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THE PROBLEM OF TISSUE TRANSITIONS 
BSTV/SSN UNDERGROUND AND AERIAL STEIvIS 
OF SOIvIS DICOTYLEDONS, WITH PARTICULAR 
REFERENCE TO Anemopsis californica 

!• 2 M PROBLEM OF TISSUE TRANSITIONS 

A, General statement and presentation of the problem. 

Because of the rather profound differences which 

often exist between the various organs of a plant — 

the leaves, stems, and roots — , these organs, both 

comparatively and individually, have been subjects of 

interest not only to professional botanists but to 

agriculturalists and laymen as well. Host books of an 

elementary botanical nature, whether scientific or 

popular, very early inform the reader of most of the 

important physiological and, to a certain extent, the 

gross anatomical characteristics of these various 

organs; and sooner or later, the plant anatomist looks 

for the means of continuity between these radically 

different structures, since the plant body, like the 

animal body, is an entity and must consequently show 

at least some gradation, or transition, between the 

various organs and tissue regions, 

B» Types of transitions. 

As a result of past investigations we now have a 

considerable knov/ledge of the anatomical transitions 

between certain organs, i..e,. between root and stem, and 

stem and leaf. Most of this concern has been with the 



continuity of the vascular tissues alone, but a few 

investigators have also presented transitions in other 

tissues as well. General appreciation is now given to 

root-stem transitions, as such, in most elementary 

texts and to stem-leaf transitions, under the heading 

of "leaf traces;" but in many instances we find that 

plants exhibit just as prominent variations between 

the different branches of the stem system as they do 

between the stem and other types of organs. Even the 

most casual observer who resides in the Southwest can 

readily see that the runner on a bush bean or the leaf

less flowering stem of a century plant differs from the 

leaf-bearing stem of the same plant, and most of us 

know through experience the difficulty of eradicating 

Johnson grass or blue v;eed from a garden plot, because 

of the troublesome perennial underground stems which 

each year continue to put forth new aerial shoots and 

which have a considerably different appearance from 

the latter. Very little appears to have been published 

about these transitions in stem types, however, and it 

is to this end that the studies presented in this 

paper have been undertaken by the writer. 

C. Method of present treatment and limitations. 

Since stems may be classified in several different 

ways and since numerous transition types are evident, 

It would be a huge task for one person to attempt a 



complete analysis of all types of stem-stem* transi

tions. Many plants present floral axes which differ 

from the leaf-bearing; or leaf-bearing from propagative 

stems, such as stolons and runners; or underground from 

aerial, either leafy or floral. At the present time, 

four main types of underground stems are recognized — 

the corm, bulb, tuber, and rhizome — ; hence at least 

four transitional types should also exist. As a con

sequence, the writer is compelled by time limitations 

virtually to restrict the present study to only one of 

these types. 

Of all of the above transitions, probabljr the most 

frequently encountered among flowering plants is the 

rhizome and aerial stem combination. Even here a 

variety of types is evident, for the aerial stem por

tion may in itself be any of the aforementioned types, 

except the underground, and furthermore it may exhibit, 

as will be brought out later, numerous variations of 

anatomical structure which distinguish it from its 

underground predecessor. Some aerial stems are annual 

while the underground stems are perennial, some aerials 

are hollow and the underground ones solid, some have 

supportive tissues while the underground stems have none, 

many aerial stems have definite photosynthetic powers 

while the subterranean organ is devoted to storage of 

*The term "stem-stem" will appear in this article 
as opposed to "root-stem" and "stem-leaf" transitions. 



reserve foods. And finally the vascular differences in 

the two constitute a subject all in itself, varying 

from solid vascular cores to vascular rings to scattered 

vascular bundles in a number of combinations. However, 

since the undergroimd-aerial stem types are the most 

frequently encountered and since the rhizome-aerial 

combination is the only really common type to be found 

among dicotyledons, the writer feels that it will be 

advantageous to present tiiese rhizome-aerial stem dif

ferences as being the ones which will probably contrib

ute most to a concrete understanding of stem-stem 

transitions. 

The material presented has been organized along 

relatively basic lines. Insofar as ilmerican plants are 

concerned, there is an apparent lack of published in

formation relative to the problem in general; hence 

a number of analyses of stem types are presented on a 

comparative basis. Finally the transitions in one of 

the most primitive dicotyledons, Anemopsis californica. 

are presented in relative detail. Anatomically the 

problem has been presented before, although from a dif

ferent point of view; and for this as well as other 

reasons a review of t̂.e literature on the subject is 

deemed advisable before the presentation of original 

work. 



II, Giffl̂ ERAL R.̂ VIEV/ OF LITERATURE 

Despite the fact that a large voluma of literature 

has been examined, ver;- few of these works have con

tained information pertinent to the present problem. 

This literature has consequently been classified into 

the categories indicated by the subheads which follow. 

A. Vascular transitions. 

Because of the relative importance of conductive 

elements physiologically and the recognition of the 

continuity of tha conductive, or vascular, system, most 

transition studies have been centered around this tis

sue. For root-stem transition the general resumes 

given by Eames and MacDaniels (1947, pp. 293-296) and 

Hayward (1938, pp. 59-71) should suffice for the major 

variations between these organs. These include not 

only the vascular changes from an exarch to an endarch 

arrangement of primary xylem and phloem but also the 

changes in composition and continuity of the epidermis, 

cortex, endodermis, perlcycle, and secondary vascular 

tissues of the root into those of the stem, ilavis 

(1935) and llayvrard and Long (1942) have also shown that 

most of the primary vascular tissues of the developing 

seedling pass into the cotyledons at tne cotyledonary 

node and that the primarjr vascular elements of the stem 

are continuous only with the secondary elements of the 

hypocotyl and root. Hayv/ard and Long also note that in 
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the cotyledons of the Valencia orange the protoxylem 

elements are either annular, spiral-annular, or spiral, 

whereas in the root they are scalariform or reticulate. 

Since phylogenetically, according to Eames and lac-

Daniels (1947, p. 98), the spiral and annular xylem 

elements precede the scalariform and reticulate, this 

observation parallels those of Cheadle and Whitford 

(1941a, 1941b) and Cheadle (1942, 1943) on monocotyle

dons. T:xey conclude that roots and rhizomes are both 

more advanced than the aerial foliage and floral stems 

because of the following: the lesser inclination of 

end walls of the xylem elements, the tendency toward 

simple perforation plates in vessel elements, the more 

even thickness of the cell walls, and the shorter lengths 

of both xylem and phloem elements. Likewise the ten

dency towards absence of tracheids is considered ad

vanced. All of these characteristics are applied on 

both ontogenetic and phylogenetic lines among the mono

cotyledons, 

V/ith regard to transition from stem to leaf, 

general reviews are given by Poster (1942, pp. 105-106) 

and ilames and MacDaniels (1947, pp. 142-144), Infor

mation on stem-leaf transitions Is almost entirely 

limited to the divergence of the vascular strands of 

the stem into the petiole of the leaf, except in some 

rather recent work on leaf differentiation. 

In a manner sljallar to tae treatment of leaf 



traces, as the vascular divergences into leaves are 

called, the lateral branchings of the main stem axis 

have also been treated in the past chiefly as trace 

studies. De Bary (1884, p. 307) classified branch 

traces into four main types — those which originate 

("are inserted") at the same node in two or a few 

traces, those in which the traces of a branch originate 

at a lower node and pursue an upward course to the node 

of divergence, those which originate at numerous points 

and "girdle" the main vascular supply at the node of 

divergence, and a rather unique type exhibited by the 

palms and certain other monocotyledons. Of these type^ 

the most common is the first one mentioned. Although 

not all stems of different types are lateral branches 

of the main axis, the problem of transition at least 

partially resolves itself into one of branch traces, es

pecially where vascular tissue is concerned. De Bary 

(p. 244) also notes that In the axillary branches of 

Clematis and Atragene there are six vascular bundles in 

the first internode, arising from two branch traces. 

Recently Reeve (1943) has shown a sijiilar situation in 

Garrya elllptlca in which two traces diverge from the 

main axis into the branch prlmordium and later differen

tiate as the median traces of the two prophylls, giving 

rise to lateral prophyli and axial traces as well; thus 

we have here an analogous situation in stem-stem transi

tions to that of the root-stem transition reported by 
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liayward and Long (1942). In general, then, branch 

trace development is very definitely a part of the 

transition between two unlike stems when one of them 

is lateral. 

Althougli this paper deals only with the dicotyle

dons, it may be a point of interest also to review the 

work of Bower (1923, 1926, 1928) on the ferns. Bower 

(1923, pp. 120-160) calls attention to the stelar transi

tional forms, which include the vascular tissue, and 

traces this development in the individual stams of a 

nximber of species, finally correlating his observations 

with other facts in treating the phylogeny of the en

tire class. Since most ferns have their entire axial 

structure vested in a rhizome, different ste.i types in 

the same individual are rare; however the individual 

stem frequently exhibits different anatomical structure 

along its length, depending upon the age of the portion 

concerned. This variation, in general, progresses from 

early protostele to medullated protostele to Internal 

phloem development to solenostele (with internal endo

dermis) to dlctyostele to polycycly. In at least two 

species of short upright ferns stolons are produced 

which differ from the main axis. In Nephrolepis cordl-

folia (Bower, 1923, p. 190, 1928, pp. 20-23) the leaf

less, protostelic stolon produces large lateral tubers 

which show the transition from protostele to a meri-

stele (greatly dissected dlctyostele). The distal end 



of the stolon of this plant and of the stolon of Plagio-

gyra pycnophvlla (Bower, 1926, pp. 275-279), which has 

a solenostelic stolon, demonstrates also the transition 

to a more advanced condition, the dlctyostele. In both 

cases the parent trunk was also dlctyostelic. Although 

Bower's discussions are concerned with stelar anatomy 

only, his diagrams also illustrate other transitions, 

particularly in mechanical tissues; however these are 

too incomplete to be utilized as analytical critera 

for the present work. 

A somewhat analogous situation to the ferns is ex

hibited by many rhizomaceous monocotyledons. Jeffrey 

(1917, pp. 195-196, 413-414) describes and illustrates 

a common amphivasal condition in rhizomes which disap

pears in aerial stems or is restricted to only the nodal 

areas of the latter. Three main types are recognized: 

(a) sedge type with both amphivasal rhizomes and aerial 

nodes, (b) common type with amphivasal rhizomes only, 

and (c) a type exhibited by true palms, bananas, cannas, 

etc. in which no amphivasal condition exists. The 

above, however, is again based on vascular criteria 

alone and other tissues are not discussed. 

B, Transitions of other tissues. 

In rather marked contrast to the previously cited 

literature, a systematic anatomical treatment of the 

German Equisetacoae made by Pfitzer (1867-68) deals 
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almost exclusively with another tissue, the endodermis. 

Transitional relationships of both an inner and outer 

endodermis bounding the ring of vascular bundles, of 

only an outer complete endodermis, of individual endo-

dermes around each bundle, and of interbundle endoder-

mes, which may or may not be closely associated with 

the bundles, are traced between the aerial stems and 

both lateral branches and sheaths of numerous species 

and between the rhizome and aerial steias of Equisetum 

hyemale and E. silvaticum. Brief mention is made of 

slight vascular differences in size of vascular lacunae 

and in spacement of bundles and of changes in pigmenta

tion of adjacent parenchyma cells. The endodermis of 

E, hyemale undergoes nodal transitions which result in 

changes from individual endodermes in the rhizome inter

node to almost complete inner and outer endodermes plus 

related interfascicular endodermis at the node and then 

to individual plus non-related interfascicular endoder

mes in the aerial internode. The loss of brovm color

ing matter from the rhizome parencxiyma also occurs in 

the nodal region. 

The nearest approach to a complete treatment of 

the subject of transitions aiaong all tissues of the 

stems of dicotyledons and of the present problem of 

stem-stem transitions Is the work of Costantin (1883), 

Since his subject matter is so extremely pertinent to 

that of this paper, a complete review is not considered 
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necessary at this time, but the individual points will 

be brought out at the appropriate places in the discus

sions to follow. In general, however, Costantin was 

interested in the influence of the substrate as the 

chief cause of some of the major differences which 

exist between undorgroxind and aerial stems. He gives 

a very comprehensive and interesting historical account 

of underground stems. Insofar as changing concepts of 

plant organs are concerned. In order to justify his 

main point of view, his experimentations consisted of 

the experimental burying and etiolation of normal 

young aerial stems and of anatomical analyses of the 

changes which were induced. In his experimentation, 

however, no shoots were employed which had developed 

underground stems at the tine. Finally there are pre

sented comparative analyses and a few rough transition

al studies of the aerial and underground stems of 123 

species belonging to 33 different families of the di

cotyledons. As Costantin states, though, the selection 

of his material was made from those plants which ex

hibited characteristics analogous to the results of his 

experimental work. Likewise in his conclusions he 

attributes, in many respects quite logically, most of 

the differences observed to the influence of the sub

strate, and those wiiich he could not explain are passed 

off as being "morphologically hereditary." In general, 

Costantin's observations are excellent but in manj ways 
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his interpretations reflect the teleological view

point of his period. 

Jeffrey (1917, pp. 437-441) discusses in part the 

relationship of oil canals to other tissues in various 

Compositae. In French artichoke (Cynara scolymus). 

common burdock (Arctium minor), and several related 

plants these oil canals are intimately associated with 

only those bundle traces which pass into leaves and 

Involucral bracts, but they are entirely absent in por

tions of the stem where bundles belong to the main vas

cular cylinder alone. 

'A'ith reference to the normal component tissues of 

dicotyledonous steras other than the vascular, i.£. epi

dermis, cortex, endodermis, perlcycle, rays, and pith, 

and to the secretory and hypodermal tissues occasionally 

present, the tvriter has found no mention of transitions 

other than those given by Costantin (1883) and Jeffrey 

(1917, pp. 437-441) and those mentioned as incidental 

notes in root-stem and stem-leaf transitions. In con

ducting the analyses of the individual species and the 

interpretation of the special structures possessed by 

theid, however, the appropriate subjects in Solereder 

(1908), Foster (1942), and i;ames and MacDaniels (1947) 

have been referred to constantly and have proven in

valuable. 

Although not directly connected with stem-stem 

transition, problems Involved in the grov/th and 
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differentiation of the shoot apex into the various 

tissues and tissue regions of the stem apply also to 

the tiieoretlcal interpretations of stem differences. 

This recently reopened field of study of the apical 

meristems and the problems Involved has been well 

revievjed by Foster (1939, 1941). 

C. The genus Anemopsis. 

Since a considerable portion of this treatise deals 

v/ltii Anemopsis californica, the literature pertaining 

to this plant will also be postponed until the appropri

ate sections. The original description was given by 

Nuttall (1838), Since that time, however, nomencla-

torial problems only have apparently been published, 

with the exception of a general morphological study of 

the species by "lolm (1905), a varietal splitting of the 

species by Kelso (1932), and a study of the floral 

anatomy and morphology by '"':,ulbell (1941), Aolra. (1926) 

also accomplished a similar general anatomical study of 

Saururus cernuus. the closest living American relative 

of Anemopsis. The systematic anatomy of the natural 

group to which Anexaopsls belongs, the fa illy Saurura-

ceae, is given by Solereder (1908, pp. 688-694, 1037-

1038). Present day taxonomlc relationships and descrip

tions of Anemopsis and the Saururaceae are also given 

by Wooton and Standley (1915, p. 154), Jepson (1925, p. 

286), Johnson (1931, pp. 170-171), Engler and Diels 
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(1936, p. 173), Kearney and Peebles (1942, p. 214), and 

others. 
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III. MATERIALS AND MJTHODS 

A, Sources of materials. 

The plants selected for the analytical studies 

which follow are without exception rhizomaceous, i.e, 

they exhibit greater or lesser elongation of a hori

zontal underground stem, and produce one or more types 

of aerial stems. Except for the species of Anemopsis, 

Periploca, î uercus, and Comandra the specimens vjere 

collected at an elevation of 11,200 ft, in the upper 

end of West Santa Barbara Canyon near Penasco, N. Ilex., 

by Dr. R. A. Studhalter. Representative portions of 

the various stems were preserved in formalin-acetic-

alcohol for anatomical studies and others were pressed 

for herbarium reference. A number of these high-mon

tane species were also preserved by drying. The speci

mens of Quercus grisea, the co-oimon shinnery or scrub 

oak of the Llano istacado, v/ere collected in sand dunes 

west of riobbs, N, Mex., and the stems of Periploca from 

a cultivated vine growing in the writer's back yard in 

Lubbock, Texas. The Anemopsis materials were also pre

served in formalin-acetic-aicohol and were taken from 

entire plants which were procured from a small clone of 

the species found growing in Jleadowbrook, Mackenzie 

State Park, also at Lubbock. A few plants of Anemopsis 

were maintained in water-filled jars in the laboratory. 
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B, Microtechnique. 

For general comparative analyses, sections cut 

from 20 to 40 ;LI on a table microtome sufficed for 

cross-sectional studies. Excejtionally small and soft 

materials v/ere cut with the aid of pith. The sections 

were then stained according to standard safranin and 

fast green schedules (Johansen, 1940, pp. 80-82). 

In addition to cutting both cross and longitudi

nal sections of Anemopsis by the above method for 

comparative study, paraffin methods vrere also necessary. 

The Isolation of the transition regions was preliminari

ly accomplished by hand dissection of fresh materials 

with a razor blade; blocks of tissues which contained 

these regions were then embedded in paraffin and seri

ally sectioned at 20 p.. Because of the nature of some 

of the cell contents, microchemical tests, as described 

by Johansen (1940, pp. 188, 193), were made with iodine-

potassium iodide solution and with ferric chloride. 

Since all portions of the plant proved to be high in 

tannin content and the rhizomes also in starch content, 

two slides each of the rhizome, erect aerial stem, and 

stolon were stained for these substances, one with 

ferric chloride alone for tannins and the other with 

ferric chloride and methyl violet for both tannins and 

starch. Two sets of serial sections of rhizome tips 

with aerial stems and buds also had methyl violet added 

to the safranin and fast green combination; however all 
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other transition series were made with standard safra

nin and fast green schedules. 

C,• Drawings. 

In order to provide uniform comparisons of the 

various types of stems, the stem sections of each 

species have been drawn to the same scale, in most 

instances ten times their natural size; and most of 

the tissues present are shown by a standard color 

scheme. Various details of Anemopsis are drawn as 

indicated in the explanation of each figure. 
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IV. HISTOLOGICAL DIFFERENCES BET;:;JEM RHIZCLIES AND 
AERIi^ STEI/IS IN SOME SOUTiMESTEhrT PLAITTS. 

The comparative analyses of the differences be-

tv/een the aajor and minor tissue regions of the aerial 

stems and rhizomes of the plants examined reveal no 

set pattern or patteras of relationships. Likewise 

the somewhat limited number of plants and the fact 

that they are so widely scattered in our present systems 

of classification make it necessary for the writer to 

adopt an arbitrary system for classifying the types of 

transitions; hov/ever this should not be taken as any 

sort of absolute criterion for future endeavor of this 

nature, and should be modified and expanded freely as 

more information is accumulated. On a broad basis, 

then, tae writer has roughly classified these compara

tive studies into the following types, each of which 

will be discussed more fully in the appropriate sub-

topic: 

Essentially no transition — little or no varia-

' tion in the mature tissue regions other than an in

crease of size and of relative amounts of little 

differentiated (parenchymatous) tissues; 

Moderate transitions — prominent variation in 

composition and distribution of the more special

ized tissues but no, or only very slight, tissue 

rearrange iient; 

Pronounced transitions — radical variation in 

^ composition and/or prominent rearrangements in 





Figure 1. Legend of the more common stem tissues 
in color. Left, representative tissues of a typical 
dicotyledonous stem as they might be seen under a micro
scope; right, color representation of the same regions 
which will be used in the figures which follow. 

qv:ia>iBr7fTT«ti»j*M»ntgw tjinn^tt i^tzzz::rtTtxtr.ttxrtw*nrf^ids^mi 
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relationships of the tissues to each other. 

As the main interests in transitions lie in the 

study of tissues and not so much in individual cells, 

it might be well at this time for the reader to refer 

to Figure 1, which shows the vo'iter's sexnidiagrammatic 

representation of the more common simple and complex 

tissues in colors. Attempts will be made to explain 

adequately in the text any variations in "normal" 

composition, 

•̂» Plants with essentially no transitions, 

Costantin (1883) draws attention to the fact 

that a number of plants become accidentally covered 

by avalanches or coastal sands and subsequently 

assume rhizomaceous habits. In a siiallar manner 

tne stems of the common shinnery oak, O.uercus grlsea. 

found in the sandy soils of V.est Texas, become buried 

by shifting sand dunes and frequently develop adven

titious roots. In this respect, then, there can be 

little contradiction of the fact that many of these 

stems can be considered rhizomes, although tney may 

not have been so originally. Unlike Costantin's 

plants, however, little difference can be observed 

between a stem which is definitely aerial (Fig. 2A) 

and one of approximateljî  equal age which Is underground 

and possesses adventitious roots (Fig. 2B), In both 

cases one finds a peripheral perider i consisting of 

thick-walled, flattened cork cells surrounding a 





Figure 2, Stems of Q,uercus grisea. A, Aerial 
stem, 5 years old, B, Underground stem ("rhizome"), 
about 4 years old. Reduction in amount of perlcyclic 
fibers and irregular distribution of vessels (red dots) 
is shown in the rhizome. Only a portion of each stem 
is shown in detail, X 10. 

lSIiniHHnni«HB*lKUO««*iHH«H«l«On«JiIftHn:s77^Ti«-tJi-;yi»J»s:-T:!:iT-
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narrow band of cortex. Most of the cells of the latter 

contain either solid or granular red contents (tannins) 

or large crystals. The stelar tissues consist of an 

almost complete ring of llgnified fibers and brachy-

sclereids enclosing a typical vascular cylinder, which 

exhibits considerable secondary growth. The secondary 

phloem contains scattered groups of fibers as well as 

sieve tubes and companion cells. Numerous uniseriate 

rays composed of cells v/ith deep staining tannlferous 

contents radiate outward from the llgnified pi€"h to the 

perlcycle. The only actual differences observed in the 

two stems were a reduction in the niimber of groups of 

llgnified cells in the perlcycle and an uneven distri

bution of vessels in the underground stem. A less dis

tinct line of demarcation between growth layers of the 

xyle 1 results from the latter situation. 

Although the age and amount of secondary growth 

of the two stem types of the material collected as 

Clematis (or Atragene?) differ, these stems also ex

hibit the essential lack of transition much the same 

as Ĥ uercus, The general histological plan of the two 

is almost identical, wltli the exception of the much 

smaller pith of t-ie aerial stem (Fig, 3A) and the 

development of starch storage in the cortex of the 

underground stem (Fig, 3B), Since both of these dif

ferences are connected with parenchymatous cells, this 

variation is considered negligible. Two small patches 
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Figure 3, Stems of Clematis (or Atragene?). A. 
Aerial ste-i. B. Rhizome. Essentially no tissue 
differences other than greater secondary growth and 
starch storage in B. Only one sector of rhizome vas
cular tissue is shown in detail. X 20. 
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of fibers are present in the cortex of the aerial stem 

but are absent in the underground; however the general 

nature of the cortex is unchanged and is entirely paren

chymatous. 

Although these tvro plants exhibit no major differ

ences betv/een their subterranean and aerial stems, the 

lack of transition of sort should not be taken for 

granted. If, as De Bary (1884, p. 244) has stated, 

the lateral branches of both Clematis and Atragene pos

sess two vascular traces which split into six strands 

in the first internode and, as is noted in the plant 

studied here, if the representative portions of both 

stems possess complete vascular cylinders, a definite 

transition in the vascular tissue is evident. Detailed 

study of the first internode and tae region of diver

gence of the aerial stem would well bear investigation 

with regard to all tissues. 

B. Plants with moderate transitions. 

The use of the term "moderate" in application 

to transitions is, in itself, significant of t;.Q neces

sity for a more intensive study and complete revision 

of tiie plants so classed. Over one half of the plants 

investigated fall into this category; but since no com

mon "types" are evident, tiie writer feels more than 

justified in employing so broad a term. Moderate tran

sitions herein included are those which exhibit variations 
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in arrangements of vascular tissues (but not internal 

rearrangement) and/or at least some prominent varia

tion of other tissues regardless of v/iiether they are 

due to hereditary or environmental influences, or 

whether taey are structural or physiological. 

One of the simplest transitions in this category 

is that demonstrated by the two types of stems of 

Comandra pallida, a member of tiie Sandalwood Fatully 

(Santalaceae). If one examines the aerial stem of this 

plant (Fig. 41), it v/ill be noted that there is a peri

pheral thinly-cutinized epidermis of rather narrow 

cells. The entire cortical region is composed of col-

lenchyxaa, even in the spaces which it occupies between 

the small groups of perlcyclic fibers. The rhizoae 

(Fig. 4B), however, possesses a prominent layer of 

thin-walled rectangular cork cells vhiich Solereder 

(1908, p. 733) says is epidermal in origin. The cor

tex consists of parenchyma containing large amounts 

of a reddish to black colored secretion and scattered 

druses of calcium oxalate. The perlcycle is not 

sharply differentiated from the cortex but is paren

chymatous and apparently forms a uniform band around 

and between the prominent phloem points; in the aerial 

stem the phloem is a uniform narrow ring. All of the 

central tissues of both stems are quite sirallar in 

structure and composition and are characteristic of 

the Santalaceae. The complete narrow cylinder of 





Figure 4. Stems of Comandra pallida. A. Aerial 
stê a with epidermis, collenchyma, and fibers. B. 
Rhizome with periderm, secretory cells (dark purple 
dots), but no fibers. X 20. 
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secondary xylem is perforated throughout by uniseri

ate rays and possesses small points of primary xylem 

which protrude into txie thin-vmlled parenchyxaa of the 

pith. 

The rather hardy cultivated silk vine, Periploca 

sepia, exhibits a rather unusual type of transition 

in that the rhizome shows complete obliteration of one 

of the primary tissues, the pith; in this respect it is 

quite similar to root-stem transition. In addition to 

having a pith, the aerial stem (Fig. 5A) also possesses 

the internal phloem and phloem cambium so characteris

tic of the Asclepiadaceae; the rhizome lacks all of 

these tissues and does not possess the clustered latex 

cells in the cortex. Crystals are found in parenchyma

tous tissues of both stems but are more common to the 

pit 1 of the aerial stem and, of necessity, to the cor

tex of the rhizome. Periploca, being a perennial woody 

vine, exhibits a complete normal periderm in the aerial 

as well as in tne underground stem; other members of 

the Asclepiadaceae possess only a persistent epidermis 

in the aerial stem. Although Costantin (1883) noted a 

reduction in the diameter of the pith in the under

ground stems of Vinca and Vlncetoxlcum, he does not 

mention the complete obliteration of this tissue as the 

writer has found in Periploca and also in Asclepias 

latifolia, one of the more common milkweeds in the 

vicinity of Lubbock. In both of these plants, hov,rever. 





Figure 5. Stems of Periploca sepia. A. Aerial 
stem with groups of latex cells (dark purple), internal 
phloem and phloem cambium around pith. B, Rhizome; no 
latex cells, internal phloem, or pith. Only one sector 
of rhizome has been drawn in detail; red dots represent 
vessel distribution. X 10. 
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the rhizome is quite deep and a considerable portion 

of the erect lateral stem Is also underground. Exami

nation of fresh materials reveals the presence of peri

derm and a much reduced pith in the underground portion 

of these erect stems but a total absence of pith in the 

rhizome itself. A. latlfolia has not been thoroughly 

examined because of the unusual nature of the periderm, 

which is exceptionally hard and is apparently composed 

of a thick layer of brachysclereids rather than cork. 

This layer, which is found on all subterranean parts of 

the stem axis, makes the sectioning of the material 

almost impossible. 

A comparison of the aerial stem (Fig. 6A) and the 

rhizome (Fig. 6B) of Senecio triangularis reveals a 

soBiev/hat common transition type for those plants which 

have hollow aerial stems. In addition to the develop

ment of the schlzogenous pith cavity the aerial stem 

possesses a ring of separate vascular bundles while 

the underground stem possesses a compact or at most 

only a lacunate pitn and a cylindrical vascular tissue 

of siphonostellc nature. In 3, triangularis the cu-

tinized epidermis of the aerial stem overlies the 

several strata of a collenchymatous hypodermls; the 

underground stem has a non-cutinized epidermis, only an 

uniseriate hypodermls, and a developing periderm in the 

adjacent parenchyma of the cortex. The endodermis is 

not differentiated, in either stem, but fibers are 





Figure 5. Stems of Senecio triangularis. A. 
Aerial stem; cutlnized epidermis, collenchyma, ring of 
vascular bundles and associated fibers, hollow pith. 
B. Rhizome; periderm, gum or resin canals (clear areas 
in cortex), cylinder of vascular tissue v;ith persistent 
cambiiim, reduction in fibers, compact pith. X 10. 
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regularly arranged as perlcyclic "caps" in the aerial 

stem whereas in the rhizome there is reduction in nuii-

ber both of groups and of cells in the fiber groups, 

these usually being closely associated with gum canals. 

The vascular bundles of the aerial stem show evidence 

of previous activity of a cambium, although the latter 

is no longer present. The cambium of the rhizome, on 

the other hand, has formed a considerable amount of 

secondary vascular tissue and is a well defined layer. 

The secondary x̂ hloem, as has been noted in other rhi

zomes, shows little differentiation betv/een sieve tubes 

and companion cells, all cells on the whole being 

larger and more rectangular than those of the aerial 

stea. Rays are composed of radially elongated paren

chyma and are tvio to four cells in width. 

Both Micranthes arguta (Fig. 7) and Cardamine 

cordifolia (Fig. 8) resemble the general histological 

plan of Senecio. The epidermis to phellogen, the 

bundle ring to complete vascular cylinder, and the hol-

lovr to co.apact pith variations are identical. A hypo

dermls of collenchyma and a sclerotic perlcycle are 

present only in the aerial stem of M'icranthes, v/hlch is 

a floral rather tlaan a foliage stem. Aside from this, 

the aerial stems have photosynthetic cortical paren

chyma v/hile tJie rhizomes have starchy parenchyma. A 

more or less characteristic endodermal layer is also 

prominent in the aerial stem of Carda.aine and in the 
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Figure 7. Stems of Aaicranthes arguta. A. Aerial 
stem. B. Rhizome. General structure similar to 
Senecio (Fig. 6), Outer cortex of aerial stem is photo-
synthetic and fibers are replaced by sclerotic paren
chyma in perlcycle. Underground stem possesses starchy 
parenchyma and an endodermis but has less secondary 
growth. X 10. 
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Figure 8. Stems of Cardaxnine cordifolia. A. 
Aerial stem. B. Rhizome. Histology very much like 
that of Senecio (Fig. 6) and rmcranthes (Fig. 7) ex
cept that no hypodermls is present in the aerial steri. 
An endodermis occurs in the aerial stem but is not 
completely differentiable in the rhizome. X 10. 
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rhizome of Micranthes and is probably present in the 

other type of stem of each species. In general, most 

of the differences in the rhizomes and aerial stems in 

these herbaceous perennials, Senecio, Micrantiaes, and 

Cardaraine, are common to all three species studied. 

One unique variation, though, is the fact that the 

actual amount of parenchymatous tissue is less in the 

rhizome of jC. cordifolia than in the aerial stem; the 

reverse situation has prevailed in all other compari

sons made thus far. 

The only other stem-stem transition v/hlch has been 

classified as moderate is that Illustrated by Pedicu-

laris groenlandica. The aerial stem (Fig. 9A) posses

ses a schlzogenous pith cavity; but a narrow cylinder 

of vascular tissue, vtiich is enclosed by a perlcyclic 

region of compact parenchyma, replaces the dissected 

stele of t:ie three previous species. The xylem in no 

place consists of more than about 6 tracheid-like ele

ments and forms a solid ring, unbroken even by rays. 

The phloem is apparently only biseriate and no cambium 

is present, although all cells are radially arranged. 

This aerial stem also possesses a non-cutinized epider

mis, an underlying epideraal-llke hypodermls, and a 

highly lacunate cortex, but no distinguishable endoder

mis. In the underground stem of this species (Fig. 9B) 

it is debatable whether the central 6 to 8 cells are 

actually pith parenchyma or primary xylem elexaents; 
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Figure 9. Ste:.as of Pedicularls groenlandica. A. 
Aerial stem with non-cutinized epidermis, finely 
lacunate cortex, sclerotic perlcyclic ring, complete 
vascular cylinder, and hollow pith. B. Rhizome; peri
derm, highly lacunate outer cortex, grading inward 
into the phloem of the solid vascular core. The paren
chymatous area in the vascular tissue appears to be 
meristematic but may represent a gap, X 10. 



35 

/«s, 

B 

Figure 9. 



36 

more probably they are the latter and here again we 

have a solid vascular core. The xylem, which con

tains large amounts of parenchyma as well as numerous 

vessels and tracheids, exhibits seven growth layers de

rived from the cambium. Since the phloem, which con

sists of radial rows of rectangiaar cells, blends 

outwards so gradually into tae crushed parenchyma of 

the outer tissues and since, also, no rays are evident 

in the stele of the rhizome, there are no lines of de

marcation betv/een phloem, perlcycle, or cortex. So 

much parenchyma is present throughout the entire rhi

zome that this organ is extremely friable. The outer 

cortex also contains a fev; very large Intercellular 

spaces in addition to many small ones, and the whole 

structure appears to be held together by the prominent 

periderm only, 

^' Plants vath pronounced transitions. 

In contrast to the more or less noraaal histologi

cal arrangements in the individual stems involved in 

moderate transitions, one or both of the stems in pro-

noimced transitions possess anomalous structure Insofar 

as the usual tjrpes of dicotyledonous stem anatomy are 

concerned. This anomaly is usually connected with the 

vascular tissue and involves a rearrangement of the 

component parts in relation to each other. 

The aerial stem of Bistorta bistortoides (Fig. 
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lOA) exhibits most of the anatomical characteristics 

of the usual herbaceous stem. There are present a 

cutlnized epidermis, a narrow lacunate cortex bounded 

on the inner side by a row of oval-shaped cells vhich 

resemble an endodermis, a perlcyclic ring of small 

sclerotic parenchyma, a ring of vascular bundles, and 

a large-diametered lacunate pith. The pitii also shows 

the development of small schlzogenous cavities. It is 

only on very close examination of the vascular ring 

that one is able to distinguish the fact that the 

bundles are of tv/o sizes, alternating with one another. 

The larger bundles are typical closed collateral bun

dles with a small area of paloem and a much larger 

xylem mass; the small bundles, on the other hand, are 

composed entirely of phloem. A number of tannlferous 

mucilage cells (Solereder, 1908, p. 669) are found 

adjacent to tie vascular bundles in the outer pith and 

in the rays. In the much greater-diametered rhizome 

of this same plant (Fig. lOB) the 'aassive parenchyma

tous tissues are almost entirely co iposed of cells 

containing not only the reddish-brown tannlferous sub

stances but also an abundance of large starch grains. 

Accurate analysis of the various tissues, by the uni

form staining technique employed, is made almost im

possible because of these dense cells, which are very 

large in size and exceptionally thick-v/alled, the 

thickness apparently being due to cellulose only. 



toMatiiiUiiMis^aj^j^iitsacas^wmtemBM 

Figure 10. Stems of Bistorta bistortoides. A. 
Aerial stem. Alternate collateral and phloem bundles 
constitute the vascular ring; secretory cells in outer 
pith and rays, B, Rhizome. Only a portion of the 
parenchymatous mass shown in detail; that adjacent to 
the vascular tissue is mucia more compact than the 
other. Large numbers of secretory and starch-contain
ing cells throughout. X 10. 
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Three regions of parenchyma are prominent — a lacunate 

cortical region underlying a thick periderm, a lacunate 

and large central pith area, and intervening strata 

of more compact and smaller cells which are probably 

the inner cortex, perlcycle, rays and outer pith. In 

this compact layer are embedded the irregularly-sized 

vascular bundles, distributed unevenly in an oval-

shaped ring. A number of right-angled anastomoses are 

present between adjacent bundles. A cambiuiii is present 

and some secondary grovrbh is evident. In contrast to 

the vascular bundles of the aerial stem, those of the 

rhizome are entirely collateral and no separate phloem 

bundles are to be found. 

Whereas Bistorta exhibits anomalous vascular 

struct\ire in the aerial stem, the aerial stem of the 

species collected as Aconituia sp. (probably A. porrectuiti) 

(Fig. 11A) is more or less typical of the majority of 

dicotyledonous stems. A thlnly-cutinlzed epidermis 

covers a narrow cortex, v/hlch dbows differentiation into 

a stratum of collenchyma, several strata of minutely 

lacunate parenchyma, and an inner layer, 3 to 4 cells 

wide, of thicker-walled parenchyma, the innermost cells 

of which resemble an endodermis but lack Casparian 

strips. A sharp line of demarcation, resulting from 

groups of thick-walled sclerenchyma v/ltii small sclerot

ic parenchyma between them, exists between the cortex 

and perlcycle. The perlcyclic parenchyma grades 



Figure 11. Stems of Aconitum porrectum? A, Aerial 
stem; more or less typical for dicotyledons, lacunate 
pith. B. Rhizome. Outer peridermal layer and second 
phellogen forming under endodermis; parenchymatous 
stele with xylem and phloem as separate strands inward 
and outward, respectively, from the stelar cambium. 
Trace tissue on lov/er left to an old root. X 10. • 
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inward through the rays to the thin-walled non-sclerot

ic parenchyma of the highly lacunate pith. Although 

the vascular bundles are unequal in size, each one 

possesses a characteristic oval shape witn a small 

elliptic area of distinct sieve tubes and companion 

cells, separated from the xylem by a narrow cambial 

zone. No interfascicular cambium is present. The 

entire rhizome (Fig. IIB), however, is so completely 

anomalous that it bears no resemblance whatsoever to 

the aerial stem. Except for the scattered groups of 

xylem and phloem elements, this stem is entirely paren

chymatous. The cortical region underlying the peri

pheral periderm is compressed into concentric flattened 

strata and is IMaited inwardly by a single layer of 

clear rectangular parenchyma which is evidently the 

endodermis, although here again no Casparian strips 

are present. The stelar parenchyma is uniforxuly com

posed of large thin-walled and compact cells v;ith 

finely granular protoplasts. A new phellogen is ap

parently forming in the outer cells of the stele, but 

no phellem has been produced except along the margins 

of some of tua old trace tissues (probably an adventi

tious root). A cambial stratum toward the center of 

the stele produces chiefly parenchyma cells centrlfu-

gally, with scattered groups of sieve tubes and com

panion cells arranged in concentric rings; it separates 

these tissues froia ti-e few strands of reticulated 
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vessels and tracheids and the pith parenchyma on its 

inner side. This stelar cajabium is broken only vrfiere 

xylem traces bend outward to be joined by phloem traces 

in the outer stelar region, .ilthough actual transition 

stages were not available, this species is clearly an 

excellent example of the pronounced transition neces

sary when a rhizome of such unusual structure produces 

a rather typical dicotyledonous aerial stem. 

Strictly speaking, the underground stems of 

Parry's "primrose, Priiaula parryi. are more of the nature 

of tubercles than on elongated rhizomes; but because of 

the very radical transition evident in the comparative 

analysis of the tubercle and aerial stems, this species 

is included here. The underground stem (Fig. 12B) pos

sesses a thick periderm, virhile the aerial stem (Fig. 

12A) has a cutlnized epidermis — an anatomical differ

ence of frequent occurrence; but the internal struc

tures suggest two plants not only of different faxailies 

but of two separate divisions of the plant kingdom. 

The aerial stem is of dicotyledonous structure of the 

Senecio type. In addition to the epidermis there are 

present a spongy chlorenchymatous cortex, a thick perl

cycle of small sclerotic parenchyma grading inward 

through the rays to the large thin-walled parenchyma 

surrounding the central pith cavity. The numerous, 

very small closed vascular bundles are apparently com

posed of primary tissues only. The tubercle, on the 



Figure 12. Stems of Prjjaula parryi. A. Aerial 
stem. B. Tubercle offset; fern-like, meristeles em
bedded in a lacunate parenchymatous ground tissue. 
X 10. 
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other hand, resembles the structure of a fern rhizome. 

There is no differentiation in the compact parenchyma 

which forms the large ground mass of the entire stem. 

The vascular tissue is present as a ring of amphicri-

bral and bicollateral bundles, each surrounded by a 

perlcycle and an endodermis, the former being mostly 

uni- or biseriate, the latter b^ng composed of thick-

walled sclerenchyma. Hence the stelar structure of the 

tubercle is of the nature of meristeles, as in the 

tubers of Nephrolepis (Bower, 1926, p. 190), whereas 

the aerial stem is dlctyostelic. 

D. Comparison of Southwestern plants with European 

plants. 

The foregoing comparative analyses by the present 

writer reveal most of the same general differences ob

served by Costantin (1883). In brief, the following 

list of the chief differences exhibited by rhizomes 

sums up the observations of Costantin. 

1. Suberizatlon of the epidermal walls, par

ticularly the outer, when the epidermis is a 

persistent tissue. 

2. Increase in number or volume of cells of 

the cortical parenchyma. 

3. Diminution of strengthening elements, such 

as collenchyma and perlcyclic and phloem fibers, 

and often the complete disappearance of such cells. 
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4. Premature development of a peridermal layer 

which may originate in any of the bark tissues, 

5. Frequent annual nature of aerial stems be

cause of closed bundles surrounded by a ring 

of fibers, while many rhizomes possess a per

sistent cambium and are devoid of the continuous 

ring of fibers. 

6. Variable carabial activity but more irregular 

lignificatlon of xylem cells of rhizomes than of 

aerial stems. 

7. Smaller ratio of the v/idth of the pith to 

that of t-ie cortex in the rhizome. 

8. Presence of large amounts of reserve nutri

tive materials in rhizomes, chiefly of starch. 

9. Rounding out of the rhizouie if the aerial 

stem is angular or winged. 

Since Costantin has stated that his selection of 

research materials v;as based chiefly upon those 

"rhizomaceous"* plants which exhibited character

istics analogous to those he observed in normally 

aerial stems grown under etiolated or subterranean 

conditions, one can probably account for his fail

ure to mention a few of the characterizing features. 

*Tne term "rhizomaceous" or "rhizome," as en-
ployed by Costantin is not entirely the present-day 
concept, since he does not qualify this usage by 
the horizontal nature and includes tubercles and 
other "rootstock" stems. 
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such as the hollow nature of many annual aerial 

stems and the protostelic rhizome components of the 

axial system. 

As one can readily see among the plants analyzed, 

there is no one combination of aerial stem and rhizome 

which predominates over all others. Since, however, 

it is not the purpose of this section of the paper to 

classify the various types but merely to determine the 

presence or absence of tissue transition from one axis 

to another, the present writer believes that ample 

evidence exists to warrant a thorough stud3̂  of this 

question. From an ontogenetic viewpoint, certainly the 

general rapid loss of the young epidermis and its re

placement by a periderm in the underground stem immedi

ately draws attention to a marked anatomical difference 

between this and the later development on the aerial 

stem of a more persistent and cutlcularized epidermis. 

Where then does the change take place? Where, also, 

does the cortex develop its chloroplasts and starch 

storage cea:se? Likev/ise, the change from solid to 

lacunate parenchymatous tissues, the first appearance 

of fibers in aerial stems, the rearrangements of vas

cular tissue and sudden development of a pith from a 

solid vascular core present other questions. Costantin 

considered all of the above except vascular rearrange

ment to be due to the influence of the substrate; his 

observations did not actually include any solid-cored 
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rhizoraes, although he did mention the reduction of 

amount of pith relative to the cortex. If such is the 

case, then, one could expect the major transitions to 

occur at the soil level. In an actual transition study 

of Lathyrus silvestrls. however, Costantin found that 

fibers originated several nodes below the soil surface 

level of an erect stem that was a direct axial exten

sion of the underground portion. Since he also points 

out definitely that the "passage" described in Urtica 

dlorca is betv/een the underground and aerial portions 

of the same stem, one v/onders whether any of the transi

tions described are actually betv/een rhizomes and aerial 

stems and whetaer most of the underground stems dis

cussed so in detail by him are truly rhizomaceous. 

Certainly his analyses of tubercles are valid for true 

underground stems, but with other ste.as some doubt is 

justified. This fact may possibly explain his failure 

to note some of the pronounced and /aoderate transitional 

differences found by the present vn?iter in the foregoing 

analyses of such a relatively few plants. It is con

sequently Infeaslble to compare accurately these few 

American species with their European relatives, since 

it seems quite probable that the underground parts are 

not equivalent. 
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V. TRAITSITIONS IN Anemopsis californica 

A, Reasons for selection of Anemopsis. 

After making tae preliminary investigations 

to determine the degree of structural differences in 

stems, the findings seemed to warrant the selection 

of some one species, showing at least moderate transi

tion, for detailed study. Adequate material from the 

montane collections was not available at tie time, so 

native plants of the Llano Estacado were surveyed. An 

A to Z search in the herbariuiu of Texas Technological 

College finally yielded a good possibility in the form 

of Anemopsis californica. Fortunately local availa

bility of the species provided a ready source of mate

rials. On examination the plant proved indeed to 

possess a good moderate transition, not only between 

the underground rhizome and erect aerial stem but also 

between the raizome and the prostrate stolon. Further

more the species is one of the most primitive of dl-

cotjrledonous plants and an examination of the literature 

revealed that its /aorphology and taxonomy are meagerly 

known. Finally, the spotted distribution of the species 

throughout only the southwestern portion of the United 

States and adjacent parts of Mexico made the selection 

even more attractive as a means of contributing to the 

steadily increasln;:̂  knowledge of tie rather unusual 

flora of this region. 
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B, General description and nature of .Inemopsis, 

The general habitat, growth habits, and taxonomy 

of Anemopsis have been described heretofore by various 

observers already listed. A brief summary, hov/ever, 

with a few additional comaents, v/ill probably be quite 

worthwhile. The original description of the single 

species of this genus was presented by Muttall (1838), 

v;ho described the plant (Fig. 13A), wliich he named 

Ane.:ila californica.* as a perennial "root" with clus

tered petiolated and sub-cordate leaves at the crown, 

and both stolons and a scapose Inflorescence arising 

from tiieir axils. The scape vras mentioned as posses

sing a sheathing leaf which subtended not only the 

peduncle but also leaves and an "arrested stolon." 

Today much of the terminology has changed. Nuttall's 

"root" is now called a rhizome, the present writer 

refers to tlie lower part of tiio scape as the erect 

aerial stem and to tae upper part as the peduncle, and 

4uibell (1941) finds that tae "arrested stolon" may 

develop into one or more secondary inflorescences. 

Holm (1905) also added to the general description the 

presence of the prophylls at the bases of both the 

erect aerial stems and the stolons (Fig. 13B), Q,uibell 

(1941) describes tae protection of the aerial grov/ing 

*An editor's note to Mr. Nuttall's article pro
poses the name Anemopsis. since Anemia vras already 
ascribed to a genus of tae ferns. 

TOWS TECHNOLOGICAL COLLME 

LUBBOCK, TEXAS 



Figure 13, Anemopsis californica. A. Entire 
plant. X 1/3, B, Rhizome tip V7ith leaves removed 
to show the two prophylls at the base of an aerial 
stem. X 1. 0» Portion of old rhizoae with devel
oping branch rhizome. Fibrous cataphyli, ruptured, 
still present at the base. X 1. 
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points by a single cauline bract, which, the present 

writer confirms, later expands into the sheathing 

nodal leaf (Fig. 13A). Tae unexpanded tips of branch 

rhizomes are also protected by a similar structure 

v;hlch is more of a fibrous cataphyli, however, and does 

not expand when the bud becomes active. These cata-

phylls (Fig, 130) and the brancaing of the rhizoae 

system have not been previously mentioned. 

With the vrork of Kelso (1932) the species was 

split, and probably properly so, into two varieties, 

A, californica var, typica. described by Nuttall (1838) 

and apparently employed by Holm (1905) in his analysis, 

and var, subglabra. used by '̂ uibell (1941) and by the 

present ynriter. The distinguishing characters of the 

two are based on the degrees of pubescence and general 

appearance. The first is more robust and prominently 

pubescent on the surfaces of the leaves, vmile the lat

ter is paler and less robust with no wide-spreading 

pubescence on the face of the leaf. In fact, the lat

ter is often entirely glabrous; this was found to be 

tae case in all of the mature parts examined by the 

present writer. Some very minute hairs are found on 

the younger leaf primordia, but these are rapidly lost. 

The distribution of this species is, with respect 

to the entire family Saururaceae, quite remote. Here 

we have a single species of tiie genus (monotypic) found 

occurring under alkaline conditions in the arid 
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Southwest. The nearest American relative is Saururus 

cernuus in boggy habitats of the eastern United States 

from Canada to Louisiana; the only other species of 

Saururus is found in the Near East. The closest re

lated species to Anemopsis, so far as morphological and 

taxonomlc characters go, hov;ever, is the xaonotypic 

genus louttuynia which occurs in Asia from Japan to the 

Himalayas; Anemopsis itself has a synonym of J., cali

fornica. The only other living member of the Saurura

ceae is Gyrotheca, which Is represented by a single 

species also and is confined to the interior of China 

along the border of Tibet. The variety A. californica 

typica is much less v/idely spread than the variety 

subglabra. being restricted to California and parts of 

Lower California and Nevada. Our variety, hov;ever, is 

found not only overlapping the range of the former but 

also as tae only form present in Utah, Arizona, Colo

rado, Mev/ Mexico, and several places along the northern 

border of Mexico from Lower California to Coahuila. So 

far as is known, collections from Lubbock, Texas, aave 

not been placed with the larger herbaria, but they con

stitute tae easternmost limit of the knovm range. No 

other locale has been found witaln a 100 mile radius of 

Lubbock. This in Itself Is a big factor in tiie distri

bution of the genus. As yet no seedlings of thy plant 

have been observed by either the writer or other observ

ers. The mode of spread is entirely unknown but is 
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presumed to be by means of the vegetative stolons. 

This, however, cannot account for the great distances 

found between clones. 

C. Anatomy of rhizome and aerial' stems. 

The general anatoxay of tae various portions of 

Anexaopsls has been fairly well covered by Holm (1905); 

but the present writer will attempt to give a more de

tailed analysis. It seems quite probable, also, that 

the specimens utilized by Holm were of A. californica 

var. typica since he mentions the abundance of long 

plurlcellular hairs on the under surface of the leaves; 

the material used for the present investigations, as 

has been mentioned before, is from the variety subglabra. 

Some of the discrepancies noted, then, may actually be 

varietal differences. 

The axial system of Anemopsis is vested in tiie 

nearly horizontal rhizome which is continuous, by 

lateral branchings froxa the vegetative tip, with the 

erect aerial stems; the latter, in turn, are directly 

continuous wlta, the peduncle of the inflorescence above 

the sheathing leaf. Lateral stolons also extend the 

stem axis in several directions over the surface of the 

ground, and occasionally/they penetrate the surface, 

probably producing a new rhizome at each underground 

node (Fig. 13A). This point is well worth investiga

tion at a future date. Below the surface lateral buds 
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also produce branches of the rhizome itself. Numerous 

fleshy roots arise from the sides and lower surface of 

the rhizome and nodes of the stolon and produce a few 

spindly secondary roots. The underground portions of 

the plant are quite aromatic and in the past were fre

quently used in preparing infusions which the Indians 

of the Southwest consumed for medicinal purposes 

(Kearney and Peebles, 1942, p, 214), 

All three of the aerial stems — the erect, the 

peduncle, and the stolon — present essentially the 

same cross-sectional pictures. In outline they are el

liptical; the erect aerial stem is lore rounded, how

ever, than either of the others, A thick cuticle 

covers the small-celled epidermis. On close examina

tion, the wrinkled cuticle described by Holm (1905) is 

not wrinkled in itself, but the longitudinal ridges 

which are noticed in surface viev; are actually due to 

peculiar ridge-protrusions of the thick, stratified 

outer wall of the epidermal cells (Fig. 14). Several 

stomas are to be found in every section, not flush with 

the epidermal cells but somev/hat smaller and overhung by 

the latter. Although Holm states that he failed to find 

in the stems the conical epidermal secretory cells so 

common in the leaf, the present writer has observed 

numerous cells of this type in every aerial stem. Like 

those of the leaf, these cells with brown amorphous 

contents are sunken and represent depressional areas in 



Figure 14. Details of cellular structure of epi
dermis and hypodermls of Anemopsis aerial stems. Upper, 
sectional aspect; lower, surface appearance. Left, 
stoma; right, secretory cell. Ridge protrusions and 
striation of outer epidermal v/alls. X 500. 
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the surface (Fig, 14), In addition, the epidermis is 

occasionally discontinuous from similar depressions 

due to the enlargement of some of the very large secre

tory cells of the underlying hypodermls. The hypo

dermls is uniseriate and uniformly formed of very large 

cells containing dark red to reddish-brown granular and 

globular materials. This colored material is often 

quite apparent, even in unstained fresh sections, and 

lends a reddish cast to the stems where the concentra

tion of chloroplasts in t; e adjacent 6 or 7 strata of 

ciilorenchyma of the cortex is not too great. Fresh 

sections with much chlorophyll have an almost trans

parent hypodermls which darkens (oxidizes?) on standing. 

All parts of the stems and petioles which are partially 

shaded by other portions are especially red, the degree 

of redness varying directly vdth the degree of shading. 

Large substoiiatal chambers are found in the hypodermls 

below the stomas and provide for continuous gaseous ex

change with the highly lacunate chlorenchyma. The rest 

of the cortex is composed of much larger cells, more 

compactly arranged, with numerous interspersed tannl

ferous (by ferric ciilorlde test) secretory cells, many 

of v;hich are naturally red like the hypoder/als. The 

inner row of the cortical parenchyma, although without 

Casparian strips, is apparently an endoderMs, This is 

even more evident in longitudinal section vrfiere these 

cells present an almost sauare outline while the other 
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cells of the cortex are longitudinally about two and 

a half to three times as long as wide. 

The stelar tissues of the three aerial stems con

sist of a peripheral zone of perlcyclic fibers, which 

is uniformly about 10 to 12 cells wide and homogeneous, 

and an elliptical ring of small vascular bundles which 

surrounds the compact pith. The pith along with the 

broad rays also contains numerous scattered secretory 

cells. In longitudinal section all secretory cells 

appear to be tiered, 4,e., stacked end-on-end. Each 

vascular bundle contains a monocotyledonous-like area 

of phloem, a uni- or bi-seriate cambium, and a large 

area of xylem. Although De Bary (1884, p, 455) states 

that the stem of the Saurureae ((Saururaceae)) under

goes no secondary thickening, every stem of Anemopsis 

examined by the present writer has shovm a cambial zone 

and vascular derivatives of the cambium. The xylem is 

composed almost entirely of variously-sized reticulate 

to scalariform vessels, scattered xylem parenchyma, and 

only one or two spiral primary xylem elements which are 

surrounded by a sheath of parenchyma. The gradation 

from spiral to reticulate to scalariform is quite strik

ing in longitudinal section and is very similiar to the 

classic drawing of De Bary (1884, p, 157), illustrating 

this transition in Saururus, The inclined end walls of 

the vessels are actually scalariform plates with three 

to five perforations. No tracheids, fiber-tracheids. 
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or fibers were observed in any of tae later-formed 

xylem. Molm (1905) states that the vascular bundles 

are 24 in number; the present writer, however, failed 

to find more than 23 bundles in any aerial stem, and 

among several plants examined the number was found to 

vary. In all cases, hov/ever, the erect aerial stem 

contained fewer bundles than either the peduncle or 

stolon; for example, one plant possessed 18 bundles in 

the erect stem, 23 in the peduncle, and 22 in the stolon 

(Fig, 15A,B). In other plants the erect aerial stem 

and stolon possessed 2-3 bundles fewer. 

The rhizome of Anemopsis (Fig. 15C) differs con

siderably from the aerial portions. Externally it is 

scaly in appearance because of the blackened dead bases 

of old sheathing leaves. V/ith age these are eventually 

sloughed and the wrinkled brown surface of rhizome 

corky tissue becomes exposed. A freshly cut surface of 

the rhizome is light salmon in color but in a relative

ly short time this changes to a rusty color; the proba

bility that this phenomenon is due to the formation of 

melanin or phlobotannins by polyphenol oxidase, as in 

a cut apple, needs verification by enzyme studies. The 

diameter of tae round rhizome is several times greater 

than the longer cross-sectional axis of the elliptical 

aerial stems; in fact the pith Itself is about one and 

a half tlaes the latter dimension. The whole surface 

of the underground ste:a is covered with a uniformly 



Figure 15. Stems of Anemopsis californica. A. 
Erect aerial stem. B. Stolon. C. Rhizome; only 
one quarter drawn in detail. Tannin secretory cells 
in all parenchymatous tissues of each stem (purple 
dots); starch also in the rhizome. Fiber ring (perl
cycle) and hypodermls in aerial stems are absent in 
rhizome; ring of vascular bundles in aerial stems in
stead of solid vascular cylinder of rhizome, r'ianj'-
vascular traces in cortex of rhizome. X 10. 
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thick periderm composed of thin-walled rectangular cork 

cells. Even in the actively growing tip, covered by a 

rosette of petiolated leaves, the periderm was well de

veloped, and the origin of the phellogen appeared to be 

in the hypodermls of the petioles, a short distance 

above the bases of the older living leaves. No vestige 

of an epidermis or hjrpodermls could be found on the 

rhizome itself, despite the statement of Holm (1905) 

that the "free portion behind the rosette of leaves 

becomes soon deprived of both epidermis and hypodermls." 

Aside from the periderm, the mass of the rhizome 

is parenchymatous, except for the cylinder of vascular 

tissue. The central portion of the pith possesses far 

larger lacunae and a less dense appearance than either 

the peripheral layers of pith cells or the cortex, 

both of which are also lacunate. The general composi

tion of these cells is heterogeneous and consists 

chiefly of two types of cells — individual secretory 

cells which are larger but similar to those of the 

aerial stems, and cells which contain large numbers of 

starch grains. The secretory cells do not seem to be 

tiered as in tiie aerial stems. The noticeable differ

ence in general microscopic aspect is the alkaline 

staining reaction of parenchymatous tissues of the rhi

zome to fast green, ±,e, they stain blue rather than 

green. Separate pH tests, made by placing freshly cut 

tissue sections in drops of dilute indicator dyes, 
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failed to reveal any significant differences in tissue 

reactions between underground and aerial steas; the pH 

of both vms apparently betv/een 4.0 and 4.4 (alkaline to 

methyl orange, acid to methyl red). Inappropriate as 

the indicator method is, however, no more accurate 

method of determining an intact tissue pH was available, 

and also since the chemical nature of fast green stain

ing is not known, it aay be that the blue is nothing 

more than an oxidized, or a conjugated, form of the dye. 

The present writer cannot agree with Holm (1905) 

that the vascular system of the rhizome consists of 

"very numerous mestome ((vascular)) bundles;" in actu

ality one has here a muchly perforated solid vascular 

cylinder, A close scrutiny of serial sections v/ill 

reveal that what appear to be large rays separating the 

numerous vascular bundles are really trace gaps, or 

parenchyma filling the "fissure" v/hlch v/ould be left 

v/hen leaf, stem, or root traces depart from the main 

vascular supply. In every case exarained, the trace 

gaps are closed over by nearly right-angled anastomoses 

a few tenths of a millimeter above the departure of the 

trace. No endodermis or perlcyclic region is distin

guishable in the rhizome, but narrow true rays are 

present, penetrating the vascular tissue from pitla to 

outer phloem. The phloem region consists of irregular 

masses of large rectangular sieve tubes and a few com

panion cells or parenchyma, separated by the trace gaps 
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and larger rays. The xylem possesses large amounts 

of xylem parenchyma and short, squat scalariform ves

sels with nearly right-angled end walls that are almost 

completely perforated except for a narrov/ ridge left 

adjacent to the lateral walls. This is analogous to 

the findings of Cheadle (1942,1943) and Cheadle and 

V/hitford (1941a, 1941b) in the Monocotyledonae, The 

cambium of the rhizome is quite active and produces 

considerable amounts of secondary xylem and phloem from 

a broad zone of cambial derivatives. Primary xylem is 

almost entirely thin-walled, poorly llgnified, and 

parenchyma-like. In the secondary xylem, the vessels 

are much larger in diameter and much more uniformly-

sized than corresponding vessels of the aerial stem. 

D, Transition between rhizom.e and erect aerial stem. 

Having once determined the nature of the more promi-

nent differences in the rhizome and erect aerial stem, 

a rhizome with an attached aerial stem was attacked 

with a razor blade. Selecting as a point of reference 

the plane at wiiich approxiaiately half of the aerial 

stem could be distinguished from the rhizome, the stem 

was cut into 1 cm blocks and freehand sections v/ere ex

amined from each block. Externally the stem appeared 

to have definite zonation; from 0-0.2 cm it was wliite, 

from 0.2-3.0 cm, red, and above 3.5 cm completely green 

to the sheathing leaf. Above the sheathing leaf tlie 
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peduncle also emerged as a red colored stem and gradu

ally changed to green. Practically no chlorophyll had 

developed at the 1 cm level, but considerable amounts 

were present in the outer cortex above 2 cm. The hypo

dermls was well developed at all levels but shov/ed 

prominent red contents in fresh sections only at the 1, 

2, and 3 cm levels. No other variations were prominent 

other tiian the above. The vascular bundles numbered 17 

in the lower 7 cm, but one small bundle disappeared com

pletely in the interval between 7 and 7.5 cm, ending 

blindly in the perlcyclic fibers. At 15 cm, 1.4 cm 

below the node of the sheathing leaf, splitting of the 

16 remaining bundles coramenced and at the node a ring 

of 21 bundles formed the .aain supply v/hicia continued on 

into the peduncle, while an arc of about 17 irregular 

bundles diverged into the sheathing leaf and axillary 

bud at one side. It was evident, consequently, that 

rhizome-aerial stem transition v/as located some place 

below the 1 cm level. Further examination and dissec

tion of tae lowest portion of the aerial stem and ad

jacent rhizome revealed rather abrupt changes over a 

very short distance at its point of divergence from the 

rhizome. 

Detailed exauiination of stained serial sections of 

the apparent transition region were necessary to con-

firia and clarify the observations of the preliminary 

investigations. Again selecting the point at which the 
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aerial stem Is "half-free" from the rhizome as a refer

ence level (Fig. 16D), one raay begin to identify the 

nature and relationships of the various tissues. From 

a distance of about 1.0 mm (Fig. 167) belov/ the zero 

level, an arc of vascular bundles ca/? be follov/ed up

wards as it diverges outv/ard from the main vascular 

ring of the rhizome. At -0.5 mm (Fig. 16E) the U-

shaped arc is almost completely separated from the main 

ring, leaving a gap in the continuity of the latter. 

At this saaie level,, one of the outerraost traces is also 

splitting the trace arc as it passes out into the sub

tending leaf. The leaf Itself was removed during the 

preparation of the material. A small portion of the 

cortex and epidermis of the aerial stem also is partly 

organized and can be recognized almost as soon as the 

tissue protrudes beyond the limits of rhizome tissue. 

At the 0.0 level (Fig. 16D) the gap in the rhizome vas

cular ring is being closed by horizontal branches of 

the vascular tissue on each side and the tv/o arcs of 

trace tissue are breaking up into separate bundles. 

This is especially true in the recognizable half of the 

aerial branch, which consists of epidermis, unlforra cor

tex, fibers, vascular tissue, rays and pith. The part 

of the vascular tissue which is still in the confines 

of the rhizome cortex lacks the organization of the 

outer portion and has not completely closed into a ring. 

Fibers are also absent in this area. Especially in the 



Figure 16. Anemopsis californica; tissue transi
tions between rhizome and erect aerial stem. D. Zero 
reference level. F. Beginning of trace arc divergence; 
-1.0 mm. S. Leaf trace divergence; some epidermis and 
cortex of aerial stem; -0.5 mm. D. Gap closure; pro
phyli traces; fibers; vascular bundle organization; 0.0 
mm. C. +0.4 mm. B,— +0.8 mm. A, +1,4 mm,' Successive 
levels of complete reorganization. Old prophyllar tissue, 
dark purple lines. Parenchymatous differences at margin 
of rhizome; in partial detail only. X 10, 
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pith a rather sharp line of demarcation exists between 

the staining characteristics of the two types of stem 

tissues. In addition to normal aerial stem tissue, 

some periderm is present whica is continuous with that 

of the rhizome. At the "corners" of aerial stem this 

periderm has undercut the adjacent prophyllar tissue 

and the latter has sloughed off, although some still 

remains at higher levels. The single vascular trace 

v/hich supplies each prophyli, however, is still present, 

having departed from the center of ̂the corresponding 

vascular arc on each side. At +0.4 mia (Fig. 16C) the 

vascular ring is closed but still lacks the supporting 

layer of fibers on the Innermost portion; the outer 

half of the otem nas a hypodermls. At +0,8 mm (Fig, 

16B) the fiber ring is complete and all 19 vascular 

bundles are distinct. Only a small isthmus of paren

chyma still connects the two stems; but the freed por

tions of the adaxial side of the aerial stem are 

covered with periderm rather than epidermis and hypo

dermls. By the time the aerial stem is 1.4 mm above 

the zero level or about 2.4 mm above the point of origi

nal vascular divergence from the rhizome, its structure 

(Fig. 16A) is essentially tae saxae as can be found over 

the remainder of the distance to the sheathing leaf. 

The only exceptions are tnat considerable starcli is 

still found in parenchymatous cells and no chlorenchyma 

is present at the base of the aerial stem; this, then. 
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must correspond to the white or etiolated portion men

tioned in the discussion of the preliminary dissection. 

Perhaps it is now appropriate to summarize the 

sequence of transitions as they have occurred in 

Anemopsis, and to correlate tlie aiacro- and microscopic 

observations. By constructing a diagrammatic longi

tudinal section (Fig, 17) from the series of cross-

sectional diagrams of Figure 16, a better understanding 

of these histological changes can be had. The direct 

divergence of an arc of vascular tissue of the riiizome 

into the aerial stem and subtending leaf provides for 

the continuity of food and nutrient conduction. This 

arc rolls up, is split outwardly as tiie leaf trace de

parts, and is finally closed into a complete ring of 

separate strands as it emerges into the base of the 

aerial stem. Here tv/o strands diverge into the tv/o pro

phylls. The pith, cortex, and rays are continuous be-

t-/.een the t-,vo stems but the nature of their metabolic 

activities changes rather abruptly at the margin of tae 

rhizome. Mere the perlcyclic fibers and also tao epi

dermis and hypodermls have their origins as a result of 

the previous activity of the apical .aeriste.a of the 

aerial stem alone, wheras the other tissues might be 

considered to be derived in part froai the rhizome meri-

stem as well. Gradually, however, the aerial paren

chyma cells lose their starch contents and develop into 

a chlorenchymatous layer in the cortex, such changes 



Figure 17, Diagramraatic reconstruction of Anemopsis 
californica stem-stem transition in median longitudinal 
aspect. Letters refer to corresponding cross sections 
of Fig, 16. Differences in epidermis, hypodermls, cortex, 
perlcycle, and pith occur in very narrow region at the 
actual edge of rhizome. Starch contents are present in 
parenchymatous tissues of aerial stem at higher levels; 
hov/ever, differences in staining reactions are rather 
sharply defined at transition zone, as drawn. Tiering 
of secretory cells also begins in this region. The cam
bium is shown in its probable relationships, although it 
could not be accurately followed in the region of vascu
lar divergence. X 10. 
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probably being due to the influence of light on the 

young aerial meristem as it pushes its way out of the 

cluster of leaves into full sunlight. 

E. Transition between rhizome and stolon. 

Investigations on the -relationships of the rhi

zome and stolon revealed that the mode and nature of 

tissue changeover is the same in every respect as rhi

zome-aerial stem transition. Considerable time was 

spent in trying to distinguish any anatomical differ

ences between the erect stem and the stolon v/hich might 

account for the prostrate nature of the latter, but 

none was evident. In t̂ ê rhizome apex the axillary 

branch primordia all appear to be alike, and at the 

levels examined distinctions in number of procambial 

strands are inadequate, since anastomoses and ramdfi-

cations occur even during much later stages of develop

ment. Since the stolon, though prostrate, is still 

quite rigid because of the fibrous perlcycle, the devel

opmental differences are probably produced by response 

of the growing point to varying environmental conditions. 

It may be that the development of the erect stem is de

pendent upon a definite set of day and night tempera

tures or upon photoperiod, or both. Another possibility 

is the influence of v/ater supply; for the length of the 

first internode of the erect stem is from 2-3 times 

that of the first internode of a stolon, indicating 
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somev/hat xaore favorable growing conditions for the 

former. 

^* Other transitions in Anemopsis. 

Besides the tv/o types of stem-stem transitions 

thus far discussed, tv/o other types of ramifications 

and extensions of the axis also occur in ilnemopsis. 

The rhizome often develops lateral buds which produce 

branches of rhizomaceous character, and the erect 

aerial stem has at its tip a terminal bud which devel

ops into the peduncle and a sheathing leaf with an 

axillary bud. Concerning the former, it could not be 

determined whether the branch rhizome originates from 

an adventitious bud or a dormant axillary bud. More 

probably it is the latter case, but in any respect it 

can only be considered as a simple stem branching v/ith 

no variation in tissue and cellular composition other 

than trace development. The aerial stem-peduncle tran

sition is largely a matter of nodal anatomy and is 

probably quite similar to the anatomy of stolon nodes, 

although the latter have a nearly constant number of 

vascular bundles from internode to internode, while 

there is an increase in number from erect stem to pedun

cle. These nodal anatomies, however, are beyond the 

scope of this paper and remain for future investigation. 
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VI. DISCUSSION 

From the preliminary investigations on rhizome and 

aerial stem differences one can easily see that the 

transitions v/hich are evident among dicotyledonous 

plants run the gamut of combinations, from v/hat are 

probably simple trace branchings to radical differences 

in the structure of nearly every tissue of the stems. 

As has been pointed out previously, there is no one 

combination v/hich predominates and the writer's classi

fication of these into pronounced, moderate, and no 

transition is entirely arbitrary. In Anemopsis 

californica. which is a plant v/ith the moderate type, 

the transitions in all of the parenchymatous tissues 

are in a narrow zone at the actual node of divergence, 

and the ring of perlcyclic fibers, the epidermis, £ind 

the hypodermls of the aerial stem originate in this 

zone. The reorientation of vascular traces from the 

rhizome co!"aaences relatively aucM deeper in the cortex 

of the rhizome, and is eventually completed a little 

above the node. Transition in the covering tissues, 

from periderm in the subterranean stexa to epidermis in 

the aerial, occurs generally at the level where mechani

cal abrasion against soil particles or other organs 

ceases, while changes in physiological functions of 

parenchyma, such as from storage to photosynthesis, are 

probably correlated with exposure to liryit. 
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Interpretation of the anatomical evidence of tran

sitions in Anemopsis seems to imply that most of the 

changes in tissue structure, composition, and, so far 

as can be determined, physiology reside in the dynamic 

nature of the apical meristems. The terminal meristem 

of the rhizome is strictly vegetative, but branch pri

mordia differentiated from it develop entirely different 

structural characteristics. The rhizome meristem con

sists of a broad flat dome of cells, derivatives of 

which apparently have a rapid and flaring development 

almost horizontally outward; the small mass of axillary 

meristematic tissue shows nearly vertical development 

of the enlarging cells. These differences are, initial

ly, probably entirely hereditary. It may be, though, 

that an axillary bud, once formed, has tv/o modes of de

velopment: (1) if protected by subtending leaves, a 

negative geotropic (or positive phouotropic?) grov/th 

into an aerial stem; or (2) a transversely geotropic 

development into a branch rhizome if exposed to the 

soil by loss of protecting leaf bases, in otiier words a 

reversion of meristematic response. In the first in

stance it would also seem that, once started in its 

grovrth, this aerial development may be further influ

enced by such factors as light, teiaperature, or vvater, 

resulting in either an erect aerial stem or a stolon. 

A future series of controlled investigations on the in

fluences of these environmental conditions should prove 
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extreaiely elucidating. 

In essence, Costantin (1883) is correct in his 

conclusions that the substrate is the predominant in

fluence causing laany of the differences betv/een under

ground and aerial stems, but it certainly is not 

directly so. There is little chance for other than a 

parenchyma cell to change in character once it has 

been differentiated. Thus the changes in primary xylem, 

primary phloem, llgnified parenchyma, fibers, and se

cretory cells, of necessity, have their origin in the 

terminal meristem; and only the development of such 

differentiated secondary tissues as periderm, second

ary vascular tissue, and chlorenchyma can be attributed 

to direct influences of the surroundings. 

The relsults of these analyses of Anemopsis by no 

means offer a solution to the probleia as presented, and 

do not mean that the main transitions must have their 

origin at the time ̂ of differentiation of axillary 

branchings. Far greater nurabers of species must be 

investigated in the future before any generalizations 

can be made, and the scope of this work should not be 

limited to anatomy alone, but should be coupled with 

physiological and biochemical investigations as well. 

It is thought, however, that a step has been taken in 

the right direction. 
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VII, SUIa£ARY 

The probleia of histological transitions betv/een 

two directly continuous stems having different struc

ture is presented. These include underground stems and 

aerial floral, foliage, and propagative stem types. 

Structural differences loay involve every tissue present. 

The literature on all types of transitions, i.e,. root-

stem, steai-leaf, and particularly stem-stem transitions, 

is reviewed. 

Hhlzome and aerial stems of thirteen species of 

widely separated families of dicotyledons found in the 

Southwest are compared for anatomical differences be

tween the two stems. An arbitrary classification of 

the transitions foun^ is presented as follows: 

a. Essentially no transition — variations, if 

present, limited to increase in size or relative 

amounts of parencaymatous tissues only; examples, 

Q.uercus grisea and a species of Clematis (or 

Atragene?), 

b. Moderate transition — prominent variation in 

composition and/or distribution of the more 

specialized tissues but no, or only slight, tissue 

rearrangement. Soae of the more coiomon variations 

exhibited by rhizomes over the aerial stems are 

peridermal development, increase in parenchymatous 

storage tissue, more secondary development but 
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lesser lignificatlon of vascular tissue, reduc

tion of fiber areas, and stelar variations of all 

types. The pith varies from greater in amount 

and solid, to complete absence in the rhizoae, and 

it is often hollow in the aerial stem. Represen

tative species are Comandra pallida. Periploca 

sepia. Asclepias latifolia. Senecio triangularis. 

Micranthes arguta. Cardamine cordifolia. 

Pedicularls groenlandica. and Anemopsis californica, 

c. Pronounced transitions — radical variation in 

tissue co:aposltlon and/or proxuinent rearrangeslent 

of tissues, particularly the vascular. Examples 

of this type are Bistorta bistortoides. Aconitum 

porrectum?, and Primula parryi. each of which ex

hibits anomolous structure in one or both stems. 

Ane/aopsis californica v/as selected for a detailed 

investigation of the transition region. A critical 

analysis of the rhizome, erect aerial stem, and stolon 

plus xaorphological development offers some new inter

pretations of previous observations of various cells 

and tissues. The majority of tissue transitions occur 

at the nodes bearing the aerial stems. In a distance 

of about 2.5 mm the vascular tissue is coaipletely re

organized from a small arc of rhizome vascular tissue 

into the ring of vascular bundles of the aerial stem. 

Changes in the pith and cortex take place over a much 

shorter distance, while perlcyclic fibers and hypodermls 



76 

of the aerial stem originate at the node. Physiological 

differences, suca as the change from storage to photo-

synthetic parenchyxaa, occur in the light-exposed por

tions of the aerial stem; and peridermal to epidermal 

protection, where mechanical abrasion ceases. 

Except for the physiological differences, most of 

the transitions are attributed to the dynamic nature 

of the apical meristems and the Influence of environ

mental conditions on the growing points. 
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