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ABSTRACT

A DETERMINATION OF STELAR PATTERNS IN
VARIOUS ROOT DIVISIONS OF CERTAIN ANGIOSPERMS

Root systems from ten species of desert anglo-
sperms were collected and examined histologically to de-
termine the xylem patterns of the primary, secondary,
and tertiary roots. The plants used in the study were
Cleome serrulata Push, Croton texensis (Klotzch.) Muell,
Arg., Franseria acanthicarpa (Hook.) Coville, Gutierrezia
microgcephala (D. C.) Gray, Mentzelia albicaulis Dougl.,

Kochia scoparia (L.) Sch@pf., Ratibida columnaris (Sims)
D. Don, Salsola kali (S. pestifer A. Nels.), Tribulus

terrestris L., and Verbena macdougalii Heller.
Four species, C. se lata, C. texensis, K.

scoparia, and R. columnaris, displayed a reduction in
the number of xylem points from primery to secondary to
tertiary roots., There were four species (M. albicaulis,
S. kali, T, terrestris, and V. macdougalii)whose root
systems possessed a constant number of xylem points in
all three root divisions, The species, F. acanthicarpa
and G. microcephala, were found to have an increase in
Xylem strands from primary to secondary, however, the
tertiary roots had a xylem pattern similar to the primary
231484
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roots of the same system. Variations within a glven
root category were present in three species. Two of
these variations occurred in the secondary roots of K.

scoparia and R. columnaris and the other occurred in the

tertiary roots of V. macdougalii.

Measurements in microns were made on the stele
and rcot diameters of a representative sample of each
root division of each species. These figures were used
to determine coefficients of correlation, standard de-
viation, and ratios between the stele and root diameters

of the dirfferent root categories,
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CHAPTER I
INTRODUCTION

The survival of a plant is controlled in part
by the degree of effectivensss its root system maintains
in absorbing water and mineral nutrients from the soil.
The conducting elements, which transport these essential
nutrients to the tissues, of the plant are of interest
because of thelir great diversity in different plants and
the possibility that the stele might be of use in tax-
onomic studies, Investigations of this nature, while not
of a direct economic importence, nevortheless contribute
to a better understanding of both the anatomy and physi-
ology of plants, and to the root's intimate relationship
with ite enviromment.

Many studies dealing with roots of plants are
essentially quantitative in character, being concerned
with length, and surface area of the various types of root
systems (Pavlychenko, 1937; Dittmer, 1937, 1938, 1948).
These studies have a very important bearing on an under-
standing of the absorptive and conductive capacities of
plant roots.

There also has been a vast amount of work pub-

lished on the anatomical and developmental aspects of the
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root systems of many species of plants. Nearly all of
these, however, have been limited to investigations of
the primary root or hypocotyl, Bell, (193}) on soybeans;
Goodwin and Stepka, (1945) on timothy; Phillips, (1937)
on artichoke; and many others, Histogenesis and the type
and ocoué;nco of cell divisions responsible for the an-
atomical features of the roots were of primary interest,
Other investigations have considered the origin of lat-
eral roots arising from the primary axis (Lemaire, 1586;
Arnold, 1940; Torrey, 1950).

So far as could be determined, the relations
(if any) that exist between the xylem points of primary,
secondary, and tertiary roots of young angioaporqu‘hgvp-
not been idoﬁuitély'ihvéafigatid; nkbdordinéli, an at-
tempt has been made to find out if a progressive reduc-
tion in xylem points occurs as roots divide and subdivide
laterally and to determine if such reduction follows a

regular pattern,

The Problem

A problem of this kind should be of gignificance
in several ways. Deovelopmental patterns of primary xylem
in roots should indicate taxonomie affinities particularly
in the larger divisions of anglosperms. It would give a

clearer understanding of the internal anatomy of roots and
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should clarify the relationship of the size of the stele
to the root diameter, and the possible influence of the
number of xylem points to root diameter.

The histogenesis of a root apex is for the most
part constant and generally follows a definite plan in
its development, Basically 1t involves the differenti-
ation of procamblal phloem and xylem strands from the
plerome, the determination of a fixed vascular pattern
and the maturation of these primary elements. Differen-
tiation of phloem and xylem elements usually occurs with-
in the first two millimeters of the root tip, The large
size and inereased vacuolation of phloem cells make it
easy to distinguish these from xylem initials in most
species. Comprehensive reviews of root-stem transition
and the maturation of tissues are found in Esau (1953)
and Eames and McDaniels (1947).

In these accounts xylary cells are described
as first becoming noticeable along the outside or pe-
riphery of the stele, just inside the endodermis (Plate 1,
fig. 1). These protoxylem cells usually are very small
with a minimum of vacuclation until after the metaxylem
has appeared and has become vacuolated (Plate 2, fig, 1).
Thus the development of the primary xylem in roots of
higher plants, as in those of this study, are exarch in

character. The protoxylem occurs at the outer edges of

the rows of xylem cells, The metaxylem olements are







located just central to these maturing progressively to-
ward the center of the stele as seen on Plate 2, fig. 2,
(Eames and McDaniels, 1947). |

Esau (1953) states that the number of proto-
xylem poles or strands in general 1es specific in the
larger taxa of plants, but it 1s not necessarily a fixed
number. The categorieas referred to are above the family
level., Eames and McDanisls (1947) stated that the num-
ber of xylem and phloem strands developing just back of
the apical meristem is to some extent constant for a
specles. They also observed that most species show con-
siderable variation as to strend number,

Esau, and Eames and McDanlel agree that the
protoxylem strand number cin vﬁrj iﬁ e siﬁgiQ éoét;
Preston, (1943) on studies of Lodgepole pine; Bell, (1934)
working with soybeans; Hateh and Doak, (1933) working with
pines; and Popham, (1955) in studles with Pisum demonstra=-
ted that the number of phloem and xylem strands will vary
in different regions of a single root system, or even in
a single root branch., Esau (1953) contended that phloem
and xylem strands can frequently be more numerous at the
proximal end than at the distal end of a root. In cer-
tain gyﬁ%sperms the variation in number of procambial

strands in the different roots of a single system has

been attributed to the vigor at which these various roots







grow and funetion (Esau, 1953). Such variations, however,

have been toward a reduction in number rather than in an

increase.,







CHAPTER II
METHODS AND MATERIALS

Plants used in this investigation were obtained
in central and north-central New Mexico. The majority
of them were ccllected in the sand dune area near the
Santa Ana Indian Pueblo and were taken during the summer
and fall of 1958, and in the spring of 1959, Additional
material was grown in a greenhouse from seeds collected
in the field.

Plants selected for study are as followst

Cleome serrulata Pursh.

Croton texensis (Klotzch.) Muell. Arg.
Franseris acanthicarpa (Hook.) Coville.
Gutierrezia microcephala (D.C.) Gray.
Mentzelia albicaulils Dougl.

Kochia scoparis (L.) Schrad.
Ratibida columnaris (Sims) D. Don.

Salsola kali L., (S. pestifer A. Nels,)
Tribulus terrestris L.

Verbena macdougalil Heller.
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In most cases the entire root system was removed
by trenching around the plant and 1lifting intact the ball
of soll containing the root system, The soil was then
carefully removed with a small pick or probe and the roots
were then washed. The cleaned root system was then placed
in a container of F.A.A. for fixation and preservation.

At least ten plants of each species were taken
as representative samples. Each of these had a pract’?
ally complete root system. Supplemental material raised
in a greenhouse resulted in plants generally not as large
as those growing naturally, but with more complete root
systems, since they could be more easily harvested. Con-
sequently, the removal of a smaller volume of soil resulted
in lese dumagé to the éoét.lfitim; | B LR

Seeds of some plants were germinated on moist
paper in petrl dishes in order to obtaln very young root
tips, These were fixed and preserved in F.A.A. and later
sectioned serlally for histological study. Serial sections
were made of the primary roote of most species to deter-
mine the method of origin of tissues, the type of stels, .
and the pattern of origin of the lateral roota. Second-
ary and tertiary roots likewise were sectioned serially
for the same reasons,

The sections were all stained first with saf-

ranine, to differentiate lignified xylem elements, as
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well as nuclel. Light green was used as a counterstain
in most cases, although crystal violet and aniline blue
were used in a few instances., The primary reason for
ueing various counterstains was to obtain a contrasting
staln pattern that wonld be suitable for photomierography.

The time of staining the root sections was some-
what shorter than usually recommended (chmber);n, 1924 ;
Johansen, 1940; Sass, 1940) because of the delicate char-
acter of the tissues, and because overstaining frequently
was & problem, An outline of the methods used for the

proparation of permenently mounted sections follows.

Killing, Fixing, Storage

Root tips and root systems were killed and
fixed in standard formaline-acetic acid-aleohol fluid
for not less than twenty-four hours. Some were fixed
for much longer periods. The time was not eritical,
since overfixation was not likely with this mixture.

Washing, Dehydration, Clearing

Materlal to be processed was removed from the
formalin-acetic~alcohol, and washed for thirty minutes in

running tap water, It was then placed in fifty per cent

alcohol for thirty minutes, then in seventy and ninety-







l
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five per cent alcohol for thirty minutes each, It was

then transferred to absolute aleohol for one hour, |
Clearing (replacing the alcohol with xylene)

was accomplished by placing the tissue progressively in

the following mixtursst

absoluis alcohol-xylene 3:1 for one hour

absolute alcohol-xylene 1:1 for one hour

absolute alcohol-xylene 1:3 for one hour

pure xylene for four hours
or more

Infiltration and Embedding

After clearing, the materlals were infiltrated
with paraffin by using the following schedule., This was
carried out in a constant temperature oven, at 53«5l

degrees centigrade.

Yylene-raraffin 3:1 for one hour
Xylene-paraffin 1:1 for one hour
Xylene~paraffin 1:3 for one hour

Pure paraffin, three changes, for one
hour in each.

The materials then were embedded and were
sectioned at from six to twolve”miora depending on the
material, Sections were affixed to slides with Mayer's
albumin (egg white, filtered, 50 ml,, glycerine, c,p, 50
ml.), expanded on a warming table after being flooded

with water, oriented on the slide, and allowed to dry

thoroughly before staining was attempted.
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Sections were deparaffined in xylene, then
transferred in ordsr to equal parts of xylene and absolute
alcohol, absolute alecohol, ninety-five percent alcohol,
and finally to seventy per cent alcohol., They were then
stored in this percentage of alcohol until they were to

be stained; seldom for more than a few hours.

Staining and Mounting

The xylem elements in the root sections were
stained with a one per cent solution of atrranijrln fifty
per cent alcohol, having been passed into the stain di-
rectly from the seventy per cent alecohol, Staining in
safranij:usually,rQQUIrod about six hours, - Some were -
left in safranin; overnight, which did no harm., The
slldes were then rinsed briefly in fifty per cent alco-
hol and counterstained.

Three counterstains were used: crystal violet,
light green, and aniline blue. The crystal violet was
used first but proved -to be no more satisfactory than
light green or aniline blue, Its use involved passing
the sections progressively through seventy, eighty-five,
ninety-five, and one hundred per cent alcohol solutions,
then into clove .uil saturated with crystal violet for
ten minutes, They then were destained in pure clove oil,
rinsed in xylene and the coverglass applied over Permount

in toluene,
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Light green was used as a counterstain in the
majority of instances. Its use Involved taking the
sections from seventy per eent alcohol, rinsing them in
fifty per cent alecchol, and then placing a drop or two
of a 0.5 per cent solution of light green in fifty per
cent alcohcl from a dropping bottle. The stain was al-
lowed to react for from five to ten seconds, It was
then rinsed from the slide in ninety-five per cent al-
cohol, The slides were then passed into absolute alcohol
and finally into xylene until cleared. The excess xylene
was then drained from the slide and the sections mounted
in Permount and covered with a No., 1 coverglass.

Aniline blue was uned ae a counteratain ln a
few inatanoes.l Tho mothod of application was precisely
the same as for light green. In certain sections it gave
a somewhat better contrast between xylem elements stained
red with aarraniﬂfand the other tissues present in the

root section.

Photomicroscopy

The 1llustrative photomicrographs were made on
Eaastman Plus-X, 35 mm film., The apparatus included a
Leltz Ortholu Research microscope equipped with a Herek
condenser, 3.5x, 10x, 45x, and 100x oil immersion apo-

chromatic objectives and 6x and 10x periplan oculars.







A Leica III camersa was assembled on a sliding ooﬁying
attachment, to which was attached a bellows and an ex-
tension tube. The entire camera assembly was supported
above the microscove on a Leitz copying stand. A light
tight connection was achleved by lowering the extension
tube into an especially constructed collar that fitted
over the monocular microacope tube, Various filters
were employed to increase particularly the contrast in
the xylem elements of root sections. Red and green
Wratten color-separation fllters were most often used,
although a light blue Eastman 85¢ filter was used on
some of the exposures.

The length of exposure was determined by meas-
uring the intensity of the image in foot candles with a
Weston Master exposure meter that was checked for ace
curacy by the U.8, Bureau of Standards and substituting
the values so determined into the formula E _ _ 1
t:oroof,
I; is the image intensity in foot candles, and W 1s the

where E is the exposure in seconds or rr.ctiona1

Weston sensitivity rating of the emulsion being used
(Hefley, 1951). This method eliminates all guesswork
in arriving at an exposure time, since the intensity
value so determined is independent of magnification,

lens system, and filters being used. It achieves neg-

atives of uniform density with a gamma of approximately
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0.7, considered by most to be of optidnal printing den-
sity. The Plus<X film was assigned a Weston value of 100.

Developing and Printing

Film was developed in a Leltz tank, using
Eastman D-76 developer, at 20°C. and with continuous
agitation in a mechanical shaker at 276 oscillations
per minute, The film was rinsed in tap water, and
fixed with Eastman F5 fixer for approximately 6 minutes.
It was then washed in running water for 40 minutes, given
a final rinse in a 0.5 per cent aerosol solution and hung
up to dry.

The negatives were printed on No. 3 contrast
double welzght Luminos enlarging paper with engravers
matte surface. The paper was then developed in Eastman
D-72, diluted 1:3 with distilled water, then rinsed in
tap water and placed in an acid fixer for at least 30
minutes. Prints were then washed thoroughly in running
water for 3 hours and dried.

Magnification on the negatives varied con-
siderably, from 60X to greater than l{50X. The photo-
graphs were then magnified approximately i times the
original negative size.

Some drawings were made from slides at a mage-

nification of 450X, Others were produced by taking







photomiecrographa of sections and then outlining the pro-
to and metaxylem elements with waterproof drawing ink,
These were then bleached in a saturated iodine solution
in 50 per cent alcohol. When bleaching was complete the
photographs were washed briefly in running water, then
placed in photographic fixing solution (Hypo) until the
lodine staine and faded image were entirely removed.

The bleached photographs were washed thoroughly in run-

ning water and dried.

Correlation Coefficlents and Standard Deviations

Correlation coefficlents between root and
stele diameters (in microna) were computed from samples
of ten different roots in each root category (primary,
secondary, and tertiary) for each specles of plant stud-
ied. They were determined from the following equation,
r = é£§— _.é%él_.

ox6y
The standard deviation (6) of the variates

was obtained by assigning the symbols x and y to the

diameters of the root and stele respectively, then sub-

stituting into the formulae,6x = xz = £ 2 and
N

N
6y = Vé%_z_ & ‘éﬂz' The values of £x, £x2, £y, %y°,

Zxy, endfxfy were first determined and then substituted
into the appropriate formula. The results are recorded

in tables I and II.
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All formulae were obtained from ths booklet,
jeneral Statistics by the Monroce Calculating Machine
Company, Ine. A ¥onromatic 8N Calculator was used for

all computations,
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CHAFTER IIIX
REVIEW OF LITERATURE

The review of literature which follows 1s di-
vided into three sections, The firast presents material
that deals with the possibility of a relationship between
the size of a root and size of its stele and number of
xylem strands present in it., The second section reviews
the literature that deals with the progressive reduction
in number of veascular strands from the primary, to sec-
ondary, to tertiary roots. The third section covers the
publications olted in'thii'répért that éeioii iari‘tidn. .
within the same root division of a specles, and between
systems in individual plants within the same species.

Many of the published works, concerning the ar-
rangement of the xylem elements in the stelar portions of
plants, have been of an experimental nature: Thimann, 193k,
working with indolacetic acid and indole 3 acetic acid;
Bond, 1948, using indolacetic, 2, L, 5 - ‘trichlorophenoxy-
acetic, and 2, 3, 5, triiodobenzoic acids, also asparagine
and tryptophane; Torrey, 1951, 1955, 1957, experimented
on peas with the vitamins, thiamin and nicotinic acid, and

indolacetic acid; Samantarii and Sinha, 1957, treated
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leaves with gindolyl butyric acid, maleic hydrazide, and

a solution of suecrose and ammonium sulfate; and others.

It was the purpose of these investigations to interrupt
normal conditions of growth of certain plants with auxins,
and also to study any possible induced change in growth
patterns of the vascular tissues resulting from such treat-
ment. These Investigators, as well as others, often took
into consideration the xylem patterns of but a single plant
and did not try to determiney if there was any,. correla-
tion in the pattern of the xylem elements between one root

divigion and another.

Root Size and Vascular Patterns

There are many excellent accounts of the arrange-
ment of stelar patterns in specific plants. The principle
concern has been the determination of factors that control,
modify, or influence the arrangement of tissues in a rad-
icular stele. Torrey (1955) asserted that there are two
concepts of vascular pattern determination: that of Jost
(1932-1933), who contended that the mature vascular tiliuén
of the root induce differentiation of the newly formed cells
derived from the apical initlials into the established pat-
tern of the mature region, and of Thoday (1939), who con-
cluded that vascular patterns of roots are controlled by

apical meristem or self-determining power of roots influ-
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enced perhaps by the external enviromment. Torrey (1955)
concluded that vascular patterns are determined by the
activity of the apical meristem, not by inductive influe
ences from mature vascular tissues of the root claimed
by some investigators.

Wardlaw (1928) concluded that there appears to
be some relationship between the absorptive capacity of
water by roots of plants from the soill and the size of
the primary tissues of theilr vasoular cylinders. This
idea was later supported by Preston (1943) in his works
on juvenile lodgepole pines. He found evidence which supe
ported the belief that the xylem pattern iz influenced or
controlled by the absorptive power of a_rpot._ ﬂgrqlqv.' :
also suggeated.thﬁt tﬁn'-i;o'of £h§ rooct 1s another factor
that may influence the stelar make=-up of roota. It is pre-
sumed in this report that Wardlaw meant the diameter of
roots by his term "size". This apparently agrees with the
proposed "size factor" hypothesis of Bower (1930) who pro=-
poses that the vascular pattern in roots is correlated
with their thickness,

Samantaral and Sinha (1957) concluded that the
factors chiefly responsible for controlling the vascular
patterns in adventitious roots were hormones and foods,

mainly sugar. Thelr experimental material included iso-

lated leaves of Ipomoea batatas Lamk., Impatiens balsamina
L., and Daedalacanthus gplendens L.







19,

Xylem Point Reductién from Primary to Lateral Roots

Some Investigators during recent years have
reported a reduction in the number of xylem points in
steles of various species of plants, These reductions
have occurred from primary to secondary roots and from
secondary to tertiary root divisions, In some instances
the stelar patterns have exhibited an increase in xylem
points with branching while in others xylem patterns
have shown an inconsistent variation.

Meyer (1930) noted that the lateral branches
of the primary root very often displayed a reduction in
the vascular strand number in Maranta. A reduction in
xylem strand elements was observed also by Hatch and Doak
(1933) in the roots of pine., They found that "long"
roots were either diarch or polyarch and that "short"
roots exhibited a monarch vascular pattern. This would
indicate a definite reduction from the larger root di-
vislons to the smaller lateral branches. The terms long
and short roots were differentiated in the following man=-
ner. The long roots possessed a root cap and had a di-
arch or polyarch xylem arrangement. The short roots
lacked a root cap and possessed a monarch stele. Also,
the diameter quotient of the short roote was significant-
1y lower than the long roots, Hatch and Doak also referred
to a third root division which they called pioneers. No

mention was made of the xylem pattern of these roots.
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The xyilon pattern in the juvenile lodgepole
pine primary root was fou'd to be tetrarch by Preston
(1943). He also found a reduction in xylem points,
because the secondaries had diarch steles while terti-
aries branching from them had monarch steles. The te-
trarch condition in the primary root was found one-halfl
to one inch immediastely below the root-stem transition
zone, From here to 2,25 inches toward the distal end of
the root the xylary pattern was triarch, but below this
point a diarch pattern was observed. The xylem pattern
of the first laterals or secondaries was diarch throughe
out, The third division, also exhibited no variation
and was monarch in the xylem arrangement,

Bell (193l ) eoncluded that at the completion
of the development of the primary tissue the xylem paf-
tern was tetrarch in the primary root of Soja max. The
secondaries were elther dlarch, triarch, or tetrarch.
This to some degree indicates that a reduction in xylem
points occurs between the primary root and 1ts laterals,
at least where a dlarch or triarch stele was found in the
secondaries. Heimsech (1949), while working on the vascular
tissues of malze roots, found that s reduction in xylem
points occurred from primary root to the lateral divisions.
Similar results were noted by Bottum (1941) in his hise-

tological studies on the roots of Melilotus alba. He
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found some instances of definite reduction in the xylem
pattern from primary to secondary root divisions.

The experimental work of Torrey (1951) on the
camblal formation in the roots of Plsum revealed that
lateral roots produced from triarch primary roots pos-
sessed diarch or triarch xylary patterns. The roots
referred to here are those used by Torrey as controls
in experiments on effects of growth substances on roots

of peas,

Variation of Xylem Pattern in Roots

Some investigatore, including most of those
previously mentioned, noticed variations in the xylem
patterns of certain species of plants. These variations
have occurred within the root systems of plants of a
given species, within the divisions of a root system of
a single plant, and even within the length of an indi-
vidual root or branch root,

Disagreement on the xylem patterns of the pine
is evident in the works of Preston (1943) and Hatch and
Doak (1933). Preston found the stelar pattern of the pri-
mary root in the lodgepole pine to be tetrarech. This was
in agreement with Aldrich-Blake (193%) who found the
stelar pattern in the Corsican pine to be tetrarech also,

Hateh and Doak on the other hand mention, in connection







with mycorrhizal studies, that the xylem patterns in tap-
roots of P, strobus and P, sylvestris are of diarch or
polyarch configuration. In Evolution of Land Plants,
Campbell (19;6) stated that the xylem pattern of the pri-
mary root in Coniferales first is tetrarch, but later
becomes diarch in structure; indicating that variations
oceur in this order as well as in higher plants,

Popham's excellent report on rpot zonation in
Pisum gativum (1955) shows that in one instance the xylem
pattern varied from its characteristic triarch pattern to
a tetrarch pattern, In certain cases Torrey (1957) no-
ticed that in regenerated roots of P, sativum a reduc-
tion in vascular strands did occur. This situation, how-
ever,'could be nttbibutid.tb fﬁe.respohﬁe.of fhﬁlrdof fd
wounding.

Varistions in the xylem pattern were noted in
the secondary roots by Bell (1934) in Sojs max. The var-
iations were from diarch to triarch and even tetrarch,
Likewise Bottum (1941) found that the secondaries of
Melilotus alba exhibited a variation from triarch to a
diarch condition. He also observed that the primary
root varied from its usual triarch condition to one of
a tetrarch pattern. This same condition was also found
by Miller (1959) in his studies on Humulus lupulus. He

observed that an occasional triarch pattern appeared in
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the normally diarch primary root. The laterals, however,
did not exhibit this condition.

Eames and McDaniels (19&5) expressed the opine
lon that the number of xylem strands is consistant in
some plants, but other species show considerable varia-
tion, Xylem poles are characteristic in some plant groups
acecording to Ezau (1953) but are capable of considerable
variation,

Esau (1953) also observed that sometimes xylem
strands are higher in number at the proximal than at the
distal end of a root. The change or variation does not,
however, have to occur in this direction., The former
condition was observed in the primary root of the }oggef
pole pine by Hatch and Doak (1933). fh‘y.rﬁQnd that the
xylem strands changed from tetrarch at the proximal end
(near root-stem transition) to triarch midway between
proximal and distal end, to a diarch pattern at the root
apex or distal end,

Variations in an individual root were also
encountered by Samantarai and Sinha (1957) in adventi-
tious roots of Ipomoea, Impatiens, dnd Dgedalacanthus.
The xylem pattern in untreated Ipomoea roots varied from
tetrarch to pentarch, to hexarch, Diarch, triarch, and
tetrarch patterns were found in the roots of Impatiens.
Daedalacanthus displayed a variation from 1ts usual,







hexarch condition to pentarch in some instances, while
others had as much as a heptarch pattern. In each of the
species cited here the references were taken from the
control roots or untreated roots as Samantarail and Sinha
were working with growth hormones and other substances.
Torrey (1957) treated vitro cultured pea roots
with auxine, This treatment usually increased the number
of xylem points in the stelar pattern of the regenerated
roots. He noticed that with an increase in the xylem
pattern from the triarch to a hexarch condition there
was also an increase in the root diameter in auxin
treated roots, He stated, however, that the size of
the mature root is no absolute guide to the number of

vascular strands proaénf in the root.
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CHAPTER IV
RESULTS

The results are reported in three parts, under
the names of each species investigated, (1) a brief de~
scription of a mature root system, (2) the type of xylem
patterns present in each division of the root system,
(3) the measurements of diameters of roots and steles.
The coefficients of correlation between stele and root
diameters calculated from their means are recorded in
tables 1 and 2, el

The xylem‘pﬁtﬁoina 6f the tthe.divisiona for
roots of each specles are given in table 3. In table 4
the average of root and stele diameters are recorded for
each division of each species studied. The figures of
stele and root dlameters given in the text which follows
are all averages of a series of ten eross sections for

the particular root division being discussed,

Cleome serrulata Push,

The mature root system of this plant has a
single large taproot which usually has a considerable

diemeter at its proximal end, Secondaries from the







26.

taproot are evenly distributed throughout its length,
These were largest within the top 25 em of soll and
were not numerous in the plants studied. The tertiary
roots were generally very small and were not numerous.

The xylem patterns of the taproot (Plate 11,
fig. 4) in all cases observed were triarch and had an
average root diameter of 308 microns., The average di-
ameter of the stele was 132.6 microns. The arrangement
of the xylem elements in the secondaries and tertiary
roots was dlarch (Plate 11, figs, 5 and 6). The second-
ary roots averaged 213 miecrons and the third division,
150.3 microns, The stele of secondaries averaged 67.2
microns while the tertiaries averaged 6.2 microns
(table U4). ol e e

The ratios of stele to root diameter for the
three divieions were: primary .430l, secondary .3103,
and ,3012 for the tertiary roots (table 1).

Croton texensis (Klotzsch) Muell. Arg.

The taproot of this speclies has numerous sece
ondary roots distributed uniformly along its length.
The tertiary roots were also numerous and all were rel-
atively small.

The primary roots exhibited a tetrarch xylem

(Plate 10, fig. 1) pattern while the secondary and ter-
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tiary rootes had a diarch xylem arrangement (Plate 10,
figa. 2 and 3). The average dlameters for the roots
were 294, 241.2, and 23 mierons respectively for pri-
mary, secondary, and tertiary roots, The stele diameter
mean for primary roots was 123.6, for secondary roots,
80.l, and the tertiaries 70.8 microns (See table l).

The stele-root diameter ratios for primary
roots was 4205, for secondary roots .3337, and .3022

for tertiary roots.

Franseris scanthicarps (Hook.) Corville

The mature root system possesses a very long
conspicuous taproot that penetrates deeply into the soil.
The secondary roots are numerous and are mostly located
in the top 25 to 30 centimeters of soil. A few second-
aries, however, arise throughout the length of the tap-
root. Some of the secondary roots that branch st or
Just beneath the surface of the soll are extremely long
and in some cases produce new plants. The tertiary roots
are quite numerous, particularly on the sscondary roots
arising near the upper end of the taproot.

The stelar pattern of the taproot (Plate 12,
fig., 1) was diarch throughout. The secondary roots
(Plate 12, fig., 2) observed had an increased number of

xylem strands since they were triarch in character.







28,

The tertiary roots, however, reverted to a diarch xylem
arrangement (Plate 12, fig. 3). The average root di-
ameters of primary, secondary, and tertiary roots were
303.3, 258.3, and 158.1 microns respectively. The stelar
diameters showed a gradual decrease in size from 115.2,
to 99.0, and 57.0 mierons for the primary, secondary, and
tertiary roota respectively. The stele-root dlameter
ratios were ,.3901 for primary, .3846 for secondary, and
.3609 for tertiary roots (Table 1).

Gutierrezis microcephels (D.C.) Gray.

The perennial root system of G, microcephala

is centered around a long, 'oody, contral taproot. !hn.
system does not penetrate doeply into ths soll or cover
@ large area., Most of the larger secondary roots are
located on the upper 6 to 8 centimeters of the taproot.
Shorter and smaller secondaries also are located in this
region as well as along the remainder of the taproot.
Most of the tertiary roots occur on the secondaries that
arise from the upper portion of the taproot. The ter-
tiaries are numerous and give the entire system a fi-
brous appearance,

The xylary patterns of the primary (Plate 10,
fig. 6) and tertiary (Plate 10, fig. li) roots were di-

arch. The secondary roots exhibited an increase in xylem







points to a triarch pattern (Plate 10, fig. 5). The av-
erage diaveters of the roots were 310.2 mierons for the
primary, 258,3 for the secondary, and 213 microns for
the tertiary roots, Average stelar diameters followed
the same trend with primary roots having an average di-
ameter of 66 microns, the secondaries of 91.2 microns,
and the tertiaries 61,2 mierons,

The stele-root diameter ratios reflected the
diarch, triarch, diarch condition. The primary root ra-
tio was .2132, for the secondary roots,.3433, and for
the tertiary roots was .2839,

Kochia scoparia (L.) Schrad,

The mature iyntii is.chaiaefeiiiod.bj A iih&lﬁ,
large, long taproot. Secondary roots branching from it
are longest near its upper end. Those arising from more
distal portions of the primary root show a progressive
decrease in length as the tip is approached. In the
plants examined, secondary roots were most numerous ime-
mediately beneath the surface of the socll, Tertiary roots
were gquite abundant, giving the secondaries a fuszzy ap~
pearance in many places.

The xylem patterns of the three root divisions
exhibited a progressive reduction (Plate 12, figs. L, 5,

and 6). The primary roots were tetrarch and the sscond-
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aries were triarch in all cases except for roots that
had a diarech arrangement, The tertiary roots had a
diarch pattern throughout., The average root and stele
diameters were as follows: primary, 149.8 and 72.6
microns; triarch agoondarie-, 211 and 88,5 mierons;
the one diarch secondary, 133,5 and 69 microns; and
the tertiaries, 125,4 and 5 microns (See table I).

The stele-root diameter ratios were 45871
for the primary, ,4}18 for the secondary, and ,4282
for the tertiary roots.

¥entzells alblcaulis Dougl,

The root lyntam of _‘_5;g;ggglgg 1- charactoro
ized by a very long. oonsplcuoua taproot which penetrates
deeply into the soil, Only a few secondary roots are
present and these ocecur at wide Intervals along the tap-
root, Tertlary roots are present, but are very tov. suall,
and widely scattered, _

All root divisions of M, glbicaulis (Plate 3,
fig, 1 and 2, Plate 4, fig, 1) had a diarch xylem pat-
tern, The average dlameter for primary roots was 167.4
microns, 140,7 miecrons for secondary roots, and 151.8
microns for tertlary roots., The average diameter of the
stele was 68.4, 58.2, and 2,8 microns in the primary,

secondary, and tertiary roots respectively.
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The stele root diameter ratios for the primary
roots and the secondary roots were almost identical, being
1120 and .4132 respectively. The tertiary roots had a
ratio of ,3508.

Ratibida columngris- (Sims) D. Don.

The root system of R, columnaris is shallow
and has a single large taproot which is extremely broad
at 1ts upper end, The secondary roots arising from it
are evenly distributed along its length, Those leaving
the taproot near the surface of the soil are the long-
est, The remaining secondary roots become progressively
shorter near the distal portion of the taproot. Tortlary
roots are not nunoroua and are amnll nnd vidoly scoeter.d
on the secondary roots.

The primary root (taproot) of this specles
(Plate 4, fig. 2) has a tetrarch xylem arrangement. The
secondary roots generally had a diarch pattern (Plate 5,
fig. 2), however, two roots examined had a triarch pat-
tern (Plate 5, fig. 1). A diarch condition was present
in the tertiary roots (Plate 6, fig. 1). No measure- .
ments were taken on the primary roots of this species
because the material examined was older than those of
the other plants studied. The secondary roots possess~

inz diarch steles averaged 298 microns in diameter.
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Those with triarch stelar averaged 351 microns in diameter,
The average stele diameter for the secondaries was 38.2

in the diarch roots and 121.5 microns in the triarch roots.
The tertiary roots averaged 234 . microns in diameter

while the stele averaged 75.6 microns,

Salsola kall L. (S. pestifer A. Nel,)

The primary root of this plant is typically
long and slender with some secondary roots borne in
two locations on it., The largest group of secondary
rootes is located Just below the soil surface. These
roots are short and possess small tertiary roots. The
second mass of secondaries is located approximately 10
centimeters back 6f'the foét'tip; fhéaé fobéa‘tfo.n§f
numerous but are considerably larger in diameter and
longer than thoge found at the uvper end of the taproot,
Tertiary roots either are absent from these, or are ex-
tremely small.

The stelar patterns of the primary, secondary,
and tertiary roots of S, kall were all diarch in ar-
rangement in the specimens examined (Plate 11, figs. 1,
2, and 3)., The average diameter of the taproot was
2506.5 microns with the stele averaging 103 microns.

The socondary roots averaged 184 microns in diameter

with the stele averaging 60 microns. The tertiary
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roots averaged 134.7 microns in diameter and the stele
Lly.y microns (Table l).

The stele-root diameter ratios for the sec-
ondaries and the tertiary roots were very similar being
«3229 and ,3202 respectively., The primary root gave a
mach larger ratio, ..4212 (Table 1).

Tribulus terrestris L,

The primary root (taproot) of T, terrestris
is completely devoid of lateral branchees for the first

2 to 3 centimeters below the soll surface. Below this
point & few secondary roots are produced. Some of the
secondary roots are as long as the primary while others
are small, hairlike structures. 'thiQlei ‘n;il.t;r;
tiary roots occur on most secondaries and in some in-
stances clusters of quaternary roots were also formed.

The xylem arrangement of the primary, second-
ary, and tertiary roots was diarch (Plate 6, fig. 1);
(Plate 7, figs. 1 and 2). The average root diameters
of these divisions were as follows; /;28.7 miecrons. fop
the primaries; 215.1 microns for the secondaries; and
256,56 microns for the tertiaries, while the steles mease
ured 130.8, 67,8, and 78.0 microns respectively as seen
in table 4.

The stele-root diameter ratioe for the three

root divisions all were within 0.0l per cent of each







other being, .3066, .3172, and .3054 respectively (See

table 1) .

Verbena macdougalii Heller,

This species possesses a rather shallow root
system, which possibly is an adaptation to the hard
caliche soil, which is 1ts usual habitat. The taproot
is broad in diameter at its upper end and does not pen-
etrate straight into the soil., V, macdougaliil possessed
the most numerous secondary roots of any species studied,
They formed a fibrous-like mass at or just below the
surface of the soil, Many also were found along the
total length of the taproot. Tertiary roots were also
numerous and lbhg'tnd'hifr#liki.'v B s  a

The primary and secondary roots possessed a
diarch xylem pattern (Plate 8, figs. 1 and 2). The
tertiary roots, however, exhibited a variation in xylem
points, WNost of the tertiaries had the diarch pattern
(Plate 9, fig. 1) with two roots showing an increase
to a triarch condition (Plate §, fig. 2). The average
diameters of the roots were 272.4 microns and 193.8
microns for the primary and secondary roots respec=
tively. The steles for these roots were 107.4 and 70.2

mierons in average diameter. The triarch, tertiary roots

averaged 303 microns and the stele averaging 102 microns,
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The diarch tertiaries had an average root diameter of
167.5 microns with a stele diameter of 56.2 microns
(Table L).

The ratios for stele-root diameters were as
follows, primary, .3641, secondary, ,3627, and the ter-
tiary, .3277 for diarch roots, .3363 for the triarch

roots (Table 1).
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CHAPTER V
DISCUSSION

There are & number of factors that may influ-
ence or modify the findings revealed by an investigation
such as the one reported here. The extrinsic environment
surrounding a root system has a modifying influence over
development and extent of growth of the entire plant al-
though the genes pgobably play a more dominant role.

Most of the plants whose root systems were used
in thls work were taken from their native hnbitatl. The
one oxception was gg_lgggggig.gigggggzgsl‘ 'hioh wag sro'ﬁ .
in a greenhouse, Since the plants grew mainly under natu-
ral conditions no attempt was made to determine which es-
sential elements required for growth were present or in
what concentrations., Differences in essential elements
in the several habitats might affect the growth of roots
and in some cases may have cauged some to be a bit stunted.
This in turn would affect the size of roots and possibly
the stelar patterns.

The period of active growth in different root
systems probably would vary. The time when a root system

of an individual plant initiates growth in spring after
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the winter dormant period depends upon its location,
altlitude, soil, temperature, avallable water, and root
competition for space to mention only a few of the more
obvious factore of the enviromment. Plants would begin
to grow at different times of the year because of dif-
ferent values of physical, chemical, bilotic, and mete-
orologle factors influencing plants in different habitats
or in different portions of the same habitat. Such vary=-
ing environmental factors probably affect the growth in
different root systems and might give the roots quite
different peaks of activity. The majority of the plants
used, were growing in a characteristic sandy desert soil.
Some evidence does exist to aho' that th. vatcr_
holding oapacitiea or ditroront aoil ltratu, varying
amounts of avallable water, and the growth of the roots
in this environmment may exert some influence on the struce
ture aend character of a developing stelar pattern (Wardlaw,
1928; Preston, 1943; Weaver and Clements, 1938), This
poseibly lends support to the "size factor" hypothesis
of Bower (1930), the conclusions of Wardlaw (1928), and
of Preston (1943), that the absorptive ability of plant
roots possibly influences the xylem pattern in them. It
might be argued that a root located in a stratum of soil
amply supplied with avallable water and dissolved nutri-

ents would not become as large, or need to have as much
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conducting tissue to supply a plant of given size with
nutrients as a root located in a stratum not having these
attributes,

The general plcture of root structure, indeed
the overall growth form and structure of any species of
plant apparently is genetically determined., But the
fluctuations of environment may either enhance, suppress
or modify the expression of a particular plant's geneti-
cally determined capacity to develop in a given fashion
(Sinnott, Dunn, and Dobé}nlky, 1950).

This statement seems to be confirmed by the
findings presented here. Some species of plants appar-
ently were quite conslstent in the pattern of primary xy=-
lem points in the steles of their primafy; Qo§oﬁdafy, and
tertiary roots. But in some cases plants whose secondary
roots had steles usually triarch in structure, occasion-
ally had secondary roots with diarch steles,

In the ten species of plants conaidered, four
displayed a reduction in number of primery xylem points
from primary to secondary to tertiary divisions. Cleome
serrulata exhibited a reduction from a triarch primary
root to dlarch secondary and tertiary roots (Plate 11,
fige, l, 5, and 6), Kochia scoparis generally displayed
& reduction from a tetrarch primary root, to triarch

secondary roots, to dlarch tertiary roots (Plate 12,
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rfigs. I}, 5, and 6), Ratibida columnaris had a tetrarch
stele in the primary roots (Plate l, fig. 2), a diasrch
stele in the secondary roots (Plate 5, fig. 2), and a
diarch stele (Plate 6, fig. 1) in the tertiary roots
(Table 3).

Such reductions were constant in the four spe-
cles except for two dlarch secondary roots observed in
Kochia scoparia whose secondary roots normally are tri-
arch in character (Table 3). Two secondary roots in
Ratibida columnaris likewise were found to be triarch in
structure (Plate 5, fig. 1) while the majority were di-
arch, These varlations are similar to those found by
Bell (193}) in soybeans, Preston (19&3) in 1odgopolo pinn.
and Popham (1955) in Pisum g;__zgg Similar varistions
were described by Torrey (1951) who found that lateral
branches of primary roots often show a reduction inf'u--

cular strands from the ususl number.

Two species (Jutierrezia microcephala and Fran-
seria acanthicarpa) exhibited an increase in xylem points

from dlarch, primary roots to a triarch condition in sec-
ondary roots (Table 3), This increase was not shown in
average stele and root dlameters (Table li). It was re-
flected in the ratlo of stele-root diametera in Gutlerresia
microgephals (Table 2). Franseria acanthicarpa did not re-

flect an increase in number of xylem points in stele-root
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diameter ratios (Table 2). Torrey (1955) found that in
peas diameters of a mumber of roots and thelr steles
showed little or no relationship., WNonarch stele dlameters
were inconsistent, varying between 57 and 103 microns.
Root diaemeters ranged between 507 and 780 microns., Sec=-
ondary and tertiary roots were found to have similar vare

iations (Torrey, 1955).

Mentzelia albicaulis, Salsola kall, and Tribulue
terrestris possessed a constant diarch, primary xylem pat-

tern in the stele of the three root divisions, The ratio
of tHe stele-root diameters ranged from .44j212 in primary
roots of S. kall to .3054 in tertiary roots of T, terrestris
(Table 2). 8ix of the nine root divisions fell between
.JOSh'tb .3508. df'tho.diirch roots 6nQ fuiiod fo.h;ioi

a coefficient of correlation not significant at the 1

per cent level and two were not significant at the 5 per
cent level. Only twe root categories in the entire group
were not significant at the 5 per cent level (Table 1).

In the twenty~three root divisions with a di-
arch xylem arrangement, seventeen of these had an average
stele-root ratio that fell between .3000 and .3999 (Tables
2 and 3), Two of the remaining six had ratios below, and
four above these averages. All tertiary roots examined
had diarch steles, with exceptions found in Verbena mac~
dougalii, where two triarch roots were found. The stele~







hlo

root diameter ratios of tertiary roots fell between .2839
and ,3508 except in Kochia scoparia which had a ratio of
4295,

8ix different root categories displayed roots
that had triarch steles., These include the primary roots

of Cleome serrulata, and the secondary roots of FEranseria
scanthicarva, Cutlerreszia microcephala, and Kochia scoparia.
Two triarch steles were found in normally diarch secondary
roots of Ratibida columnaris and tertiary roots of Verbensa
macdougalii (Teble 3). The stele-root diameter ratics of
tertiary roots show a range of .3366 to .4lt18 (Table 2).
This shows a statistical error of just over one per cent

from the mean stele-root diameter ratio for the tortinr;

roots,

Three root divisions in the plants studied
possessed tetrarch xylem pattern, Measurements were able
to be made only on the primary roots of Croton texensis
and Kochla gcoparia. The stele-root diameter ratios in
both instances were high being ,}205 and .4 871, respect-
ively., This would average .4538 compared with .3803

mean for triarch roots and ,3382 mean for dlarch roots.







CHAPTER VI
SUMMARY AND CONCLUSIONS

Ten specles of desert anglosperms were examined
to determine the stelar patterns of their primary, second-
ary, and tertiary roots., Before the roots were sectioned
for histological examination the general pattern of each
root system was observed. Most of the species possessed
long taproots that penetrated deeply into the soil, The
taproots usually possessed two regions of lateral branche-
ing, one immediately beneath the surface of the soil and .
the other below the characteristically haéd;piékéd.ciwy |
layer,

The steles of four species exhibited a decrease
in number of xylem points from the primary to secondary
and tertiary, or primary to secondary to tertiary root
divisions. (Cleome serrulata had a decrease in xylem
strands from a triarch primary root to diarch secondary

and tertlary branches, (Croton texensis and Ratibida

columnaris displayed a reduction, from a tetrarch pri-
mary pattern to a diarch stele in the secondary and
tertiary roots. Kochia scoparia was the only plant that

showed a progressive reduction in xylem strands
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in the secondary and tertiary divisions., The primary
root had a tetrarch pattern, the secondary roots basically
had a triarch stele, while the tertlary roots possessed a
diarch stelar condition,

The roots of four plants examined showed no re-
duction in number of xylem strands with branching and

possessed steles that were constant in number of xylem

points., These were Mentzelia albicaulis, Salsola gglg,
Tribulus terrestris, and Verbena macdouzalii, the steles
were diarch in all root divisions of these plants,

Franserie gcanthicerpe and Qutierrezia micro-
cephala exhibited an increase in xylem points with branch-
ing from diarch primary roots to aecondlry goqt; ghat :
wére triafoh in étfucﬁufe. 'Tﬁolr tertiary roots reverted
to the dlarch pattern of the primary roots.

Three specles displayed a variation in xylem
points within a given root division. Kochia scoparia
basically had triarch steles in secondary roots, al-
though in two instances diarch steles were present in
this root category. Ratibida columnaris characteris-
tically possessed diarch secondary roots, however, in
two cases a triarch stelar structure was present, Among
diarch tertiary roots of Verbena macdougalii,, two roots
were found to have triarch steles, The variation in

xylem strands in all of these cases was directly







reflected in the average diameters of the roots and

steles in the particular divisions (Table l).

h.

Conclusions

All plants in this investigation possessed moderately
long to long taproots which usually branched into
secondary and tertiary divisions,

The xylem pattern of a root system is apparently
zenetically determined but the possibility exists
that this pattern may be modified by severe varie
ations in extrinsic environmental factors.

The xylem pattern, differentiated in the root apex,
is maintained throughout the length of the root prior
to pronounced secondary thickening for the plants in
this study.

The size (diameter) of a developing root apex ecould
possibly influence the number of xylem points of a
root stele.

Generally, if the number of xylem points in the stele
of a root system show a decrease it will be from pri-
mary to secondary to tertiary roots.

The ratlos of stele-root diameters of diarch and tri-
arch roots studied show that a relationship probebly
exists between this ratio and the number of xylem

points in the stele of a root.







Standard deviations of each root category were less

than one third of the mean.
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TABLE 1
Coefficients of correlation (r) between di-
ameters of root and stele of primary, secondary, and
tertiary roots for each species studied and the five j

per cent and one per cent levels of significance.

' ' ' level of
plant species : root division : (r) :aignir'iunoo

! ' ] 5 ‘ . 3 ‘
T ; i i
' primary s 1 8503 8 8

¢. serrulata : secondary Tv 602l : NS : NS

T

: tertiary : <7949 : 8 118 |
W [ ' 1 :
t+ primary v B4y 4 8 r 8 :
X APy : S 2 Y .

C. texensis + secondary ¢ J7884 18 8 |
T b sk T T :
1 tertiary 't 49868 + 8 8 |
i T 3 '
v primary 1 8293 8 8
' gy % 50 '

F. acanthicarpa ; secondary v 2895 , N8 , NS
: tertiary : +5878 : NS : NS |
i T i i |
¢ primary t «8336 18 8

G. mierocephala 'r secondary : «Ollly : 8 : 8
! & b & T T
+ tertiary t «8333 +8 8
i : T T T
v  primary ' 5483 1+ NS 1+ NS
'

K. scoparia + secondary 'l 7371 :8 trls
L ' % T
v tertiary ! 9159 ¢+ 8 1 8







51

TABLE 1~

o
©
Gy
58wl 2| al2] ] o o8
d“""r-""-."fl"f-
nmw w '
A BB ' 0 ee ”
'“-"'f-'f""'f""'.
— ~] &~ | O o
- m o @ 55 o~y
= & 818 A ST aR
. . . - . - -
- o mie ol el nle cjle ol cje ol -
§
=
- Blel ol Bl Bl ol B
3 .m HE m 3 3 m i
ol B ol » o
° Hl 8| o ol | %]
“ Q, (] 2 ”1 m P Nl =
I :
""" "7'T'T"‘T-'|
w
@ i
ol
o
LY
e 3 M
m L
— L_ il o
Sh

81Lk9
6730
y 6911

secondary

tertiary
tertiary

!o te







diameters and mean ratios of stele- root diameters

TABLE 2
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Standard deviations (6) of stele and root

(sd/rd).

(6) of :(6) of

v

' root ' ' mean
plant specles ' ' stele ' root 'ratio of
' division : dia. : dia. : sd/rd
1
i primary  , 10.54 , 21,75 , 4304
9_0 serrulata :".Qﬁondm : 9095 |' 15.“ : .3103
U 1 et Ny 5
' “rtim v Tel2 1 18.99 1 « 3012
: primary : 8.894: 21.21 ; «4205
C. texensis : secondary : 15.59 : 32.12 : <3337
: tortiaﬂ : 7080 .r18.00 : «3022
\ primary  , 3.67 , 9.01 4 .3801
F. acanthicarpa : secondary : 7.22 : 18,51 : «3846
: tertiary : 6,70 : 12.55 : «3609
\  primary , 8.89 , 4o.34 . .2132
G. microcephala : secondary : 15.59 rﬁ32.12 : <3433
] ) ' ik §
y tertiary ¢ T7.80 , 18.00 , (2839
: primary : 6.81 : 12.64 : L4871
K. scoparia : secondary : 5.814T717.03 : 4418
v tertiary ., B.48 , 6.39 1 4295







TABLE 2~--Continued
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: root :(6) of :(6) of : mean
plant specles ' + stele 1+ root iratio of

1 division + dia. i dia.  sd/rd
] ! ] )

, primary ¢ 5.49 ; 19.93 , .4120

M. albicaulis : secondary :7 6.60 :713.77 :ﬁ.h132

: tertiary : 3060 : Ih-95 : 03508
Z i ] LN 1

1 primary MR W h |\ (-

R. columnaris : secondary : 10.39‘1731.60 : «3006
L ' ] LB

y tertiary ' 10,81 [ 33.92 1 03211‘-

) primery  , 10,39 , 19.68 , .4212

T i R FEQE TEOL T a3 :

§o h y Secondary ' 12.58 v 2039 1 3229
i ) T ]

¢ tertiary ¢ 6.68 , 12,33 , .3282

\ primery  , 11.92 , 2h.42 , .3066

T. terrestris : secondary : 36.36 : 25.24 : «3172

:7 tertiary : .64 : 23.01 : 3050

: primary : 8.67 : 15.224: +3941

V. macdougalil : secondary 4:7 7.12 : 10.08': .3627
] ] 1 1

v tertiary v 7.90 ; 18.70 4 3277







TABLE 3

sh

Xylem pattern or patterns for each root

division of ten studied angloaperms.

I 1 T
plant species : primary : secondary : tertiary
C. serrulata , triarch , diarch  , diarch
M : tetrarch : diarch : diarch
W: diarch : triarch 'r diarch
M: diarch 'r triarch : diarch
K. gooparias : tetrarch : triarch # : dlarch
¥. albicsulis . diarch , diareh  , diarch
R. columnapls , tetrarch , diarch # , diarch
5. kali y dtawel  , dtaveh = - dlaweh
T. terrestris , diarch  ; diarch  , diarch
V. macdougalii : diarch : diarch : diarch #

# two roots were diarch

# two roots were triarch







55

TABLE [

Average diameters in microns of roots and root steles.

] 1 oy
' primary ! secondary t tertiary
pl.nt .p‘oi.. B i b s e 5 P ‘ --------------- Ao oo ontss deow
:ntolo root :stelo root :atolo root
A ) i L]
] 1
'

C, serrulata 1132,6  308,0'67.2 213,0 'h6.,2 150.3
C. texensis ;;33,6 ggg,g:ao,g 241,2 '70,8 23,0

F, acanthic a ! 2 0 ! 2 !
G. mierocephala ! 66,0 310.2'91.2  258.3 '61.2 213.0
& “ake 8-8805. TV g %
5 ’ 72. J .0 125,
FAERRERLEA Mg a1 *
' 1
M, slbicaulls 7.L.158.2 8 18
M, albicaull 68.4 16 158 20,7 ;Sg,a 8

'88.2 \# 28800 !
' 175.6  233.6
|12105' 351.0’ '

BT 3 §

S. kall '1108,0  256.5160,0 1848 thh.b 13L.7
1

T, terrestris '1130,8 1428,7'67,8 215,11 178.0 256.6
] 1

v 21107k 27244702 1936 i

Y. macdougalil : . . : . . hoz; 3034

R. columnaris

-n{--nd-.d--‘

# two roots were diarch

# Two roots were triarch







TABLE 5
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Measurements in microns for each root of each divi-

sion for plants studied and their stele-root diameter ratios.

...... primary ., _secondary _ _,  ‘tertiary
root stele sd :root stels sd :root stele d
di‘. di‘o ;‘I 'di‘o dia. H .di‘g di‘. iz
go Bermgﬁg : :
34 150. 4347 240 8 .3250' 186 .2903
33% 138 107 g%h lo .2820" 1Zu g% +2873
330 1ﬁ% .tﬁ63' 222 72 .3243' 162 48 .2962
312 13 L4231 21 28 .3052' 156 2 2692
306 132 4313 21 0 .2777' 150 48 .3200
303 138  .45S54' 210 Zg .3428" 48 3333
300 126  .4200' 2 . ' 1h% 48  .3333
L SR SRR S B JBE T R
276 126 .ii5 51 192 gl Ize1z: 120 36 .3000
C. texensis : :
336 138 4107+ 264 - «3181y SR (R
31 126 .3033: 25 - .3&88: 332 78 .3173
30 132 4313y 252 2§ 33331 216 78 .3170
306 120 ,3921! gﬁg 78 .3095' 246 72 .2926
297 13 ! ! 8 .3172' 0 72,300
231 12 Ji329 2l glg 3456t 231 .311
282 120 4255 2 78 .3333' 225 §§ «2933
279 120 4301t 22 ™ . g' 222 .297
273 120 L4395 225 78 .3466 2 Zg .29
258 102  .3953!' 210 72 .3&28: 20l 2941
E. acanthicarpa | .

132  .3860+ 282 102 ,3617+ 180 Zg 1000
336 126  .3750+ 282 108 .3829+ 171 .3508
3 11, L3518y 276 102 .3695 1%6 60 .3571
31 132 4150y 270 102 ,3777» 162 60 .3703
312 108 L3461 zZ% 90 ,3409: 162 %ﬁ .2962
30 11% .3262. 2 102 .39531 159 +3396

10 .& 721 2446 82 .ﬁu 1 150 s .3600
TR R O
zuz 96  .3902' 231 108 16751 %%% :&337

]
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...... 235?52!------1----2!222925!------;-----Eﬂffiffl-------
root stele sd 'root stele sd "root stele sd
dia. dia. »d 'dla. dia. 'dia dia, rd
G. microcephala Tn :

02 .2089. 330 126 ,3818. 288 66 .28
%ua 3% .21021 238 96 .3333, 2,0 Ze .322%
330 lg .2181, 276 108 ,3913, 231 +2597
32 .2018, 270 102 ,.3777, 22 6 .2972
30 60 .18 2, 255 8 .3294, 21 60 .2777
29l g% ! g , 252 8% 3333, 216 gg .2;77
291 .2268, 23 7 3291, 210 .2857
288 Zg .2500, 22 78 .3&%2. 195 éﬁ .24 61
270 .2222, 225 78 .3466, 182 .2812
252 sl 22, 222 78 .3513, 180 s .3000
K. scoparia : :

171 72 J210' 22 6 266" 156 = 72 . L6
162 78 - ’;tglh' 21 30 .ﬁ§66' 1&% .tléi
159 78 905" 210 0 .h285' 13 60 .uz%z
159 8 L905"' 207 2% 4057' 129 Al
150 6 JAioo! zo% 9 .hzos' 123 .3902
7 8l S71! 13 90 .4687' 120 .ﬁ 00
1&% 2 .5000"' 186 8 .4193' 117 s 461
op e Lo 4
129 't 'Ein; iﬁ: Zﬁ: :5238; 105 L2 :ﬁooo
] F 3
K. albicaulis : :
198 66  .3333, 162 66 .LOTh, 180 60 .33
1§2 78 .Lob2, 153 60 .h93%: 168 E% .gziﬁ
189 72 3809, 150 22 4000, 165 +29 g
168 2  .h28s, il 60 .4166, 153 sk -3253
156 58 4230, 141 60 .4255, 150 3
156 66 4230, 138 60 43h7, U7 3265
iﬁﬁ 60 L0001 132 S J4090' Uy .3829
2 +5000"' 12 E% .ui 0t 132 sl .aogg
U1 0 L2551 1 s ZA- 129 sh Wbl

# diarch roots







TABLE 5--Continued

primary ’ secondary i tertiary
------------------- - - -
t tel d ¢ t tel da ! t tel sd
8a, N TR odies N 'dta.  dia. 4
B. golusnaris I :
' 3664 129# .352' 300 8 .36
: 360 108# .303%: 282 g& .291%
. 3364 11%} .3392) 2 Zﬁ .2962
, 303 gh .3168 2L3 « 345
F RS
' 276 3% :ggzg' 2%2 78 :3§%1
''273 0  .3296' 216 Zg +3333
s 272 «3113' 198 .3333
- 2 72 .2926] 192 sy .2812
8. kel ; ;
288 108 .&750' 216 Zﬁ +3333¢* AT LAY
276 132 L1782 210 .31%2' 0 . 3600
220 108 .44000? 20% 72 .3529' U7 .3265
267 108 Lol v 1 72 °ﬁ7 0 48  .3333
26% 108 L0901 1§2 78 LhL062' 13 h2 .32&3
gg 11% Ais18¢ 180 .3000* 13 hg .363
6 10 J1390 1 .2;58' 12 .2857
2L6 108 4390 1 L8 .2857' 126 gﬁ .3333
228 96 41210 156 h2 .2692' 129 .3000
222 90 Jioslr 156 48 .3076: 11} 36  .3157
]
T. torrestyis : :
!
492 186  .3179, 2ho 78 .3250, 288 .2916
L1 138 .3129: gko 78 .3250: 28 g& .2978
438 132 .3013, 228 Zg «3157, 27 72 ,2608
426 13 3098, 228 66 280, 2 7 «29
h%ﬁ 126 +2978, 22 66 .2913, gﬁ 78 .30
4 11 27531 21 66 .3o§5v 0 78  .3250
411 120 .2913' 210 66 .3142' 237 78 .329
1,08 126 . 30881 1Zu 60 .3448' 231 72,311
o2 120 29851 162 60 .3703' 216 N ) b
'

# trlarch roots
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L L SN s SRRl
root stele sd :root stele =ad ,root stele sd
dia dia, dia, dia. rd ,dia. dia. rd
| T
V. macdougzaliil : :
2 126 85' 210 78 3714 312# 108# .3461
2352 120 3581' 201 72 .35%‘%' 261 .:3156
3 102 -3541' 20l ZZ .35291! 1 3 6 .360
276 108 .3913" 19§ 0 .3030' 180 66 .3666
276 108 .3913"' 195 66 Z 180 60 .3333
o cEnlE  &omi 3
BE 1 BE
252 9 1 o' 1 :
252 102 )3 oLn: 17k 60 ' 123 48  .3200

# triarch roots
















PLATE 1

Piguru 1-2. Differentiation of an exarch diarch stele:

artial transection of a young root of Ment~
uu. %r; with the initial cambial cells barely
Peginn erentiation. The first protoxylem elements
(px) and the first protophloem cells (pp) are distinguishe
able. The vascular elements aré forming just inside the
pericycle. BEnd.+* endodermis. Figure 2., Later develop-
ment with two, almost three, protoxylem elements vislble
;ltﬂth. poles, The same condition is evident in the proto-

oem.







PLATE 2

Figures 1-2. Differentiation of an exarch diarch stele:
Figure 1. Last stage in the development of the vascular
¢ylinder in Mentgelia albicaulis Dougl., Metexylem cells
(mx) have appeared inside the protoxylem slements.
Figure 2. A fully formed diarch stele, protoxylem ale-
ments are toward the outside with larger metaxylem cells
located central to them,







PLATE 3

Pigures 1-2., Stelar patterns of primary and secondary
roots of Mentzelia albicaulis. Figure 1. Diarch xylem
arrangement exnibite e primary roots of Meatzelia,

Figure 2. Diarch xylem arrangement present in the sec-
cndary roots of the same species,






PLATE 4

Figures 1-2, 8Stelar patterns in tertiary roots of Mente
zelia albicaulis and the primary roots of Ratibida col-
umnaris. Flgure 1., Outlined ink tracing from photo=-
micrograph of the diarch pattern of tertiary roots of
Mentzelia, Pigure 2, Outlined ink tracing from a photo-

erograph of the tetrarch xylem arrangement in the pri-
mary root of Ratibida.







PLATE 5

Figure 1-2, Stelar patterns of triarch secondary and
diarch secondary roots of Ratibida columnaris, Figure
1. The triarch xylem pattern thal was found in two
secondary roots, Figure 2. The dlarch pattern, which

was the characteristic pattern in secondary roots, with
two . exceptions.







PLATE 6

Figures 1-2, Stelar pattermns in tertiary roots of Ratibida
golumnaris and the primary roots of Tribulus terresiris,
showing the development of & lateral root. Figure 1. Out-
lined ink tracing from a photomicrograph of the diarch
pattern in the tertiary roots of Ratibida. FPigure 2. Diarch
stelar condition in the primary roots of Tribulus. Also
shown is the early stage of a developing lateral root. The
lateral root has its origin directly opposite a xylem pole,
which condition is typical in developing lateral roots
studied whether of primary, secondary, or tertiary rank.




PLATE 6

’13. 1




PLATE 7

Figures l-2, 8Stelar patterns of secondary and tertiary
roots of Tribulus terrestris. Pigure 1, Diarch xylem
arrangement was found in all secondary roots of Tribulus.
Figure 2. Outlined ink tracing from a photomicrograph
of the characteristic diarch pattern found in tertiary
roots of Tribulus terrestris.







PLATE 8

Figures 1-2. Stelar patterns of primary and secondary
roots of Verbena macdougalii. Figure 1. Outlired Znk
tracing from a photomicrograph of the diarch pattern of
the: primary root., Pigure 2. Diarch pattern for a
sscondary root., In both pletures there are sxtra large
metaxylem cells in the center of the xylem strands.







PLATE 9

Figures l-2. Stelar patterns of tertiary roots of
Verbena nnodgggglii. Figure 1., Diarch stele char-
acteristic of most of the tertiary roots examined.

Pigure 2. The triarch condition that was found in
two roots,







PLATE 10

Figures 1-6, Stelar patterns in primary, secondary, and
tertiary roots of Crot vand Gutierrezia micro-
co&h. N.gur:r 1., Tetrarch xylem ;x;rangom;nT in The .
pPr roots Croton texensis, gures and 3.. Di-
arch pattern in secondary ertiary roots of Croton
texensis. Figures l} and 6. Diarch xylem patterns in
Eorﬂm and primary roots of Gutierrezia microcephala,
respectively. Pigure 5. Increase in xylem polnts in
secondary roots to the triarch xylem pattern from the
primary diarch oondition.




FLAT E 10




PLATE 11

Figures 1-6. Stelar patterns of primary, secondary, and
tertiary roots of Salsole kall and Cleome serrulata.
Figures 1, 2, and 3. Dlaroh xylem patterns found in pri-
nu-{, secondary, and tertiary roots rnpootivol{ of Salsola
kalli. PFigure 4. Tetrarch pattern present in all primary
roots of Clecme serrulata. Figures 5 and 6. Character-

istic diarch condition in the secondary (fig. 5) and tert-
iary (fig. 6) roots of Cleome.




PlIUARE 1




PLATE 12

Pig\ni-u 1-6. 82;1:: patterns of glury. secondary, and
tertiary roots Franseris acanthicarpa and Kochia scoparia.
Pigures 1 and 3. DIarch xylem pattern the primary Eﬁ
tertiary roots, respectively, of Franseria acanthicarpa.
Pigure 2. Triarch xylem arrangement in secondary roots of
Franseria. Fi 8 5, and 6. Tetrarch condition of
roota (fig. h.s. triarch pattern of secondary roots
fig. 5), and the diarch xylem arrangement of tertiary
roots of Kochia s ria (fig. 6).




PEATE. 12










IMPORTANT!

Special care should be taken to prevent loss ot
damage of this volume. If lost or damaged, it
must be paid for at the current rate of typing.

DATE DUE

CAYLORD PRINTED INV,.S.A,




Al
g

A\ L
v..r‘.m..ﬂ_..lf

L »
i




T
S s gt

=
o« K et -
e ..'.;.:: *' vre e o S ey v et .-..‘.'.'-.;:;3

- o
e ity X -y Y
N e S - - — 3
4 oy g - s st
> =

b

s

e e ® - =2,

e

-
e

R Sy Xy Y e B
o R e S S B . Ty 3 2 Ay e s
"r{ ;‘v—_';'-;,' "M -,4'3_ - 'J‘ y = a - Ak S D S e e
'.i‘:'é E:g" R s e B L g L .
o . e AP s S B
e et

,-.
-

- .
ey
=y
e Y
P

Y > -

B e : - L ot s,
. i - w

e R e tre i S aP P it SVS S, St




	University of New Mexico
	UNM Digital Repository
	Fall 5-25-1962

	A Determination of Stelar Patterns in Various Root Divisions of Certain Angiosperms
	Serafin Ramon
	Recommended Citation


	tmp.1508272081.pdf.NzFP1

