


VIII. SEEDLINGS OF CERT,\I1 T WOODY PL NT . 

FRA. · c1 R .DL\LEY. 

The following ob ervation on s edlings of woody plant 
were made at the niver ity of :Minne ota, during the year · 1 96, 
1 97 and 1 9 . The plant were grown from eed either col
lected by the writer, or obtained from reliable dealer . 

lost of the pecie studied ha\·e not hitherto been inve li
gated. The author ha , however, re-examined ,·ome plant· de
scribed by former inve tigator , e. pecially in ca e where the 
printed description· were incomplete or without illustration . 

The mea urement given are in all ca e · ba ed on a con ider
able number of plants examined. It ha been found that the 
exact lo\ er limit of the hypocotyl i not always 'readily d ter
mined, although generally it i enough larger in diamder than 
the root to be exactly located. It ha eemed be ·t in gi\'ing the 
length of the hypocotyl to mca ure it full extent rather than 
imply that part above the ground. 

An attempt ha been made to note a far a po ·ible, whether 
the eed coat is carried up or remain underground and al o 
how much the cotyledon increa 'e in ize after appearing above 
the ground. The e point have not generally been noted b • 
tudent of eedling . 

In mo t ca e the length of time required for germination of 
the seed i given. The figure are for the fir t eedlings. 
Oftentime plant will appear every few days for ov •r a month 
after the fir t have come up. nle, otherwi, e tated it i to be 
understood that the eed were planted in the following pring 
aft r ripening. The plant tudied \ ill be con idered in the 
order of Engler and Prantl. 

SALICACElE. 

Populus deltoides 1AR H. 

The seed of the "cottonwood" ripen in June and hould be 
planted at once. The young plant appear above ground in a 
week or sooner. 
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The cotyledons are petiolate, the blade being ovate-oblong, 
about 5 mm. in length and 4 mm. broad. The petiole is about 
3 mm. long. There is but little increase in size as the plant 
grows older. 

The first two leaves are opposite, lanceolate, short-petiolate, 
of willow-like shape . They are about IO mm. long before the 
epicotyl has developed at all and do not afterward increase in 
size. The hypocotyl is I0-15 mm. long; the epicotyl reaches 
a length of 8 or IO mm. 

The third and fourth leaves are nearly opposite; later ones 
are alternate. The later leaves become broader and longer 
petioled, gradually assuming the deltoid form characteristic of 
the species. 

ULMACElE. 

Ulm us americana LINN. 

The " white elm" is a native of the eastern and central United 
States. The seeds ripen in early spring and must be sown at 
once. They germinate in about a week . Often, but not al
ways, the pericarp is carried up by the growing seedling. 

The cotyledons are at first obovate, slightly auriculate, 5 mm. 
long and 2-3 mm. broad. They are indistinctly reticulately 
veined. They increase but slightly in ize and seldom become 
more than 7 mm. long. They are short-petioled. The hypo
cotyl is slender, not enlarged at the base, 25-35 mm. long, 
but in time it may reach a length of 50 mm. The epicotyl is 
about IO mm. in length. 

The leave are petiolate, ovate, coarsely errate, with distinct 
veining. The first two are opposite, the third and fourth nearly 
so. Later leaves are alternate . 

Ulmus fulva Mrcux. 

The " lippery elm," like the previously described species, 
ripens its seed early in the spring. The e, when planted at 
once, germinate in about two week . The seedling resembles 
that of U. Americana in all essential re pects. 

Celtis occidentalis LrnN. 

This is a fine tree native to the central United States and 
Canada. It is known as the " hack berry." The seeds germi
nate in from four to six weeks. The seed coat remains under 
ground. 

. . 
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The cotyledons are at first IO mm. long, but by the time the 
first pair of foliage leaves appear they are 30 mm. in length, 
17 mm. in width, ovate, entire, notched at the apex. The 
epicotyl is 10 mm. in length. The figures here given are sub
stantially correct for all the plants examined by the present 
writer. Lubbock's* figures for seedlings of this species are 
about one-half those here given. 

The epicotyl is at length 20 mm. long. The first two foliage 
leaves are opposite, the later ones alternate. Leaves of the first 
year are not at all conspicuously oblique at base as are those of 
older plants. 

MORACE.Ai:. 

Toxylon pomiferum RAF. 

This is the well-known " osage orange " of the south-central 
United States. The seeds germinate in about one month after 
planting. The seed coat is often carried up by the cotyledons 
which are thus prevented from opening till they have increased 
somewhat in size. 

When they first appear the cotyledons are 9 mm. long and 5 
mm. broad, obovate-oblong, entire, short-petioled. The hypo
cotyl is stout, 35-50 mm. long. 

The cotyledons grow rapidly in size and by the time the first 
leaves are well developed have increased to 20 mm. in length 
and 12 mm. in width. The petiole is di~tinctly margined and 
4 mm. long. The veining of the blade is distinct. The epi
cotyl is ro-15 mm. long. The first two foliage leaves are op
posite, narrowly lanceolate, ovate, entire or nearly so, distinctly 
veined. The later leaves are alternate, often pointed at the 
base as well as the apex. The seedling of this plant was 
.studied by Lubbock, t but not figured. 

Broussonetia pa pyrif era (LINN.) VENT. 

The seeds of this oriental tree, the "paper mulberry,'' ger
minate in about three or four weeks after planting. The seed 
coat is carried up and often remains attached to one of the 
cotyledons for a time after they have opened. 

The hypocotyl is rather slender, 12-15 mm. long. The 

•On Seedlings, 2: 493. 1892. 
t Op. cit. 2 : 498. 
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cotyledons are oval; when fully open they have a petiole 2 mm. 
long and blade 8 mm. long and 5 mm. broad, very slightly 
notched at the apex. When they first emerge from the seed 
coat the leaves are not over 5 mm. in length. 

The first foliage leaves are opposite; they are petiolate, nar
rowly ovate, serrate, slightly heart-shaped at base and mo~e 
nearly entire than the later leaves which are alternate, long
petioled, serrate and frequently more or less two- or three
lobed or pa~ted. Usually about the close of the second sea
son the well-known peculiar characteristic leaves make their 
appearance. 

MAGNOLIACEJE. 

Liriodendron tulipifera LINN. 

The seeds of the "tulip tree" germinate in from four to six 
weeks after planting. The wing-like pericarp remains in the 
soil. 

The cotyledons when they first appear are about 7 mm. long 
and 5 mm. broad, almost sessile, ovate-oblong in shape. Before 
the first leaf appears each cotyledon has developed a distinct 
petiole 2 or 3 mm. long, while the blade is about 12 mm. in 
length. 

The foliage leaves are alternate. The first is broadly ovate
oblong, petiolate, emarginate, with entire margin. The second 
and third resemble the first. The characteristic leaves appear 
toward the close of the first season or not till the second year. 
The epicotyl is extremely short, 1-2 mm. long. Succeeding 
internoues are likewise hort. 

CAL YCANTHACEJE. 

Butneria florida (LINN.) KEAR""EY. 

This i the familiar " sweet-scented shrub" commonly culti
vated in the eastern United tates. It is native from Virginia 
to the Gulf of Mexico. The seeds require a month or more to 
germinate. The cotyledons are rolled longitudinally about 
each other in the seed and remain tolled up for two or three 
days after appearing above ground. 

The hypocotyl is stout, 20 mm. long. Cotyledons are thick, 
dark green, slightly auriculate at base, petiolate, generally 
somewhat trapezoidal, the apex broadly incurved. They are at 
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first about 12-15 mm. long and 25 mm. broad. Eventually 
they may become 20 mm. long and 30 mm. broad with petioles 
IO mm. in length. In shape they are often quite asymmetrical. 

The foliage leaves are opposite, ovate, pointed, entire. The 
first do not differ materially from the later ones. The epicotyl 
is about the same length as the hypocotyl. 

Bu tneria fertilis ( w ALT.) KEARNEY. 

The seedling of this plant does not differ in any important 
respect from that of the species just described. 

CAESALPIN ACElE. 

Parkinsonia aculeata LINN. 

The seeds of this shrub germinate in about two weeks after 
planting. The seed coat is usually carried up. 

When they first appear the cotyledons are 15 mm. long, 8 
mm. broad, ovate-elliptical, sessile, very slightly auriculate at 
base. The hypocotyl is stout, 30-50 mm. in length. The coty
ledons increase in size until they are 25 mm. long. 

Foliage leaves are alternate; all are pinnate, the first has five 
pairs, the second six pairs of leaflets. The epicotyl is 9 mm. 
long when two leaves have appeared. 

Cercis canadensis LIKN. 

This is the well-known " red bud " or "Judas tree " of the 
central United States. The seeds germinate in about two 
weeks. The seed coat is usually carried up, holding the coty
ledons together until erect. The veins of the cotyledons are 
distinct even before the cotyledons have separated. 

The cotyledons are broadly ovate, at first 6 mm. long and 4 
mm. broad, eventually 15 mm. long and 8 mm. broad. The 
hypocotyl is stout, ro-30 mm. long. Thi is of interest since 
the hypocotyl of c. st'lt'quaslrttllt vVILLD., as described by Lub
bock,• is but 5-6 mm. in length. 

The epicotyl is 20-30 mm. long. Foliage leaves are all al
ternate, entire, cordate, long-petioled. 

Gleditsia triacanthos LINN. 

The "honey locust," as .this plant is called, is a familiar tree 
of the central United States. The seeds germinate in about one 

*Op. cit. I : 465. 
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month after sowing. The seed coat is sometimes carried above 

ground, but it as often remains in the soil. 
The hypocotyl is stout, 25-30 mm. in length. The cotyle

dons are sessile, slightly auriculate, oblong, 18 mm. in length 
and 9 mm. broad. They do not increase greatly in size. 

Leaves are alternate and pinnate. The second appears be
fore the first is fully open. The first leaf usually has eight pairs 
of leaflets, the second has eleven pairs, the third thirteen pairs. 
When these leaves have developed the hypocotyl is about 50 
mm. long, the epicotyl 20-25 mm. 

The first leaves are described by Tubeuf * as having ten pairs 
of leaflets. In the plants examined by the present writer the 
first leaf had neYer more than nine pairs of leaflets . 

P APILION ACElE. 
Amorpha fruticosa LIN 

This is an ornamental shrub indigenous to North America 
and frequently cultivated. The seeds germinate in about two 

weeks after planting. 
\Vhen the cotyledons first appear they are ovate in shape, 

about 5 mm. long and 2.5 mm. broad. By the time they are 
fully open they measure 8 mm. in length. The hypocotyl at 
this time is 25 mm. long, quite slender, gradually thickened 

below. 
The cotyledons attain a length of l 2 mm. They are sessile. 

The epicotyl is 15 mm. in length. Foliage leaves are alternate. 
The first five or six are simple, broadly ovate, petiolate. After 
these the leave are, for a space, pinnately trifoliate. The 
terminal leaflet is larger and longer stalked than the lateral ones. 
Later leaves are pinnate with numerous leaflets. 

Amorpha nana UTT. 

The seedlings of this shrub re emble those of A .frnticosa save 
that they are much smaller. The hypocotyl does not become 
more than 8 or IO mm. in length and the epicotyl is only about 
5 mm. long. Cotyledons are 5 mm. long and 3 mm. broad. 

Leaves are alternate. The first six to ten are simple. They 
are broadly orbicular, emarginate, petiolate, with a distinct mid
vein . As in the former species the later leaves are pinnately 

compound. 
* Samen, FrUchte und Keimlinge, 12~. 18<)1· 
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The writer is indebted to Mr. D. M. Andrews, of Boulder, 
Colo., for seedlings of this plant and of Acer glabrum. 

Robinia pseudacacia Lr"'N. 

The "locust tree" is a native of the middle and southeastern 
United States. The seeds germinate in about two weeks after 
planting. 

Seedlings of this plant were studied by Lubbock* and by 
Flott but the fact is not stated by these writers that the coty
ledons are at first somewhat narrowly elliptical or obovate and 
only at a rather late stage become" oblong-oval." The descrip
tions hitherto published have not been accompanied by satis
factory figures . 

RUTACElE. 

Ptelea trifoliata Lum. 

This is the so-called " hop tree" of the central United States. 
The seeds germinate in from three to four weeks, the seed coat 
remaining underground. Almost as soon as the cotyledons get 
above ground they become erect and then separate. 

The cotyledons are nearly ses ile, elliptical-oblong, entire, 
6 mm . long and 3 mm . broad . They grow for some time and 
become at length 18 mm. long, 7 mm. broad, minutely serrate, 
short-petiolate, with midvein distinct. The hypocotyl is rather 
stout, 15-20 mm. long. 

The epicotyl i 20-40 mm. long when the first leaf is fully 
open . It often elongates somewhat after that time . Leaves 
are alternate. The first foliage leaf is usually simple, ovate, 
petiolate, with crenulate margin . Sometimes it is trifoliate, 
sometimes but partially compound; perhaps one of the side 
leaflets is separate, but not the other. The second leaf is 
u ually trifoliate, sometimes incompletely so . Later leaves are 
all trifoliate, the terminal leaflet larger than the lateral ones . 

A description of thi seedling is given by Lubbock t but there 
is no figure . 

• Op. cit.. I: 422 . 

t Flot. Recherches sur la structure comparee di' la tige aes arbres.-Rev. 
gen. de Bot. 2 : 20. 18<)<>. 

+Op. cit. I : 322. 
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SIMARUBA CElE. 

Ailanthus glandulosa DEsF. 

This well-known tree is a native of eastern Asia. It is, how
ever, grown extensively in this country. The writer's observa
tions on the seedlings differ somewhat from those previously 

published.* 
The seeds, planted in May, germinated in from two to three 

weeks. The seed coat and wing sometimes remain in the 
ground but are quite often carried up by the elongation of the 
hypocotyl before the cotyledons emerge. 

The cotyledons are at first about 6 mm. long . By the time 
they are fully open they have increased somewhat in size and 
the hypocotyl has attained its full length, viz. about 40 mm. 
vVhen the first leaves have opened the cotyledons are broadly 
obovate, petiolate, with the blade 15 mm. long, II mm. broad 
and the petiole 5 mm. long. 

The epicotyl is at length 20 mm. long. The first few leaves 
are trifoliate. Later leaves are pinnate. 

AN ACARDIACElE. 

Schinus molle LINN. 

This is the so-called " pepper-tree " sometimes planted in 
C alifornia but a native of tropical America. A description of 
the germination of the seed is given by Lubbock, t whose ac
count in this case, the pre ent writer only desires to supplement. 

The cotyledons are remarkable for their great increase in 
size; beginning with a length of 5 mm. the blade is finally 20 

-25 mm. long and broad in proportion. The petiole is about 

4 mm. in length. 

CELASTRACElE. 

Celastrus scandens LINN . 

This is the " climbing bitter-sweet,' a common native liana 
of the United States . It is frequently cultivated. The seeds 
ripen in the fall. If planted the following spring they usually 
require a year to germinate. 

The cotyledons are thin, reticulately veined, petiolate, ova1-
oblong in shape. At first they are IO mm. long and 5 mm. 

*Lubbock op. cit. 1 : 327. 
t Op. cit. 2: 335. 
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broad, but grow rapidly and become about twice that size. As 
they grow older they become broader in proportion to the length. 
The petiole is finally about 5 mm. long. The hypocotyl tapers 
gradually to the root so that its exact limit is not easily recog
nized. It reaches a length of 40 or 50 mm. 

The epicotyl is about r5 mm. long. Leaves are all alternate . 
The first leaves are not different from those formed later. 

ACERACElE. 

Acer negundo LINN. 

Seeds of the " box-elder " germinate 111 from one to two 
weeks after sowing. The large winged pericarp is brought 
above ground. 

The hypocotyl is 25-35 mm. long when the cotyledons first 
open and does not grow longer. The cotyledons are strap
shaped, sessile, entire, tri-veined; about 30 mm. long and 5 mm. 
broad. 

The epicotyl becomes 5-8 mm. long. Leaves are opposite. 
The fir t two are ovate, acute, serrate, petiolate. Later ones 
are tri-cleft. Usually the sixth or seventh pair and all later 
ones are pinnately compound. 

Acer glabrum TORR. 

The seedling of the " Rocky mountain maple" resembles that 
of A . negundo. The hypocotyl is shorter, 20 mm. long, and 
the cotyledons about 20 mm. long, 5 mm. broad. Leaves are 
opposite, long-petioled, ovate-cordate, the second pair somewhat 
lobed. Later leaves are three- or five-lobed, the lobes more or 
less acute and sharply serrate. 

Acer saccharin um L1:\"x. 

The seeds of the "soft maple" germinate in about ten days 
after plantir:g. The fir t leaves are well developed when the 
plant appears above· ground. The cotyledons remain in the 
soil for a time enclosed in the pericarp which eventually decays. 
Sometimes they do not appear above ground • at all. 

The hypocotyl is stout, about 20 mm. long. The cotyledons 
are somewhat fleshy, asymmetrical, short-petioled, bent around 

*\Vin kier. Kleinere morph. Mitlheilungen, in Verhandl. d. Bot. Ver. d. 
Provinz Brandenburg, 18: 99. 1877. 
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so that both are on the same side of the stem. They are about 
16 mm. long and 8 mm. broad. 

The epicotyl often becomes greatly elongated, reaching a 
length of 50-100 mm. Leaves are all opposite, those of the 
seedling are the same shape as the later leaves. 

RHAMNACEJE. 

Berchemia racemosa SmB. & Zucc. 

This plant is a shrub with conspicuously veined leaves. It 
a native of Asia. The seeds require two or three weeks to 

germinate. It is often a number of days before the cotyledons 
get out of the seed coat which is carried above ground. 

When the cotyledons first emerge they are sessile, strap
haped, 8 mm. long and rYz mm. broad. They remain about the 

same size for a time after they are fully open. The hypocotyl 
is slender, about 15 mm. long. 

By the time the first foliage leaves are open the hypocotyl is 
15-20 mm. long; the epicotyl 5 mm. in length and the cotyledons 
IO or 12 mm. long and i.5-2 mm. broad. The foliage leaves 
are ovate, petiolate, conspicuously veined; the first two are 
oppo ite or nearly so, all others are alternate. 

Rhamnus purshiana DC. 

Thi is a handsome tree of Pacific North America sometimes 
planted in the eastern United States. The bark is the "Cas
cara agrada ' of the drug stores. The seeds require a month 
or more to germinate. 

The cotyledons increase but slightly in size after opening. 
They are obovate, entire, sessile or nearly so, 7 mm. long and 
5 mm. broad. The hypocotyl is 25-30 mm. long. 

The epicotyl i slender, 15-20 mm. long. Foliage leaves are 
ovate, pointed, petiolate, alternate. The first two and the third 
and fourth are, however, nearly opposite. The margin of the 
leaf is finely serrate; the veining very prominent. 

VITACEJE. 

Vitis cordifolia Mrcux. 

This i one of the commonest wild grapes found in the north
ern United tates. The seeds germinate readily, the cotyle-
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dons appearing above ground in about four weeks. Sometimes 
the seeds do not germinate till the second year. 

The cotyledons are ovate, petiolate, veined . When they first 
appear the blades are about IO mm. long and 6 mm. broad. 
They grow to about 18 mm. in length, and a corresponding width 
before the first leaves appear, after which time they do not in
crease in size. The petiole is about 8 mm. long. The hypo
cotyl is stout, from 25-30 mm. long; it does not grow longer. 

The leaves are all alternate, ovate-heart-shaped, irregularly 
dentate, palmately 5-veined. When the first leaf appears the 
epicotyl is about 8 mm. long. It may eventually reach a length 
of 10 or 12 mm. 

Parthenocissus quinquefolia (LINN.) PLANCH. 

This is the familiar "Virginia creeper," a native of the 
United States and frequently planted. Seeds germinate in 
about three weeks. 

The hypocotyl is stout, from 20-40 mm. long. The cotyle
dons are long-petiolate. The blade is cordate, prominently 
veined, at length 20 mm. long, 20 mm. broad. The petiole is 
channeled, 20 mm. long. Both hypocotyl and petioles are pink 
except that part of the hypocotyl which is below ground. The 
hypocotyl becomes very much thickened toward the end of the 
season, exhibiting a well-marked " region tigellaire." 

The epicotyl is undeveloped, the first leaf arising just above 
the cotyledons. Leaves are all alternate and quinquefoliate 
from the beginning. The first do not differ from the later 
ones. 

STERCULIACEJE. 

Sterculia platanifolia LINN. 

The seeds of this oriental tree germinate in about a month 
after planting. A part of the seed coat is often attached to the 
cotyledons when they first appear above the ground. 

The hypocotyl is stout, 40 mm. long at the time the cotyle
dons open. These are broadly oblong or orbicular, entire, 
slightly cordate at base, with petioles nearly as long as the 
blades. The latter are at first about 18 mm. long and 16 mm. 
broad but become very large, sometimes 40 mm. long and 45 mm. 
broad. They are palmately five-veined. The midvein forks 
some distance from the apex. 
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The epicotyl is about IO mm. long. Leaves are alternate. 
The first leaf is broadly heart-shaped, entire, petiolate, palmately 
five-veined; the midvein runs to the apex of the leaf. 

ELlEAGNACElE. 

Elreagnus umbellata THUNB. 

The seeds of this Japanese shrub reqmre about four weeks to 
germinate. The seed coat is often carried up above ground. 

The cotyledons are oblong-ovate, sharply auriculate, short
petiolate. The blades are quite thick. When they first emerge 
from the seed coat they are 7-8 mm. long but are finally IO 

mm. long and 6 mm. broad. The hypocotyl is rather stout, 
10-30 mm. long. 

The foliage leaves are ovate, entire, petiolate. The first two 
are opposite or nearly o, later ones are alternate. The epi
cotyl is short, not usually more than z or 3 mm. in length when 
the first leaves are well developed. It eventually may grow to 
a length of 4-8 mm. 

The seedlings of this plant resemble very much those of E. 
augustifolt'a microcarpa• save that in the latter the petioles of 
the cotyledons are much longer. 

MYRTACElE. 

Eucalyptus globulus LABILL. 

Thi is the well-known '' blue gum" tree of Australia. It 
i planted extensively in California. The seeds germinate in 
from one to two weeks. The seed coat is often carried up by the 
cotyledons. These are doubled over each other. One lobe of 
each is exposed. 

The hypocotyl i slender, about 30 mm. long. The cotyle· 
dons, when fully opened, are short-petiolate, 3 mm. long and 
generally twice as broad, two-lobed, the inus shallow. When 
fir t out of the seed coat the cotyledon are about one-half the 
size here named. No distinct venation was observed, although 
Lubbockt states that they are tri-nerved. 

The epicotyl is about IO mm. long. The foliage leaves are 
opposite, lanceolate and entire, those higher on the stern be-

•Lubbock, op. cit. 2 : 465. 
tOp. cit. I: 530. 
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coming gradually broader. Higher internodes of the stem are 
quadran gular. 

Eucalyptus citriodora HooK. 

The mode of germination and the seedling of the '' lemon
scented gum" resemble the species just described. There are 
some important points, however, to be noted. 

The hypocotyl is 20 mm. long and quite slender. The coty
ledons are petiolate. The blade is broadly orbicular, entire, in
distinctly 3-veined; at length 6-9 mm. broad, 4-7 mm. long, 
green above, red to purple below. The petiole is 3-4 mm. 
in length. The cotyledons are persistent for a considerable 
time; often remaining till ten or more nodes of the stem are 
developed. 

Eucalyptus corymbosa SM. 
This plant, also a native of Australia, is called "blood-wood." 

Seeds germinate in two or three weeks. The hypocotyl is 20 
mm. long and quite slender. The cotyledons are short-petiolate. 
The blade is reniform, deeply cordate at base, at first 2-3 
mm. long and 5-6 mm. broad. It finally grows about twice 
this size and is indistinctly 3-veined. 

CORNACElE. 

Cornus amomum MrLL. 

The seeds of the common " dogwood " germinate in two or 
three weeks after planting, but sometimes not till the follow
ing year. 

The hypocotyl is rather slender and quite long, usually 50 
mm. or more in length. The epicotyl also is greatly elongated, 
reaching a length of 40 mm. The cotyledons are oblong-ellip
tical, entire, short-petiolate. At first they are IO mm. long and 
5 mm. broad. The blades become 20 mm. long and IO mm. 
broad, the petioles 4 mm. long. 

Leaves are all opposite, ovate, acute, petiolate. The first are 
like the later ones. 

Cornus stolonifera MrcHx. 

Seedlings of this plant resemble those of the previous species 
in all essential respects. 
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Corn us florida LINN. 

Seedlings of the "flowering dogwood" resemble those of C. 
amomum. 

STYRACACElE. 

Mohrodendron carolinum (LINN.) BRITT. 

Seeds of this plant, the "snow-drop tree," planted in t?e 
spring of the year following their ripening lie dormant an entire 
year before germinating. 

The cotyledons are thin, oval-oblong in outline, rather short
petiolate. The blades are at first 20 mm. long and 8 m~· 
broad. They do not increase much in size. The hypocotyl is 
stout, from 25-35 mm. long. 

The epicotyl is about 20 mm. long. The leaves are all alter
nate, ovate-acute, serrate, petiolate. Save in size there is no 
difference between the first and the later leaves. 

BIGNONIACElE. 

Tecoma radicans (LINN.) DC. 
This is a woody climber, the "trumpet creeper," indigenous 

to eastern North America and frequently cultivated. The seeds 
germinate in about ten days. The large fiat wing of the seed 
is sometimes, though not usually, carried up. 

The cotyledons are broadly mbicular and deeply notched at 
the apex. They are almost sessile. When first above ground 
they are 5 mm. wide, but when fully open are 9 mm. wid~. 
They do not increase in size after that time. The hypocotyl 15 

20-30 mm. long, green or pale, sometimes pinkish. 
The epicotyl is at first quite short, but lengthens, when the 

foliage leaves open, to about r 5 mm. The first leaves are 
simple, ovate, dentate, petiolate, distinctly veined. The next 
leave are tri-foliate. Leaves at length are pinnately com
pound. 

Catalpa speciosa WARDER. 
This large tree is a native of the southern United States. 

eeds germinate in from one to two weeks. The fiat winged 
seedcoat is sometimes carried up, but more usually remains in 
the soil. 

The cotyledons are face to face. They are dark green, 
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deeply bifid, the lobes more or less obovate, 5-6 mm. long 
and 3-4 mm. broad. They increase rapidly to nearly twice 
their original size. The hypocotyl is stout, 30 mm. long. 

The epicotyl is 8-12 mm. long. Foliage leaves are oppo
site, entire , pointed, ovate to cordate, petiolate with distinct 
veining. 

Seedlings of this plant have been previously* described, but 
without measurements or illustrations. 

RUBIACEAJ:. 

Cephalanthus occidentalis LINN. 

The "button bush" is a low shrub indigenous throughout 
most of North America. The seed germinates in about three 
weeks. The seed coat remains in the ground. 

The cotyledons are ovate, acute, short-petiolate, 3 mm. long 
and r mm. broad when they first appear; at length they become 
about twice or three times that size. The hypocotyl is slender, 
15-30 mm. in length. 

When the first foliage leaves are open the epicotyl is from 
4-8 mm. long. Leaves are opposite, ovate, acute, entire, long
petioled, distinctly veined. 

CAPRIFOLIACEAJ:. 

Sambucus pubens MrcHx. 

This is the " red-berried elder" of the northern United States. 
The seeds ripen in June. If sown at once they germinate in 
about one month. ome of the seed , however, do not come 
up until the following spring . 

The hypocotyl, which pas es gradually into the root, is about 
ro or 15 mm. long. The cotyledon are petiolate. When they 
first appear they are 3 mm. long and 2 mm. broad. The coty
ledons become longer petioled and the blades more ovate as they 
grow older. By the time two pairs of foliage leaves have ap
peared they are ro-15 mm. in length with petiole 8 mm. long. 

The epicotyl i very short as are also the succeeding inter
nodes. Leaves are opposite; the fir t two pairs cordate, ser
rate, with petioles as long as the blades. The next leaves are 
generally trifoliate ; later ones are pinnately multifoliate. 

*Lubbock, op. cit. 2: 335. 
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GE ERAL OBSERVATIONS ON THE FACTS RECORDED IN THE 

PRECEDING PAGES. 

Without any attempt at ecological explanations of the phe
nomena of the growth and development of seedlings such as 
given by Goebel* a few generalizations may be made fr~m the 
plants at present examined. Some of the features to which at
tention is called have been previously discussed by Klebs} and 
Lubbockt so that what follows will not be so much a considera
tion of such points but rather a classification of the plants 
studied with regard to their special peculiarities. 

A knowledge of the shape and general structure of the c?ty
ledons does not help one to predict the character of the foliage 
leaves. Sometimes there is a certain resemblance between coty
ledons and the first foliage leaves or even the later ones. The 
resemblance is, however, chiefly in cases where the cotyle~ons 
are ovate or oblong. This is a very common form for foliage 
leaves as well. Thus in Toxylon ponziferum and Ceplialan~/ttts 
occidental£s the cotyledons and foliage leaves are much alike' 
That the two kinds of leaves are of the same general shape, 
may be a mere coincidence and of no great significance. 

Where the general shape of cotyledons and first foliage leaves 
is much the same, the former may have entire margins and the 
latter be variously toothed or lobed, e.g., Vz"tis cordifolt"a, Ptelea 
trifoliata. While, as has been said there is no absolute agree
ment in the shape of cotyledons i~ a given genus or ~~mil~, 
ne~ertheless, there are, as is well known, many fam1he~ in 

which certain types of cotyledons prevail. The first foliage 
leaves, however, are more frequently alike, e.g., Acer spp. d 

In cases where leaves of old plants are pinnately compoun 
the first few foliage leaves are often simple, e.g., Acer negimdo, 
Amorp!ia spp., Ptelea tril:"ol£ata, Sclzinus molle Robinia pseuda-

. S ':I' ' the 
cacza, ambuws spp. In all these cases the transition to 
comp.ou~d form is gradual. Thus in Ptelea trifoliata the first 
leaf 1s simple, the econd leaf usually has but one lateral le~f
let. In Robinia pseudacada the second leaf is trifoliate while 
later leaves are more and more multifoliate. . 

Occasionally even the first foliage leaf is compound, as in 

* Organographie der Pflanzen, 1g9s. 
t Beitrage zur 1Iorph. und Biol. der Keimung. Pfeffer's Untersuchungen aus 

dem Botan. Inst. zu TUbingen x: 536. 1885. 
+Op. cit. 
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Parthenocissus quinquifolia. In Ailant/zus g landulosa, however, 
the first few leaves are merely trifoliate while later ones are pin
nate. Parkinsonia and Gledz'tsia produce pinnate foliage leaves 
at once, although the earlier leaves have fewer leaflets than those 
that come afterward. 

If the later-formed leaves are not compound but merely 
lobed or cleft there may be traced a more or less gradual transi
tion to that shape from the entire or more nearly entire first 
leaves, e.g., Broussouett"a papyri/era, Lin'ode11dron tulipifera. 

In nearly all cases where the first two leaves are opposite and 
the later ones alternate, it is to be noted that the third and fourth 
are nearly opposite, the fifth and sixth are closer together on 
the stem than the fourth and fifth or than the sixth and seventh ; 
e.g., Rliamnus purshiana, Eucalyptus spp., Ulmus spp. In 
other word , the transition from the opposite to the alternate ar
rangement is usually gradual. 

The cotyledons of many species increase considerably in size 
after they escape from the seed coat; this is particularly notice
able in Sc/zinm molle, Cercz's canadensz's, and some others. In 
other species there is very little increase in the size of the coty
ledons after they first appear, e. g ., Rhamnus purshiana, Ailan
thus gla11dulosa. 

Cotyledons of rather remarkable shape were noted in the fol
lowing species: Celti's occidentalz's, Catalpa spcciosa, Euca
lyptus globulus, Tecoma radicaus, Acer negimdo, Berchemia 
racemosa, But11eria jlorida and fcrtilis. The first four named 
have the cotyledons bifid or variously notched or retuse. 

Catalpa and Tecoma, both Bignoniaceou plants, have very 
similar cotyledons. The peculiar a ymmetrical cotyledons of 
Butnerz'a jlorida are reproduced exactly in B.fcrt/lz's. Euca
lyptus globulus, on the other hand, does not agree at all, in the 
hape of its cotyledons, with E. citrz'odora and E. corymbosa. 

These have rotund-orbicular cotyledons. The long, narrow 
cotyledons of Acer negtmdo are quite different from tho e of 
A. saccharz'num. Bcrc/zemia racemosa has ligulate cotyledons, 
while in Rhamnus purshz'ana, the only other plant of the same 
family investigated, the cotyledons are obovate. The large 
notched cotyledons of Celtis occidentalt's do not resemble tho e 
of the other lmacere examined. This, is, however, to be ex
peCled from the great difference in the character of the fruit 
in Ce/ti's and Ulmus. 
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From the foregoing it may be concluded that broad general
izations in regard to the shape of cotyledons in plant families, 
cannot be safely made without a considerable mass of data. 

EXPLANATION OF PLATES. 

Plate I. Seedlings in various stages of the following plants: Popu
lus deltoides, Ulmus americana, Celtis ocddentalis, Tuxylon pomi
ferum, Broussonetia papyrifera, Liriodendron tu!ipifera, But
neria Jlorida, Parkinsonia aculeata. 

Plate II. eedlings in various stages of the following plants: Cercis 
canadensis, Amorpha fruticosa, Amorplza nana, Robz'nz'a pseudaca
cia, Ptelea trifoliata, Ailanthus glandulosa, Sclzz'nus molle, Celas
trus scandens. 

Plate III. Seedlings in various stages of the following plants: Acer 
negundo, Acer saccharinum, Acer glabrum, Berc/zemz'a racemosa, 
Rhamnus purshiana, Vitis cordifolz'a, Parthenocissus quinquefol£a, 
Sterculia plantanifolia. 

Plate IV. eedlings in various stages of the following plants: 
Elceagnus umbellata, Eucalyptus globulus, Eucalyptus citrz'odora, 
Cornus amomum, .ilfohrodendron carolinum, Catalpa speciosa, Te
coma raaicans, Ceplzalanthus occidentalis, Sambucus pubens. 

The amount of enlargement or reduction is indicated for each plant. 
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Ptelea tri foliata x 'J 
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Rhamnus purshiana x i Vitis cordifolia x f Parthenocissus quinquefotia x k Sterculia platanifolia x i 
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Eucalyptus corymbosa 
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Eucalyptus citriodora 
(natural size ) 

Tecoma radicans x f 
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Cornus amomum x f 

Cephalanthos occiclentalis x l~ 
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Mohrod.endron carolinum xi 
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Sambucos pubens x f 



IX. COMPARATIVE ANATOMY OF HYPOCOTYL 

AND EPICOTYL IN WOODY PLANTS. 

FRANCIS RA:'IIALEY. 

The following is an account of the anatomy of seedlings of 
certain woody dicotyledonous plants. These plants were studied: 
Ulmus amcricana LIN ., Celb's ocddentalis LINN., Toxylon 

po111iferttm RAF., Broussonctt'a papyrifera (LIN . ) VENT., Lz'
riodendron tult'pifera LINN., Ment'spermum canade1tse LIN . , 
Butneria jlort'da (LINN. )KEARNEY, Parkinsonz'a aculeata LrnN., 
Cerds canadensis Lr ' ., Gledz'tsz'a trz'acanthos LINN., Amorpha 

frutz'cosa LINN., Robz'miz pseudacada LINN., Ptelea trifob"ata 
LINN., Az'lanthus glandulosa DESF., Schz'ntts molle LrnN., B er
chemz'a racemosa Srnn. & Z cc., Rha11mus purshiana DC., 
Vitis cordifoll'a Mrcnx. ,Elaeagmts umbellata TnuNB., Eucalyp

itts globulus LAB ILL., T ecoma radz'cans ( LrNN.) DC., Ca
talpa spedosa WARDER, Cephalanthus ocddentall's Lr :-.. The 
order in which they are described i that of Engler and Prantl. 
This order will be followed throughout. 

The author is under obligation to Profes or Conway MacMil
lan, who suggested the ubject of the inve tigation and under 
who e direction the work ha been completed. 

The seedling were grown at the niversity of MinnPsota 
during the year 1896, I 97 and 189 . They were examined at 
different age so that the original tructure of both hypocotyl 
and epicotyl could be noted as well as the difference brought 
about through econdary changes. 

For the sake of convenience and uniformity three tage were 
studied; the e may be designated a fir t, econd and third 
stages. A seedling with the cotyledon expanded but with the 
epicotyl undeveloped is said to be in the fir t stage. Obviously 
only the structure of the hypocotyl wa studied in thi stage. 
In the second tage the epicotyl has elongated and the fir t foli
age leaves have appeared . In the third stage a considerable 
number of foliage leaves have been developed and the anatom
ical structure has, to a considerable extent, taken on it perma-
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nent characters. Sections were also, in many cases, cut from 
material two years old for purposes of comparison. 

Since the structure of the hypocotyl is often materially differ
ent in all the three mentioned stages, it has seemed important to 
make a record of the changes which take place during the first 
year's growth. Previous investigators have not done this. 

A number of investigators who have made a comparative study 
of root and shoot have incidentally examined the hypocotyl, 
e.g., Gold mith [1876] and Gerard [1880 and 1881]. The 
latter made some careful observations on the course of vascular 
bundles from the cotyledon to the root . His statement that the 
characteri tic root structure often extends a high as the coty
ledons is not, in general, confirmed by the present investigation. 

The most important articles• which need to be mentioned at 
the present time are by Dangeard [1888 and 1889], Van Tieg
hem [ 1891 J, and Flot [ 1889 and l 90]. Dangeard begins with 
a study of the structure of roots, of which he distinguishes three 
types. In the first type the root is diarch; the hypocotyl has 
four bundles in two pair which arise as cotyledonary trace bun
dles by the division of the midrib of each cotyledon. In the 
second type the root is tetrarch; the hypocotyl has eight bun
dle in four group . In the third type the root is octarch, while 
the hypocotyl has ixteen bundles in eight group . The first 
type of tructure of the hypocotyl above mentioned is the one 
commonly found in the plants tudied by the pre ent writer who 
has called it the " typical tructure." ( ee General Conclu
sions at the clo e of this paper. ) 

Flot [1 9, 1890] describe the "region tigellaire," a much 
thickened portion of the axi of certain year-old eedlings. The 
region extend from the ba e of the hypocotyl up to the first 
foliage leaf or to some point between that and the cotyledons . 
It is noted only in certain pecie . It is not the ame as the 
"tigelle," which extend only a high a the cotyledon . The 
"region tigellaire" is characterized by only a slight develop
ment of sclerenchyma and of normal phloem while internal 
phloem i probably altogether ab ent. The pericycle, he says, 
is well developed. 

Van Tieghem [ 1891 J divide the hypocoty 1 into "tigelle" 
and "rhizelle." The growth of the hypocotyl is produced by 
the elongation of either the tigelle, as in Rz"dnus, Acer, Cucur

* earch has been made, but without succe s, for a paper by ;\Iona!: Rech. 
sur l'anat. compar. de la tige hypocot. et epicot. 
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bita, Tagetcs, Couvolvulus and Jlirabilt"s, or, the rhizelle, as in 
Ranunculacere, Cruciferre, Caryophyllacere, Chenopodiacere, 
Umbelliferre, Rubiacere and Coniferre, or by a combination of 
the growth of both as in Euonymus . 

The designation of certain regions as tigelle, rhizelle and 
tigellaire does not seem to the present writer a matter of great 
importance in the plants which he has studied , for in them these 
regions are by no means sharply differentiated . Further obser
vations and references to the work of Flot mentioned above 
are given in the pages which follow. 

In the special portion of the present work will be found de
scriptions of the structure of hypocotyl and epicotyl in the 
various specie examined . Accompanying each description is a 
diagram of the cross section of the hypocotyl when the seedling 
is in the first stage previously described, and diagram of both 
hypocotyl and epicotyl of the second and third stages. In these 
diagrams tereom is black, xylem is dotted, cortex, phloem, 
pericycle and the pith are white . The endodermi , when dis
tinct, is indicated by a single line a is also the epidermis and 
the boundaries between the various zones. In each figure the 
diagrams of the hypocotyl are at the left, tho e of the epicotyl 
at the right. 

ULMACEAJ:. 

Ulmus americana. 
Structure of .Hypocotyl. 

The epidermis is compo ed of cell which, in cros section, 
are square or rounded. After secondary growth of the stele has 
commenced these cells become very much flattened. There is 
no hypoderma differentiated. The cells of the cortex are large; 
all are about the same ize. 

The enclodermis is mall-celled and is ea ily recognized in 
early tages, when it contain very little tarch. Afterward 
starch becomes abundant in the endodermis, pericycle, cortex, 
phloem and inner xylem. 

In the stele there are many mall phloem bundle ·which are 
confluent into two crescent- haped areas. There are two xylem 
bundle of somewhat crescentic appearance in cro ection . 
The xylem and phloem soon form closed ring . 

T he pericycle, in seedlings which have about two internodes 
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of the stem developed, is partially sclerenchymatous. At a later 
time numerous groups of sclerenchyma are found in the phloem 
and cortex. 

The pith becomes quite small. There is a small-celled peri
medullary zone . 

The formation of cork cambium, as noted by Flot ( [1890 J, p. 
29 ), takes place in the inner cortex . 

Structure ef Epicotyl. 

The cells of the epidermis when seen in cross section, are 
somewhat rectangular in outline. The tangential diameter is 
the longer. Numerous hairs are present. No collenchymatous 
hypoderma is produced. The cortex is rather narrow. The 
cells are all about the same size. 

The endodermis is distinct only in young material. The cells 
are small. They contain starch . At the end of the season 
starch is found in the pith and inner xylem and is sparingly dis
tributed iu the cortex and phloem. 

In the youngest material examined the phloem forms a closed 
ring surrounding a number of xylem groups. There are usually 
eight of these. They soon fuse to form a complete ring . 

Numerous small groups of thick-walled cells finally make 
their appearance in cortex, pericycle and phloem. 

The pith becomes quite small. The cells have thin unligni

FIG. I. 

fied walls. The perimedullary zone 
is ea ily distinguished; it consists of 
from one to three layers of small cells 
which are often somewhat flattened . 

Cork formation, as is well known 
in this species, begins in the outer
mo t cell layer of the cortex. 

Comparison ef Structure ef Hypo
cotyl and Epicotyl. 

The epidermal cells of the hypo
cotyl in young material appear radi
ally elongated 1 those of the epicotyl 
tangentially elongated. The former 
region has a thicker cortex, fewer epi
dermal hairs, sclerenchyma developed 
earlier in the pericycle . 
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The stele of the hypocotyl has two xylem bundles and two 
aggregations of phloem bundles. In the epicotyl the youngest 
material examined has a complete ring of phloem and about 
eight xylem bundles. Cork formation in the former region 
takes place deep in the cortex instead of in the outermost corti
cal layer. 

In their final structure the two regions are practically alike. 

Celtis occidentalis. 

Structure of .Hypocotyl. 

The epidermis is composed of thin-walled cells, small, square 
in cross section. There is no hypoderma. The elements of 
the cortex are large. There are about twenty layers of cells. 

The cells of the endodermis are much smaller than those of 
the cortex and on this account the endodermis is readily distin
guished until considerable secondary growth of vascular tis
sue has taken place. 

Starch is found in the endodermal region from the first; 
toward the close of the season it is found not only in the pith, 
phloem and cortex, but very abundantly distributed throughout 
the xylem. Large isodiametric crystals, long known in the 
stem of this species (Moeller [ 1882 J, p. 74), make their appear
ance in the cortex some time before the close of the fir t season. 

The stele, which is cylindrical from the first, has originally 
four xylem bundles and two crescentic masses of phloem. At 
an early stage the xylem forms a closed ring, while it is not 
till sometime afterward that the two areas of the phloem become 
united. 

Two interrupted rings of sclerenchyma appear later in the 
first season, one of these is in the cortex and consists of much 
larger groups of cells than does the other which is in the outer 
phloem. 

The pith is large-celled. A more or less definite perimedul
lary zone of small cells is at length developed. 

Cork formation begins at a late period in the outermo t cell 
layer of the cortex. 

Strttctu,re of Ept'cotyl. 

The cells of the epidermis are at first nearly square in cross 
section but at a later time are considerably flattened. There 
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are numerous simple curved and pointec;l hairs; there are also 
some with bulbous ends. 

The cortex is thin. A distinct collenchymatous hypoderma 
is developed. It usually consists of three or four layers of 
cells. 

The endodermis, which is originally distinct, soon becomes 
unrecognizable. The cells are about the same size as those of 
the cortex; they contain starch. Eventually all the parenchy
matous elements contain starch. 

The stele is originally somewhat elliptical in cross section. 
The phloem, in the youngest material examined, forms a com
plete ring. There are generally two large and four small 
xylem bundles. These soon fuse to form a closed xylem 
zone. 

An interrupted band of sclerenchyma is developed at the 
outer limit of the xylem. 

As in Celtis australt"s (cf. Flot [ 1893], p. 68) there is a dis
tinct perimedullary zone composed of two or three cell rows. 

Cork formation begins, rather late in the season, in the outer
most hypodermal layer (cf. Moeller [1882], p. 74). 

Comparison of Structure of Hypocotyl and Epicotyl. 

A striking difference between hypocotyl and epicotyl is the ab

FIG. 2. 

sence from the former region of the 
numerous epidermal hairs so abun
dant in the latter. The hypocotyl 
is without a hypoderma. 

The primary stelar structure of 
the hypocotyl is peculiar, the phloem 
forming two crescentric masses and 
not uniting into a closed ring till 
after the xylem bundles have fused. 
The epicotyl posse ses a ring of 
phloem and six xylem bundles. 

At the end of the season the hypo
coty l has two interrupted bands of 
sclerenchyma instead of one, and a 
smaller pith. Aside from these dif
ferences the two regions are the 
same in structure. 
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MORACEJE. 

Toxylon pomiferum. 

Structure of I£ypocotyl. 

In cross section the cells of the epidermis appear radially 
elongated . Eventually they are considerably flattened. The 
cells of the outer cortex are similar to those of the epidermis . 
There is no collenchyma developed. The inner cortex is com
posed of larger cells. 

The endodermis is distinct but in material taken at the close 
of the growing season it was not distinguished. The develop
ment of pericycle is remarkable. This region is composed of 
about six layers of parenchymatous cells resembling, in shape, 
those of the endodermis. 

Starch is found, from the first, in the endodermis and later 
appears in all the conjunctive tissues. 

The stele is slightly four-angled. There are, in the young
est material examined, four xylem bundles and two large cres
cent-shaped phloem bundles. The phloem soon forms a com
plete ring as does also the xylem, but the two xylem bundles 
first fuse in pairs. 

About this time four aggregations of small groups of scleren
chyma appear in the pericycle. Eventually a nearly complete 
sclerenchymatous ring surrounds the phloem. 

The pith is large-celled. A small-celled perimedullary zone 
of three or four layers is present. 

Cork formation takes place in the fourth or fifth layer of the 
cortex. 

Structure of Epicotyl. 

The epidermis is composed of cells which are, at first, nearly 
square in cross section but later are very much flattened. Ac
cording to Moeller [ 1882 J the epidermis is two-layered. 
Numerous straight epidermal hairs are pre ent; there are also 
some stalked glandular hairs. The cell of the cortex are 
rather small, parenchymatous, not at all collenchymatous . 

The endodermis is distinguished with difficulty even in very 
young material. Its cells contain starch . Starch is later found 
in all the parenchymatous tissues. 

There is a variable number of vascular bundles; usually 
eight to sixteen . These soon fu e to form closed rings of 
phloem and xylem. 
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An interrupted sclerenchymatous ring is formed at the outer 
edge of the phloem; the cells are thick-walled but do not be
come lignified the first year. 

The pith is rather large. There is a small-celled perime
dullary zone which is quite definite. 

Cork formation in the epicotyl takes place in the outermost 
cortical layer (cf. Moeller [1882] ). 

Comparison of Structure of Hypocotyl and Epz'cotyl. 

In the hypocotyl the cortex and pericycle are much better 
developed than in the epicotyl. The 
former region i without epidermal 
hairs. This point of difference was 
previously noted by Klebs [1885]. 

The stele of the hypocotyl has orig
inally four vascular bundles, instead of @ ~rom eight to sixteen; the pith is small 
m extent. 

The sclerenchyma is first formed in 
four patches but afterward forms al-
most a complete ring. Cork formation 
in the hypocotyl begins in a deeper 
layer of the cortex. 

At the close of the year the two 
Toxylon regions have nearly the ame structure, 

pomiferum about the only difference being the size 
FIG. 3. of the pith. 

Broussonetia papyrifera. 

Structun of IIypocotyl. 

There is an epidermi of small cell nearly square in outline 
when seen in cross section. These cell become greatly elon
gated tangentially as the tis ues within increa e in thickness. 
Short, blunt, unicellular epidermal hair are numerou . 

The cortex is composed of about six layers of large, thin
walled parenchymatous elements which, like the epidermal 
cells, become stretched toward the clo e of the season. 

The endodermis is small-celled. It sometimes remains dis
tinct till nearly the close of the first season . tarch is present 
in the endodermis, but absent from all other tissues for a long 
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time. It eYenlually appears in the pericycle, phloem, medullary 
rays and inner elements of the xylem . 

The stele is originally very small. In the disposition of the 
vascular tissues this plant differs from all others examined by 
the writer. In cross section the center of this stele is seen to 
be occupied by an elongated area of xylem. On each side of 
this, separated by a small amount of conjunctive tissue, is a 
crescent-shaped mass of phloem. The xylem soon forms a 
somewhat four-sided mass, and is surrounded by a ring of 
phloem. The xylem at length becomes circular, and the sur
rounding phloem increases greatly in amount. 

There is but slight development of stereom, although, toward 
the close of the first season, numerous isolated sclerenchymatous 
elements are found in the phloem . 

The cork cambium originates in the endodermis or pericycle. 
The ring of phellogen i sometimes irregular, appearing now 
in one, now in the other of the regions named. 

It may be said that, since the structure of the hypocotyl in 
this species so much resembles the general type of root struc
ture, it was thought best to examine a large number of plants, 
le t the peculiarities noted should have been due to teratological 
development. All the plants were, however, found to be alike. 
Neither is there any trouble in this pecies, to determine the 
lower limit of the hypocotyl, for it is enlarged below and does 
not gradually shade off into root, as is the case in some seed
lings. 

StructunJ ef Epicotyl. 

The epidermis is small-celled . There are numerous simple, 
blunt and pointed hairs, and al o ome with a ingle stalk cell 
and a multicellular bulb at the di ta! end. 

A omewhat collenchymatou hypoderma is developed, con
isting of two or three layers of cell , which are smaller than 

the deeper cells of the cortex. 
The small-celled endodermi , at first distinct, soon becomes 

di placed and changed, owing to secondary growth of sub-lying 
ti sues. 

Starch is almo t entirely ab ent, except in the endodermal 
region, till about the close of the fir t growing season, when it 
appears in the pith, medullary rays, phloem and, to a light 
extent, in the cortex. 

1111 
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The stele is large. There is a circle of twelve to eighteen 
conjoint vascular bundles. These soon fuse to form a narrow 
zone each of xylem and phloem. 

There is a considerable amount of sclerenchyma at the outer 
edge of the phloem. The cells are, however, mostly isolated or 
else occur in small groups. 

The pith, which is extensive, is composed of large, parenchy
matous elements with thin, slightly lignified walls. According 
to Flot [ 1893], there is a perimedullary zone of five or six lay
ers of crushed, thin-walled cells . The same author states that 
laticiferous tubes are found in the perimedullary region of 
young twigs of this pecies. 

The cork cambium is formed in the outermost hypodermal 
layer (cf. Moeller [1882], p. 82). 

Comparison of Strncturc o/ I-lypocotyl and Epicotyl. 

Both hypocotyl and epicotyl have simple epidermal hairs, but 
the former does not have the pointed or the bulbous hairs found 
in the latter region. 

0 
@ 

The hypocotyl is also without the some
what collenchymatous hypoderma 
found in the epicotyl; its endodermis 
persists for a greater length of time. 

~ ... _ .. ,, ~ papyri(era 

The tructure of the stele in the 
hypocotyl is anomalous. single 
flat bundle of xylem is flanked by 
phloem, which eventually urrounds 
the centrally-lying xylem, the inner 
cells of which contain starch. There 
i no pith. The epicotyl, on the other 
hand, ha a large pith, and the vas
cular bundles are originally numer
ous. tarch i ab ent from the xylem. 

Cork formation is endodermal or 
pericyclic in the hypocotyl, but hypo
dermal in the epicotyl. FIG. 4. 

MAGNOLIACE...£. 

Liriodendron tulipifera. 

Structure of .Hypocotyl. 

The epidermis consists of cells which are nearly square in 
cross section ; at first they are very much bulged. They never 
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become flat. The two or three layers of the cortex just below 
the epidermis are small-celled . The deeper layers are very 
large-eel led . 

The endodermis is small-celled and easily distinguished in 
young material, but is eventually displaced and is not. distin
guishable. In the young stages starch is entirely absent from 
the hypocotyl, but later is found sparingly distributed through 
the various parenchymatous tissues. 

The stele, which is originally quadrangular, has four vascu-
lar bundles arranged in pairs . By their continued growth 
zones of xylem and phloem are produced. 

About the time that a complete ring of xylem has been formed 
four masses of sclerenchyma appear in the pericyle. Even
tually other groups of pericyclic cell also become sclerotic. 
The phloem immediately under these group is better developed 
than at other places. 

The pith is slightly quadrangular. The cells are thin-walled. 
A definite perimedullary zone was not distinguished. 

The cork cambium is produced in the outermost layer of cor
tical cells. 

Structure of Epicotyl. 

The cells of the epidermis, when seen in cross ection, ap
pear square or tangentially elongated. A narrow collenchyma
tous hypoderma i developed. The remaining cells of the cor
tex are all about the same size . 

The endodermi is di tinct in young material, owing to the 
pre ence of tarch in its cell . At a later time tarch is di trib
uted in small amount in the various parenchymatou ti ue . 

The number of primary xylem groups in the tele i about 
six or eight. Groups of phloem are somewhat more numerous. 
Clo ed zones of xylem and phloem are produced very early. 

The outer phloem has many groups of clerenchymatous 
fibers. The e group are clo e together, eparated only by 
medullary rays. A small amount of sclerenchyma is produced 
in the cortex. 

The pith is rather large, and compo ed of cell with thin, un
lignified wall . No perimedullary zone wa di tingui hed. 

Cork i developed in the outermost cell layer of the cortex 
(cf. Moeller [ 1882 J, p. 229). 
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Comparison of Structure of Hypocotyl and Epicotyl. 

The cortex of the hypocotyl is much thicker than that of the 
epicotyl. T he former region has no hypoderma; it has four 

vascular bundles instead of six or eight 
or more; the sclerenchyma first ap
pears in only four groups and at no 
time is as well developed as in the 

FIG. 5· 

epicotyl. 
The pith of the hypocotyl is maller 

than that of the epicotyl; it is some
what quadrangular in shape. 

MENISPERMACElE. 

Menispermum canadense. 
trncture of llypocotyl. 

The epidermis consi t of cells which 
are quare or rectangular in cro sec
tion. Late in the fir t eason they be
come flat and tangentially elongated . 

A very thick, tough cuticle develop at the same time. 
There i no hypoderma. There are about t\ dve layers in 

the cortex. The cell are large. 
The endodermi con i t of cell maller than those of the 

cortex. It remain di tinct a long time, but wa not di tin
gui heel in material taken at the do e of the growing season. 
The pericycle i peculiar. It i one or two layers in thickne s. 

ually every econd or third cell " hen een in cros ection, 
is " ithout tarch, although tarch i pre ent in the other cells. 

Eventually the e cell al o contain tarch . 
This plant i omewhat unique in the di tribution of starch in 

its ti ue , for in all the different stage examined tarch wa 
found in cortex, pith, endodermi, and medullary rays and in 

the pericycle except a ju t noted . 
The tele i quadrangular and ha four primary va cular 

bundles. The e increa e con iderably in size as the plant 
grows older. At the do e of the growing sea on they are of 
about the ame extent a the medullary rays which are com
po eel of wood parenchyma and are full of starch. There i no 
phloem produced the fir t year oppo ite the medullary rays. 

T he pith is composed of large cell . There i a rather dis-
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tinct smaller-celled perimedullary zone . '" o cork is formed the 
first year. 

Structure of Epi"cotyl. 

The cells of the epidermis, at fir t square in cross section, be
come very much flattened and deYelop a thick cuticle like that 
of the hypocotyl. A more or less definite collenchymatous hy
poderma is developed. The cortex is composed of about ix 
cell layers. 

The endoclermi is not ea ily di tingui heel even in youngest 
stages. The pericycle has ome cells which in cro s section 
appear empty, while the neighboring cells contain starch. 
These empty cell at a later time either become filled with 
tarch or else are di placed o that they are not recognized . 

Starch is present in the cortex, medullary ray , enclodermis, 
pericycle and pith. 

There are originally from nine to fifteen vascular bundle . 
These u ually fuse to ome extent so that there come to be only 
about ix or eight. These remain ea ily di tingui hable since 
the primary medullary ray are very broad . The gro\ th of 
the cambium produces no true phloem elements oppo ite the me
clullary ray , although there is ome thin-walled parenchyma. 

A ere cent- hapecl area of stereom i finally formed at the 
outer edge of each phloem bundle. 

The pith becomes rather mall in extent. There i a perime
dullary zone of two or three layer of 
smaller cell . ccording to Flot 
[I 93) the e form at a later time fiye 
or ix layer of clerotic paren
chyma. The formation of cork wa 
not observed. It doe not take place 
the fir t year. 

Comparison of tructurc of Il"ypo
cotyl and Epicotyl. 

The hypocotyl ha a thicker cor
tex than the epicotyl: it i without 
a collenchymatou hypoclerma. The 
endodermi i much more di tinct in 
the former region and the peculiar di -
tribution of tarch in the pericycle i 
more pronounced . 

@g 

~'"''"mmm \:!!!) ~nadr1 
FIG. 6. 
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Concerning the tructurc of the tele it is to be noted that in 
the hypocotyl it i quadrangular; it has but four va cular 
bundle in tead of from eight to tweh-e and there i no stereom, 
while in the epicotyl a ere centic ma , of stereom borders each 
phloem bundle. 

CALYCANTHACE..E. 

Butneria florida. 

lructurc of I£ypocotyl. 

The epidermi, con i t of cell which are nearly square in 
cro · ection. They oon become more or le s broken, owing 
to the early formation of cork. A few . hort, pointed, uni
cellular hairs are present. 

true hypod 'rma become differentiated late in the ea on. 
About three or four of the. uh-epidermal layer of cell. become 
collenchymatous. The cortex ha about twenty layer of cells 
all approximately the ame ize. Intercellular pace abound . 

The endodermal cells are but lightly maller than tho e of 
the ortex. T he ndodermis remain· mor or Jes distinct until 
the clo. e of the fir t year. tarch grain are very mall . 
few are found in the endodermi., but no tarch i pre nt in the 
other part of the hypocotyl till late in the :ea ·on ' hen it i 
found in great abundance throughout all the parenchymatou 
ti ue,. 

The tele i omewhat quadrangular. There are four xylem 
bundle and four principal phloem bundle . The'e are ituatecl 
in the angle of the tele. There are al ·o ome mall phloem 
area . Their location will b . een by reference to the diagram. 
The phlo ·m and xylem oon form narrow clo ed zone . T he 
former i · mo. t developed at the ori rinal an le of the tele. 

It is. lated by De Bary [1 +],that in the eedlinrr of aly
canthacex a tran ·ver e ection of the hypocotyl how· ix bun
dle . In the plant under inve ligation the pre ent writer found 
thi to be true on] ·for the upper end of the hypocotyl where the 
cortical bundle , to be mentioned later are eparating and pre
paring to leave the tele. Thi appearance i , of cour e only 
een after the fu ion of the primary xylem bundle in pairs 

and before complete ring of phloem and xylem are produced. 
Toward the upper limit of the hypocotyl there i pre ent a 

mall stereom bundle at each of the four angle of the tele. 
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These stereom bundle bend outward and accompany the corti 
cal bundles in succeeding internodes . 

The pith is rather thick-walled ; the cell are about the same 
ize a tho e of the cortex. A small-celled perimedullary zone 

of one or two layer i at length clearly di tingui hable . 
Cork formation begins very early in the outermo t sub-epider

mal layer of the cell . 

Structure of Epicotyl. 

The cell of the epidermi when een in cro section are rec
tangular with the long diameter parallel to the urface of the 
section. There are numerou pointed hair of variou length . 

A collenchymatou hypoderma four or five layer of cell in 
thickne. , form the outer part of the cortex, the re t of which i 
compo ed of very loo e parenchyma. 

A definite endodermi wa not di tingui hed . The endoder
mal region i , however, ea ily recognized by the pre. ence of 
starch in many of the cell ·. larch i afterward found in great 
abundan e in pith, cortex and m dullary ray . 

The normal phloem and xylem form clo •d ring even in the 
younge t material examined. In the cortex, about half \\ay 
between the epidermi and phloem are four va cular bundle , 
ninety degree apart; each bundle con. i t of a more or 1 
ere cent-, haped ma of lignified clerenchyma at who e on-

ave urface i a mall area of li<Thtly lignified xylem, on i t
ing usually of five to ten cell · . djoining thi xylem and pro
jecting ome di ·tance toward the tele i a lenticular ma of 
phloem. The general arrangement of the bundle i. the ame 
a that arefully de cribed for Cal_}'canlhtt p. by \Voronin 
[1 6o] and for a(1•ca11thu ocddcntali by\ illiam [1 9+]. 

erial ections howed that in thi . specie the e cortical bundle 
enter the tele about l mm. below the in ertion of the cotyledon 
and not at the middle of the fir ·t internode a reported by Herail 
[ l ~ J for certain other specie . 

The pith i large . There i a definite perimedullary zone of 
about three layer of mall cell . 

The cork cambium i ' formed very early in the outermo l 

hypodermal layer (cf. ~Ioeller [ 1 z] p. 36+)· 

Comparison of tructurc of H)'pocol)'l and Epicot_}'l. 

The epidermal hair of the hypocotyl are fewer and hor~e r 
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than those of the epicotyl . T here is in the former region also 
a less developed hypoderma. 

FIG. 7. 

T he stele of the hypocotyl is 
originally quadrangular; it is sur
rou nded by a distinct endodermis, 
and has four xylem bundles and 
four principal phloem bundles. The 
stele of the epicotyl is cylindrical, 
without a di tinct endodermi , and 
even at a very early age, the xylem 
and phloem form clo ed rings . 

The hypocotyl has no cortical 
va cular bundle ; of the e the epi
cotyl has four . 

The pre ence of true collenchy 
matous hypoderma in the hypocotyl 
de erves special mention, as this 
form an exception to the general 
rule that collenchyma is not de
veloped in the hypocotyl. 

ClESALPIN ACElE. 

Parkinsonia aculeata. 

tructurc of Hypocotyl. 

The epidermi i com po ed of cell \\ hich are rectangular in 
era ection . They are, at fir t, radially elongated. Eventu-
ally they become elongated in the other direction. 

The cortex i many-layered. There i no hypoderma. The 
outer cell of the cortex are much smaller than tho e further 
down. Very arly in the history of the hypocotyl a parenchy
matou sheath of mall cells is formed in the cortex about mid
way between epidermi and endodermi . The cell are not 
arranged in definite row . The po ition of thi heath i hown 
in the la t plate accompanying thi paper. 

The cells of the endodermi are maller than tho e of the cor
tex. They contain tarch . The endodermis i quite di tinct; 
it wa , however, not definitely distingui hed in material col
lected late in the eason. The cortex and pith at a late:- time 
al o have some starch. 

The stele is four-angled . T here are originally fou r phloem 
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bundles and eight paired xylem bundles. Eventually closed 
rings of xylem and phloem are formed. 

At the corners of the stele in the pericycle group~ of scleren
chyma are formed . The cells become very thick-walled and 
each group quite large. 

The pith i large. The cells are rather thick-walled. No 
definite perimedullary zone was distinguished . 

In the material examined cork formation had not commenced. 

Structure o/ Epicotyl. 

The epidermal cells are thin-walled, square 
becoming at length much flattened. There i 
The cortex i narrow; the cells are about the 
of the epidermi . 

in cro ection, 
no collenchyma. 

ame ize a those 

The endoderrni is compo ed of thin-walled cell . After 
secondary growth of the telar ti ue it cannot be definitely 
·een. The cell are about the ame size a tho e of the cortex· 
they contain tarch. tarch is found at a later time in the 
variou parenchymatou ti ue . 

The number of vascular bundle i variable. ually there 
are about twelve. The e, at length, fu e to form clo ed ring 
of phloem and xylem. 

The pericycle develop a sheath of clerenchyma which al mo t 

completely hut in the phloem. The cell were not very thick
walled· in the material examined. 

The pith i large, the cell rather 
thin-walled. A perimedullary zone 
of mall-celled parenchyma at length 
becomes differentiated. 

o material old enough to how 
cork formation \ a examined . 

omparz'son o/ truct11re o/ I£ypo
cotyl and Epicotyl. 

The hypocotyl differs from the epi
cotyl in having a thicker cortex with 
a narrow mall-celled parenchyma
tou heath. The cell of the cortex 
are al o larger. 

In its primary stelar tructure the 
differences are very marked. The 

@) 
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FIG. 8. 



-- - --------

104 MINNESOTA BOTAJ'\!CAL STUDIES. 

hypocotyl has four phloem bundles and eight xylem bundles 
instead of a large number of conjoint bundles. It has four 
large groups of stereom instead of a narrow, almost continuous 
sclerenchymatous sheath. 

Cercis canadensis. 

Structure ef .Hypocotyl. 

The epidermal cells are rectangular in cross section; the 
radial diameter is the longer. These cells never become tan
gentially elongated. The cells of the outer cortex are smaller 
than those within. An indefinite sheath of small-celled paren
chyma similar to that in Parkinsonz'a can sometimes be recog
nized. 

The endodermis is small-celled ; it remains distinct through 
the first year. Its cells contain starch. Starch is al o present 
toward the close of the year in the pith. 

The stele is originally quadrangular. There are four xylem 
bundles and four phloem bundles. These, at length, develop 
into closed rings. 

Four small groups of sclerenchyma make their appearance 
in the pericycle at an early time and become, at length, consid
erably extended. 

The pith finally becomes cylindrical. The cells are large 
and thin-walled. The perimedullary zone is not clearly dif
ferentiated. 

Cork formation takes place in the cortex either next to or 
very near the endodermis. It begins sometime before the close 
of the season. 

Structure ef Epicotyl. 

The epicotyl is somewhat quadrangular in the early stages. 
The epidermal cells are rectangular in cross section. The 
tangential diameter is the greater. There is no hypoderma. 
The cortex i thin. The cells are all about the same size. 

The endodermis was not definitely distinguished. In the 
youngest material examined the phloem forms a closed ring. 
There are four large primary xylem bundles. There are also 
some smaller ones. The latter have often only one or two 
xylem cells. A closed zone of xylem is soon produced. 

Nearly all the cells of the pericycle become, at length, scler
otic, thus forming an almost continuous sheath with but few 
parenchymatous cells. 

____________________________________ ...... 
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The pith is large-called. A perimedullary zone was not dis
tinguished. 

Cork formation takes place in the second cortical layer as in 
Cercz"s sz'liquastrwm (fide Moeller [1882] ). 

Comparison of Structure of Hypocotyl and Ej>z"cotyl. 

The epidermal cells of the hypocotyl, when seen in cross 
section, appear radially, not tan
gentially elongated as in the epi
<:otyl. In the former region the 
endodermis is distinct, the cortex 
thicker and the sclerenchyma at first 
differently disposed . 

The stele of the hypocotyl has 
originally four phloem bundles and 
four xylem bundles. The young
est material of the epicotyl which 
was examined has a closed ring 
of phloem and four large xylem 
bundles, also a few small groups of 
xylem . 

Cork formation in the hypocotyl 
takes place in the lower cortex; 
in the epicotyl it takes place in the ~rcis ca11adcn•is 

second cell layer of the cortex. F1 G . 9. 

Gleditsia triacanthos. 

Structure of IIypocotyl. 

The epidermi is composed of rather thick-walled cells which 
are oblong in cro ection, the long axis being at right angles 
to the periphery of the ection. These cells are eventually 
elongated in the tangential direction. 

The cortex is very thick. There is no differentiated hypo
derma, but three or four of the outer cortical layers are com
posed of smaller cell than tho e below. 

The endodermis i definite; it is large-celled. In some 
place it is two layers of cells in thickness. Starch, at first 
present only in the endodermis, is eventually widely distributed 
throughout all the parenchymatous tis ues. 

The stele is cylindrical. There are in the young hypocotyl 
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eight paired xylem bundles and a large number of groups of 
phloem. The latter soon grow together, forming a complete 
ring, while the xylem bundles first fuse in pairs, afterward 
growing together into a closed zone. 

In the pericycle, alternating with the paired xylem bundles 
there are developed four large bands of sclerenchyma which ex
tend so far around that they nearly touch each other. By the 
end of the first season these become divided into a number of 
groups by the intercalation of parenchymatous cells. 

The pith, which is eventually of slight extent, is composed of 
large-celled parenchyma. 

Cork formation begins rather early the first season in the 
third or fourth cell layer of the cortex. 

Structure ef Epzcotyl. 

The general shape of the epicotyl is originally somewhat 
hexagonally prismatic; it soon becomes cylindrical. 

The cells of the epidermis are originally nearly square in 
cross section. There are numerous, long, curved, pointed epi
dermal hairs. The outer two layers of the cortex become 
slightly collenchymatous. The other cortical layers are com
posed of parenchyma. 

The endodermis was not distinguished in material taken in 
the autumn but in the young epicotyl is quite distinct. The cell'> 
are rather large, similar to those of the cortical region but packed 
with starch . 

The phloem, in youngest materiai examined, forms a ring of 
tissue. There are about six principal xylem bundles which 
soon fuse. 

A broken sclerenchymatous ring is formed which resembles 
that of the epicotyl. No other stereom is, as a rule, produced 
the first year. 

The pith is large and composed of cells with unlignified walls. 
There is a small-celled perimedullary zone. 

Cork formation takes place in the hypoderma (cf. Moeller 
[1882], p. 393). 

Comparison ef Structure ef Hypocotyl and Epicotyl. 

The hypocotyl differs from the epicotyl in the absence of epi
dermal hairs and of a collenchymatous hypoderma, in the pri
mary structure of the stele, and in its smaller pith. 
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In the hypocotyl there are at first 
four pairs of xylem bundles and a 
number of phloem bundles. Four 
large groups of sclerenchyma soon 
make their appearance in the peri
cycle. In the epicotyl, on the 
other hand, a closed ring of phloem 
surrounds usually about six xylem 
bundles. No differentiated peri
meduTlary zone was distinguished 
in the hypocotyl. 

The structure of the two regions 
at the close of the first year differs 
only in the perimedullary region and 
pith; the formation of cork having 
removed the epidermis and hypo
derma. 

PAPILIONACElE. 

Amorpha fruticosa. 

Struc/u re of Hypocotyl. 

f!G. IO. 

Gleditllia 
triacanthoe 

The epidermis consists of cells rather small, somewhat thick
walled, square or nearly so, in cross section, at length becom
ing flattened. The cells of the cortex are large; those imme
diately below the epidermis somewhat smaller, but not forming 
a definite hypoderma. 

The endodermis of thin-walled cells containing starch re
mains distinct for ome time. Toward the close of the fir t year 
its exact position cannot be determined, although it can be lo
cated approximately. A mall amount of starch is scattered 
throughout the cortex, pith and pericycle as well a the endo
dermis, even in the youngest stage. This i not the ca e in 
most species. Later the phloem and the medullary rays also 
come to be filled with starch. 

The stele is at first quadrangular, and remains so for a con
siderable length of time. There are four conjoint va~cular 
bundles, and in addition there appear a few small patches of 
phloem. The bundles soon tend to unite in pairs. Xylem and 
phloem at length form complete zone . The medullary rays 
are very numerou ; they are one cell in width. 
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About the time that the epicotyl has reached its full length 
four small areas of sclerenchyma appear in the pericycle, one 
adjoining the phloem of each vascular bundle. These increase 
somewhat in size, and are still visible in two-year-old material. 
Numerous isolated sclerenchymatous elements are found scat
tered through the phloem. 

The pith is composed of rather large cells with thin walls, 
which soon become lignified. As the plant grows older the pith 
becomes almost obliterated. No perimedullary zone was dis
tinguished. 

Cork formation takes place in the outer pericycle, at length 
cutting off all tissues outside, leaving the bundles of scleren
chyma which are at the inner limit of the pericycle. 

Structure of Epi'cotyl. 

The epidermis is composed of cells nearly square in cross 
section. These abut directly upon a large-celled, few-layered 
cortex. There is no hypoderma. 

A definite endodermis was not distinguished at any time al
though in a very young stage certain starch containing cells 
were recognized as having the appearance of endodermis; a 
continuous ring of them was not traced. With the exception of 
the endodermal and medullary region, starch does not occur 
until the plant has developed a number of internodes above the 
epicotyl. The cells of pericycle and phloem are at length filled 
with starch. 

The stele is cylindrical from the first. Owing to fusions the 
number of vascular bundles is variable. There are, however, 
generally about five or six bundles. The phloem and xylem 
eventually form closed rings. 

There is a narrow interrupted ring of stereom at the outer 
edge of the pericycle. Toward the end of the first season 
numerous small patches of thick-walled fibers appear in the 
phloem and the pericycle . 

The pith is large-celled ; it does not decrease appreciably in 
size as the stem grows older. 

In the lower part of the epicotyl cork formation takes place 
in the pericycle below the ring of atereom mentioned above, 
thus cutting off the cortex and epidermis which soon die and 
disappear. In the upper part it takes place in the cortex 
(cf. Moeller [ 1882], p . 383) . This plant shows a distinct " re
gion tigellaire" in two-year-old material. 
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Comparison of Structure of .l-Iypocotyl and Epicotyl. 

In very young plants the hypocotyl shows a few slightly dif
ferentiated layers of smaller cells in the outer cortex . The 
epicotyl has nothing of the kind. 

The endodermis of the hypocotyl 
is distinct in the early stages, but was 
not definitely located in the epicotyl. 
Starch appears earlier in the hypocotyl 
and the four large groups of stereom 
are not represented at all in the epi
cotyl which, however, has an inter
rupted circle of the same material. 

In the former region the stele is at 
first quadrangular, while always cylin
drical in the latter. Cork formation 
in the hypocotyl is pericyclic, but is 
cortical in the epicotyl. 

The final tructure of the two regions 
is very similar, save in the arrange-
ment of sclerenchyma. F1G. ii. 

Robinia pseudacacia. 

Structure of Hypocotyl. 

The epidermal cells are oblong in cross section, radially 
elongated at first, later becoming elongated in the tangential 
direction. A few straight multicellular hairs are pre ent. 
There i no differentiated hypoderma. The cells of the cortex 
are all about the same ize. 

The endodermis i mall-celled and contains tarch. It i not 
ea ily di tinguished in material taken at the close of the grow
ing ea on. tarch i also found in ome of the pericyclic cells 
in early t:i.ges . Later nearly all the parenchymatou ti ues 
have starch. 

The stele is originally quadrangular. There are eirrht phloem 
bundles and four xylem bundles. These soon produce clo ed 
zones. 

In the pericycle opposite each of the original xylem bundles 
a group of tereom appear . These group , at length, become 
quite large. In addition to the e, at the close of the first year, 
there are some small patches of tereom irregularly disposed 
just outside the phloem. ' 
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The pith is composed of parenchymatous cells which acquire 
thick lignified walls. There is a well-differentiated perimedul
lary zone three or four cells in width. The cells are small and 
have thick lignified walls. 

Cork formation, according to Flot [ 1890 J, takes place rather 
deep in the cortex. 

Structure of Epi"cotyl. 

The cells of the epidermis are square or oblong in cross sec
tion, and become in time greatly flattened. There are numerous 
epidermal hairs. A narrow collenchymatous hypoderma is 
present. The cells of the cortex are about the same size as the 
epidermal cells. 

The endodermis was distinguished only in very :roung stages. 
The cells are rather small and closely packed with starch . 
Starch is found at a later time in the various parenchymatous 
tissues. Troschel [1879] states that in year-old twigs starch is 
present in some of the elements of the wood but disappears the 
next ye:u. 

In young material the epicotyl is elliptical in cross section. 
The stele follows this closely in shape . The phloem forms a 
closed ring surrounding a variable number of xylem bundles. 
There are usually more than eight of the e bundles. The 
xylem also soon forms a complete zone in which medullary rays 

are prominent. 
The pith cells become, at length, 

thick-walled. There is a well-de
fined perimedullary zone. 

Cork arises in the fourth, fifth or 
sixth layer of the cortex (cf. Moel
ler [1882], p . 384) . 

Comparison of Structure of Hypo
cotyl and Epicotyl. 

The hypocotyl is without the col
lenchymatous hypoderma of the epi
cotyl; it has fewer epidermal hairs; 
the cortex is thicker; there are four 

Robinia large groups of stereom with some 
pseudacacia very small ones instead of a broken 

Fie. 1 2. ring of medium-sized bundles. 
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In its primary structure the stele of the hypocotyl differs con
siderably from that of the epicotyl. There are four xylem 
bundles instead of eight or more and eight phloem bundles in
stead of a closed ring of phloem. 

The cork, although of cortical origin in both regions, arises 
in the hypocotyl in deeper layers. 

RUTACElE. 

Ptelea trifoliata. 

Structure of Hypocot_yl. 

The cells of the epidermis, when seen in cross section, appear 
nearly square. They, at length, are flattened. There are a 
few short, blunt, unicellular hairs. The cortex is large-celled. 
There is no distinct hypoderma differentiated. 

The endodermis is large-celled and contains, at first, very 
little starch . It later becomes clo ely packed with starch. The 
various parenchymatous tissues at length also contain starch 
in the cell cavities. Numerous lysigenous reservoirs are pre~
ent in the outer part of the primary cortex. 

The stele is originally four-angled. There is one phloem 
bundle and one xylem bundle in each angle. The phloem oon 
forms a closed ring surrounding the now greatly enlarged xylem 
bundles which enclose, at this stage, a somewhat cruciform pith. 
The xylem bundles also finally fuse. 

Four very small groups of sclerenchyma appear, toward the 
end of the season, in the pericycle. They are equidi tant . 
There are about six cells in each group. Some sections do not 
show all these groups, as the sclerenchymatous elements do not 
form continuous strands in the hypocotyl. Some sections show 
no clerenchyma at all. 

The pith is eventually quite small. The perimedullary zone 
is not well developed. 

The formation of cork begins early in the outermost cortical 
layer of cells. 

Structttre of Epicotyl. 

The epidermis is composed of cells which appear slightly rec
tangular in cross section. They are elongated in the tangen
tial direction. Numerous epidermal hairs are present. There 
is a narrow collenchymatous hypoderma. The cells of the in
ner cortex are very large. 
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The endodermis is distinct and can be recognized in year-old 
material. Starch is present from the first. The various paren
chymatous tissues at length have a small amount of starch. 
Secretion cavities develop in the cortex. 

The stele is small; much smaller than is usual in most spe
cies. In the youngest material examined the phloem forms a 
complete ring surrounding a small number of xylem bundles 
which eventually fuse. 

Numerous groups of elements in the pericycle become scler
otic so that they form an interrupted ring of sclerenchyma sur
rounding the phloem. 

The pith is small, unusually so for an epicotyl. There is a 
definite perimedullary zone of small-celled parenchyma contain
ing starch. 

The formation of cork takes place in the outermost layer of 
hypoderma (cf. Moeller [1882], p. 326). 

Comparz"son of Structure of Hypocotyl and Epi"cotyl. 

The hypocotyl does not have the epidermal hairs and the collen
chymatous hypoderma of the epicotyl. 
The cortex of the former region, though 
very thick, is but little thicker, in pro
portion, th an that of the epicoty l. 

In the stele of the hypocotyl there 
are four phloem bundles and an equal 
number of xylem bundles, while in the 
epicotyl, in the youngest material ex
amined, the phloem forms a closed ring 
surrounding about six xylem strands . 

The sclerenchyma of the hypocotyl 
is in four somewhat irregular columns 
in the pericycle, while in the epicotyl 

Ptelea trifoliRta it forms more nearly a closed sheath. 
In the former region also the peri-

Fw. 13. medullary zone is poorly developed. 

SIMARUBACEJE. 

Ailanthus glandulosa. 
Structure of .Hypocotyl. 

The epidermis consists of small cells, square or nearly so, in 
cross section, and considerably bulged when young . A few 
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short, unicellular hairs were seen, but none noted in very young 
plants. There is a hypoderma of one or two layers of some
what larger and thicker-walled cells. The rest of the cortex is 
parenchymatous and large-celled. 

The endodermis consists of cells somewhat smaller than those 
of the adjacent cortical layer. The endodermis was not recog
nized in older material. Starch is present from the first in the 
endodermis, pericycle and pith, but does not appear in the cor
tex till nearly the close of the first season. 

The stele is at first quite small. There are four xylem bun
dles arranged in pairs and four phloem bundles similarly di -
posed. The phloem oon forms a complete ring, surrounding 
the now considerably enlarged xylem bundles, which also even
tually form a closed ring. 

Opposite each of the four original xylem bundle there ap
pears in the pericycle a group of sclerenchymatous cells. 
These groups become, at length, somewhat divided so that the 
old hypocotyl may have a considerable number of smaller 
group . There are numerous sclerenchymatous fibers scattered 
in small and large patches through the phloem and pericycle. 

The pith is thin-walled; toward the end of the first season it 
becomes lignified . The perimedullary zone, described by Flot 
[ 1 93], as an important feature of the stem structure is first 
definitely noted at this time. 

The oleoresin canals described by Trecul [ 1867 J as occurring 
at the outer border of the pith, and by Van Tieghem [ 18 4 J a 
in the inner xylem of the stem, were not di tinguished in the 
hypocotyl. Cry tal rosettes of calcium oxalate occur singly in 
certain cells of the phloem area. ingle oleoresin cell are 
found here and there in the cortex and phloem. 

Cork formation, as noted by Flot [ 1889 and 1890 J takes 
place in the layer of cells ju t below the epidermis . 

Structure of Epicotyl. 

The epidermis resembles that of the hypocotyl, but there are 
numerous, somewhat long, curved or hooked epidermal hairs. 
Mo t of these are unicellular. 

The hypoderma is, as previously described for the stem by 
De Bary ([1884], p . 404), collenchymatous . The cells are 
small; toward the inside the hypoderma gradually shades into 
the ordinary cortex. 
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A definite endodermis was not distinguished at any stage, al
though, since starch is present in the region of the pericyle and 
endodermis from the first, those regions can be located approx
imately. Starch is found later in pith and cortex; also in many 
of the inner xylem elements. 

There are, at first, eight to ten conjoint vascular bundles . 
Eventually the phloem and xylem form closed rings. 

Scattered sclerenchymatous elements are found in the phloem, 
pericycle and cortex. 

The pith is irregular in outline. The first formed xylem ele
ments project into it. The perimedullary zone is not conspic
uous the first year, being composed of a few cells with unligni
fied walls . 

The cork cambium is formed in the outermost hypodermal 
layer (cf. Moeller [ 1882 J, p. 3 27) . 

Comparison o/ Structure of Hypocotyl and Epi'cotyl. 

The hypocotyl has a few, the epi
cotyl a considerable number, of epi
dermal hairs . The hypocotyl does 
not have the collenchymatous hypo
derma found in the epicotyl. The 
pith is smaller and circular instead 
of scalloped; the perimedullary zone 
is better developed. 

The endodermi is distinct in the 
hypocotyl for a con iderable time, 
while in the epicotyl it was not 
definitely distingui hed at all. The 
hypocotyl ha , at first, four xylem 
and four phloem bundles; the epi
cotyl eight to ten conjoint bundles. 

Ailn11th11s 
gl"ndulosn 

At the close of the year the only dif
ference are those noted in the me
dullary and perimedullary regions. FIG. 14. 

ANACARDIACEAJ:. 

Schinus molle. 
Structure of .Hypocotyl. 

The epidermal cell are square or oblong in cross section, 
becoming, at length, flattened . There are numerous short epi-
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dermal hairs. No hypoderma is developed but the cells of 
three or four outer layers of the cortex are smaller than those 
of deeper layers . 

The endodermis is small-celled and easily recognized in 
young stages, although at that time the cells are without starch . 
Later starch appears in small quantities in these cells and in 
those of the pith and phloem . 

The stele is originally four-angled and remains so for some 
time. In each angle there is a single xylem bundle and two 
groups of phloem ; these form a crescent-shaped ma s border
ing a group of cells which later develop into a resin duct. 
After a time secondary vascular bundles are intercalated be
tween the primary bundles. All finally fuse to produce closed 
zones of phloem and xylem. 

A few small groups of sclerenchymatous cells develop at the 
outer border of the phloem. 

The pith remains omewhat four-sided. The four original 
xylem bundles project into it at the angles. The pith cells 
have thin, unlignified walls. A perimedullary zone of small 
cells was di tinguished. 

faterial old enough to show cork formation was not obtained. 

Structure o_f Ejicotyl. 

The epidermis resembles that of the hypocotyl. Trichome 
structures seem to be no more abundant. There is no collen
chymatous hypoderma developed. The cells of the cortex are 
all about the same ize . 

The endodermis is not ea ily recognized owing to the fact 
that in young stages it contain no tarch. Later when starch 
is pre ent the cells have been compre ed and di placed by 
pressure from the subjacent ti ues. 

The stele contains a variable number of va cular bundles. 
Usually there are about eight. In connection with each bundle 
is a small resin passage, at first pointed out by Trecul [ 1867]. 
In older material these resin pa sages become quite large and 
somewhat flattened. The phloem and xylem then form closed 
zones. 

Groups of sclerenchyma, usually con isting of only a few 
cells, are found at the periphery of the phloem. The e are 
often located near the re in passages. 

The pith is nearly. circular, not quadrangular, and i com-
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posed of large, thin-walled cells. There is a distinct perime
dullary zone. 

The region of cork formation was not determined. 

Comparz"son ef Structure ef Hypocotyl and Epi'cotyl. 

In their primary structure the steles of the hypocotyl and epi
cotyl show important differences. That of the former region is 
quadrangular; it has four primary vascular bundles and at a 
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FIG. 15. 

later time other secondary bundles 
are intercalated. These latter do not 
have resin canals. In the epicotyl 
there are about eight vascular bundles 
each with a re in canal. 

The pith of the hypocotyl is four
sided, that of the epicotyl circular m 
outline, when seen in cross section. 

RHAMN ACE.lE. 

Berchemia racemosa. 

Structure ef Hypocotyl. 

The cells of the epidermis are nearly 
square in cross section, sometimes 
radially elongated, but becoming at 
length considerably flattened. No 
hypoderma is developed, although the 

cells of the outermost layer of cortical tissue are con iderably 
smaller than those below. There are about five layers of cells 
in the cortex. This tissue is extremely loose, having many in

tercellular spaces. 
The endodermis is quite di tinct until nearly the time that 

cork for.mation begins. The cells are smaller than those of the 
cortex but larger than the pericyclic elements. 

Starch is present in the endodermis from the first, but does 
not appear in the cortex at all, nor in the pith and phloem till 
about the close of the season. 

The stele is originally four-angled. There are four xylem 
and four phloem bundles. These are paired. They soon fuse 
so that there are two crescent-shaped bundles, and by further 
growth clo ed rings of xylem and phloem are produced. 

While the bundles are in the crescent form four small groups 
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of sclerenchyma appear in the pericycle, one opposite each of 
the original xylem groups. 

The pith is composed of large cells, whose thin walls be
come, at length, somewhat lignified. A perimedullary zone of 
about two layers may be distinguished but is not always con
tinuous the whole way around the pith. 

The cork has its origin in the inner cortex or in the endoder
m1s. Some of the layers of cork carry a brown pigment. 

Structure of Epicotyl. 

The epidermis, composed originally of small cells, square or 
pentagonal in cross section, eventually becomes strongly cuticu
larized and the separate elements very much flattened. 

There is no hypoderma developed. The cortex is rather 
large-celled, but very narrow, being only three or four layers of 
cells in thickness. During the second year the walls of these 
cells become conspicuously pitted. Many large crystals, chiefly 
cubical in form, are found in this region. 

The endodermis, composed of flat cells containing starch is 
distinct till near the close of the first season. Except in the en
dodermis starch is absent until about the end of the first year's 
growth, when it appears in the pith and medullary rays. 

Even in very young stages the phloem forms a closed zone 
surrounding a ring of from six to ten, but generally about eight, 
xylem bundles. These soon become fused. A narrow band 
of sclerenchyma, for the most part only one cell wide, is found 
at the outer limit of the phloem; it doe not form a closed ring, 
but is more or less irregular and broken. mall patches of 
sclerenchyma are found in the phloem of two-year-old seed
lings. 

The pith is large-celled; the walls are thin but slightly ligni
fied. No perimedullary zone was distinguished. 

The region of cork formation was not distingui hed. Two
year-old material was examined, but the cork cambium had not 
begun to form. 

Comparison of the Structure of Hypocotyl and Epicotyl. 

The epidermis of the hypocotyl remain thinner-walled and 
exhibits less cuticularization than that of the epicotyl. This i 
to be expected, since in the former region cork is produced the 
first year, while in the latter not till a later period. 
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The endodermis consists of small, thin-walled cells contain
ing starch. It remains distinct until cork formation takes place. 
Starch is found, late in the season, in the perimedullary zone 
and phloem, but not in the cortex. 

The tele is originally somewhat four sided and has four vas
cular bundles which soon fuse and produce closed zones. 

The pith is composed of very large cells. The perimedul-
lary zone is rather ill-defined. It is one or two cells in width . 
The cells are small and contain tarch. 

The cork is of endodermal origin. Its formation begins to
ward the close of the growing season. 

Structure of Epicotyl. 

The epidermal cells, at first square or pentagonal in cross 
section, become at length, considerably flattened. There are 
numerous short, curved and pointed hairs. A poorly developed 
hypoderma is present in year-old material. The cells of the 
cortex are all about the same ize. 

The endodermis was distinguished only in young material. 
The cells are small and contain starch. The perimedullary 
zone, cortex and phloem have at a later time, srnall amounts of 
starch. 
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The phloem, 
complete ring. 
soon fuse. 

in the youngest material examined, forms . a 
There are about six xylem bundles. These 

Considerable masses of stereom develop at the periphery of 
the phloem forming a broken sheath . 

The pith is large-celled. There is present a definite peri
medullary zone of small cells containing starch. The cell walls 
are lignified. 

Cork is produced in the outermost hypodermal layer as in 
other species of Rham1ms (cf. Moeller [1882], pp. 292 et seq.). 

Comparison of Structure of Hypocotyl and Epi'cotyl. 

The hypoc ityl has a thicker cortex than the epicotyl; it does 
not have a hypoderma; epidermal hai rs are absent; the scleren
chymatous ring found in the epicotyl is here absent. 

The endodermis of the hypocotyl remains distinct for a 
greater time than that of the epicotyl. The former region has • 
originally four vascular bundles; the latter has, in the you'lgest 
material examined, a zone of phloem 
and about six xylem bundles. Cork 
formation in the hypocotyl is endoder
mal while in the epicotyl it is hypoder
mal. 

VITACElE. 

Vitis cordifolia. 

Struclttre of Hypocotyl. 

The cells of the epidermis are nearly 
square in cross section, but become at 
length considerably flattened. Many 
of them are omewhat prolonged 
forming short, blunt papillre . A thick 
cuticle is pre ent. In cros section it 
appear minutely notched. 

Three or four of the outer layers 

RhRlllllll 
pun;hiana 

FIG. 17. 

of the cortex are small-celled, but not collenchymatous . The 
cells of deeper layers are larger and all about the same size . 

The endodermis is small-celled, and i for a long time read
ily distinguished becau e it contains starch. tarch i gen
erally absent from the other tis ues but, at a later time, ap
pears in the pith. 
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There are four primary vascular bundles. Other secondary 
bundles soon become intercalated and finally complete rings of 
phloem and xylem are produced. 

A single group of sclerenchymatous elements is formed at 
the outer edge of each primary vascular bundle. By the end 
of the season other smaller groups are also present. 

The pith finally becomes very small. Sometimes, by the 
projection into it of two of the vascular bundles, a line of xylem 
extends nearly across it. There is no perimedullary zone. 

The cork cambium, as in other species of V£t£s (cf. Flot 
[ 1889 J), is formed about the close of the first season in the 
pericycle. 

Structure of Epzcotyl. 

The epidermal cells are square in cross section, becoming at 
length flattened. The cuticle is like that of the hypocotyl. A 

• well-differentiated collenchymatous hypoderma is present. The 
other cells of the cortex are parenchymatous. 

The endodermis contains starch and is, therefore, easily di -
tinguished. Toward the end of the season starch is also found 
in the pith. The number of primary vascular bundles is var
iable. Usually there are more than eight. At an early time 
closed zones of phloem and xylem are produced. 

A broken ring of sclerenchyma is developed toward the end 
of the first year in the pericycle. 

ViLiS cnrdifolil\ 

FIG. 18. 

The pith is thin-walled and large
celled. A definite perimedullary zone 
was not distinguished. 

The cork, as in the hypocotyl, is 
of pericyclic origin ( cf. Moeller 
[1882], p. 207). 

Comparison o/ Structure of Hypo
cotyl crnd Ept'cotyl. 

The hypocotyl has a thicker cortex 
than has the epicotyl. It has but four 
primary vascular bundles instead of 
eight or more. It has four large 
masse of sclerenchyma in the peri
cycle and a few smaller ones instead 
of a more neal'!y continuous scleren
chymatous ring. 

________________ _. ............... . 
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The pith of the hypocotyl becomes, at length, nearly ob
literated. 

ELJEAGNACEJE. 

Elreagnus umbellata . 

.':)lructure ef .liypocotyl. 

The cells of the epidermi are more or less oblong in cross 
section . There are no epidermal hairs. The outermost layer 
of the cortex becomes omewhat thick-walled but not collenchy
matous . The cortex has about ix cell rows. 

The endodermis is small-celled . It remains distinct for a 
time, but in sections of material gathered at the end of the season 
it was not distinguished . Very little starch is found in any of 
the tis ue save in the endodermis. 

The tele i originally four-angled . single phloem bundle 
and two xylem bundle are placed in each of the angles . The 
phloem soon form a clo ed ring while the xylem bundle fuse 
in pairs and increase in ize. This leaves a cruciform pith . 
The continued growth of the xylem produces a complete zone 
urrounding, at length, a cir ular pith. ecretion cells in the 

phloem are numerou . 
At the outer edge of the xylem, in old material, are a few 

patche of clerenchyma forming a very much interrupted ring . 
The pith is of con iderable extent and i surrounded by a 

perimedullary zone of mall cell containing starch. 
Cork formation takes place far down in the cortex. 

tructure ef Epicotyl. 

The epidermi con i t of cell which are oblong in cross 
section with the tangential about twice the radial diameter even 
in very young material. The peculiar tellate trichome truc
ture , well known in thi genu , are abundant. 

The outer cortical cell are nearly circular in outline, when 
seen in cro s ection. They are omewhat mall r than the 
cell of the epidermi . The inner cortex i compo ed of large 
cell which eventually are very much flattened owing to pres
sure of the growing part within . 

T he endodermi' i small-celled and contain tarch . In old 
material it wa not recognized . 

T he tele is circular from the fir t. In the ounge t material 
examined the phloem form a complete ring urrounding about 
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six xylem groups. The xylem bundles soon fuse producing at 
the end of the season quite a thick zone. 

An interrupted sclerenchymatous ring is developed in the 
pericycle. 

The pith, which is composed of large thin-walled elements, 
is surrounded by a narrow small-celled perimedullary zone con
taining starch. 

The cork is formed rather late in the season in the outermost 
cortical layer as in other species of Elaeaf?"nus (cf. Moeller 
[1882], p. 117). 

Comparison of Structure of Hypocotyl and Epz"cotyl. 

The hypocotyl is without the trichome structures so noticeable 
in the epicotyl; the stele is at first four-angled in tead of cylin
drical; there are four phloem bundles and eight xylem bundles 
instead of a ring of phloem and six xylem bundle . 

At the end of the season the vas-

@o~
. cular tissue is alike in the two regions 

but the pericyclic sclerenchyma of the 

@ hypocotyl is Jes abundant. Cork is 

0 developed in the inner cortex of the 

O
hfypocotyl and in the outermo t layer 

cortex in the epicotyl. 

@ D"""'' ~ umbellat& 

F1G. 19. 

MYRTACEJE. 

Eucalyptus globulus. 
Structure of Hypocotyl. 

The epidermal cells, at first oblong, 
radially elongated, become at length in 
cross ection nearly square. The 
cuticle, which is covered with eleva
tions, appears, when young, in cross 
section minutely serrate . 

There is no hypoderma differentiated, but the outermost layer 
of the cortex is smaller-celled than the layers below. The c -
tical cells are large. They become flattened toward the end of 
the season by the growth of the internal tissues. 

The endodermis is composed of small cells containing starch; 
it at length becomes indistinguishable. tarch is for the most 
part absent from other tissues. Lysigenous secretion reservoirs 
are found in the conjunctive tissue. 
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The stele is four-sided . The general shape of the hypocotyl 
sometimes follows that of the stele (cf. Irmisch [1876]) . There 
are originally four narrow curved phloem bundles and the same 
number of small xylem bundles. The phloem soon forms a 
closed ring; the xylem bundles increa e in size, leaving for a 
time a cruciform pith; but e\·entually the xylem al o forms a 
complete ring and the pith is cylindrical. 

Four small groups of sclerotic cells make their appearance 
in the pericycle about the time that the phloem ring is fir t 
formed. These groups eventually become omewhat broken 
up and numerous groups of fibers appear in the phloem ar
ranged in three or more interrupted circles. 

The pith is large-celled. It i small in amount even from the 
first. No definite perimedullary zone was clistingui hed. 

Cork formation, according to Flot [ 1890 J, is cortical or peri
cyclic. 

Structure of Ept'cotyl. 

The cells of the epidermi are at hrst more nearly square in 
cro s ection than those of the hypocotyl. They at length be
come very much elongated in a tangential direction . 

The cortex is large-celled; the cells of the outer layer are 
rather small. ~ o hypoderma is differentiated. Numerous 
lysigenou ecretion sacs are pre ent. 

The endodermis i thin-walled; the cells are small and con
tain tarch. 

The stele i at first somewhat quadrangular and becomes at 
length elliptical, in cro section. In the younge t material ex
amined the phloem form a clo ed ring. The number of xylem 
bundle i omewhat variable; these are o di po eel that the pith 
is generally at first omewhat cruciform. 

The pericycle becomes, at length, largely clerenchymatou · 
numerou interrupted rings of ba t fiber begin to appear but are 
only slightly thickened the fir ' t year. 

T he pith, at fir t cruciform, becomes omewhat quadrangular. 
T here is a perimedullary zone (fide Flot [ 1893]). An inter
nal cambium produces a ring of phloem ju t out<ide the pi th. 
T his i mentioned by DeB ary [ 1 4 J. A few sclerotic cell 
were noted at the inner limit of the internal phloem. 

According to Flot [ 1890 J cork formation is sub-epidermal. 
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Comparison of .Structure of I-Iypocotyl and Ep£cotyl. 

The hypocotyl is more nearly cylindrical than the epicotyl; 
its epidermis less flat, its stereom i~ better developed the first 
year. Stem internodes above the epicotyl are square. 

The primary structure of the hypocotyl is like that of Te
coma. There are four xylem bundles and four phloem bundles. 
In the youngest epicotyl examined the phloem forms a complete 
ring and there is a variable number of xylem bundles. 

o internal phloem was recognized ® in the hypocotyl although it is quite dis-
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triingitnh,e epicotyl. The cork of the 
former region is pericyclic or cortical 

that of the latter subepi
dermal. ® BIGNONIACEJE. 

Tecoma radicans. 

Structure of Hypocotyl. 

The epidermal cells are rectangular 
in outline when seen in cro s ection. 
From being originally radially elon
gated they are, at length, nearly 

Eucnlypt11• 
globulus square. The cuticle in cross section 

FIG. 20. 
appears minutely serrate. There are 
a few short, simple, epidermal hairs. 

The cortex is of loo e parenchyma, generally about six layers 
in thickness. There i no differentiated hypoderma. 

The endodermal cells are smaller than the cell of the cortex. 
Originally they are irregularly hexagonal in outline, but toward 
the end of the year they become elliptical and have slightly 
thickened walls. Starch is entirely ab ent, except in the en
dodermal region until nearly the close of the first year, when it 
appears e pecially in the pith. 

The stele is originally very small and somewhat four-sided, 
containing four xylem bundles and four phloem bundles. The 
latter are next the pericycle. They alternate with the xylem 
bundles. These are presumably the four "principal bundles" 
found, according to Hovelacque [ 1888], in all Bignoniaceous 
stems. At quite an early stage the phloem and xylem form 
closed rings. 
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About the time that this is apparent four small groups of 
sclerenchyma make their appearance in the pericycle just out
side the original xylem bundles. Each of these is compo ed of 
only six to ten cells with extremely thick walls. Later numer
ous isolated, lignified sclerenchymatous cells appear in the outer
most layer of the cortex; a few also are found in the phloem 
area. 

The pith is large-celled and thin-walled. The formation of 
a cambium layer in the small-celled perimedullary region begins 
some time before the close of the year. This will be further 
noticed in the description of the epicotyl. 

Cork formation takes place in the econd cortical layer, i'. e. , 
in the cell layer immediately below the clerenchyma which is 
thus eventually lost. 

Structure of Ept'cotyl. 

The epidermis has a well-marked cuticle which, in cross sec
tion, appears minutely notched. The cells seen in cro s sec
tion are about quare, but become tangentially elongated toward 
the encl of the season. There are occasional short epidermal 
hairs . 

The cells of the outermost layer of the cortex are somewhat 
smaller than those of deeper layer . The e are considerably 
flattened. Although at first of about even thickne s through
out, the cortex soon grows in thickness at four equidi tant 
points giving the epicotyl a quadranaular prismatic hape. 

The endodermi , which in young tages is di tinct, at length 
become indistingui hable owing to di placement and crowding 
of the cells cau ed by growth in the lower layers. tarch, 
though present in the endodermal region, is found only in very 
mall amount in the cortex and pith until the close of the ea
on . Even then the cells are not clo ely packed with it. 

Even in the youngest tage examined, z'. c., second tage of 
o.ur arbitrary divi ion, the phloem and xylem form complete 
nng. 

The outermost cortical layer toward the end of the ea on be
comes largely clerenchymatou , although here and there are 
cells with but slightly thickened wall . Certain cells of the 
pericyde, at first but slightly differentiated, form, at length, 
group of very thick-walled cell . 

The pith i composed of large cells with thin, unlignified 
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walls. It is found to be practically in the center of the section, 
though Pedicino [1876] found that when the plant climbs the"pith 
is eccentric. About the time that the seedling has developed one 
internode above the epicotyl a medullary cambium has begun 
to form in the epicotyl. This produces xylem without and 
phloem next the pith . Considerable masses of phloem may 
thus be formed. This peculiar cambium in T ecoma wa noted 
by Sanio in 1864 and fully described later by De Bary [ 1884 J. 
Young branches of the plant were studied by the e investigators 
who did not examine seedling . 

Cork formation, as previously described by Moeller [ 1882 J 
for young branche', take place in the second layer of the cor
tex. The cork cells are nearly square in cross section. 

Comparison of the Structure of Hypocotyl and Epicotyl. 

Although both hypocotyl and epicotyl are originally cylindri
cal, only the former remains o, the latter developing four 
thickened areas which make it somewhat quadrangular. 

'fl'COOU\ 

ra<licans 

FIG. 21. 

The four mall groups of scleren
chyma in the pericycle of the hypo
cotyl are repre ented in the other region 
by a con iderable number of smaller 
groups forming an interrupted ring. 

The endodermis remains distinct 
in the hypocotyl for a longer time than 
in the epicotyl. The medullary cam
bium is formed later and is less active. 

Catalpa speciosa. 

Structure of IIypocotyl. 

The epidermi con i ts of small cells, 
square in cro section. hort, blunt 
epidermal hairs are rather numerous. 
No hypoderma i developed; all the 
cortical cells are thin-walled. 

The endodermis remains distinct for a long time. It consists 
of thin-walled cells which are but slightly maller than the cells 
of the cortex. tarch is present, from the first, in the endoder
mis and towar<l the close of the season appears sparingly dis
tributed in medullary rays and cortex; it is apparently absent 
from the pith. 
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The stele is small; in cross section it is circular. T here are 
at first six, seven or eight conjoint vascular bundles arranged in 
a circle. Eight is probably the original number, but fusions 
often take place between adjoining bundles. Complete zones of 
xylem and phloem are formed at an early stage. About this 
time four small groups of sclerenchyma appear in the pericycle; 
they are equidistant. These eventually become somewhat 
divided, and other cells of the pericycle become sclerotic, so 
that a number of small groups of stereom are found in this area. 

The pith i small in amount. The cells are large, with thin, 
slightly lignified walls . There is a perimedullary zone of small 
cell containing starch . 

Cork formation takes place in the outermost layer of cortical 
cells. 

Structure of Epfrotyl. 

The epidermal cells at fir t are oblong m cro s section· 
the long axi is at right angles to the periphery of the section. 
Later the shape is more nearly square. There are many straight. 
blunt epidermal hairs. 

The first two or three cell layers of the cortex are collenchy
matous. The other layer are rather small-celled parenchyma. 

The endodermis, though at first distinct on account of the 
presence of starch in its cells, was not recognized in older ma
terial. tarch is absent from the other tissues in the early 
stages, but is at length found in the cortex, phloem, medullary 
ray and perimedullary zone . 

Toward the end of the fir t year a narrow, much interrupted 
ring of sclerenchyma appear at the outer edge of the phloem . 
The cells are small with very narrow lumen. 

The number of va cular bundle 1 omewhat variabl . 
About twenty i the u ual number. The e soon unite to form 
zone of xylem and phloem. 

The pith i large, the cells thin-walled parenchyma. There 
is a perimedullary zone of small cell containing starch . 

Cork arises in the outermost hypodermal layer, a it doe in 

the stem of Catalpa catalpa (cf. Moeller [1 2], p . I 4) . 

Comparison of Structure of Hypocotyl and Epicotyl. 

The epidermis of the hypocotyl has fewer and shorter hairs 
than that of the epicotyl. T he former region has no hypo-
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derma, though in the epicotyl a distinct collenchymatous zone is 
developed. 

The endodermis of the hypocotyl remains distinct for a much 
longer time than that of the epicotyl; 
the stele has about eight vascular 
bundles, instead of twenty or more ; 
sclerenchyma is first disposed in four 
groups instead of a considerable num-

., ber. 
<r ® q<1800e The pith of the hypocotyl is much 

@j@ 
:;i~~:;l. in amount than that of the 
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FIG. 22. 

Cephalanthus occidentalis. 

Structure of Hypocotyl. 

The cells of the epidermis are ob
long or somewhat hexagon al in cross 
section. About every fifth or sixth 
cell is elongated radially and pointed, 
projecting somewhat beyond the gen

eral line of cells. These might be described as extremely 
short hair . This characteristic feature continue for a consid
erable length of time. 

o di tinct hypoderma is formed. The cell of the two or 
three outer layers of the cortex are rather thick-walled but not 
collenchymatous. The cortex is loose with numerous large in
tercellular pace . 

The endodermi i large-celled. It remains distinct through 
the first year although the cells become at length very much 
flattened. They contain starch. Starch is later found in the 
various parenchymatous tis ue . 

The stele is circular in cro s section . There are originally 
four phloem bundle and an equal number of xylem bundles; 
they are grouped in pairs. The xylem and phloem soon form 
closed zones, the xylem encroaching upon the pith which, at 
the close of the first season is almost entirely obliterated. The 
hypocotyl thus assumes a root-like structure-" rhizelle ., of 
Van Tieghem [ 1891]. 

The cork is of epidermal origin. 

iiii ............................... 111111 
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Structure of Epicotyl. 

The epidermal cells are rectangular in cross section. The 
radial is the long diameter at first but eventually the two diame
ters are nearly equal. Many of the cells are prolonged to 
form pointed hairs which are about three times as long as the 
ordinary cells of the epidermis. 

A narrow collenchymatous hypoderma is developed; this 
shades off gradually into the ordinary cortex, which is quite 
extensiYe. 

The endodermis is rather large-celled, the cells resembling 
those of the cortex but containing starch. The endodermis re
mains distinct throughout the first year. Starch, which is at 
first absent from the other tissues, becomes, at length, dis
tributed through all the parenchymatous elements. 

The stele, originally elliptical in cross section, follows the 
general shape of the epicotyl. Eventually the epicotyl be
comes cylindrical a does al o the stele. In the younge t ma
terial examined, the phloem forms a complete zone surrounding 
a ring of about six xylem bundles, which soon fuse to form a 
closed ring. 

A few of the cells of the pericycle become sclerotic after a 
time. These are generally i olated; not aggregated in groups. 

The pith becomes quite small; it is surrounded by a well
developed small-celled perimedullary zone whose elements con
tain starch . 

The cork, like that of the hypo
cotyl, ari es in the epidermi . 

Comparison of Structure of Hypo
cotyl and Ep£cotyl. 

The hypocotyl differs from the epi
cotyl in its horter epidermal hairs, in 
the ab ence of a true hypoderma and 
in the much looser parenchyma of its 
cortex. 

The structure of the stele is also 
very different, the hypocotyl having 
originally four phloem bundles and 
four xylem bundles, while in the epi
cotyl the phloem, even in the youngest 

Cephalanthus 
occidental is 

FIG. 23. 
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stage examined, forms a closed ring surrounding six xylem 
bundles. 

At the end of the first year the structure of the two regions is 
essentially the same except that the hypocotyl is without pith or 
differentiated hypoderma. 

GENERAL CONCLUSIONS. 

The following summary and conclusions are based on the 
facts shown in the foregoing pages. It is not intended to re
peat here all the points which are there given, but merely to 
bring together under appropriate headings the most important 
facts of structure of the hypocotyl and epicotyl in the plants 
studied. 

General Shape o.f Hypocotyl and Epicotyl.-In cross sec
tion the hypocotyl is usually circular in outline, the epicotyl is, 
however, not infrequently hexagonal in outline and somewhat 
flattened. The hypocotyl has usually in early stages much the 
greater diameter. 

Comparison o.f the Epidenms o.f Hypocotyl and Ep£cotyl.
The epidermal cells of both regions when seen in cross section 
appear at first square or radially elongated. Aftei: a time, 
however, they became elongated tangentially, being stretched 
by the growth of the stdar tissues and not continuing to divide. 
In quite young stages some plants have in the epicotyledonary 
region, epidermal cells which, in cross section, appear tangen
tially elongated, viz. : Ulmus amerz'cana, L£riodendron tttlip
ifera, Butuen·a jlorida, Cerczs canadenszs. Trichome struc
tures are usually fewer and less complex in the hypocotyledon
ary region, e. g., Ulm us amer£cana, Broussonetia papyrifera, 
Butneria jlorida, Robz'nia pscudacada, Ailanthus glandulosa, 
Catalpa speciosa, Cephalauthus ocddentall's . In the following 
specie the epicotyl has trichome structures but they are absent 
from the hypocotyl: Celt?s occz'dentalzs, Toxylon pomiferum, 
Gleditsia tn'acanthos, Ptelea trifolz'ata, Rhamnus purshiana, 
Elceagnus umbellata, Tecoma radz'cans. 

Hypoderma z1t the Hypocotyl and Epicotyl.-Only one of the 
species examined has a definite collenchymatous hypoderma in 
both regions. This is Butneri·a jlorz"da. The following plants 
have a hypoderma in the epicotyl, but not in the hypocotyl: Celtts 
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<Jccidentalis, Broussonetia papyrifera, Liriode11dron tult"pifera, 
Menispermwn canadense, Gleddsia tn"acanthos, Robz"nz'a pseu
dacacz'a, Ptelca trifohata, Ailanthus glandulosa, Rhamnus 
purshiana, Catalpa specz'osa, Cephalanthus occidentalz's. 

Comparison of Cortex of Hypocotyl and Epicotyl.-The 
cortical cells of the hypocotyl are nearly always much larger 
than those of the epicotyl. This is so commonly the case 
that various species need not here be specially mentioned; a 
good example is Pm·kinsonia aculeata. The cortex of the hy-
0pocotyl is thicker than that of the epicotyl. 

Comparison of Endodenms and Pericycle t01l Hypocotyl and 
Epicotyl.-The endodermis in the hypocotyl is, as a rule, more 
distinct and persists longer than that of the epicotyl. Its cells 
contain starch. Pericycle is well developed in the hypocotyl, 
usually consisting of two or more layers of small cells. 

Typical Structure of the Stele of tlze Hypocotyl. The stele 
is u ually somewhat quadrangular. As a rule there are four 
phloem bundles and four xylem bundles. The phloem and 
xylem may be in contact or they may be separated by a small 
amount of undifferentiated parenchyma. In the latter case 
each phloem area is either directly outside of a xylem area 
(when the phloem may be spoken of as opposite the xylem), or 
the phloem bundles are removed from the xylem by greater or 
less angular distances (alternate arrangement). Using the 
foregoing terminology the arrangement of bundles may be de
scribed as opposite in the following: Liriodendron tulipifcra, 
Jl.fenispermum canadense, Butneria jlorida, Cerc1s canadenszs, 
Amorpha fruticosa, Ptelea trifol£ata, Ai"lanthus glandulosa, 
Schz'nus molle, Bcrclzemia racemosa, Rhamnus purshz"ana, Vitis 
cordifolia, Cephalanthus occidental£s. It is alternate in Eu
calyptus globulus and Tecoma radicans. 

Certain modifications of the more usual type just described 
would best be noted separately. There are four xylem bundles 
and eight phloem bundles in Robima pseudacacz'a. In Parkt"n
sonia aculeata, Gledz"tsia triacantlzos and Elmagnus umbellata 
there are eight xylem bundles and four phloem bundles. The 
xylem bundles soon fuse together in pairs in the last two named 
species. Jn Celtzs occz'dentalis and To~:ylon pomifertun, the 
phloem forms two crescent-shaped areas while the arrangement 
of the xylem is normal. 

Unusual Structure of the Stele of the Hypocotyl.-In certain 
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species the stele of the hypocotyl does not have the typical 
structure just mentioned, the number and arrangement of vascu
lar bundles being different. Ulmus americana has two xylem 
crescents and numerous small phloem bundles; Broussonetia 
papyrifera has a root-like structure; in Catalpa spedosa th~re 
are about eight vascular bundles. 

Primary Structure of the Stele of tlte Epi"cotyl.-In shape the 
stele of the epicotyl is often originally somewhat hexagonal, 
though, as in the case of the hypocotyl, becoming at length. 
cylindrical. As is well known there are usually from six to 
very many vascular bundles. Sometimes the phloem is com
pletely fused into a closed zone even in very young stages. 

Arrangement of Sclerenchyma i'n the Hypocotyl. The scler
enchyma of the hypocotyl first appears as four masses in the 
pericycle in Toxlyon pomiferum, Li"ri'odendron tuHpifera, Cer
cis canadensis, Gledi'tsia triacanthos, Robinia pseudacaci'a, Ail
anthus glandulosa, Vitz's cordifolz"a, Eucalyptus globulus, 1 e
coma radicaus and Catalpa spedosa. In the plants just named 
this original disposition of the sclerenchyma becomes altered 
either by the intercalation of parenchymatous elements in the 
areas of sclerenchyma or by the development of sclerenchyma 
at other points. In the following plants, however, there is 
practically no change in the sclerenchyma during the first year 
and the four original masses remain to the end of the season : 
Parkinsouia acu1eata, Amorpha fruticosa, Ptelea trifoli'ata, 
B erchemia racemosa. 

Comparison of the Hypocotyl and Epicotyl with Reference 
to the Dz'strt"butiou of Sclerenchyma. Commonly the scleren
chyma in the two region becomes, at the close of the first grow
ing· eason, equally well developed and similarly arranged. Ex
ceptions to this rule will now be noted. Sclerenchyma is absent 
from the hypocotyl of Menzspermmn canadense, Butneri'a jlo
rida and Rhamnus j>urshiaua although present in the epicotyl. 
In Ptelea trifoliata and B ercltemi'a racemosa at the close of the 
first year there is a greater development of sclerenchyma in the 
epicotyl than in the hypocotyl. The reverse of this condition 
obtains in Celti's ocddeutalis and Eucalyptus globulus. On~y 
scattered sclerenchyma in small amount was recognized Ill 

either region in year-old material of Broussoneti'a papyrijera; 
in Cephalanthus ocddentali's a few only of the pericyclic cells 
of the epicotyl become sclerotic. 

----------------------------
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Corl Formation t'n Hypocotyl and Ep1·cotyl. The cork cam
bium is developed in the layer of cells next below the epi
dermis in both hypocotyl and epicotyl of Cc/tis occtdenta!t's, 
Liriodrndrou tzdipifera, Butncrz'a jlorida, Ptelea trifoliata, 
Ailanthu.s g!andulosa, Catalpa spcciosa. In Ccphalantlms oc
cidenta!is it is of epidermal origin in both regions. In the 
following species cork formation is sub-epidermal in the epi
cotyl but the cork is produced in deeper cell layers of t'1e hypo
cotyl: Ulmtts ameri'ca11a, Toxylou pomiferum, Broussoueti'a 
papyrifera, Rhanmus purshiana, Elceag11us umbellata, Euca
~vptus globnltts. In Cerds canadensis, G!editsia triacanthos, 
Amorpha _fruticosa, Robi1lla pseudacacia, Vzit"s cordifolz'a and 
Tecoma rad1.cans cork formation in the epicotyl is cortical, while 
in the hypocotyl it takes place in some cases in the ame cell 
layer, in other ca es in deeper layers. Details are given in the 
pre\·ious descriptions for the eparate pecies. 

Pith and Pcrimedu!lary Zone of IIypocotyl aud Epicotyl. 
The pith of the hypocotyl is 'mailer than that of the epicotyl, 
sometimes it becomes nearly obliterated, c. g., Cephalantlms oc
ddcnta!is. The perimedullary zone is sometimes not di tin
guished in the hypocotyl though present in the epicotyl, e. g., 
Parkinsonia aculcata, G!cditsia tn'acanthos, Eucalyptus globu
lus. The oppo ite condition is found in Ccrcis canadensz's and 
Berclicmia racemosa. More often where a perimedullary zone 
is recognized it is equally developed in both hypocotyl and epi
cotyl. 

Structure of .!Iypocotyl and Ep/cotyl at the close of the .first 
year's growth.-Owing to econdary changes the two regions, 
though at fir t quite d1 similar in tructure, may come to be very 
much alike. The xylem and phloem always form clo ed rings; 
the endodermi often become indi tingui hable; the cell of 
the cortex become flattened. The differences of pith, perime
dullary zone and clerenchyma have already been given . 

Condensed Summary. 

Although econdary change may cause a great re emblance 
in the structure of hypocotyl and epicotyl, the two regions are, 
in their primary tructure, e entially dissimilar. 

The epidermis of the hypocotyl is more often with0ut trichome 
structures, the cortex is thicker and compo ed of larger cell , 

p·i11m--
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the endodermis is more distinct and persists for a greater length 
of time, the pith is smaller, sclerenchyma is often less well-de
veloped and differently arranged and a hypoderma, so common 
in the epicotyl, is nearly always absent. Cork formation in 
the hypocotyl begins either in the same cell-layer that it doe~ 
in the epicotyl or in a deeper layer, never in a more superficial 

one. 
Starch is, as a rule, distributed in the same way in both 

regions. It is usually present in the endodermis in the early 
stages but does not appear in other tissues until the plant has 
developed foliage leaves, in considerable number. 

As to the structure of the stele it may be said that in the 
hypocotyl there are usually four primary vascular bundles. 
The exact disposition of the phloem and xylem elements is 
subject to some variation. Occa ionally there are more than 
four bundles. In the epicotyl the vascular bundles are from 

six to eight or Yery many. 
The hypocotyl does not have a root-like structure. 

EXPLANATION 01' PLATES. 

Plate V. Drawings of cross sections to show the primary stelar 
structure of the hypocotyl of U/mus americana, Celtis occidentalis, 
7 oxylon pomiferum and Broussonetia papyrifera. 

Plate VI. Drawings of cross sections to how the primary stelar 
structure of the hypocotyl of 1lfenispermum canadense, Butneria 
Jlorida., AmorjJ!ta fruticosa, R obinia Pseudacacia and Ptelea tri

foliata. 
Plate \rII. Drawings of cross section to show the primary stelar 

structure of the hypocotyl of Ailantlms glandulosa, S chinus molle, 
Berchemia racemosa, Eucalyptus globulus, Catalpa speciosa and 
Cephalantltus occidentalis. 

Plate VIII. Photographs of cross section to show the primary 
structure of the hypocutyl. 1. Ulmus americana, 2. Liriodendron 
tulipifera, 3. Parkinsonia aculeata, 4. Cercis canadensis, 5. 
Berchemia 1-acemosa, 6. Vitis cordifolia, 7. Eucalyptus globulus, 

8. Tecoma radicans. 
The drawings were all outlined with the aid of a camera lucida. 

The magnification u ed was about five hundred diameters. For pub
lication the drawings have been reduced to one-half their original size. 
The magnification used in making the photographs was from fifty to 
eighty diameters. They have been slightly reduced. All drawings 
and photographs were made by the author from his own preparations. 
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