylinder
(Plate III, Fig. 4). In Pyrrhopsppus carolinianus, there
‘ére latex tubes iﬁ'asséciation with 1solated‘phlpem groups
within the pith (rlate III, Fig. 2).-

the perenniél Speciés of Gardﬁaceae whose underground
stems I have studied have elther canals or secretion
pocketé a8 typilcal features. The rhizome may have canels.
located in the cortex, phloem and pith, as 1sftrue for the
above-ground stem also (Plate IV, Figs. 1=6).. Hellanthus
strumosus, Hellanthus trachelifolius and S1lphium speciosum

were of this type. The rhizomes of Boltonia latisquams,
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Hellanthus rigidus and Solldago canadensis gilvocanes-
éens have canals in the cortex and pith, while Aster
Drummondii, Mesadenla atriplicifolia, Euthamla-camporum,
ﬁepachya plnnaia, Silphium lacinlatum, Solldsgo Linde
heimeriana and Vernonia fasciculata have canals 6nly‘in
the cortex., The specles of Liatris I have studied have
corms and nhe-secretionfsystéms found here consist of
large pockets scattered through the parenchymatous tis-
sues (Plate :v; Fig. 5). The underground stem of Aster
ericoides did not seem'to have a specialized secretory
system.

rhe presence of a speclalized secretion system in
the leaves of the various species of Cerduacease and
Ambrosiaceae is as typlcal of the two groups as is its
presence in other pé&ts,'as indicated in Table III, Senecio
plattensis, Ambrosis elatior L. and Aster Drummondii are
the only species I studled which do not have a speciélized
gecretion system in some part of the leaf blade. }In the
leaves, canals may be found, one or more in the ground |
tissue of the midrid and in assoclation with the velns of
- the mesophyll (Plate V, Figs, 1-9). 1In only three species:
Ambrosia trifida, Hellianthus rigidus (Plate V, Fige 7)),
and Hellanthus trachelifolius were one or more canals

found in the phloem of the midrib, The position of the
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canals of the leaf 1s a feature of taxonomic‘value afford-
ing the demarkation of species into grdupS'(See pege | Yo
The usual position of the canals is above or below the
veins:'howe#er, cases were found wheré the canals occur
laterally to a vein, The approximate breadth range of
the canals is from «003 mm. in Bidens frondosa to .09 ﬁm.
in Erigeroﬂ canadensis. Only one member of the Carduaceae,
Vernonie fasciculats, Waé observed to have-létex tubes in
the leaf, These, as was characteristic of the canals |
were closely associated with the veins of the mesophyll
and midrib,

Lgtex tubes occur characteristically in the leaves

of Cichoriacess, where they are seen to follow the veins.
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Table I Summerizing the Cross Diameter
in mm., of the Canals of Roots.

Actinomeris alternifolla
Agoseris cuspidata
Ambrosia elatior L.
Ambrosia trifida
Amphiachyris dracunculoldes
Aster azureus :
Aster ericoldes

Aster Drummondiil
Bidens . frondosa

Bidens involucrata
Boltonla latlsquama
Erigeron canadensis
Erigeron ramosus
Eupatorium altissimum
Eupatorium urticaefolium
Euthamla camporum
Galinsoga ciliata
Hellanthus annuus :
Helianthus salicifolius
Hellanthus rigldus
Helianthus strumosus
Hellanthus trachelifolius
Hellopsis scabra

Iva eiliata

Lactuea pulchella
Lepachys columnifera
Lepachys plnnata

Liatris pycnostachya
Liatris punctata

‘Liatris aspera

Mesadenia atriplicifolia
. Pyrrhopappus carolinianus
Senecio plattensis
BSilphium speciosum
Silphium lacinlatum
Solidago canadensis gilvocanescens
Solidago Lindhelmerlana
Solidago rigidiuscula
Solidago rigida

Vernonisa fasciculata

.015 .
Latex system.

«015

+015

012

.015
«015
015
.018
.02

015

04
'3 04
.015
.05
.015
.01

Latex system,
. «05

04

«03

«03

«03

12
Latex system.

«015
«015
.06
.06
.08
<04
.03 (and latex
- gystem)
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Table II Summerizing the Locatlion
and Diameters in mm. of the
Speclalized Secretory
Systems in the

Actinomeris alternie

folia

Agoseris cuspldata
‘Ambrosia elatior L.
Ambrosia trifida
Aster azureus

Aster ericoides
Aster Drummondii
Bidens frondosa
Bidensa involucrata
Boltonla latisquamsa
Erigeron canadensis
Erigeron ramosus

Eupatorium altissimum

Eupatorium urticae-

folium

Euthamia camporum
Galinsoga clliatsa
Grindellia squarross

Helilanthus
Helianthus
- folius
Hellanthus
Hellanthus
‘Hellianthus
folius

annuusg
salici-

rlgidua
strumosus
trachell-

Hellopsis scabra

Iva ciliata

Lactuca pulchella
Lepachys columnifera
- Lepachys pinnata
Liatris pycnostachya
Liatris punctata
Liatrlis aspera
Mesadenis atriplici-

folia

Pyrrhopappus caroline

lanus-

Seneclo plattensis

Stem,

Cortex Cortex' Phloem Pith

.009

.01
.02

+012

«015

«015

. 015
Nel

.008
« 007

.01

+ 006
.012

015
Latex system in all parts.
-.015 L
025 « 007
«03
.02 i
.01
« 045
.04
.02
+«05
.015
« 03
« 006
«03
.08
‘ . 06 B
09 012
.06 « 007
<04 «007
. 008 *
Latex system in all parts,
.03 K
. 015 s
02 o
.02
04

Latex system in all parts.

<04



Cortex Cortex' Phloem Pith

-

S1lphium speciosum »08 .04
- Silphium lacinistunm 08 .08
Solidago canadensis
gilvocanescens - <04
Solidago Lindheimere
isna «05
golidsgo rigidiuscula - 06
Solidago rigilda «15

Vernonia fasciculata Latex system in all parts.
Amphiachyris dracune
culoides , .05

Secretory system in the cortex with epithelium
in contact with an endodermis,
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Table III Summerizing the Location
and. Sizes in mm, of the
Specialized Secretory Systems
of the Leaf,

Midrib Midrid Mesophyll

(phloem)
Actinomeris alterni-
folia «008 ‘
Agoseris cuspldata Latex system in all parts.
Ambrosls elatlor L. - T
Ambrosia trifida . «02 «01
Amphiachyris dra- ;
cunculoides «05 ; «03
Aster azureus 003
Aster ericoides \ .02 W02
Aster Drummondii
Bidens frondosa . 003 «003
Bidens involucrata « 005 005
Boltonia latisquama 04 04
Erigeron canadensis .09 .09
Erigeron ramosus 015 015
BEupatorium altlissie- :
mum ) 02 : ) 02
Eupatorium urticse-
folium . 01 .01
Euthamla camporum .03 W06
Galinsoga clliata _ . 008 .008
Grindelia squarrose 04 .04
Helianthus annuus .04 .04
Hellanthus sallici- o _
folius «03 .03~
Helianthus rigidus .03 +015 .03
Helianthus strumosus .04 .02
Hellanthus tracheli-
folius « 04 .012 ‘
Heliop8is scabra .02 : 015
Iva ciliata ' +«015 .015
Lactuca pulchells Latex system in all parts.
Lepachys columnifera . .015 « 015
Lepachys pinnata <01 . 008
Liatris pycnostachya .01 W01
“Lliatris punctatsa « 008 .01
Liatris aspera . 008 .01
Mesadenia atriplici- .
folls «03 . e 03
Pyrrhopappus caroline
lanus Latex system in all parts.

Seneclo plattensis .
Silphium speclosunm « 006 006



G55

Midrid Midrib Mesophyll

(phloem)

Silphium laciniatum «03 «015
Solidago cansadensis )

gilvocanescens 04 004
Solidago Lindhelimer- ' : C

iana . , 015 015
Solidago rigidiuscula 406 o «03
Solidago rigida +05 ’ «05

Vernonia fasciculata Latex system in all parts.
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Key to Species Based on Location, Size,
and Characteristics of Epithelial Cells
of the Internal Secretory System

I. No specialized secretory system present.
Senecio lobatus.
Aster Drummondii.

II. Secretory system present (canals) in roots, stems,
and leaves.

A, 1In the stem the canals are present in cortex,
phloem and pith.

1. GCanals of the leaf in the mesophyll and
midrib.

a. Canals in the phloem of the midrib.
Helianthus rigidus.

b. No canals in the phloem of the mid-
rib. »
Helianthus strumosus, -

2. Canals of the leaf in the midrib only.

a8, One canal in the ground tlssue below
the midrib vascular bundle.
Ambrosia trifida.

b. S8ix canals in the ground tissue
around the midrib vascular bundles.
Helianthus trachelifolius.

B. In the stem the canals are present in the
cortex and pith only.

l, Canals in the stem cortex with epithelium
in contact with an endodermis,

a, Canals of the leaf with cavities not
" over ,015 mm. in cross diasmeter.

(1) Midrib with two canals; one
above and the other below
the central vascular bundle,

Lepachys pinnata,

(2) Midrib with several canalsg
occurring above and below the
central vascular bundle.

Fupatorium urticaefolium,
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b. Canals of the leaf with cavities rang-
- ing from .04 mm, to .09 mm. in cross
dlameter.

(1) Canals of the mesophyll sometimes
above, sometimes below the velns,
Solidaego canadensis
gilvocanescens.

(2) Canals of the mesophyll always
below the velns.
Erigeron canadensis.,

2. Csnals in the stem cortex with epithelium
cells apart from the endodermis.

a. Canels of the stem cortex averaglng
' .08 mm, or over in cross dlameter,

(1) Canals of the leaf midrib aver-
-aging .03 mm, in cross dlameter.
Silphium speciosum.

(2) Canals of the leaf midrib aver-
aging .04 mm, in cross diameter.

(a) Canals of the mesophyll
occurring above and below
the velns.

Silphium laciniatum,

(b) Canals of the mesophyll
occurring above the velns
only.

Helianthus annuus.

b. Canals of the stem cortex averaging
.06 mm. or less in cross diameter.

(1) Epithelium cells of the canals
well defined; composed of
rectangular cells,

Helianthus salicifolius.

(2) Epithelium cells of the canals
not well defined nor rectangular,

(a) Epithelium cells of the
canals containing a dark
brown mass.

Bidens involucrata.
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(b) Eplthelium cells not as
: above,

1t Canals of the stem
cortex average .008
mm. in cross diameter.
Heliopsls scebra.

27 Canals of the stem
cortex average .04

mm. in c¢ross diameter.
Mesadenla atripllicifolila.

Cs In the stem the canals are present in the cortex
only.

1. Canals of the stem not in contact with an
endodermis.

a, Underground stem in the form of a corm
with large secretion pockets.
Listris aspera.
Liatrls pycnostachya.
Liatris punctata. -

b. Underground stem not in the form of a
cCOoTim .
Eupatorium altlissimum.
Actinameris alternifolia,

2. Canals of the stem cortex with epltheliumv
in contact with an endodermils.

a, Canals of the stem averaging .05 mm,
or over in cross diameter.
Solidago Lindhelmeriana,
Solidago rigidiuseula.
Solidago rigida.
Boltonia latisquama,

b, Canals of the stem averaging .04 mm,
or less in cross diameter.
Erigeron ramosus.

D. In the stem the canals are present in the pith
only.
Lepachys columnifera,
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IITI. Canals present in stems and leaves only,-

A, Canals in stem cortex with epithelium cells
in contact with an endodermis.
Aster ericoldes.
Amphiechyris dracunculoides,
Euthamia camporum,
Grindelia squarross.

B Canals in the stem cortex not having epithelium
cells in contact with an endodermis.

1, Canals in both cortex and pith.
Bidens frondosa,

2e 'Canals in cortex only,
Galinsoga ciliata.
Iva ciliata,

IV. Canals present in the roots and stems only.
Ambrosia eliatior L.

V. Canals present in the roots and leaves only.-
Aster azureus.-

VI. Canals in the roots only; latex system in other
parts as well as in the roots,
Vernonia fasciculata.

VII. Only a latex system present.
: Agoseris cuspldata,
‘Tactuca pulchella,

Pyrrhopappus carolinianus,
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The Occurrence and Identificatlion
of Secretions Stalned Red
with Scarlet R.

Secretions which stain red with Searlét R are
found in abundance in the Carduaceae, Ambrosiaceae
and Cichoriaceae. Sections taken from various
parts of the plan£ show as a rule numerous globules
of these secretions diépersed in the pareﬁchymatous
tissues, and in masses in speclallzed sécretor& 8y8=
tems., In many species which have large-cavitied cane
als the secretion exudes easlly from the fresh—cut
surfaces,.

The tissue of the plant which containsfihe greate
est number of dispersed globules is the mesophyll of
the leaf. GrossAsecnionsAofvleaves of such épecies
a8 Solidago canadensis gilvocaneécens (Plate VvV, Fig. 1),
Amphiachyris dracunculoides (Plate V, fig. 3), Mesa- '

- denla atriplicifolia and Boltonla 1at1squamahtreated with
Scarlet R presgent a striking appearance due to the great |
quantity of dispersed globules.

The quantity of secretion in the mesophyll varies
among the specles observed but in each some secretion
was present. The followling table glves a comparison of
the specles based upon the relative amounte of dispersed

globules within the mesophyll of the leaf:
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The Symbol (#) in Table IV Indicates

Comparative Amounts of

Seeretion in the
Leaves,

Agoseris cuspldata
Ambrosia elatior L.
Ambrosie trifida .
Amphigchyris dracunculoides
Aster azureus -
Aster ericoldes
Aster Drummondil
Bldens frondosa
Bidens involucrata
Boltonlia latisquama
Erigeron canadensls
Erigeron ramosus
Eupatorium altissimum
Eupatorium urtlcaefolium
Euthamla camporum
Gelinsoga clliata
Grindelia squarrosa
Hellanthus annuus
Helianthus salicifolius
Helianthus rigldus
Hellanthus strumosus -
Helianthus trachelifolius
Heliopsis scabra
Iva ciliata
Lactuca pulchella
Lepachys columnifera
Lepachys pinnsta
Liatris pyenostachya
Liatris punctata
Liatris aspers
Mesadenia atriplicifolia -
Pyrrhopappus carolinianus
Seneclo plattensis ;
Silphium speclosum
Silphium laciniatum
Solldsasgo canadensls gllvocane
escens
Solidago Lindheimeriana
Solidago rigidiuscula
Solidago rigida
Vernonia fasclculata
Actinomeris alternifolia

e
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The secretlons of the above-and below-ground
stems are principally in the canals, but small glo-
bules are found dispersed in all of the living tis-
sues, If the stem‘has chlorenchyma the globules are
abundani, a8 in the leaf. The frequency and size
of the canals in the stems of the different species
indicate the relative amounﬁs of secretion.

Roots have the least amount of the secretion of
any of the plant parts. Certaln species are outstande
ing for their large canals and abundant secretions,
such as specles of Solidago and Helianthus,

Evidenbe of the nature of the secreted materials
within the various parts of the plants has been
sought for by various microchemical tests. ‘he micro-
chemical tests have beeﬁ found altogether satisfactory
on account of the relatively small size of the glo=
bules present.

Chemiecally different substances have been demon-
strated: fats, etherealboils, resins and caoutchouc,
81l staining red with Scarlet R. A fat is an ester
of glycerol with 6ne or more of the higher fatty acids.
Essential, or enhéreal, oils consist of a mixture of
hydrocarbons, mostly terpenes, together with alcohols

such as terpeneol and”camphobs. The chemistry of resins
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is not nearly as well known as that of fats and ether-
eal oils. Resin according to Tsechirech (1934) is neither
‘a chemical nor a physical term applied to any specific
substance but is one of common ussge, as 1s the term
tannin, being applied to a group of similar substances;
Wiesner (1927) considers resins as an excreted product
resulting from the plant's metabolism. Ghemically,
resins aré considered vefy complex substances formed by
a combination of linkages of various kinds, the m;jori~
ty of which contain phenol groups, aliphatic acids, alde-
hydes and terpenes. |

The microchemlcal tests hava‘been,carried on only
with fresh matbterlals. After using Scarlet R for the
differentistion of the contents occurring in the canals
and other parts, relative solubility tests were employed.
these alone may not be considered sufficlent to dlstine-
gulsh between fats, resins, ethereal oiis end . caoutchouc
but do serve for a major part in making this’distinction
possible. The solvents used were alcohol, acetone, chloro-
form, acetlc acld, carbon disulphide and benzene, Any of
these solvents may dissolve various resins, alcohol is
&g solvent for but very few fats while chlorofofm and care
bon disulphlde are well known fat solvents. Ggoutchouc

is insoluble in acetone but soluble in behzene. Wiesner
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(1927) speaks of “Harze? a8 being distinguished from
caoutchouc and guﬁtaperéha through the fact that re-

sin and resin-like materials are soluble in alcohol

and acetone while the other two are insoluble. For

- further distinction between fats and resins I have

used the saponification test for fats., Moenike (1924)
consldered this to be the most critical test for fats.
For this test I used a concentrated solution of KOH

in methyl alcohol which has been found to produce mye=-
1in bodles within five to ten minutes with any of the
more common plant oils, augh as castor bean seed oil,
cocoanut o0il, palm oil an& others, “This reagent taken
from Tunmann (1913) 1s superior to other saponification
tests in the épeedﬁof the reaction, This test has been
carried on with sections first treated with Scarlet R to
increase the visability of thefsecretions'ah& also with
exuded "juice" ecarrying diépereed globules which were
stained”red‘with Scérlet Re ’Eihereal olls have been test-
ed for, in addition to the solubllity test of acetic
acld, by using micro-distillation. ‘These tests, in con-
Juncﬁion wlth the tabulated solubility'testa point to the
fact that the secretions are resinous in their chemical

nature. The presence of caoutchouc which has been found
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to occur in a number of the examined planﬁs was made
certain by observing the solubility.  That is, when.
the substance was stained‘red with Scarlet R and was
non-saponifiable but was insoluble in acetone, but
soluble in benzene, ohloroform,-alcohol~or*carbon di-
sulphide, it was considered to be caoutchouc. A com-
plete 1list of the plants wlth the solubility of thelir

gsecretlion follows:
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Table V Showlng Solubility of

Secretions Which Stain -

Red with Scarlet R.

o
3
W Q&
Agoseris cuspldata - )

(globules) sol. sol.

(latex) insol. sol.
Ambrosia trifida sol. insol.
Amphiachyris ‘ :

dracunculoides insol. sol,
Aster azureus insol. 80l.
Aster Drummond.

ii. insol. 801,
Aster erlcoldes insol, sol.
Bidens frondosa insol. insol.
‘Bidens involu-

crata insol. insol.
Boltonia latis'= )

quama insol. sol,
Erigeron

ramosus insol. s0l.
Erigeron cana- ’

densis insol., insol.
Eupatorium '

altlssimum 801, 80l.
Eupatorium

urticaefoliun gol. gol,
Euthamia camporum sol. sol.
Grindelisa squar-

rosa. sol. insol.

o

SOi 0‘
gol.
sol,

insol.

insol.

insol.
insol.

insol.
insol.
insol.
gol.
gol,.
p.8ol.

sol.

sol.

80l.

]

X
W

Lﬁ %?

}o \S? 8 .

£ | o 20 :;
§? N N
sol.  sol., sol.
insol. gol, 1nsol.
insol. sol. insol.
insol, sol. 1insol.
insol. insol., insol.
s80l. sol. insol.
insol. insol. insol.
gol. insol. insol.
sol. insol. insol.
insol. sol. insol.
insol. sol. insol.
insol, sol, insol.
80l. p.sol, insol.
sol, sol, insol.
s0l. sol. insol,
sol. 80l. insol.
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60
X
cg
| A
Helianthus annuus sol. insol.
Hellanthus salici-
folius insocl. gol.
Hellianthus stru-
mosus sol. sol.
Helianthus tra- |
chelifoliuse s0l. insol.
Heliopsis scabra sol. sol.
Iva cilliata insol. 1nsoi.
Lactuca pul-
chella (globules)
.801+ 1insol.
Lactuca pul- .
chella (latex) 1nsol.- sol.,
Lepachys pin- N ',
nata Insol. sol,
Liatris pycno- ‘
svachya sol. insol.
Liatris aspera  sol. insol.
ﬁesadenia atri- :
plicifolla insol. sol.
Pyrrhopappua
carolinlanus
(globules) 4insol, sol.,
nyrhopappué
carolinianus '
(1atex) ‘ s0l. insol.
Senecio platten- |
gls B sol. insol.

o
NN
& Sy
v o N b )
¢ % 0 o O
v o A o .o
& A O \Q N
SN £
O VAN
| AN
sol. s0l. 8ol. insol.
insol. insol. sol. insol.
pesol. gol. sol., insol.
sol. sol. 'sol. sol.
sol. sol, sol. insol.
soi. insol. sol, insoi.
sol, gol, sol. so0l.
aoi. 1nsoi., sol., insol.
Pe.80l. insol. sol. insol.
Pesol. insol. insol., insol.
sol. sol. sol. sol.
insol. insol. SOi. insol.
s0l. sol; 80l. ineol.
sol. sol. sol, sol.
8ol, 1nsoi. p.sol, insol.



Silphium speclosum sol,

Silphium lacine
latum : sol.

Sbliaago canaden-
.81s gllvocanes-

cens . insol,

Solidego Linde

heimeriana  4insol.

Solidago rigil-
diuscula - insol.

Vernonla fascl-

culata sol;

~68=

" ineol. insol.

insol. g0l.

{

80l.. pP.B8Ol1..
sol.yp.sol{

501‘0' pc 501 0‘

sol. insol.

Xy
& N
< \?
° hY
o] N\ ¢ NIV,
L \(\ \00 \I\)\
0 £
N e &
AV
insol. sol. insol,
sol. insol, insol.
insol,. so0l,. insol..
insol, sol. insol.
insol., sol. insol.
sol;iinscl.' sol(
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table VI

Chemical Nature of Secretion Based

upon Solubllity Tests.

Agoseris cuspidata

Ambrosia trifida

Amphiachyris dracuncﬁloides
Aster azureus

Aster Drummondii

Aster ericoldes

Bidens frondosa

Bidens involucrata
Boltonlea latisquama:
Erigeron canadensis
Erigeron ramosus
Eupatorium altlissimun
Eupatorium urticaefolium -
Euthamla camporum
Grindella squarrosa
Hellanthus annuus -
Hellanthus sallcifolius
Hellanthus strumosus-
Hellanthus trachelifolius
Hellopsls scabra

Iva clliata

Lactuca pulchella

Lepachys pinnata
Liatrls aspera

(Latex)

Liatris pyenostachya
Mesadenia atriplicifolia
Pyrrhopappus carolinianus
Seneclo plattensls
Silphium speclosum
Silphium lacinlatum

Solldago canadensis silvocanescens

Solidago rigidiuscula
Solidago rigida
Vernonia fesciculata

(globules)
(latex)

(globules)

Resinous
Caoutchouc

‘Resinous

Caoutchouc
Caoutchouc
Caoutchouc
Caoutchouc

Resinous ‘
Resinous
Caoutchouc

Resinous :
Caoutchoue

-Resinous

Resinous
Resinous
Resinous
Resinous
Caoutchoue
Resinous
Resinous
Resinous
Resinous
Resinous
Caoutchouc
Caoutchoue
Resinous
Resinous
Caoutchouc
Reslnous
Resinous
Resinous
Resinous
Caoutchouc
Ceoutchouce
Caoutchouce
Resinous
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In following the development of a number of specles
in théir primary permanent tissue stagee it has been
observed~that the majority of the young plants do not
contain the dispersed globules in their parenchymatous
tissues typical of the more meture plants., However,
the canals did contaln secretion during the formation
of the primary meristematic tlssues,

Considerable difference in time of formation of
the disﬁersed globules so typical of the mature leaf
mesophyll has been noted for several species. For this
purpose plahts of Silphiunm laciniatum and speciosum,
Chrysanthemum leucanthemum and Helianthus strumosus were
grown in the greenhouse, The piant of Chrysanthemum leu=-
canthémum whem brought 1ln from the field had a large
group of basal leaves, but these contained no globules.
Formation of globules occurred soon after the plant had
produced its first flowers. The plant of Helianthus stru-
mosus grew to a helght of five feet and was ready to pro-
duce flowers when globules began to appear 1nAthe leaf
mesophyll. Silphium lacinlatum produced a number of
large basel leaves without having the dlspersed globules
until after three weeks. Silphium speciosum grew approxe
imately two feet tall before globules were observed., In

each of the latter two cases globule formation occurred
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considerably ahead of flower formation.

Similar observations were made of these specles
when they grew in the field which gave comparable
results,

Possible functions of these secretions in the
plant are not evident. To consider that they actually
serve as a reserve gubstance later~used in the plant's
metabollsm might seem Justified by the large Quanti-d
ties formed. However, dead parts, especially the
leaves of certain species, when examined microchemical-
ly exhiblt an abundance of the secretion remalning.
Specles showing this were Solldago canadenslis gilvocan-
escens, Boltonla latisquama, Hellanthus salicifolius,-
Solidago riglda, Euthamla camporum, Mesadenla atripli-
cifolia, Liatris aspera and pycnostachya. Lloyd (1932)
in dliscussing possible uses of caoutchouc to the plant 
says that whether the hydrocarbon in question is, in
the case of the guayule, actually a reserve substance
and is actually made use of in metabolism requifes
proof which has not yet appeared. That the presence of
the globules in the leaves might serve in drought re-
slstance has been suggested by Transeau (1904)., Lloyd |
(1932) says that the view which'has“been-advaﬁcedwfrom

time to time, that caoutchouc in the guayule confers on
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the plant some ability to withstand drpught,'has no
convincing evidence.

In ah attempt to determine if the globules would
disapbear when the plant was Starved indicating thelr
being uéed in metabolism, young and old plants were
brought in and placed in the dark. The yoﬁng plants
weré taken from the field Just after the first evident
gl&bule formation. The globules remained 1n,§he older
plants but disappeared from the younger plants., Plants
showing thié were Mesadenia atriplicifolia, Liatris ‘
aspera, Hellanthus snrumoéus, rigidus and Solldago cana-

densis gllvocanescens.
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PLATE I

Photomicrographs of Root Cross Sections.

XT76

Solidego rigidiuscula.
Ambrosia trifida.

Actinomeris alternifolia.
Helianthus strumosus., '
Silphium speciosum (old root).
Mesadenia atriplicifolia.
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PLATE II

Photomlcrographs of Stem Cross Sectlons.

1.

2.

e

i

5.

6.

Bidens frondosa X T6.
Helianthus rigidus X 150,
Helianthus rigidus X T6.
Solidago rigidiuscula X 76.
Helienthus strumosus X 76,
Mesadenia atriplicifolia X T76.
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PLATE III

Photomicrographs of Stem Cross Sectlons,

x76

Erigeron canadensis,
Pyrrhopappus carolinianus.
Lepachys pinnata.

Lactuca pulchella.
Ambroslia elatlior L.
Silphium speciosum.



I amp Py

() -
e




7

PLATE IV

Photomlcrographs of Rhizome Cross Sectlons,

XT6

Solldago canadenslis gilvocanescens,
Silphium speciosum.

Helianthus rigidus.

Helianthus strumosus.

Liatris pycnostachya (corm).
Actinomeris alternifolla.
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PLATE V

Photomicrographs of Leaf Cross Sectlons.

1. Solidago canadensis gllvocanescens X T6.
2, Silphium lacinistum X T76.
3. Amphiachyris dracunculoides X T6.
~ Silphium laciniatum X 150.
5. Helianthus salicifolius X 76,
6. Boltonia latisquama X T6.
7. Helianthus rigidus X 76,
8. Erigeron canadensis X T6.
9. Solidago rigidiuscula X T6.
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