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Introduction,

The Ohenopodiacess and the Amarantacese are two large dicoty­
ledonous families of world-wide distribution, though the former is 
better represented on the sea-shores, salt-marshes and other saline 
soils and the latter in the tropical and sub tropical regions of the world. 
As regards their systematic position most of the recent authors in ­
cluding Bentham and Hooker (4), Engler (8), Bessey (5), Wettstein (23), 
Eendle (17) and others who have tried to group the various 
families of flowering plants into a natural system, place them along 
with such families as Nyctaginacete, Phytolaccace®, Aizoaceaj, 
Caryophyllaceae and Portulacaceaa under a common order Centro- 
spermse or Curvembryeaa, on the basis of their characteristic curved 
embryo.' Wettstein also includes the family Cactaceaj in this order, 
On the other hand, Hutchinson (12) spreads these various families 
into three orders, Caryophyllales, Chenopodiales and Thymelaeales. 
Nobody has, however, doubted the very close affinity between these 
two families, Chenopodiaceae and Amarantaceee. Baillon (3) has even 
definitely put the family Amarantacese under the Chenopodiaceie. 
In fact, as Eendle says a differentiation between the two families is 
impossible and the separation into two families is merely one of 
convenience.

The anatomy of these families has been a subject of investigation 
for a long time by numerous workers. 'T h is  has been due to the 
abnormal structure of the majority of these plants. These abnormal­
ities affect both the primary and the secondary vascular cylinder. 
The ordinary dicotyledonous stem has a single ring of primary 
vascular bundles, but many of these plants possess additional bundles 
besides those of the normal ring, which fromjhfiir position in the pith 
are called medullary bundles. The secondary vascular cylinder of 

these plants, both of the stem and,the root, differs from that of the



normalj3icoty!edons in the fact that within the active cambium zone 
there is more than one_circle of distinct collateral vascular bundles 
showing a Jim ;ed growl s .  These are embedded In an unlike tissue 
which is generally termed " in te r fa sc icu la r "  or ‘ 'c on jun ct ive ”  
tissue. According to De Bary (7) these abnormalities were first 
observed by Link (13) who also traced the course of the primary 
vascular bundles in the stem of some species of Amarantus. His work 
was followed by others, such as Unger (22), Regnault (26) and Sanio (18). 
oamo was the first to give a complete ontogenetic development 
of several members of these families and he attributes the anomalous 
structure of the stem to the activity of a periodically active cambium 
which produces collateral vascular bundles and conjunctive tissue.

t the conclusion of his work Sanio draws a comparison between fcbe 
anomalous stem structure of the Chenopodiacea? and the stem 
structure of those monocotyledons which are characterised by 
growth in thickness.

De Bary (7) in his Comparative Anatomy of Phanerogams and 
F ern s” reviewed all  the pre\ jus literature and classified the diverse 
forms of anomalous thickening into four categories. In the first 
category, he placed those plants in which a “  a primary ring of bundles 
appears in the stem and in the roots the primary axile bundle : in 
both there is first a normal cambium with normal products The 
activity of the latter then ceases and around it appear in centrifugal 
order, successively renewed and disappearing cambiums, each oi which 
forms a ^circle of distinct vascular bundles” . In his second 
category, while the development of the normal ring is still proceed­
ing there appears round the outer margin of the phloem, an extra- 
fascicular ring of cambium : this remains permanently active and 
forms on its inner side alternately collateral vascular bundles 8nd 
interfascicular tissue, on its outer side a thin layer of bast consisting 
only of parenchyma or no bast at a l l ” . His third and the fourth 
types combine the characters of the first two types.

Morot (15) pointed out that it was impossible to maintain the 
two modes of growth described by De Bary and reduced them to a 
single type. He said that the cambium s in no case unipolar but 
always bipolar, forming xylem to the inside and pbloom to the 
outside. As regards the origin of the successive cambium layers he 
says that a new arc of cambium arises outside the phloem face of a 
bundle and extends laterally, till it meets an older cambium. Accord 
ing to Herail (11), however, when the phloem is going to be formed, 
the combium branches into two, one of the branches continuing as 
the interfascicular cambium, the other extending to the outside of the 
phloem and meeting the older cambiu-m layer-
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rpv. G6° rg, ^ f  f10, in his S0veral contributions to the subject has 
■viewed all the earlier literature and given a fairly detailed account 

ot the anatomy of both these families.

E.on (p a d d e d  some more to our knowledge of secondary growth,
' ut he chiefly studied the primary vascular system and traced the
courao of primary vascular bundles in several genera of the Chenopo-
uiace^e. ^
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Solereder (21) has summarised our knowledge of the anatomy of 
these plants from a systematic point of view.

Among the twentieth century workers who have contributed lo 
the subject may be mentioned the names of Artschwager, Seeliger

ilson, Dastur, and Maheshwari. Artschwager ( l )  has investigated 
■ he stem structure of Chcnopodium album. Further Seeliger (20) and 
Artschwager (2) have studied the anatomy of the vegetative organs of 
aUHai eet. They find that all the secondary cambiums of this plant 
are genetically connected and every new cambium arises from cells 
C,U °  centrifugal'y by the preceding cambium. Wilson (24) has 
studied tne course of the primary vascu’ar bundles in a number of 
Plants belonging to these families and has tried to develop a theory 
about the origin of medullary bundles. Ho thinks these bundles to 
be a new formation and regards such forms as species of Amarantus 
to be the most advanced so far as the primary vascular system is 
consideied. Dastur (6) has described the course o f vascular bundles 
m the stem of Achyranthes aspera. Maheshwari (14) has very recently 
studied the structure and development of the vascular system in the 
stem of Boerkctavix, diffum, a plant belonging to the very nearly allied 
family Nyctaginacese, in which also the same types of anomalies as 
occur in Chenopodiaceae and Amarantaceas are found.

In spite of this large amount of work, however, there is still a 
great gap in our knowledge of these plants. It is that so far very 
few sustained attempts have been made to elucidate the origin and 
evolution of these abnormalities in the dicotyledonous vascular 
cylinder which are found not only in these two families but also in 
about 30 more. Though several critical accounts of their development 
are available, yet we know little about their past history, the part 
that they have played in the evolution of the stele of the flowering 
plants and their relative importance in working out the relationships 
of the different dicotyledonous families in any natural system of 
classification. On the basis of the wide distribution of these abnor- 
maiities among the dicotyledonous families, it has been generally 
assumed (Scott and Brebner (19\ Wilson (24)) that they are a recent 
formation vyhich haye sprung up independently in various orders and
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have got nothing to do with the past history of flowering plants. No 
strong evidence, however, has been put forward in favour of such'a 
conclusion.

The present investigation has been undertaken to see if after 
careful study it may be possible to know something about the history 
of these anomalies in the dicotyledonous axis. The order Centro- 
spermales has been selectsd for such an investigation at present, since 
a good deal of work has already been done on this group and secondly 
because the writer could comparatively easily get the material requir­
ed— many of these plants being common in Lahore and in the 
neighbouring parts of the Punjab and the Himalayas. The anatomy 
of Alternanthera scssilis B.Br., a member of the family Amarantaceaa 
and found in all warm countries has been selected as the subject for 
the first paper of the series as this plant possesses a comparatively 
simple type ot vascular cylinder and secondly because it enables us to 
draw up, as shall be seen later on, several preliminary conclusions.

Structure of the Shoot.

E xternal Form. Alternanthera sessilis is a small, prostrate, pro. 
fusely branched herb, common in waste places and as a weed of 
cultivation in some areas but generally growing in dense patches near 
water. The stem is terete but for two shallow grooves in the young 
state, one on either side. The leaves are arranged in an opposite and 
decussate manner. Both the mature stem and the leaves are perfect­
ly glabrous except for two lines of hair which persist in the two 
grooves on the stem for a long time. These grooves and lines of hair 
of an mternode are in a line with the pair of leaves below them and 
like the leaves, change their position in every adjacent internode to a 
plane at right angles to their former position. The hair are simple 
multicellular and unbranched. Besides the main primary root, ad­
ventitious roots are borne abundantly on the lower nodes of both 
the main stem arid the branches.

Structure o f the Leaf. The walls of both the upper and the 
lower epidermal cells are straight and not wavy as is usual in dicoty­
ledons. Stomata are present on both the surfaces but these are 
more abundant on the lower surface. The mesophyll is differentiated 
into spongy and palisade tissues and although the leaves appear to be 
fleshy externally, there is no distinct aqueous tissue. In the petiole 
there are a few layers of collenchyma just below the epidermis. Both 
the petiole and the midrib of the leaf are traversed by three vascular 
strands, which are the direct continuation of the three leaf trace 
bundles. These are not surrounded by any special sheaths.

Prim ary vascular system o f the stem. The cells of the epidermis
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of the stem are greatly elongated, being 6 to 10 times as long as broad 
except in the region of the grooves where they are not much longer 
than broad. Stomata are present in a large number on the stem but 
only in the grooves. Just below the epidermis there are usually two 
or three layers of collenchyma, except opposite the two grooves. The 
cells of the outer cortex are rather loosely arranged and contain 
chloroplasts. A more or less distinct endodermis distinguished by 
the presence of starch grains is present.

A section of an internode, a little behind the apex shows 
that there are 8 primary vascular bundles (Text-fig. l ) .  These 
have the usual structure, being collateral, open and endarch, but 
they are not all equidistant from the centre of the stem. Two of

Hi; 1.—T. S ai a very young internode, showing tbe 8 primary vascular 
bundles and the position of the primary cambium

In this, and the following diagrams, phloem is represented by dots, 
cam ium by a single line of cells, parenchyma white, lignified conjunctive tissue 
fv,' - lOUS elements of the xylem by black, primary xylem vessels by circles on 
the white back-ground and secondary xylem vessels by spaces in the black.

Fig. 2. Diagram showing the course of the primary vascular bundles in 
the stem. Darker lines represent the groove-opposed bundles and the dotted 
lines the medullary course of the bundles.

them, situated opposite the two externally visible grooves, are 
nearer the centre than the other six bundles lying on their sides. 
They are, however, all equidistant from the circumference of the 
stem and run in the same line throughout the length of an ioternode. 
On coming down to a node, however, the groove-opposed bundles fork

2
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to form the common ramular and foliar gaps on either side. Their 
forked halves receive the branch traces which have the form of two 
brackets in a transverse section, and some branches from the lateral 
bundles of the leaf traces on the outs:de and then run through the pith 
to meet each other. The remain og six bundles of the upper internocle 
also gradually pa3S inwards and join these. All of them coalesce and 
give rise to the two groove-opposed bundles of the lower internode, the 
remaining six bundles of which are formed by the new incoming leaf 
traces— each leaf trace consisting of three bundles. The whole course 
of the primary vascular bundles in the stem of Alternanthera sessihs 
as split down on one side and spread out in one plane is diagrammati- 
eally sketched in text fig. 2, where the darker lines represent the 
groove-opposed bundles, light lines the remaining bundles and the 
dotted lines the medullary course of the bundles. The point of en­
trance into the central cylinder of the three bundles making up the 
leaf trace is indicated by a curved line. In order to avoid confusion 
branch traces and branches from the lateral hundles of the leaf traces 
to the forked groove-opposed bundles are not shown in the figure. It 
shows that out of the eight primary vascular bundles of an internode, 
six are the direct continuations of the leaf trace bundles entering at 
the next higher node while the remaining two groove-opposed bundles 
are formed from all the primary vascular bundles of the next higher 
internode, branch traces and certain branches received from the lateral 
bundles of the leaf traces entering at the next higher node.

The Prim ary Cambium. The primary cambium or the first cambium 
in the stem of this plant becomes distinct very early in the history 
of the organ. Even two or three nodes below the apical growing 
point, as the cortex and the pith are differentiating by the enlarge­
ment and rounding off of the cells cut off by the apical meristem, and 
xylem and phloem have begun to be formed from the procambial 
strands, a layer of cells intervening between the cortex and the pith 
becomes distinct due to the different behavior of its cells these do 
not enlarge, their cytoplasm remains dense and nuclei large. In fact, 
this layer of cells does not lose any of the characters of the meriste- 
matic tissue and from its activation later on the first cambial ring is 
formed.

The position of this primary cambium in an internode with 
regard to the position of the primary vascular bundles is very inter­
esting. It i3 shown in text figs. 1 and 3. The;e figures show that 
the interfascicular cambium joins with the intrafascicular cambium 
of six bundles as in normal dicotyledons. But the interfascicular 
cambium fails to join with the intrafascicular cambium of the two 
bundles lying opposite the two grooves seen on the outside of the
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stem. This may be mechanically due to their position away from the 
ring inwards. The interfascicular cambium here bridges over the 
bundles—the two strips of interfascicular cambium on each side of 
the bundles here are united by a strip of extrafascicular cambium 
developed just outside their phloem in the region of the pericycle. 
In this way the first completed cambial ring in an internode of 
Alternanthera sessilis is partly normal and partly abnormal when 
compared with normal dicotyledons. It is made up of segments of 
intrafascicular, interfascicular and extrafascicular cambium.

All the parts of the primary cambial ring begin to function at 
the same time, but not in the same manner. The intrafascicular 
portions form xylem to the inside and phloem to the outside quite 
in the normal way, but it is not so with the extra fascicular and

Fig. 3. A part o f fig. 1 showing the position of the cambium in the region 
of the groove-opposed bundles.

Fig. i . — T. S. of an ordinary internode.
Fig. 5. An abnormal position o f the cambium oppos te a groove-opposed 

bundle.

inter-fascicular portions, The extra-fascicular portions of the primary 
cambium ring first cut off to the inside a few layers of cells, about 
five or six, which remain parenchymatous, enlarge, round off and 
merge into the ground tissue. Later on these form xylem to the 
inside and phloem to the outside. The growth in this region as com­
pared with the other portions of the cambial ling is very rapid and 
soon two collateral bundles o fxy 'em  and phloem are formed to the 
outside of the two primary groove-opposed bundles. The inter­
fascicular cambium similarly forms to the inside first a few layers of 
parenchyma which merge into the pith and later on fibrous inter­
fascicular tissue which connects all the primary vascular bundles and 
secondary bundles formed opposite the two grooves into one continu-
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OU9 ring oi lignified elements aud then after some time a few groups of 
xylem vessels here and there. To the outside, the interfascicular 
cambium forma only one or two layers of parenchyma except where 
it has formed xylem vessels to the inside Here it gives rise to 
phloem, so that collateral bundles are formed. The net result of this 
type of growth is the formation of a ring of vascular tissue which 
looks like the vascular ring of ordinary dicotyledons except that two 
of its bundles lack primary xylem and inside which two additioual 
bundles are situated (Te\t-iig. 1 . This is the structure of the ordinary 
internodes of the stem of Alterninthera sesscihs. The internal bundles 
run in the same line throughout the length of an internode but in an 
adjacent mternode they take up a position in a plane ad right angles 
to the one which they occupied before and thus assume a false 
resemblance with the true medullary bundles such a3 Dastur ( ) has 
described in the stem of Achyranth.es aspwa- They aro uot formed 
from pith cells but only assume a pseudo-medullary position due to 
the peculiar position and mode of activity of the primary cambial 
ring.

A few exceptional cases were noticed where the inter-fascicular 
cambium had joined the intra-fascicular cambium of the groove oppos­
ed primary vascular buudle3. This condition, however, in no case 
persists for a long time, such a cambium soon becoming inactive and 
replaced by a new are of cambium developed in the pericycle (Texfc- 
fig. 5). As all the cells cut off by this temporary abnormal cambium 
in the inter-fascicular region remain parenchymatous and merge into 
the ground tissue, uo record of its existence is left in the mature plant.

On the approach of a node, the inter-fascicular cambium begins to 
pass out and ultimately separates from the intra-faacicular cambium. 
The first complete cambial ring, in the rejion of the node, is entirely 
extrafascicular.

The phloem as usual consists of sieve tubes, companion cells and 
phloem parenchyma. There is no hard bast. The primary and the 
secondary phloem do not differ in structure and merge into each 
other The primary and the secondary xylem, however, can always 
be distinguished in a transverse section of the stem. The vessels of 
the primary xylem are scattered and separated by thxn-walled oells, 
while those of the secondary xylem are separated by fibrous elements 
of the same nature as make up the ligoined inter-fascicular tissue.

The Secondary or the Supernumerary Cambiums. A cross section 
of the base of the stem (Text-fig. 6) shows that here the vascular 
tissue is not arranged in a single r ng as in the ordinary brauches but 
there are a number of annular zones or rings of vascular tissue, one 
lying to the outside of another. All the rings may not always be



complete as there often appear smaller or larger segments here and 
there and so lead to the union and anastomosing of the different ring3. 
On the inner side of the innermost ring are situated the two apparent­
ly medullary bundles. The size of the vascular zones and the 
distance between the adjacent zones decreases as one passes to the 
periphery from the centre of the cross section. At the extreme outer 
end of the vascular cylinder, a multiseriate cambium is still active 
and forming new tissues.

Each ring is composed c.r numerous collateral bundles joined to ­
gether by fibrous conjunctive tissue and since this tissue takes the 
same stain as the xylem and the fibrous elements of the xylem are of 
the same type and there is no parenchyma in secondary xylem, the 
whole vascular zone looks like a complete ring of wood. The adjacent 
vascular rings are separated by parenchyma (Text-fig. 7).
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Fig. 6.—T. S. of the base of the stem.

The development of these vascular rings is due to the activity of 
a series of cambiums succeeding one another. We have previously 
seen that the first cambial ring or the primary cambium forms wood 
and conjunctive tissue centripetally and centrifugally phloem only in 
the vicinity of vessels and one or two layers of parenchyma in the 
inter-fascicular region. It is from these few layers of parenchyma 
that the next or the first secondary cambium takes its origin. Outside 
the fascicular regions since there is no such parenchyma the secondary 
cambium arises either from the pericycle or rarely from the phloem 
parenchyma itself.

Once initiated the secondary cambium functions like the 
primary cambium. Centripetally it forms in the beginning seve­
ral layers of parenchyma which separate the outer vascullr zone 
from the inner vascular zone and later on proceeds to the 
formation of the fibrous conjunctive tissue and xylem vessels at 
certain places. Centrifugally the cambium cuts of one or two layers 
of parenchyma, the ce'ls of which enlarge and round off a little but
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do not lose their radial arrangement. II 3 from these parenchyma 
cells that the next outer cambial ring takes its origin. The develop­
ment of the phloem may take place simultaneously with the differenti­
ation of xylem vessels but generally it is a little be'ated. Text-fig. 8 
shows that it is entirely centrifugal in its development from the 
cambium and it is formed only opposite to those places where the 
cambium has formed previously xylem vessels to the inside, so that 
collateral bundles are formed. After the differentiation of the xylem 
and the phloem, the cambium may persist in between the two, though 
never in an active state or may be used up in the formation of phloem

Fi_-. 7 .—A part of Pig 6, showing the tissues ot two vascular zones.
Fig. 8.— Diagram showmg the formation of phloem by a secondary cambium.
1 . 9.—Diagram showing the origin of a uew cambium.
Fi„. 10.— Diagram showing the tissues formed to the inside by the new 

cambium.
either in the very beginning or a little later. The next outer cambium 
is formed generally simultaneously with the formation of the phloem- 
It may be a httle belated in other cases. Every next outer cambium 
arises from the parenchymatous cells cut off centrifugal]y by the 
preceding cambium (Text-fig. 9) and functions in the same way, first 
forming centripetally a few layers of parenchyma and later on the 
lignified zone 1 W .  Rii 10) and centrifugaUy a few layers of 
parenchyma and phloem. All the supernumerary cambiums are not 
formed almost simultaneously as Artsqhwager (2) has described iq
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Beta vulgaris but the next outer cambium arises only when the 
preceding one has finished its activity.

Since all the cambiums arise from the cells cut off by the 
preceding cambium, they all stand in direct lineage with the first 
primary cambium aDd are genetically connected. This is clearly 
shown even by the arrangement of tissues in the mature condition- 
All the cells of the secondarily formed tissues whether parenchymatous 
or ligniiied starting from the inner extremity of the vascular cylinder 
and leading up to its outer extremity, where a multiseriate cambium 
is still active and forming new tissues, are in more or less radial rows 
(Text-fig. 7).

As every cambium cuts off a few layers of parenchyma centrifu- 
gally, these go on accumulating to the outside of the vascular zone 
and ultimately form a very prominent zone of radially arranged 
parenchyma separating the vascular cylinder from the primary cortex 
on the outside (Fig. 14, though from the root, shows exactly the same 
thing).

This is the normal course of events but some variations of great 
morphological interest may be mentioned. Ordinarily when a cambial 
ring becomes inactive, a complete ring or a big are of cambium is 
formed to its outside. Not uncommonly, however, the new cambium 
arises only to the outside of the phloem and becomes after a longer or 
shorter period connected laterally with the pre-existing interfasci­
cular cambium, the activity of which does not slacken and which 
goes on forming new tissues as before without any change in their 
destination. In this case parenchyma is formed only opposite the 
phloem, while on its sides lignified elements go on forming uninter-



rupted. This leads to the union of the 
various vascular rings by ligmfied elements 
in relation to the position of phloem (Text- 
fig. 11). Another variation though of not so 
great an importance but as common as the 
preceding one is that generally when any 
cambium has begun to form ligmfied ele­
ments after the formation of parenchyma­
tous ones, it goes on forming ligmfied ele­
ments alone till its activity comes to a 
stop. But sometimes lapse9 occur and in 
the midst of ligmfied elements one can very 
commonly see cells scattered or m larger 
or smaller groups which have not lost 
their parenchymatous character and have 
refused to become ligmfied.

The ligmfied ' uter fascicular-tissue . or 
the ‘ conjunctive tissue’ as it is called, of 
var’ >us vascular zones is of the nature of 
septate fibres. These are connected through 
various intermediate forms with the paren­
chymatous tissue that separate the different 
vascular zones (Text-fig. 12).

Inflorescence. The inflorescence of Alter- 
nanthera sessilis is a very small structure 
with only poorly differentiated vascular 
system. There is a ring of 4 -6  weak 
vascular strands in the axis from which 
traces to the spirally arranged flowers are 
given off.

Structure of the Root.
In its primary structure the root of Alter- 

nanthera sessihs resembles the o r d i n a r y  
dicotyledonous root, but in secondary thick­
ening it agrees in main with its own stem. 
A transverse section of the primary root 
just behind the apex (fig. 25) where the 
differentiation of the primary tissues is 
almost complete, shows an epidermis and a 
cortex of about five or six layers. There 

> la no distinct endodermis The central
1 3  \J

Fig. 12 —Elements of the conjunctive-tissue, showing a gradual transition 
between the parenchymatous and fibrous elements.
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cylinder is made up of a diarrjh xylem plate with alternating 
phloem groups and is bounded externally by a single layer of 
pericycle. The outermost cells of the xylem and the phloem directly 
abut on the pericycle. The phloem is separated from the primary 
xylem plate by a single l'ayer of parenchyma— the interstitial paren­
chyma. The development of the xylem can be very easily followed 
from a cross section. The protoxylem or the first xylem elements 
are formed at two places adjacent to the pericycle and situated directly 
opposite each other. Further differentiation proceeds centripetally 
until the two protoxylem points meet in the centre to form the primary 
xylem plate. All further formation of xylem is of secondary nature, 
being formed by the primary cambium.

The secondary and the adventitious roots both differ from the 
primary root in being triarch instead of diarch (Text-fig. 13), otherwise 
their primary structure and further secondary growth is exactly like 
that of the primary root.

13
Fig. 13.— A. part of the T . S. of a young secondary root showing the central 

vascular core.

The cambial activity in the root like that in the basal portion of 
tha stem embraces two phases ; (i) the differentiation and growth of 
the primary cambium and (ii) the development of the secondary 
cambiums. The primary cambium only forms the innermost central 
star-shaped core of vascular tissue, (figs. 13, 15, and 23), while the 
secondary cambiums form a large number of super-numerary vascular 
rings one after another (figs. 14 and 15).

The primary and the first secondary cambiums develop very early 
in the history of the root. A small seedling in which only the coty­
ledons have unfolded shows both these cambiums. The primary 
cambium arises by the axial elongation and tangential division of the 
parenchyma cells in between the primary xylem and the phloem 
(fig. 24). It becomes visible at first in the region of the two phloem 
poles but gradually extends laterally over the protoxylem poles. In
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the latter case, the divisions which give rise to the cambium, take 
place in the pencycle. This primary cambium develops xylem and 
phloem as any other cambium would do (fig. 23). rl he xylem 
developed from it unites with the metaxylem of the primary wood. 
The zone in front of protoxylem remains free from secondary wood. 
Here the cambium forms parenchymatous tissue only. These are the 
two primary vascular rays. The secondary phloem which is formed 
simultaneously with the secondary xylem, like the xylem becomes 
continuous with the primary tissue and indistinguishable from it. 
Such activity of the primary cambium leads to the formation in the 
.centre of the adult root of a bilobed vascular zone (fig. 15) or in the 
adventitious or secondary roots of a trilobed one. Secondary rays 
gradually begin to appear inside the secondary vascular tissue and the 
whole thing assumes the appearance of a star-shaped central core but 
two or three primary rays remain wider than any other that may be 
developed afterwards and at their inner ends the first protoxylem 
elements may be distinguished ( r o x t - t  13).

While the primary cambium is still active, the secondary cambium 
is formed outside in the pericycle opposite the phloem pcles and from 
a layer of cells cut off by the primary cambium to its cutside, opposite 
the protoxylem poles (fig. 23). These cells enlarge, divide again and 
again and so form a ring of collateral %Tascular bundles separated from 
the central core by several layers of parenchyma. The sequence 
of the formation of the various tissues is as fo llows: the secondary 
cambium first of all forms several layera of parenchyma centripefcally 
which separate the next outer vascular zone from the central'core and 
then xylem in certain restricted regions. Xvlem consists of vessels 
and fibres. Centrifugally it form3 two or three layers of parenchyma 
which are the seat of origin of the next outer cambium and phloem 
opposite the xylem strands. The inter-fascicular tissue all remains 
parenchymatous For this reason a ring of collateral vascular bundles 
separated by parenchymatous rays is formed. All the next outer 
cambiums arise as the activity of the preceding one comes to an end 
from the cells cut off centrifugally by the preceding cambium as in 
the stem and so stand ia direct iineage with the first secondary 
cambium.

Each of these cambial rings functions like the first secondary 
ca m b iu m  as described above. But one change takes place in the 
nature of the inter-fascicular tissue as one proceeds from the inner­
most vascular ring towards the periphery. In the innermost rings 
the individual vascular bundles are separated from one another 
by parenchymatous inter-fascicular tissue (fig. 15) but as one passes 
to the exterior the various bundles of the rings begin to be joined by



lignified elements of the nature of septate fibres, as is the casein all 
the rings of the stem (figs. 14 and 15).

The phenomena of secondary growth in the hypocotyl are like 
those o. root and the stem, showing a gradual transition between the

l a t h e  stem the periderm is formed only in the basal portion In 
the root, however, ,t is found in every part and develops very early in 
the oistory of the organ, by the conversion of cells just below the 
epidermis by tangential divisions into a band of merisfcematic tissue 
tne phellogen or the cork-oambium. From this cork-cambium are 
formed by reciprocal division cork cells to the outside and phelloderm 
cells to the inside The number of the latter, however, is very meager 
compared with the number of the cork cells, since the forLer f re 
constantly sloughed off and must be replaced. On the whole the

cells Z r nB a VCrJ' fchl“  lay6r ° f Sub0rized cells' beinS I^s  than ten

Clustered crystals of calcium oxalate area common feature of all 
parts of the plant.

Th J S v  inSeC>tS T : C° mmonly attack thi  ̂ Plant in Lahore 
These bore through and destroy the vessels. The plant reacts to m oh
injury, by the formation of cork round the affected bundles.

Structure o f the Seedling.
The seedlings of Alternanthera sessilis show as usual four parts 

nan,. y. 6k . c o t , l « ,  , b ,  portion. the hyp
and lb .  tp , . The cotyledons are elliptical „ th “
the base to form a short petiole and stomata are present on S T m. 
sur/aces. Thei, a a o * , l l  j ,  io[() S A
tissues. T h , two are ho waver, commonly separated b ,  
regular one two or three layers of nonchlorophyIleus cells which are 
somewhat elongated parallel to the surface of the blade (fie 161 Tn 
•■he centre of the midrib is situated a single collateral bundle ^hich 
give, off lateral branches. The latter run in the parenchvmatous 
cells intervening between the palisade and spongy tissues which
seem to act as a sort of sheath for these lateral branches of the 
central bundle.

At the base of the cotyledon, its single median bundle divides into

f Kg A l  *6 bT  Phl08m ^  the metaxylem ^ lv e s  move wide 
apart but the protoxylems curve outwards (fig. 18), and form an exarch
x3 .em plate which is the direct continuation of one of the protoxylem
poles of the root. In this way when the cotyledons join the axis
their vascular supply consists of two collateral bundles and a sma
exarch xylem plate in between the two (fig. 19.)
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The epicofcyledonary traces do not take any essential part in the 
root-stem-transition but merely attach themselves to the cotyledonary 
traces either very abruptly (fig. 20) or step by step, the epicotyledon- 
ary traces first uniting among themselves and then fuBing with the 
cotyledonary traces (fig. 21). The root structure is formed by the 
inward progression and meeting in the centre of the exarch xylem 
plates which have already been differentiated in the cotyledons (figs. 2J 
and 23). The phloem portions of the cotyledonary traces move towards 
the sides of this xylem plate and those o£ the opposite cotyledons join 
and so give rise to a diarch primary cylinder.

Summary.

1. The stem o£ Alternanthera sessihs possesses in addition to the 
ordinary ring of bundles, two additional bundles situated internally to 
the former. These bundles run in a straight line throughout the length 
of an internode but in every adjacent internode they always arrange 
themselves at right angles to their former position, ]ust as Dastur has 
described in Achyranthen aspera. The internal bundles of Alter nan- 
thera sessihs, however, unlike those of Achyranthes aspera, are only 
apparently medullary. Near the growiDg point there are no bundles 
internal to any other bundles. Their formation in the mature stem 
results from the peculiar position of the first cambial ring (which is 
extrafascicular opposite two of the bundles of the primary vascu’ ar 
ring that later on become the internal bundles and normal in the rest) 
and its mode of functioning,— forming first several layers of paren­
chyma before forming lignified elements.

2. At the node the internal bundles fork and their forked halves 
after receiving the branch traces, certain branches from the lateral 
bundles of the leaf traces and one by one the rest of the primary 
bundles of the upper mternode, run through the pith in opposite 
directions to meet each other and so give rise to the iternal bundles 
of the lower internode in a plane at right angles to their former posi­
tion. The rest of the primary bundles of an internode are the leaf 
traces entering at the next higher node.

3. In the ordinary branches of A, sessihs all the vascular tissue, 
except the two internal bundles, is arranged in a single ring. But at 
the base of the stem and in the root several concentric rings of vascu­
lar bundles are formed by a succession of secondary cambiums, each 
arising from cells cut off to the outside by the preceding cambium.

4. The conjunctive tissue in the stem of this plant in all the 
vascular rings is fibrous, while in the root it is parenchymatous in the



inner and fibrous in the peripheral rings. The fibrous tissue is con ­
nected through various intermediate forms with the parenchymatous 
ground tissue that separates the different rings.

5. The chief feature of the stem-root-transition is that the 
single cotyledonary bundle divides into two and these in between 
themselves form the protoxylem poles of the root even at the base of 
the co ty le d o n  itself.

In the end, the writer wishes to express his appreciation and 
feelings of gratitude to Prof. S. E. Kashyap, for his great help and 
many suggestions and criticisms given throughout this investigation.

o r. i "dgeon* he is also indebted for several suggestions.
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Explanation o f  the Plates.

P l a t e  I .

Fig. 14. Outer portion of the transverse section of an old primary 
root. 1

Fig. 15. Central portion of the same.

P l a t e  I I .

Fig. 16. Transverse section of a cotyledon of the seedling.
Figs. 17, 18, and 19. Transverse sections of the base of the cotyledon 

at various^ levels from above downwards, showing 
the branching of the cotyledonary bundle and form­
ation of an exarch xylem plate.

Fig. 20. Transverse section of the hypocotyl region of a seedling

21' Transve™  section of the hypocotyl region of another seed- 
hng.

Fig. 22. Transverse section of the hypocotyl at a lower level than in 
figs. 20 and 21.

Figs. 23, 24, & 25. Transverse sections of the primary root of a seed- 
m g; fig. 25, just behind the apex, showing the 

primary structure ; fig. 24.. further behind than fig. 25 
showing the origin of the primary cambium ; fig. 23 
still iurther behind, showing the result of the activity 
of the primary cambium and the origin of the first 
secondary cambium.
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