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CHAPTER 1

THE PROBLEM

Statement of the problem. This investigation was made for the purpose
of studying the developmental anatomy of the primary axis of Clcer arietinum.
Ontogenetic studies of the primary and secondary tissues of the root and stem,
and the leaf primordia are included.

History of the problem. Ciser arietinum, the only economically important
member of the genus Ciger, is found cultivated today in many parts of the
world. The regions of its chief importance are Egypt, Southern Eurcpe, Asia,
Africa, Central America, Chile and Hexico. The seed is not extensively growm
in the United States, however, its use here in industry is considerable. In
1933 the United States imported fourteen million pounds and in 1934 eleven
million pounds.

India has the record for greatest production. Hill states that India
grows an amount equal to the sugar cane acreage of the whole world; its chick

1
pea crop bearing a walue of 100 miliion dollars.

The very early history of the shick pes, Cicer arietinum, is obscure.
The earlisst certain evidence of its antiguity is found in the writings of
Theophrastus and Dioscorides. The searcity of archeological evidense for its
age is seen in the fact that no remains of the chick pea have been found

amonz the ancient Egyptians and it is absent from the lake

1 Albert F. Hill, Economic Botany (New York: MeGraw - Hill Book Company,
Ins. )5 PP 354-355.







dwellings of Switzerland, Savey and Italy. The chick pea is believed to
have been unknown to the Hebrews as there is no mention of it in the B:lbh.z
DeCandolle states it was thought that the "ketsech® mentioned by Isaiah

in the 014 Testament was perhaps the chick pea, *but this nams is gener-
ally attributed, though without certainty, to Nigella sativa or Vicia sa-
tiva. As the Arabs have a totally different name for the chick pea,

‘omnos' or ‘homos', which recurs in the Kabyl language as ‘hammez’, it

is not likely that the 'ketsech' of the Jews was the same plant.® De-
Candolle, in conclusion, says "these detalls lead me to believe that the
species was unknown te the ancient Egyptians and the _K-brm.',

Ho records are present of early cultivetion of the plant in Chine,
Japan, Australia or the United Shtu-. Ames assumes that Cicer arietinum
was cultiveted south of the Caucasus before 1500 B.C. He states that the
plant must be very old because it has not been found in any of its wild
fom.5

The chick pea iz a member of the Leguminosae family. It is further
classified in the subfamily Papilionatae, tribe Vicieas, gemus Cloer and
species aristinum.

The Oreeks called the chick pea "erebinthos® and the Romans knew it

2 bakeé A.no.a.‘ &w ._i_g. m ' ;-193' mn' n ¢ tnro '(ounbridp Mass.:
Botaniegal Museum of Harvard University, 1939), p.

3 Alphonse DeCandolle, The Origzin of Cultivated Plants (London:
Kegan Paul, Trenech Uompany, 1884), pp. 323-325.

b H.K. Iyengar, "Cytelogieal Investigatiom om the Genus Clcer,®
Annuals of Botany, 3: 271-305, 1939.

5 Ames, los.cit.







as "Cicer®. "The botamical specific name arietinum owes ite origin to a
not altogether fenciful resemblance of the seed, when first forming in the
pod, to & ram's lvuad."'6 The common name for Giger aristinum in India is
*Bengel gram® or simply "gram.®

Sarin and Quruhi state that "grem is by fer the most extensively con-
sumed of all cattle feed in India.* The chick pea is also used *by
men, especially those of the poorer glasses.”

The plant itself is seldom used for forage because of an exudate of
oxalic acid. This acid, which is injurious %o catile is collected by the
Ryots - a group of natives of India who cultivate the soil - and ia used
instead of vinegar in their curries. The nmatives also eat the secds in
their cakes and curriu.a

Sarin and Qureshi thought that the pleamt might have wider use as a
dietary constituent if the starch could be extracted. In the process of
extraction they found that Cicer arietinum contained 43.9% starch. One of
the by-produsts of this process censisted of a residual pulp that is of
value as cattle feed. The mecond by-product was water. The extracted
starch proved to be useful in textile sizing. "Tests have shown it suitable

for giving a light finish to cottom, wool and silk eloth.',

' 6 Iyengar, op. git., pp. 271-305
7 J« L. Sarin and M. H. Qureshi, "Starch from Gram," Industrial and
Snginecring Chemistry, 30:1318-1319, 1938.

8 Colonel H. Drury, Useful Plants of India (Madras: Higgenbotham and
Compeny, 1873) p. 134.

9 Sarin and Qureshi, los. git.
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As to other uses of the plant and seeds Drury states that medicinally
the chiek pea is used es a refrigerant in fevers. For the treatment of
dysmenorrhea (painful menstruatiom), the Portuguese place the plent in hot
water and have the patient sit over the steam. The plant has also been
used in cases of dysuria (difficult urinatiea).lo Hill relates that the
seeds are sometimes employed as a substitute for, and as an adulterant of,
coffee.

Statement of organigation. The material is organized to cover (1)
methods and procedure, (2) gross morphology, (3) primary and secondary
root, (4) root-stem transition, (5) primary end sesondary stem tissues, and
(6) leaf primerdie.

The shapter on methods and procedure includes a deseription of the son-
ditions under which the seedlings were growm, the persentage of germinatiom,
the possible fastors influencing such a pranﬁuuul the histelogieal
technigue employed in the preparation of the material for study.

Under the heading of gross morphology will be found a descriptiom of
the germinsting seed end the relation of the cotyledons to the mein axis of
the embryo. Further data are alse included from studles of the morphology
of roots, stems and leaves at maturity.

The chapters on the primary tissues of the root and the stem deal with

the ontogeny of the histogens, the stelar arrangement of the primary axis

1¢ Drury, los. cit.

11 H111, les. sit.







and the origin end development of the secondary tissues.
A study of the mescgotyl includes information conceraing the trans-
ition from a tetrarch condition im the root to the dictyostelis stem.

The leaf primordia deal with the leafl origin and arrangement.







CHAPTER 11
REVIEW OF THE LITERATURE

In a paper dealing with the developmental anatomy of Cicer arie-
tinum Sister Rephaelis Gehlen states that the ehick pea root is tetrarch,
having four xylem arms and four intermediate phloem areas and a central
pith. The perisycle cecupies a single layer of eells over the phloem,
but is double over the xylem am.lz

Gehlen describes the xylem of the primary root as differentiating
from the meristematis tissue more rapidly than does the phloem.)’ Shertly
after this change occurs the protoxylem and the metaxylem shift so that
the protoxylem becomes intermally logsated in the bundle and the metaxylem
assumes an external positiom. This arrangement of xylem tissue is continued
upward in the root to 2 point several miliimeters below the cotyledonary
node. Here the phloem areas, whish have enlarged and elongated, become
situnted outside the xylem areas instead of betbween thenm.

There are now four xylem areas eapped by four phloem regions. BEight

eollateral bundlus result from a division of the four xylem and phloem

. areasg. .

In the transition erea which, ascerding to Gehlen, oscurs about three

millimeters below the scetyledonary node, the eight bundles of the

12 Sister Raphaelis Gehlen, "Stelar Anatomy of Cicer arietinum and
Glottidium fleridenum,” Amerisan Journal of Betany, 16:781-788, 1929.

13 G'hl.n. .1-0_9_0 eit.

14 Gehlen, loc. cit.







root are rearranged to form the six bundles found in the stem. This change
from eight root bundles to six stem bundles begins with the outward passage
of polar bundles 1 and 2. These two bundles unite to form a cotyledonary
trace. Shortly afterwards bundle 5, at the opposite side of the hypesotyl,
splits to form two bundles. The half of bundle 5 nearest to¢ bundle 6 con-
verges with that bundle to form a petioclar trace.

The remaining half of bundle 5 forms the fifth vascular strand. To
complete the mormal vascular bundle number 8 divides. These six bundles, 3,
4, 5, 7, 8, Ba, enter the stem. The transition occurs in a region less than
eix millimeters in length.

Harris and co-authors in their paper on the Vasscular Anatomy of the
Dimerous and Trimerous Seedlings of Phaseolus vulgaris show the transition
differences between these two groqu.ls

In the dimerous seedling, the root contains four bundles - two in the
cotyledonary plane and two in the intercotyledonary plane. These bundles,
v-shaped with the protoxylem appearing at the apex of the v, surround a large
pith area. The bundles each bifurcate to form a total of eight bundles a.nd
*typical stem structure with the protoxylem in an endarch positiom begine to
be mssumed.® Hach pair of bundles formed from the division of one of the four
originel bundles is known as « primary double bundle.  "Thus the level of .
trensition from root structure to stem structure is low, being practically et

the base of the hvpmtyl.')‘s

15 J. A, Harris, E. W. Sinnott, J. Y. Pennypacker and G. B. Durham, "The
Vascular Anatomy of Dimerous and Trimerous Seedlings of Phaseolus vulgaris,®

Americen Journal of Botany, 8:63-102, 1921.
16 Herris, loec. cit.






Hembers of the four pairs soon separate forming eight bundles which persist
through the hyposotyl to the cotyledonary node.

Ab the cotyledomary mode the "two members of each of the two original
pairs of bundles in the cotyledonary plane become widely separated and each
member fuses with the adjacent member of the intercotyledonary pair.® This
produses four bundle aggregates each of which breaks up inte three parts.
*The lateral members of eash group of three which is in the cotyledonary
plane approach the corresponding bundle of the next group of three, and these
two strends become the cotyledonary traces and enter the base of the cotyleden.
The lateral members of sach group of three, whish is in the intercotyledonary
plane approach the corresponding bundle of the next group and fuse with n.-r

M the cotyledons the six remaining bundles approach one another
closing the cotyledonary gaps and forming a ring, the members of which almost
immediately divide. These twelve bundles are continued throughout the first
internode.

In the trimerous seedlings with three cotyledons and three primary
leaves, the transition is accomplished in a similar manner. The process is
slightly more complex because of the inoreased numbsr of bundles concerned in
the transition.

Poster in his paper on leaf differentiatiom states that the leaves
originate from the “outer cell layers at the side of the shoot growing point.®
The actual smergence of the leaf primordia is the result of the expansion of

the apex to form ome or more axial portions of the shoot.

17 mri‘. l@__?.o !_&o







*The number of strands present.........is directly related to the phylle-
taxis and the relative width of insertion of the primerdis.»i®

The primordial growth soon forms the lamina, the petiole and the
stipules of the leaf. Following the peticle-midridb specialization the
lamina is developed. The marginal initials of the lamina begin growth, but
are soon replaced by surface growth which eventually leads to the
maturetion and differentiation of the lemimal tissues.

Bell describes the ontogeny of the primary axis of Soja max. He has
found that the tetrarch radial protostele is changed in the transition
area into an endarch collateral dictyostele of eight bundles. This is
accomplished by the divergency of the double cotyledonary traces from the

two vascular groups of the root.19

18 Adriance 5. Foster, *Leaf Differentiation in Angiosperms,®
mmig Review, 283#9’372; 1,36.

19 willis H. Bell, "Ontogeny of the Primery Axis of Soja max,"
Botanical Qagzette, 95:622-635, June, 1934.







CHAPTER IIX
METHODS AND PROCEDURE

in the cultivationm of Cicer arietinum for study three methods were
used, each with varylng degrees of success. In the first method the seeds
wer. sown in earthen pots im a clay soil. The temperature during the
growing period was nearly constant at 250 centigrade. The seeds were
watered when sown and several times thereafter. In this case the germination
time was from ten o fourteen days and the percentage of germination was

less than twenty-five per cent. . ’

The second method veried somewhat from the first. The culture jars in
which the seeds were germinated were disinfected with chlorinated line as a
preventative measure egainst fungel development. The temperature, in this
case as in the first, was fairly mnut at 25‘ centigrade. The moisture
needed for germination was supplied by wet paper towelling in the botiom
of the eulture jar. The germination time was from tem %o fourteen days and
the pereentags of germination was approximately forty per sent.

Hethod number three consisted of sowing the seeds out-of-dcors in a
loam soil. These seeds were watered more frequently than these in sither
of the other two methods. In this caze the temperatiure, cooler at night,
varied from 130-320 centigrade. The growing period was seven to ten days
long and the persentage of germination was about thirty per cent.

The percentage of germinatiom was low in all threc cases. Possibly
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the most important fictor influencing the low germination was the
viability of the seeds. This conclusion bas been reached because the
other factors during germination, such as temperature and amount of mois-
ture, were constant enough to eliminate the possibility of their causing
such a low percentage.

Histologzis Technigue. The histologic teshnique employed in the
preparation of the material for study was similar to that given by
Ohtnborhin.zo Dr. Chamberlain's method has been slightly altered to
suit the needs of this particuler plant. The following method is used:

Eilling end fixing

1. Weak killing selutiom of chromeo-acetic aecid, 1-3 days
2. Mlaterial washed in cold running water, 1 day
Hardening end dehydrating
3. Alcohel series 10%, 20%, 30%, 40%, 50%, 60%, 70%, two
grades a day; 85%, 9%, twenty-four hours; absolute
aleohol, twenty-four hours changed two or three times

Clearing and embedding

L. 1/3 xylel - 2/3 sleohol, 1/2 xylol - 1/2 alechel, 2/3
xylel = 1/3 aleohol, twenty-four hours; pure xylel,
“twenty-four hours changed two or three times

5. 1/2 xylol - 1/2 paraffin, six to twelwve hours; pure

paraffin pouring off the first bath immediately to re-

20 Charles J. Chamberlain, Methods in Plant Histology (Chicago:
Chicago University Press, 1928), 349 pp.






CHAPTER IV
GROSS MORPHOLOGY

The meture chick pee is an herbaceous annual legume, growing %o a
height of from one %o two feet. The compound pinnate leaves are composed
of from mine to thirteen leaflets. Bach leaflet is ovate, serrate and
equal, with stipules lanceolate and somewhat toothed. rﬁ- grayish white
appearance of the plant is due to the presence of fine pubescence on the
leaves and stem. The plant matures in about ninety days and *is well
adapted to arid and semi-arid rogiom.'m

The single white flowers are rather incomspicuously borne in the axils
of the leaves. The calyx is five-lobed surrounding a papilionaceous corolla.
After pollination the flowers mature rapidly into a short pod bearing one
or twe sceds.

When mature the se:ds are gibLous, mucronate nm! are usually white or
straw colorcd. There are varieties of Cicer arietinum existing which pro-
duce seeds varying in color from red to yellow and from almost black %o
brown.

The root aystem of Clcer arietinum is a tap root. There is one, some-
times two, mature roots with many lateral roots and root hairs. The growth
and éefoiopgnaht'of fhé root ia ‘ra.pid daringtb ‘oulrlAy lttoof tbu phﬁt; o

Before the epicotyl becomes fully developed and mture

21 Albert F. Hill, Economic Botany (New York: MeGraw - Hill Book
Company, InS.,) pp. 354~355.
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the root often doubles or triples this structure in length.

The mature chick pee seed consists of a hard, woody seed coat, two
cotyledons, a hyposotyl and a plumule; endosperm is lacking. The seed
coat is Waed of several layers with an outer palisade layer of 70-

120 microns in width. These palisade cells are thin, elonzate and are
very closely packed together. Underlying the palisade cells is a layer
of golumnar cells, loosely but regularly arranged. BEach cell of this
segond layer is separated from the next one by an air ehamber. The
columnar cells avirage forty microns in lemgth. A third layer consists
of parenchymetous eells and varies wid01§ from three to four irregular
layers to many layers. (fig. 15)

The eotyledons are composed of many large cells filled with starch
granules. These seed leaves serve, in the eabsence of endosperm, as food
storage organs.

In the mature seced the hypocotyl, thet part of the primery axis
between the primary root and the cotyledons, is about two to three milli-
mopters long. The hypocotyl is laterally joined by two bridges of tissue,
one bridge uniting with each of the cotyledons. Joining the hyposotyl at
the setyledonary node is the plumle.

- Growth in the hypocotyl consists of inecrease in the number of gells
and inerease in size, causing the emergence of the primary root through the
seed coat, Growth of the primary root continucs for several centimeters
before the plumule begins to grow. The absence of hyposotyledonary
elongation ccuses the cotyledons to remain within the soll. They exist until
after the plant has produced photosynthetic leaves and is able to manufacture

food.







CHAPTER V

THE PRIMARY ROOT
The development of the primary root of Clicer arietinum corresponds

to that recognized by Janczewski as the fourth angiosperm typo-za

Hay-
ward citing Janczewskl stated that in the fourth angiosperm type "there
is a common meristematic z-ne which extends mcross the apex of the root,

and sharply delimited histogens are luklng.'zs

Cells destined to become
root gap differentiate from the apical portion of the meristem early in
the root development. The stele and cortex of the root are formed from
the differentiation of the central cells away from the apex, while the
epidermis results from the division of the peripheral sells of the meristem.
The apical cells of the meristem cease rapid division and enlargs,
wformti;ung into the first formed tissue - the root eap. This is
followsd by a division away from the apex of the peripheral meristematie
cells to form the dermatogen. In the regiom immedietely above the meristem,
which is 135-140 microns wide, the dermatogen is two to several layers
thick. These several layers merge into ome layer higher in the root.
Several mierons above the meristematie region the cells are seen %o

differentiate into a central core, the plerome, and into a region

22. E. Janczewski, "Recherches sur l'accroissement terminal des
racines dans les Phanerogames," Annals Seience Naturales, 20:162-201, 1874.

23. Herman E. Hayward, Structure of Ecomomic Plants (New York: The
Nacmillan Company, 1938) 674 pp.







intermediate to the plerome and the dermatogen, the periblem. At 240

migrons the cells of the periblem are large, loosely spaced and nucleate,
while the plerome cells are smaller and less deeply stained.

The vascular tissue of the root bcg\ins development as a group of
centrally located procambial cells. The protoxylem cells are the first
formed from the procambial tissue. The protoxylem tissue, for the first
50-100 nmierons of its develcpment, forms 2 tetrarch radial protostele
(fig.1l). This condition chenges shortly as the central protoxylem cells
brsak up to form the protoxylem parenchyms (fig.2). The primary xylem
development is endarch with the protoxylem differentiating centrifugalily.
The metaxylem of the primary xylem is formed on the inner face of the
xylem arms (£ig.2).

¥hile the primary xylem development is taking place, the primry
phloem and the pericyele are forming. Approximetely 600 microns from the
root tip the primary phloem first appears. One and one~half millineters
from the tip the protophlcem is well established and the periscyele
surrounds the vasoular tissue as a single row of cells.

The primary phloem begins growth as a small group of pm%l cells.
This tissue enlarges as growbth continues and finally there are phloem
£ RUETenanii o e i ol of N FEVIEY Nehn SRR
The primary phloem consists of sieve tubes, companion cells and phloem
parenchyma.

The root as it now exists (fig.3), with four xylem areas and four
intermediate phleoem areas, indergoes no further change for several milli-

meters except the ad’ition of new cells. Near the transition area other

changes
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ocoure These are givem under the shapter on roote-stem transition.

with the origin of secondary growth in thr root the vascular tissues
besome united around the central parenchyma cells. The secondary xylem
if Pormed prior to the development of the secondary phloem. The
meristematic cells of the progambial tissue betwe'n the primary xylem and
the primary phloem have by this time become cambial cells. Previocus teo
the development of the segondary tissuss the cambial cells, while present
throughoot the xylem and phloenm developuent, remain inactive. At the
time of seeondary thiokening the cambial cells become active and begin teo
divide, eaoh division resulting in the formation of new xylem or phloem
sells from ome half of the split sell. The other half remains cambial
and gontinues to sut off the secondary tissue.

slong with fascloular development the cambium betwe n the wasouler
bundles begins te divide with the result that the four xylem areaz become
merged with sach other to form & continueus géireole. The secondary xylem
developmert in the root is more repid than the secondary phloem formation.

The secondary phloem is cut off on the outer side of the cambium.
As this 1s heppening the phleem fibers formed as a part of the primery
tissues have been pushed outward. These groups of fiber scells never
unite with each other, but remsin as separate areas throughout the reet.

The tis-ues of the root followin; secondary thiskening are (1) epi-
dernis - one sell layer thick, (2) cortex - & group of large parenchy-
matous cells, (3) endodernis - a not too well defined laysr of gells
issedintely outside the pericycle, (§) perieycle = a single layer of

cells definin; the outer boundary of the stele, (5) phloem tissue - in-
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cluding phloem fibers, companion cells and sieve tubes, (6) sambium -
one layer thisk, (7) xylem tissue - vessels and tracheids and {8) pith.

The late al roots of Clcer arietinum are tetrarch as is the pri-
mary root. The two root types are ldentical exeept for the absence of
xylem parenchyme in the central region of the lateral root. This area
in the lateral root is oecupied by the protoxylem and is made up of
large conducting vessels.

These lateral or secondary roots arise from the perieycle of the
main root. The perisycle ocutside one of the xylem arms of the main axis
becomes meristematic and begins to cut off new cells which push outward
through the cortex of the root. This growth is somtinued in a manner
similar to that of the primary root ‘with the perieyclic tissue forming
the mriatﬁtic regiom of the root. After meristematie growth is well
established, the xylem elements begin to develop within the lateral root.
This xylem development is followed shortly by the formation of the phloem
tissue in the lateral root. The vasculer system of the lateral root is

thus in direct sontact with the conducting slemente of the main axis.
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CHAPTER VI
THE ROOT-STEM TRANSITION

‘ths change from the vascular tetrarch arrangement in the root to
the six, later ten, bundle dictyostele stem cecurs in a region about
thrée to four millimeters long. Just below the transition area the
vascular tissue of the root is arranged in four xylem points with four
intermediate phloem areas. The sylem areas are triangular in appear-
ence with the apex of the triangle polnting outward toward the cortex
of the yroot. On the inner fece of the xylem triangle the metaxylem is
developed. The intermediate phloem areas ar: made up largely of proto-
phloem with the phloén fibers forming early on the outer edge of the area.

tbout one and one~half millimeters below the cotyledonary node the
metaxylem on the inner face of the xylem area begins to split (fig.3).
The metaxylem moves outward until four more or less oval xylem areas are
formed with the metaxylem ca;ping the ends of each area and with the
protoxylem now centrally lecated. The four xylem areas then split inte
eight xylem arses, all still retaining the same position.

At one millimeter below the cotyledonary node the eight xylem
regions shift so that tho protoxyhn 1- twmd imrd whilc tho utaxyh-
faces outuu-d. As thh ahmg. in politicn is occurring, the phloem areas
split and move to a position peripheral to each of the eight xylem areas.
There are mow wight xylem and eight corresponding phloem areas (fig.5).

The phloem ereas compcsed of phloem fibers and protophloem, are separated
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from the primary xylem by several layers of cambial cells.

These cambial cells, now functioning tissue, were formed early in
the root development as a part of the procambial strand. During the
changes in the xylem and phlosm of the root the cambial oells are in-
agtive, but by the time the four wvascular bundles have split to form
e@izht bundies, the cambiam is complete and funmetioning. The cambium
is wider at the bascular bundles than it is betwecn them because of
greater growth activity in this region.

The eight bundles continue upwards to a point about 275-300 microns
from the cotyledonary nqﬁo. At this point the bundles rearrange them-
selves sending off traces to the cotyledons. The method of tramsition
in Cicer arigtinum is fairly constant with only slight variations occurring.

The bundles are arranged so that there are two in each of the
cotyledonary planes and two in each of the intercotyledomary planes.
Bundles A and B, E and F are cotyledonary bundles while ¢ and D, G and
H are found in the intercotyledopary plene (fig.5).

The first step in the transition is the division of bundle D to form
bundles D and Dy. This is shortly fellowed by the formation of two bundles
from bundle ¢ (fig. 6). Bundles B and F next divide with F bisesting be~
fore E (figs. 7 and 8). A few miliimeters above this bifurcation of E
and F, bundles C; end D unite as do D} end B (fig.9). E; departs as a
cotyledonary trace. The cotyledonary bundle B divides (fig.l10), and B
moves %o join bundle C (fig.1l). Bundles F and F; which have previously

biacoﬁ‘a'ibw pull apart, end P becomes the cotyledonary partner of E -







Py forma the third Intercotyledonary bundle. The cotyledonary bundles
ere Mow A and B, B) and P, while the intercotyledonary bundles are B;Q.
03B, ™E, Py, 0 and B (fig.ll). The sotyledonary bundles uow depart as
cotyledonery traces leavin; six Intercotyledonary bundles which enter the
stem (fig.12)s In the transiiion proges: bundles i, G and B did not
divide, A passing into the cotyledon and G and H forming twe of the stelar
tumdles of the sten.

in one series of slides the OW invelved in the Gransitiom areas

ure less complex In arrangesent than those cited above. The bundle
srrangerent is similar, with eight bunilss, i-H, in m'ro-t- A and B,
E and ¥ the cotyledonary bundles, pus: as two trages to each cotyledon
without dividing. Of the remaining intermediate cotyledonsry bundles D
and ¢ bifureate forming two burdles whish, with bundles ¢ and B make up
the normel ster compliment of six bundles.

Both of these cases d1ffer slightly from the resrientation of the
vagoular tissue given by Gehlen. She found that only one of the soty-
ledonary bundles, B, divides. The second half of bundle B forms the third
intercotyledonary bundle on one side, and the lagkin; bundle in the
oppesite group is formed from e division of latercotyledonary bundle H.

The nusber of vascular strands from the reot is in all seses con-
stant ae is the number passing to the stem, but the manner in which they
reorient seens to differ with the individwm]l plant.

411 the chenges oscurring in the transition area taks place in the
region below the cotyledonary mode. After the two trases pass to each







cotyledon, there is no further division of bundles, and the six bundles

alrsady present become the vaseular tissue of the stem. Occasionally
there are more than six bundles after the cotyledonary trages depart,

in whiech case there is a divergence of bundlies to form the six passing

into the stem.







CHAPTER VII

THE STEM

In oonsidering the ontogeny of the stem it is well to note the
atrt;ctun of the embryo before germinetiom. The epicotyl, or that part
of iho smbryo above the first node, is the msture stem in miniature.

The epicotyl consists of the stem meristem surrounded by two perfectly
formed minute leaves, several developing primordia and two stipulea.

The upper-most region of the stem, known as the apex is structur-
elly a group of small, large-nusleate eells possessing the power of
rapid division. This apex, like the meristematic regi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>