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ABSTRACT

The paper gives an account of the structure of adult root in 37 species of palms repre-
senting all important subtribes of the Palmeae except the Mauritieae of which the material
was not available. The relative importance of anatomical characters of these species has been
omphasized and a discussion as to their value in the diagnosis of species on anatomical basis
has been given. It has been suggested that hypodermis, air cavities and fibre bundles in the
cortex which are of three types-Phoenix, Arece and Hyophorbe, nests of sclereids on endoder-
mis, characters and nature of stele, monostelic or polystelic, its configuration due to lignifica-
tion of the conjunctive parenchyma, thickened, or unthickened central pith, presence or absence
of medullary bundles in it, are features highly characteristic in each species and can be depended
on for the purposes of analysis of palm species on the basis of their anatomy. This aspect of
the work has been fully discussed on pp. 92-93. It has been further suggested that since many
of these characters are of a stable nature, they can be used for the analysis of the articifical genus
of palm roots, “Rhizopalimoxylon’.

I, INTRODUCTION

Palms form characteristic vegetation of coast linc throughout tropics and oceanic
islands. They are an ancient family ranging from Triassic to Modern period, a
number of them having had flourished in the Tertiary Flora of many lands. Most
of the living palms are concentrated in the Indo-Malayan region in the Old World
and in the tropical islands of the New World. Studies on them are fascinating
as they have woody, arborescent habit, primitive floral characters, economic
importance, besides their availability as fossils in the Tertiary horizons all over
the world. Solereder and Meyer (1928) have summarised work on the anatomy
of living palms till 1928 dealing with stem, leaf, epidermis and roots, while a review
of literature on fossil palms till 1943 has been given by Stockmauns and Williere
(1943), and by Mahabale (1958). Stray references to their anatomy as mono-
cotyledons are also available in Arber (1922), Cheadle (1941, 1942, 1943a, 19435,
1944, 1953), Bailey (1944), and others, but there is no connected account of the
group as & whole. The senior author and his associates have also been working
on palms for the last. 12 years and the main findings have been published from
time to time (Mahabale and Udwadia, 1953; Mahabale and Chennaveeriah, 1953,
and Mahabale, 1958). Much of this work deals with morphology, anatomy of
vegetative and floral parts, and cytology. The present paper deals with the anatomy
of roots in 35 species of living palms belonging to 10 genera, 20 of which have not
been previously described. They are, therefore, described in detail here.
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Roots in palms possess some peculiar features such as the so-called polystele
due to dissolution of stelar system into strands of various shapes, changes in their
anatomy due to varied habitats, ete. Some of these feaures are characteristic
of certain genera and species and they help in identifying thtm on the basis of their
anatomy. Anatomy of roots in living palms has been described by Von Mohl
(1849), Gillain (1890), Cormack (1896), Drabble (1904), Schoute (1912) and Bower
(1923), whereas, Stenzel (1904}, Sahni (1938), Gothan (1942), Stockmans and
Williere (1943), Shukla (1946) and Ogura (1952) have described it in a few fossil
species.

II. MATERIAL AND METHODS

The roots of palms generally arise from the basal part of a tree trunk where
they form a dense net-work surrounding it. They are adventitious in origin and
pierce their way from below the bark and enter soil. Some of them are long asd
reach a distance of about 40’ as was observed by Yampolsky (1924) in Elazis
guineensis. Some of them become thick and mechanical in function and run
obliquely and serve as prop or stilt roots as those in Rhizophora or Pandanus.
Others are small and grow downwards and serve as absorbing organs. The prop
roots also on reaching soil send out smaller roots. In some palms the secondary
roots grow vertically upwards and form preumatophores e.g., in Verschaffeltia
splendida, Phoenix sylvestris, Phoenix humilis, Elaeis guineensis, etc. Others do
not enter soil at all, but form an aerial jacket around the tree trunk at one or two
places. The origin and gross structure of such roots has been discussed by Von
Mohl (1849) and later by Cormack (1896) and Drabble (1904), but in the present
paper only the structure of adult aerial and underground roots in transverse section
has been given without entering into discussion as to their origin.

As a general rule, anatomically the roots of palms are highly complex at the
point of their origin from a stem, but get simplified later towards the growing
point as they emerge from the cortex of stem and enter soil. A growing root,
therefore, when sectioned in series at different lengths from its apex back to its
origin in the stem ecortex, it presents different appearance at different places,
besides the changes it shows in adaptation to its habitat, and thus a good deal
of variation in structure is found in palm roots, sometimes even in the same species,

In the present work both wild and cultivated species were investigated. The
roots soon after collection were cut into 10-15 micra thick sections with the help
of a Leitz’s Table Microtome, as the fixed material in palms gives rather unsatis-
factory results. For studying anatomical structure, each root was sectional in
proximal, middle and distal portions two to three inches away from the point of
its origin. In many palms distal and middle parts of a root remain underground,
but the proximal part is exposed to air. Both young and adult roots were sectioned,
but the sections of only middle part of adult roots were selected here for compara-
tive study. Sections so cut were fixed in formalin-acetic-alcohol (Alcohol 95 per-
cent 90 c.c., Commercial formalin. 5 c.c., Glacial acetic acid, 5 c.c.) for 2-3 days,
washed and stained with alcoholic safranin and light green dissolved in clove oil.
After dehydrating they were cleared in xylol and mounted in semi-fluid Canada
balsam till dried in an oven, adding a little weight on slides for uniform drying.
They were sketched with the aid of Zeiss Camera lucida at the level of the stage
at magnification indicated separately against each figure. ’

ITI.. Kmwps or Pam Roors
All palm roots as stated above arise adventitiously from stem. For the pur-

poses of understanding they may be classified as follows .—
(1) Large-sized aerial roots funcltioning as prop roots . -
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These are stout and plagiotropic and extend over a long distance. They
produce secondary or tertiary roots in soil later, e.g., in Areca catechu, FElaeis
guineensts, ete.

(2) Cluster-forming aerial roots :

These arise from below the rind of trunk, in basal or epibasal region, a little
above the ground and form a thick jacket of roots around the tree trunk once,
rarely twice as in Hyphaene indica. They grow downwards at various angles.

(3) Preuwmatophores :

Some roots arising from the above two categories, and in some species those
arising from below the tree trunk, very close to the ground, produce negatively
geotropic roots which function as pneumatophores, e.g.. in Verschaffeltia spendida,
Phoenix  paludosa, Phoenix sylvestris, Elaeis guineenis, ete. In Verschaffeltia
splendida they look like the stilt roots of magroves but in Phoeniz species they are
small and grow near the surface of soil and look like coralloid roots of Cycas.

Gillain (1890), Haberlandt (1914), Yampolsky (1924), d’Almeida and Correa
(1949) consider them to be true pneumatophores, but this view is not shared by all.
They occur in the above palms which are dwellers of xerophytic habitats. Pre-
sumably the ancestors of these palins were growing on coastel streams in the past
and migrated to their xeric habitats later, and, thereforc, the habit of forming
pnenmatophores is lingering in them.

(+) Normal absorbing roots :

These arise as secondary or tertiary roots on the underground parts of any

of the above three kinds. They are comparable with the absorbing roots of other
lants.

P Anatomically all these roots differ from one another. A normal absorbing
underground root has a thin limiting layer, epiblema, generally without root hairs.
It has 2-3-layered hypodermis, the middle layer being thin. The cortex is large
and parenchymatous with or without fibre bundles (¢f. Figs. 5, 10, 13 and 26). In
the middle part of cortex, air spaces of different size and shape are formed
lysigenously, except in Nipa where they are formed schizogenously. The inner
cortex is made up of small cells abutting on endodermis, sclereids, and some mela-
nogenic cells. The outer cortex contains many rephide sacs lined by epithelial
cells of parenchyma. Endodermis is generally one-layered, but in negatively
geotropic pneumatophores, it may be two-layered. Pericyle is single-layered.
20-30 xylem and as many phloem strands alternate with each other and lie radially
below it. The conjunctive parenchyma is highly lignified, but the pith in the
centre is generally unthickened. The outer fringe of central pith is thrown into
folds of various shape. Medullary bundles occur in it sometimes.

The large-sized aerial roots and prop roots retain essential anatomical features
of normal absorbing roots, namely, lacunar cortex. thick-walled conjunctive
parenchyma of the stele, thin-walled central pith, medullary bundles, cortical
fibre strands, ete. but the air spaces in middle cortex increase in size, especially
in their underground parts, and the limiting layer and hypodermis are not heavily
thickened. The secondary and tertiary roots have compact tissues. Conjunctive
parenchyma in them is strongly developed and is thick-walled. The central pith
18 many-layered and extensive, partly or fully thickened.

In preumatophores arising from large-sized secondary aerial or underground
roots, epiblema or the limiting layer, is thick-walled and lenticular. Hypodermis
is 10-12-layered, but is not thick-walled. Cortex is non-lacunar and is full of
fibre strands. The stele has a smaller number of xylem and phloem strands, about
20, arranged radially. The conjunctive parenchyma completely fills the central
cavity. The central pith is unthickened in them as in ordinary absorbing roots.

4
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Anatomically thus, barring little lenticular openings on them, described as pnreu-
mathodes by Haberlandt (1914), and their negative geotropic growth, there is little
to suggest that they are different than true roots. Presumably they are not
exactly the same as the pneumatophores of mongroves or the coralloid roots
of Cycas, with which they resemble in appearance. Some of them even develope
chlorophyll in outer and middle layers of cortex below hypodermis, possibly on
being exposed to sunlight as do the aerial roots of Vitis or Z'inospora or the pneuma-
tophores of Awvicennia.

Keeping these general characters of palm roots in mind, we shall now describe
the structure of roots in different species and discuss points of general interest
emerging from them at the end later.

IV. DESCRIPTIVE

The family Palmae is divided into five tribes and seven sub-tribes by Drude
(1887) of which Coryphineae is the first. It is further sub-divided into Phoeniceae
and Sabaleac. From the sub-tribe Phoeniceae five species of Phoeniz were studied.
Of these Phoenix sylyestris has been described as a type for all palm roots and
differences shown by other species, viz., Phoenix zeylanica, Phoenix rupicola,
Phoenix paludosa and Phoenix dactylifera are indicated briefly.

Phoeniz sylvestris Roxb.

This common Wild Date Palm of India grows on moist ground throughout
dry districts along the banks of streams and water courses and in the hills upto
about 6,000". Soon after germination, the primary root perishes and is replaced
by adventitious roots arising from the stem. There are three types of root in it
as reported by d’Almeida and Correa (1949): (i) The stout adventitious roots
arising from the basal portion of the trunk growing obliquely in soil; (i) Negatively
geotropic ones growing as tough laterals given out by the stout adventitious roots
near ground, and (#) thin, branched roots also given out by stout adventitious
roots forming a jacket around the trunk. These have no special direction of growth.

A transverse section of aerial portion of adventitious root, 2.7 m,ms. in dia-
meter, has epiblema with large cells and dark contents. Epiblema is cu’oicula,rised,
or lignified and is without root hairs (Fig. 1). The epiblema has been termed by
differant. anthors as epidermis, periderm, rhizodermis, limiting layer or piliferous
layer. Drabble (1904) feels that termn ‘Limiting layer’ is better since epidermis
in palm roots or the piliferous layer, as a rule, has no hairs, On the other hand,
Haberlandt (1914) prefers calling it as ‘periderm’. In the present study, the
term limiting layer or epiblema is used in a non-committal sense.

The epiblema often shows small warts and cracks. The hypodermis here is
replaced by a mass of thin-walled spongy tissue which acts as pneumathodes accord-
ing to Haberlandt (1914) and is common to many other palms also.

Below epiblema lies lignified hypodermis, with a strip of thin-walled paren-
chyma and two layers of lignified hypodermis. According to Drabble (1904),
the intervening layer of thin-walled parenchyma is due to centrifugal thickening
of cells in the outer and inner zones of hypodermis, leaving a strip of unthickened
cells in the middle (Fig. 22, mh). The outermost thickened layers here form the
tegmentary system of root (Drabble, 1904).

Below hypodermis lie the large cortex of thin-walled round cells with fibre
bundles (Figs. 2 and 4). As-a rule it has three regions : the outer, middle and inner.
A fibre bundle in the cortex is circular, surrounded by silica crysta.ls the stegmata,
arranged in discontinuous longitudinal rows. It forms a type of fibre bundle by
itself, the Phoeniz-type, called as Raphia-type by Drabble (1904) so as to include
genera Raphia, Pinangs, Phoeniz, Metroxylon, Dictyospermum and Seaforthia
under it. The fibre bundles in the following additional palms may also be classified
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under the Phoeniz type, namely, Corypha, Hyphaene, Caryota and Martinezia
(see Figs. 13, 28, 34 and 66). They probably secure extensibility of main roots
anchoring plant to the ground.

Raphide sacs containing acicular crystals and a few tannin and mucilage cells
are also present in the middle cortex.

The central vascular cylinder is so constructed as to ensure pliancy combined
with tensile strength. The polyarch exerch stele has 17 arches of xylem and
pholem.

The lignified endodermis is one-layered and belongs to Russow’s “C” type
described by Haberlandt (1914). Exodermis is not much thickened whenever
present, Pericycle is one-layered but at places two-layered. Xylem and phloem
lie radially in thin-walled conJuctlve tissue, the rest of it being hgmﬁed The
central pith is small about 75.

The secondary roots arising from the large pull roots are circular, about
4.120 mmes. in diameter (Figs. 2, 3). They differ from the aerial roots described
above in having distinctly lacunar cortex, full of lysigenously formed air cavities.
In larger roots these air spaces enlarge further by disintegration of cells, always
noticeable at their boundaries. Remains of some partially dissoved cells are seen
in Kentia, Metroxylon rumphii and Phytelephas macrocarpa.

An incomplete ring of pigmented cells, containing tannin, is seen in the inner
cortex. This was not observed by Drabble (1904). The stele here consists of
36 arches of xylem and phloem. The protoxylem cells get thickened before the
metaxylem (see Cheadle, 1943a). The vessls are spread centrifugally. The large
scattered vessels appear first, followed by smaller metaxylem cells and protoxylem.
According to Buscalioni (1902) and Pirotta (1902), as cited by Drabble (1904),
this is so in several other monocotyledons also.

The phloem strands are slightly broader towards the central pith and taper
towards pyricycle. They lie in & single series alternating with xylem strands.
The endodermis and pericycle are similar to those in larger roots. Generally one
medullary bundle of hydrocentric type is present in the central pith. It consists
of a metaxylem cell surrounded by phloem ring and lignified conjunctive tissue.
Several such medullary bundles have been reported in the central pith of root in
this species by d’Almeida and Correa (1949), though Drabble (1904) had not seen
them in this species. '

Phoenix zeylanica Trimen

This date palm is common in moist places in Ceylon.

A transverse section of aerial portion of an adventitious root is cucular about
7.680 mms. in diameter in the middle part (Fig. 4). The outer-most limiting layer
has no hairs. Its cells are lignified and have dark contents as in P. sylvestris.
Below it lies lignified hypodermis followed by a large cortex with thin-walled
rounded cells and fibre bundles of the Phoeniz-type. :

The air-spaces in the middle cortex lie in 2-3 rows. Raphide sacs, tannin
and mucilage cells are also present as in P. sylvestris. The ring of pigment cells
in the inner cortex is incomplete. The endodermis and pericycle are similar to
those in P. sylvesiris. ' '

The stele consists of 47 arches of xylem and phloem radially placed in thin-
walled conjunctive parenchyma. The remaining part of conjunctive parenchyma
is lignified. The phloem strand is elongated, slender and conical. It is narrower
and longer than P. sylvestris.

The central pith, 1.040 mm. wide, is made up of thin- wa.lled round cells with
three medullary bundles. Each medullary bundle has a large xylem-vessel in the
centre, and a few protoxylem vessels along the large ones. Drabble ( (1904), and
Haberlandt (1914) -had not seen them in their material,
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The exact nature and function of the medullary bundles is controversial.
Drabble (1904) is of opinion that some of the more internal procambial strands which
do not enter into the fibrous ring of conjunctive prenchyma during development,
persist only as medullary strands, each presenting proximally a radial structure
with xylem and phloem developed well but reduced distally. Thus we find :
(1) strands containing only a few xylem vessels accompanied by one or more phloem
groups, or (2) one or two large vessels with a few smaller ones unaccompanied by
phloem, or (3) a single large xylem vessel without a smaller vessel or phloem. The
last mentioned two types are more common in Phoenix.

Haberlandt (1914) is of opinion that the medullary bundles occur as accessory
strands within the primary central vascular cylinder of a root and serve in the
first instance in transportation of material to the whole length of that organ, at
any rate over a considerable distance of it.

Phoenix rupicola T. Anders.

The slender stem of this most handsome species has no girdle of aerial roots
as in two previous species. It grows on rocks in Sikkim Himalayas, Assam and
Mishmi Hills.

A transverse section of an underground adventitious root, about 7.120 mms.
in diameter, has epiblema and hypodermis as in P. sylvestris (Fig. 5). The cortex
consists of thin-walled round cells with fibre bundles of the Phoenix type. Air
cavities in the middle cortex are arranged in 2-3 rows. Raphide sacs, tannin and
mucilage cells are also present in the cortex. The ring of pigment cells in the
inner cortex is incomplete. The circular stele has 43 arches of xylem and phloem.
Endodermis and pericycle are as in P. sylvestris. The xylem strands are “V’-
shaped, metaxylem being embedded in the lignified conjunctive parenchyma. The
central pith, about 960y, consists of thin-walled round cells with a few air cavities.

Phoeniz paludosa Roxb.

This sub-arboreous, gregarious palm grows on esturial shores from Bengal
to Burma, and in Andaman Islands. Tt forms a considerable portion of impene-
trable woods in Sunderbuns, Amherst, Moulmein, Penang, Siam and Cochin-China.

A transverse section of an underground adventitious root, about 8.480 mms.
in diameter, has epiblema and hypodermis as in P. sylvestris, but hypodermis is
comparatively narrow (Figs. 6-7).

The outer cortex consists of thin-walled round cells with little intercellular
spaces. Middle cortex is made up of highly elongated cells, 404X 28u, not seen
in other species. Air cavities in the middle cortex are very large, due to its halo-
phytic habit. Fibre bundles are of Phoenixz type. Raphide sacs, mucilage cells
and tannin cells are present in the cortex. The stele is circular and consists of
45 arches of xylem and phloem. Endodermis and pericycle are as in P. sylvestris.
The xylem and phloem strands are radially disposed, partly in thin-walled con-
junctive parenchyma. Rest of the conjunctive parenchymsa is lignified. The
central pith, about 12004, is slightly lacunar; and three medullary bundles with
melaxylem cavities (Fig. 12) are present in it.

Phoeniz dactylifera L.

This edible date-palm has a large trunk, often surrounded by a dense mass
of root-suckers, a foot above the ground. It is cultivated or self-sown in Sind
and Southern Punjab and thrives best in arid, rainless regions of North Africa
and West Asia. .

A transverse section of the aerial portion of an adventitious root, 6-80 mms.
in diameter, has epiblema with dark contents (Fig. 8). The limiting layer is broken
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at places by pneumathodes. Below it is seen, as in P. sylvesiris, cortex with air
cavities, fibre bundles of the Phoenix type, raphide sacs, tannin cells and mucilage
cells. An incomplete ring of pigment cells is present in the inner cortex. The
stele has 25 arches of xylem and phloem radially disposed separated from each other
by conjunctive parenchyma completely sclerosed nearly to the centre of the section
(Fig. 8). A few passage cells are seen opposite the protoxylem groups in endoder-
mis. According to Drabble (1904) no such passage cells ocenr in the underground
region of the roots in this species. Occasionally xylem strands are “V’.shaped;
a few are “I”.shaped. Phloem strands are generally large. but when small. they
lie between the arms of “V”.shaped xylem. The pith, 2404 widé, consists of thin-
walled round cells. No vessels getting abstricted in the pith as those seen by
Cormack (1904) and Haberlandt (1914) were noticed here.

Chamaerops humilis 1.. Hort.

This Dwarf Fan Palm varying 5-15" in height, is the only palm indigenous
to Europe and grows.in countries bordering the Mediterranean Sea.

A transverse section of underground portion of the root, about 4640 mms.
in diameter, has epiblema of thick-walled cells with dark contents (Fig. 9). Below
it lies large hypodermis of lignified cells and cortex of thin-walled round cells. Air-
spaces in the middle cortex are arranged in 3—4 rows. Raphide sacs, tannin cells
and mucilage cells are present in the cortex. An incomplete ring of stone cells
and pigment cells occurs on the inner cortex. Endodermis is continuous, lignified
and of “C”-type. Passage cells lie over the protoxylem elements. Pericycle is
one-layered. The stele has 36 arches of “I”~“V” or “Y"’-shaped, xylem. phloem
lying in their midst. The phloem strands are oval and elongated, their broad
side lying towards the centre. The conjunctive tissue is thin-walled towards
periphery but lignified towards the central pith, 2404, with round cells without
air-cavities,

Trachycarpus martiane H. Wendl.

This tall slender palm of Central Himalayas, Eastern Kumaon and Upper
Burma has a network of underground adventitious roots.

A T.8. of old underground root measuring 6.960 mms. in diameter has a limit-
ing layer as in the previous species (Fig. 10). There is a broad band of hypodermis
having three distinct zones. The cortex consists of oval or round thin-walled
cells and small triangular intercellular spaces. It also includes mucilage cells and
nunierous raphide sacs. A complete wavy sheath of sclerenchma surrounds endo-
dermis of the “C"’-type. One-layered pericycle is lignified over the phloem strands
but is unlignified over the protoxylem strands. The stele is 35-arched. Xylem
and phloem strands lie radially, separated by sclerosed conjunctive tissue. The
xylem groups are “I’’- or “V”’.shaped, with phloem strands lying in between them.
The innermost cells of the xylem strands, sometimes separated by a row of lignified
parenchyma, are very large and they form a conspicuous row of cells below the
regular metaxylem cells. Central pith measures 640y, its cells being thin-walled
and round. Air cavities, mucilage cells and tannin cells occur in it.

Rhapis flabelliformis Ait-Hort.

This Dwarf Ground Rattan, with stem 5-6’ high and as thick as thumb, is
ensheathed by reticulate persistent bases of oldern leaves. It is native of South
China and Loochoo and is cultivated in many parts of India and Europe.

A T.8. of the underground root is about 3.290 m.ms. in diameter. Its limiting
layer and hypodermis are lignified. A few raphide sacs and mucilage cells are
present (Figs. 11, 12). The cortex has oval or round, thin-walled cells with inter-
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cellular spaces. The air cavities are arranged in 1-2 rows. Endodermis is of
“C”.type, and pericycle one-layered. The stele consists of 55 arches, xylem and
phloem lying on separate radii. A few large metaxylem cells lie apart from proto-
xylem centripetally. Whole of the vascular tissue lies in a sclerotic ring of con-
junctive tissue and is zig-zag in outline internally. Xylem strands are “I”., “V”.
or “Y”’-shaped, phloem lying in their midst. The central part of the root is occupied
by unlignified pith, 1,2804, with raphide sacs, and 8-9 medullary bundles having
metaxylem cavities (Fig. 12): a few of them even touch the sclerotic ring of con-
junctive parenchyma. The central pith has no air cavities.

Corypha winbraculifera L.

This Talipot Palm 8'-16’ high with large palmate leaves is common in Ceylon
and Malabar coast. According to Drabble (1904), there are two types of roots in
this species : (1) Large contractile roots with transverse wrinkles on outer surface of
the whole root and (2) non-contractile roots. Both these roots were examined,
but they showed very little variation in their internal structure. The present
study describes non-contractile roots.

A T.S. of an underground non-contractile adventitious root, about 11.680 mrms.
in diameter, has 40x epiblema made up of lignified cells with dark contents
(Figs. 13-20). Large hypodermis of lignified cells adds to the mechanical strength,
Air cavities in the cortex are arranged in 7-8 rows, and fibre bundles of Phoenix
type occur in the cortex (Figs. 13-19). Raphide sacs (Fig. 19), tannin cells and
mucilage cells are also present. There is an incomplete ring of pigment cells in
the inner cortex (Fig. 20). The central vascular cylinder is highly elaborate, con-
sisting of one-layered endodermis with Russow’s “C”-type of thickening (Fig. 20).
Pericycle is one-layered. The stele consists of 55 arches. Xylem and phloem are
embedded in the conjunctive tissue which is thin-walled towards the outer side
and lignified partly below (Fig. 20). Xylem strands are I-shaped. Phloem strands
are solitary, or at places split into two Ilongitudinally or transversely, and are
bridged by conjunctive sclerenchyma (Fig. 13). The pith, 5.760 mms. in diameter
consists of fairly large cells, 160 x96u. with compeact 70 medullary bundles of
different kinds. Of these, 18 medullary bundles were leptocentric (Fig. 18), their
phloem having been surrounded by conjunctive tissue. A few of the phloem
bundles were fused (Fig. 16). 46 medullary bundles were hydrocentric (Fig. 14),
each with a xylem strand in the centre surrounded by a ring of phloem and con-
junctive tissue outside. A few bundles of this type also were fused (Fig. 15).
The remaining 6 medullery bundles were compound; the leptocentric and hydro-
centric bundles having been fused together (Fig. 17). Besides these bundles fibre
bundles of 4reca type are present in the pith (Fig. 13). The fibres were generally
collected in masses of irregular shape. They were short. Their walls were thin
and lumen large. Drabble (1904) noticed the same in Kentia, Areca, and Cyrtos-
tachys. In addition to these Chrysalidocarpus lutescens, Howea belmoreana and
Arckontophoemx cunninghamit also have Areca-type of fibres. Air cavities were
present in the pith. Drabble (1904) who had described this specles had not noticed
different kinds of medullary bundles or the fibre bundles. o

Licuala peltata Roxb.

The lower portion of this gregariously growing palm is marked with the scars
of fallen leaves. It is common in Sikkim, Assam, Burma, Andaman Islands and
is cultivated in gardens.

A T.8. of an underground root is about 3.808 mms. in diameter, with a limiting
layer having thick-walled tabular cells as those in exodermis (Figs. 21, 22). Hypo-
dermis is broad consisting- of three zones, The outer and inner zones have lignified
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cells but the middle one is thin-walled (Fig. 22). The cortex has two types of
cells : oval, round, thin-walled cells, 48 x43x, and thin-walled, elongated cells,
160X 100x. Air cavities are arranged in 2-3 rows. They are elliptical and lysign-
ously formed. An incomplete ring of sclereids and pigment cells are present on
the inner cortex (Fig. 31). Several rahide sacs, mucilage and tannin cells occur
in the cortex. Xndodermal cells are of “C”-type. Pericycle is highly conspicuous
being interrupted by thin-walled cclls near protoxylem strands. 37 arches of
xylem and phloem “I”- or “V”’-shaped lie radially in a sclerotic ring of conjunctive
tissue. The central pith, 400 x 8004 makes several incursions into the conjunctive
parenchyvma, and has a single medullary buidle of hydrocentric type.

Licuala grandis H. Wendl.

This palm of New Britain is introduced in Indian gardens.

An underground root of this palm is 5.360 mms. in diameter in the middle.
Its epiblema is similar to that of L. peltata (Fig. 23). Hypodermis is lignified and
has two equal parts : the outer with dark contents and inner without them. The
cortex is made up of oval, thin-walled cells, and 2-3 rows of air-cavities. An
incomplete ring of sclereids and pigment cells are present in the inner cortex.
Raphide sacs, mucilage cells and tannin cells occur throughout the cortex. The
stele consists of about 36 arches of xylem and phloem. The endodermal cells are
of “C”-type without any passage cells. Pericycle is completely lignified. Xylem
and phloem strands lie on different radii in the sclerosed conjunctive tissue. Large
metaxylem cells lie in its ridges with no thin-walled parenchyvma around them.
In thicker roots phloem strands are like those in . wmbraculifera and are arranged
in two series with large and small phloem strands. The central pith is 1.792 mms.
and has 7 or 8 medullary bundles each having metaxylem cavities. A few raphide
sacs, mucilage cells and air cavities are also present in the pith. Some of the
medullary bundles lie close to the ring of conjunctive parenchyma and form com-
pound medullary bundles.

Livistona chinensis T, Br.

This Livislona species common in China and Japan is cultivated in India.

A transverse section of an underground root, about 8.800 mms. in diameter,
has a thick-walled limiting layer (Figs. 24, 25), often exfoliated (Drabble, 1904).
Hypodermis consists of three zones as in P. sylvestris and L. peltatn. The cortex
consists of thin-walled round cells traversed by 2-3 rows of spindle-shaped lysigne-
ous air cavities. A few raphide sacs, mucilage and tannin cells are present in
the cortex. In older roots, slightly thicker, parenchymatous cells get lignified
here and there. An incomplete ring of sclereids and pigment cells are present
in the inner cortex. The endodermis and pericycle are as in the last species. About
56 arches of “I”. or “V’’-shaped xylem alternate with phloem in lignified con-
junctive tisgue, The “V”’.shaped xylem strands have large metaxylem cells towards
pith, their arms extending towards the pericycle. Phloem is generally included in
the form of “V”’ of xylem or may remain as a distinct strand if xylem is “I"’-shaped.
The central pith 2.080 mm. in diameter, consists of thin-walled round cells and
has two medullary bundles of hydrocentric type unlike those in L. grandis. Air
cavities and sclereids are also present in the central pith. Drabble (1904) has
described this root but did not notice the presence of sclereids in the cortex and
pith.

Sabal adansonii Guers.

This Dwarf stemless Sabal occurs in low humid forests and in inundated areas
on sea-shore and sandy soil in south eastern part of the United States.
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A transverse section of adult underground root, about 6.080 mms. in diameter,
has epiblema, hypodermis and cortex as in L. grandis excepting that the cortical
air-cavities are arranged in 3-4 rows (Fig. 26). There is a single incomplete ring
of pigment cells in the inner cortex. Raphide sacs, tannin cells and mucilage cells
are as in the last species. Endodermis is one-layered, with “C”’-type of thicken-
ing. Pericycle is also one-layered. The stele consists of 33 arches of xylem and
phloem. Xylem strands are* I”- or “V”-shaped, but the phloem strands lie in one
series united at places by their lower ends to form “M”-shaped structure enclosing a
small xylem strand between their arms. The presence of ‘“U”’.shaped phloem
strand, fibre bundles of Areca-type and medullary bundles have not been mentioned
by Drabble (1904) who had described it before. The phloem strands lie in one
series. The central pith 640 x512x4 consists of thin-walled round cells. A few
fibre bundles of Areca-type and 1-2 medullary bundles with metaxylem cavities
are present in the central pith. At places the fibre bundles are fused with medullary
bundles. Air cavities are also present in the central pith.

Sabal serrulata Roem. et Schultz

A transverse section of an adult underground root of this cultivated species is
7.040 mms. in diameter. Epiblema, hypodermis and cortex are similar to those
in Sabal adansonii. The air cavities, however, are arranged in 2-3 rows in the
cortex (Fig. 27). Raphide secs, mucilage and tannin cells are present in the cortex.
Cells in the inner cortex are thin-walled and transversely elongated. There is an
incomplete ring of pigment cells in the inner cortex. The central vascular cylinder
and pith are similar to those in the last species, the stele having 23 arches of xylem
and phloem lying radially in thin-walled conjunctive parenchyma. The central
pith, 4804, consists of thin-walled round cells and has a few sclereids here and
there.

Hyphaene indica Becc.

A transverse section of an adult underground root of this dichotomously
branched Indian Doum Palm is abont 9.600 m.ms. in diameter. Epiblema is
lignified and has dark contents (Fig. 28). Hypodermis is also lignified. The
cortex consists of thin-walled round cells with 1-2 rounds of air cavities in the
middle cortex. Fibre bundles of Phoeniz type are present throughout the cortex.
An incomplete ring of pigment cells is present in the inner cortex. The raphide
sacs, tannin and mucilage cells are similar to those in the above species. The
stele consists of 41 arches of xylem and phloem radially disposed in the conjunctive
parenchyma which is thin-walled towards the periphery and lignified towards the
central pith. Xylem strands are “I”- or “V’-shaped. The large phloem strands
about 80x 40y, lie beside the “I”-shaped xylem strands. Small phloem strands,
about 48y, lie in between the arms of “V”.shaped strands. At places phloem
strands are arranged in two series as in (. wmbraculifera. The central pith, about
880y, is without medullary bundles and air cavities.

Latania verschaffeltic Lemaire.

This palm abundant in Rodrigues Island is cultivated in India.

. A T.S. in the proximal part of an underground root is about 9.960 m.ms. in
diameter and has epiblema with dark contents. Hypodermis is lignified (Fig. 29).
Air cavities in the cortex are arranged in one row in the middle as in H. indica,
but a large number of sclereids are present throughout the cortex. An incomplete
ring of sclereids, and pigment cells are present in the inner cortex. The stele
cousists of 37 arches of xylem and phloem lying radially in the conjunctive paren-
chyma. Endodermis is of the “C”-type and pericycle is one-layered. Xylem
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strands are “I”-. or “V’.shaped. Large phloem strands lie by the side of “I”-
shaped xylem, smaller strands lying in the arms of “V”.gshaped xylem. The
central pith, about 6004, consists of thin-walled round cells and has sclereids scattered
in it.

A T.8. of the distal part of a root about 10.880 m.ms. in diameter has epiblema,
hypodermis and cortex as in the last species but air cavities are arranged in 2-3
rows (Fig. 30). Raphide sacs, tannin and mucilage cells and sclereids are also
present. The sclereids form a complete ring in the inner cortex. The stele consists
of 43 arches of xylem and phloem embedded in the conjunctive tissue, but here
and there phloem strands are “U”-shaped. The xylem strands have metaxylem
extended more towards central pith and are ‘‘Y’-shaped. The central pith,

about 1040z, consists of thin-walled round eells without any medullary bundles.
A few air-cavities are present in it.

Borassus flabellifer Linn.

The roots of Palmyra palm are very long, some times 50’ or more. Portion
- of trunk near the ground has a dense mass of long rootlets.

A T.8. of an aerial adventitious root, about 7.360 m.ms. in diameter, has a
thick-walled lignified layer, below which lies a thin-band of hypodermis made up
of polygonal lignified cells, filled with a dark brown substance (Fig. 31). The
cortex is made up of oval or round, thin-walled cells with small triangular inter-
cellular spaces. Air cavities in the middle cortex are irregularly arranged in
1-2 rows. Many sclereids, raphide sacs, mucilage cells and tannin cells occur in
the outer and inner cortex. A complete ring of sclereids and an incomplete ring
of pigment cells are present in the inner cortex. The stele consists of 47 arches
of xylem and phloem. Pericyele is double and the radial walls of endodermis
are thickened due to Casparian bands. Below pericycle is & distinet band of thin-
walled conjunctive parenchyma in which xylem and phloem strands lie radially
immediately below pericycle. Another row of phloem strands alternating with
large metaxylem cells follows them, and then there is a zone of lignified eonjunctive
parenchyma, zig-zag in outline towards the central pith. It includes a few large
xylem strands which appear to be abstricted in the pith later. The central part
of root about 12004, is occupied by an irregular patch of parenchyma enclosing
one or two medullary bundles having metaxylem cavity. A few air cavities are
present in the central pith.

Calamus tenuis Roxb.

This climbering species of Tropical Himalayas, Bengal, Assam, Burma, and
Cochin-China, has very long roots. A T.S. of an underground root is about
5520 m.ms. in diameter (Figs. 32). The cells of epiblema are large and radially
arranged, their walls being highly culticularised. Hypodermis is made up of
lignified cells of which the outer 7-8 layers are very compact and are filled with
a dark substance. The inner lignified cells are empty. The outer cortex has a
few raphide sacs; the middle cortex has air cavities lying in 1-2 rows. An in-
complete ring of pigment cells is present in the inner cortex. Raphide sacs,
mucilage and tannin cells lie scattered throughout the cortex. Endodermal cells
are radially elongated and are thickened on all sides. They conform to the “0”-
type of endodermal cells of Russow. Pericycle is two-layered. The stele consists
of 42 arches of xylem and phloem radially arranged, the former being *“I”-shaped
or “V”.ghaped. Phloem is generally included in the fork of “V” or may lie out-
side. ' The apex of “V” is formed by a very large metaxylem cell lying in the
sclerosed conjunctive tissue. Some of the cavities of the large metaxylem cells
are either completely blocked or. partially obliterated by bladder-shaped intru-
sions, the tyloses. The central pith is large, 1680y, and has thin-walled rounded
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cells enclosing 6-7 medullary bundles each with a metaxylem cavity only. Fused
medullary bundles, a few raphide sacs and tannin cells are also seen in the central
pith.

Calamus ratang L.

A T.S. of an underground root of this Indian cane palm is about 5.520 m.ms.
in diameter. FEpiblema, hypodermis and cortex are similar to those in the last
species, except that air cavities in the middle cortex are large (¥Fig. 33). Raphide
sacs, mucilage and tannin cells and an incomplete ring of pigment cells are present
as in this species also. The stele has 37 arches of xylem and phloem. The vascular
cylinder is similar to that in the last species. The central pith is 9604, It is
without medullary bundles, due to the fact that some of the large metaxylem cells
in the conjunctive parenchyma extend so deep towards the central pith, that they
look as if they are protuberances of the conjunctive parenchyma; but here they
are not abstricted from it in the central pith as medullary {bundles. The pith cells
are thin-walled parenchyma. A few raphide and mucilage cells oceur in them.

Caryota urens L.

This Fish-tail palm is found in sub-Himalayan tracts, Assam, Upper Burma
and in evergreen forests of Konkan, Kanara and Ceylon.

A T.8. of an underground portion of root, about 4 m.ms. in diameter, has large
squarish lignified cells in the limiting layer and a broad band of lignified hypo-
dermis filled with dark-brown contents (Fig. 34, 35). The cortex consists of thin-
walled round cells with small triangular spaces and 3-4 rows of spindle-shaped
or oval air cavities in the middle. Fibre bundles-of Phoeniz type with stegmata
. are present throughout the cortex. Several raphide sacs and a few mucilage and
tannin cells are also present. Endodermis is one-layered conforming to the “C’’-
type of Russow. Pericycle is one-layered made up of large cells. About 37 strands
of xylem and phloem are radially arranged in a highly sclerotic ring of conjunctive
parenchyma extending from pericycle to centre in several layers. Xylem consists
of a large metaxylem cell around which lie 1-2 secondary xylem and protoxylem
cells, Phloem strands are more or less circular. Some of the large metaxylem
cells lie deep in the interior in conjunctive parenchyma abutting on the central
pith, nearly 480x3204. It consists of round thin-walled cells with raphides sacs,
and air cavities here and there, Only one medullary bundle of hydrocentric type
is seen in it.

Caryota mitis Lour.

A T.8. of an adult root, about 7,040 m.ms. in diameter, of this elegant species
found in Burma, Malaya, Penang, Andaman Islands, is similar to that of C. urens
(Figs. 36, 37). Epiblema, hypodermis, fibre bundles and cortex are similar to
those in'that species except that the air cavities lie in 2-3 rows and are larger.
There is & complete ring of stone cells in the inner cortex. Raphide sacs, mucilage
and. tannin cells are as in C. urens. The central vascular cylinder is also similar
to that in it, but the pericycle is two-layered (Fig. 37). The stele consists of 38
arches of xylem and phloem strands. Many metaxylem cells lie in the conjunctive
parenchyma extended towards the central pith. The central pith nearly 11204
“has air cavities and one medullary bundle of hydrocentric type.

Chrysalidocarpus lutescens H. Wendl.

This yellow Areca palm, common in Madagascar and Bourbon Island is often
cultivated in India.
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A T.S. of an aerial portion of an adventitious root, about 7.760 m.ms. in dia-
meter,' has epiblema with dark contents. Lignified hypodermis has also dark
contents (Fig. 38). The cortex has thin-walled round cells and 2-3 rows of small
air cavities. A large number of fibre bundles of Areca type are present in the
cortex. A few sclereids, raphide sacs, mucilage and tannin cells are also present
in it. An incomplete ring of pigment cells and large fibre bundles are present in
the outer cortex. Endodermis is of the “C”-type; pericycle is double. The stele
is circular in young underground parts but is thrown into folds later as in Areca sp.
described by Drabble (1904). There are about 84 xylem and phloem strands,
some of which are “V’-shaped and others “I”-shaped. If the xylem arch is “V”-
shaped, phloem lies in the fork of “V”’ of xylem. At the apex of the arch there
is generally a large cell or two of metaxylem surrounded by thin-walled parenchyma.
The stele lies in a much inwardly convoluted conjunctive parenchyma. Some of
the convolutions on the inner side of the sclerotic parenchyma include metaxylem
cells, which protrude in the central pith and are cut off later as medullary bundles,
This is especially noticeable where the ring of pith becomes convoluted and looks
as if it is going to break. The splitting up of stelar ring below a depression is
achieved in two ways : by pushing a phloem strand down below the notch or by
the fusion of two protoxylem groups of two adjacent xylem strands into an inverted
“V" of xylem as described by Drabble (1904). In other cases the same result was
achieved by pushing the xylem strand into conjunctive tissues, two adjacent
phloem strands fusing into an inverted “V’” of phloem, below which lies a xylem
strand or sometimes a phloem patch. This method of breaking up of the stele
by pushing xylem strand into pith and consequent fusion of the phloem strands
to form a polystelic condition has not been described by Drabble (1904) in his
material. Should this process of breaking and separation of vascular bundles
continue, it will ultimately result in a polystelic condition described by Cormack
(1896) and Drabble (1904) in species of Areca. But no such polystelic condition
was noticed here, The central pith in a root is 2560u, and thin-walled. Fibre
bundles of Areca type and air cavities are also present in the pith. 3-4 medullary
bundles of hydrocentric type are present in the pith. A condition somewhat similar,
to one described here is known to exist in the roots of Areca, catechu, Archonto-
phoeniz cunninghamii, Howea belmoreana, Dypsis madagascariensis, ete.

Hyophorbe amaricaulis Mart.

In this palm of Mauritius the underground roots are large and thick, A T.Se
is about 7.920 m.ms. in diameter, and has epiblema, hypodermis and cortical cells
similar to those in C. lutescens, except that the air cavities in it are arranged in
2-3 rows (Fig. 39). Numerous sclereids are present in the cortex (Fig. 41). Raphide
sacs, mucilage and tannin cells are also present. A complete ring of sclereids and
pigment cells are present in the inner cortex. The stele consists of 43 arches of
xylem and phloem. The central vascular cylinder has single-layered endodermis
and two-layered pericycle. The xylem strands are “I”. or “V”-shaped. The
phloem strands are situated in the arms of “V”’-shaped xylem while the larger
phloem strands lie by the side of xylem. The conjunctive tissue is highly lobed
towards the central pith, 1350u. Sclereids and fibre bundles of Areca type, and
one medullary bundle with & metaxylem cavity are present in the pith (Fig. 40).

A T.8. in the distal part of a root, 14.080 m.ms. in diameter has epiblema,
hypodermis and cortex similar to that in the last species (Fig. 42). Air cavities
are arranged in 6-7 rows. Sclereids (Fig. 41), raphide sacs, mucilage and tannin
cells are also present in the cortex. A complete ring of sclereids is present in the
inner cortex. The stele consists of 87 arches of xylem and phloem. The central
vascular cylinder is irregularly circular. The central pith, 54404, consists of thin-
walled round cells. Here and there elongated cells are present in the central pith.
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There are as many as 16 medullary bundles with metaxylem cavities. At places
they are fused by their conjunctive parenchyma. Drabble (1904) while describing
this species does not mention the presence of elongated cells in the pith or the fibre
bundles of Areca-type.

Oreodoxa regia Kunth.

In this widely cultivated Jamaican plam, a T.S. of an adult root, 6.080 m.ms.
in diameter, is circular and has a single layer of square lignified cells of limiting
layer (Fig. 43). Hypodermis is very extensive, differentiated into three zones.
The outer lignified zone with polygonal cells is filled with dark contents; below this
lies the middle zone of unlignified cells without any contents but with raphides,
and the inner zone of lignified cells also having raphide sacs. The cortex consists
of thin-walled round parenchyma with intercellular spaces. Air cavities in the
middle cortex are large and radially elongated. The inner cortex consists of a
continuous wavy ring of stone cells and 3 layers of oval elongated parenchyma
abutting on the endodermis. An incomplete ring of pigment cells in the inner
cortex, raphide sacs, mucilage and tannin cells are also present in the cortex. The
endodermis is of “U” type and pericycle is one-layered. About 39 arches of
xylem and phloem are present and lie radially in the sclerosed conjunctive paren-
chyma extending nearly to the centre of the root. Xylem strands are arranged
in “V”. or “I”-shaped manner including phloem and have large lignified cells at
their apex lying centripetally. The central pith, 800x, is star-shaped and has a
few raphide sacs and mucilage cells. Drabble (1904) has described medullary
strands in this species but they were not seen in the present material.

Sometimes some of the adventitious roots arising from pericycle at a higher
level in the root-bearing region of the tree trunk penetrate downwards in the
cortex, probe into tissues of another root, also going down in the cortex, and the
two together emerge from the stem and enter soil as a conjoint root.

Cases of two or more roots traversing the cortex of an older root were also seen.
Such confluence of roots going down the cortex is quite common in plams and in
monocots such as Asphodelus tenuifolius and in some Leguminoseae. Similar root
structure having roots within roots was seen in Phoenix sylvestris, Howea (Kentia)
Forsteriana, ete., and to the best of our knowledge has not been described so far.

Howea Belmoreana Becc.

This palm from Lord Howe’s Island is cultivated in India. A T.S. of an under-
ground adventitious root, about 6.720x5.840 m.ms. has lignified limiting layer
and hypodermis (Fig. 44). The cortex consists of thin-walled oval cells, but at
Places they are enlongated measuring 1604 x128x. The middle cortex is extensive
and is traversed by irregularly shaped 1-2 rows of air cavities lysignously formed.
Fibre bundles of Areca type become progressively larger and larger in size centri-
petally and are scattered throughout the cortex. The stegmata are present
around fibre bundles, and numerous sclereids occur in the cortex. Sclereids and
pigment cells formn an incomplete ring in the inner cortex. The stele is complete
In young roots with a diameter of 2 mms., but at its both ends the cortical paren-
chyma is joined to the pith in the centre. In still larger roots, the stele is broken
at many places and has many gaps. Endodermis is one-layered, its cells belong
1o “C” type of Russow and have no passage cells. The continuity of endodermis
is broken at places due to breaking up of the stelar region. The inner cortex
consists of sclereids with 23 layers of intervening parenchyma between endodermis
and sclereids. The stele consists of 30 xylem strands and 31 phloem strands.
Phloem strands in the stele, where presumably split in a particular phloem strand
oceurs, is divided into two strands, one on either side of the gap. The xylem and
phloem strands lie radially in sclerotic conjunctive parenchyma and are much
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lobed internally. The xylem groups are single and “I”- or *‘V’-shaped. Some-
times phloem strands occur in two series lying in the conjunctive parenchyma,
Secondary xylem cells form the base of “V”.shaped xylem strands and lie far away
from the sub-pericyclar xylem strands. They are surrounded by a layer of lignified
parenchyma, the cells of which are rather small. The central part of root is occupied
by pith about 2640x2680x. Fibre bundles of Areca-type, sclereids, raphide sacs
and occasionally a medullary bundle, are seen in it. A few air cavities and mucilage
cells are also present in the central pith. The roots of this species resemble strongly
with those of Dypsis madagascariensis and Cyrtostackys rendah described by
Drabble (1904). ’

Cyrtostachys rendah R1.

This Sumatran gregarious palm has underground root, about 5.360 m.m. in
diameter. Its main features are similar to those of H. Belmoreana. Epiblema,
hypodermis and cortex are similar in them but the cortical cells are thin-walled
and round (Fig. 45). Air cavities raphide sacs, tannin and mucilage cells are also
similar. A large number of fibre bundles of Areca-type and sclereids are present
in the cortex. The stele consists of 35 arches of xylem and phloem. The central
vascular cylinder is circular. Endodermis is one-layered and its cells belong to
“C” type of Russow. Pericycle is also one-layered. The xylem strands are “T'-
or “V”.shaped with large metaxylem cells pointing towards pith. Phloem strands
of two types are arranged in two series. Smaller ones, 52 %36, and larger ones
220 < 20u, alternate regularly with xylem strands. This type of phloem arrange-
ment was not observed by Drabble (1904) in this species. The conjunctive paren-
chyma in older roots is completely lignified and lobed towards the centre. Two
types of medullary bundles are present in the pith. Two of the medullary bundles
have only metaxylem cavity and are hydrocentric, while the other two are lepto-
centric. The central pith, 16804, has air cavities, fibre bundles of Areca type,
sclereids and a few mucilage cells. Drabble (1904) in his description has mentioned
that in large roots, the conjunctive parenchyma is incomplete on one side and its
incurved edges are followed by endodermis more deep than usual. The endodermis
is, however, finally lost in the common ground tissue. He also observed projecting
bays of fibrous tissue together with a phloem strand.

Archontophoenix Cunninghamii W. & Dr.

Thig Australian palm common in Queensland, Sunday Island. Rockhampton.
N. S. Wales, Illowara and Woolongong has adventitious roots about 5.230 m.ms.
in diameter. It is circular in outline and has a single limiting layer of square,
lignified cells (Fig. 46). Hypodermis is very extensive and is differentiated into
three zones. The outer lignified zone has polygonal cells filled with dark contents.
Middle zone with 5-6 layers of cells has less contents, and the third inner zone has
lignified cells without any cell contents. The cortex consists of round thin-walled
cells. The cells are compactly arranged in the outer cortex and have & few raphide
sacs, mucilage and tannin cells, and fibre bundles of 4reca-type. The fibre bundles
are surrounded by stegmata. A few sclereids are also present in it. The middle
cortex is made up of thin-walled parenchymsa in which large radially elongated
air cavities lie in 24 rows. Mucilage cells, & few sclereids and fibre bundles are
also present in it. The inner cortex has a structure similar to that of outer cortex
but the parenchymatous cells have small intercellular spaces. The stele consists
of 36 arches of xylem and phloem. Endodermis is of “C” type, and pericycle is
one-layered. Xylem strands are “I”- or “V’.shaped. The conjunctive paren-
chyma is sclerosed and highly convoluted towards the central pith, 12004 wide,
and thin-walled. A few raphide sacs, mucilage cells, sclereids and fibre bundles
of Areca-type occur in it but there are no medullary bundles.
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The distal part of the root measures 1,100 m.m. in diameter and has a similar
structure; but the stele is irregular and has notches. It also shows signs of breaking
open as in Howea Belmoreana. At places xylem is exarch in the vascular cylinder
and at other places endarch (Fig. 47).

There is one hydrocentric type of medullary bundle in the central pith. Xylem
strand in the medullary bhundles has large metaxylem cells and a few of proto-
xylem (Fig. 51).

The distal part of the same root, about 12.320x10.720 m.ms, in diameter,
has similar epiblema and hypodermis, but the epiblema is broken up at places by
thin-walled spongy tissue with distinct intercellular spaces forming pneumathodes.
The cortex consists of thin-walled round cells, but at places strips of elongated
cells run irregularly in the cortex. The elongated cells measure 240x60u. Air
cavities are large and are arranged in 2-3 rows. Areca-type of fibre bundles,
sclereids, mucilage cells and tannin cells are also present. Endodermis and peri-
cycle are as before. The stele breaks to form a polystele. The xylem and phloem
strands in each stele are radially disposed in lignified conjunctive tissue. The
xylem strands are “I”- or “V”.shaped, exarch or endarch here and there. Some
phloem strands are small and some are large, arranged at places in two series.
They are “U”. or “V”.shaped and are normally oriented or inverted. Wherever
a phloem strand becomes ‘“U”- or ‘“V”-shaped, it indicates a point at which the
stele breaks as in H, Belmoreana. Due to polystely, ground tissues of the central
pith and cortex become continuous and numerous fibre bundles of Areca-type,
sclereids, strips of elongated tissue, air cavities, mucilage cells and raphide sacs
occur in them. In the central pith, 4320y, different types of medullary bundles
are present. One or two medullary bundles have a metaxylem cell only (Fig. 47).
Others have metaxylem cells and a few protoxylem cells (Fig. 51). In the third
type protoxylem lies on both the sides of a metaxylem cell. (Fig. 47). In the
fourth type there are distinct xylem and phloem strands. Metaxylem in such
xylem strands lies in the centre, and protoxylem lies either centripetally or
centrifugally. Three phloem strands lie under a common sheath and the whole
structure looks like a small stele (Fig. 49).

Areca catechu L.

The Betel Nut Palm has large pull roots. A T.S. in the proximal part of an
adventitious root is 9.320 m.m. in diameter and has one-layered piliferous layer
with lignified, square cells. Below it lies lignified hypodermis differentiated into
two parts,—the outer filled with dark brown contents, and the inner without them
(Fig. 52). The middle cortex is very extensive having an outer region in which
numerous small irregular, round fibre-bundles of Areca-type are closely packed,
and an inner region in which very large fibre bundles lie scattered apart (Fig. 55).
2-3 series of large lysignous air-cavities occur in it and abut on the inner cortex.
A broken ring of sclereids and an incomplete ring of pigment cells occur in the
inner cortex. Besides this a number of sclereids are scattered between fibre bundles
throughout the cortex. Raphide sacs are numerous and a few mucilage cells are
present in the cortex. The endodermal cells belong to “C”” type and are followed
by one layer of large pericycle cells. According to Drabble (1904) pericycle is
two-layered in small roots. The stele consists of 80-90 arches of xylem and
phloem and lies in & continuous mass of conjunctive, thick-walled, lignified paren-
chyma. It is thrown into rays or bays enclosing islands of xylem and phloem
below pericycle. Xylem groups are either “I’- or “V”-shaped. Each xylem
strand consists of 45 cells arranged in radial plates and terminates in a relatively
very large metaxylem cell which constitutes the apex of “V”.shaped xylem strand.
Such large metaxylem cells are completely included in the sclerosed conjunctive
parenchyma. They generally have a single layer of thin-walled; unlignified paren-
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chyma around them. The conjunctive tissue is thrown into numerous zig-zag
lobes on its inner margin. The central pith, 3520x broad, contains numerous
fibre bundles, sclereids, raphide sacs, & few lysigenous air cavities and nearly seven
medullary bundles of different size, all hydrocentric.

A T.8. in the distal part of the same root, 13.280 m.m. in diameter, has similar
epiblema, hypodermis, cortex, endodermis, pericycle, xylem, phioem, and con-
junctive tissue as in the proximal part of the same root, but the stele is hroken
up to form a polystele (Figs. 53, 54). The adult root thus resembles with the adult
root of Archontophoenix Cunninghamii. In a stele prior to the breaking up into
a polystele, phloem strand becomes “U”-shaped. The broken convoluted bit
of the stele forms an independent arch. The species agrees in this respect with
H. Belmoreana and A. Curninghamii. The central pith, 5 x 8 m.m., is continuous
with the parenchyma in the cortex and has a similar structure. A few medullary
bundles of different kinds are present in it. The abstricted medullary bundles
lie in the gaps formed by the separation of stelar arches. Some of them lie scattered
even in the central pith.

In the medullary bundle shown in Fig. 56, there is a large metaxylem cell and
a single phloem strand encircled by an oval ring of lignified conjunctive parenchyma.

A second medullary bundle is shown in Fig. 57. Here two xylem strands
have been united by a large metaxylem cell. The two phloem strands lie on flanks
opposite to each other. They are completely encircled by sclerenchymatous con-
junctive parenchyma.

A third medullary bundle is shown in Fig. 58. Here a large metaxylem cell
in the middle and a distinct strand of secondary xylem lie centripetally. There
are three phloem strands, two on two sides of the isolated xylem strand and one
above the large metaxylem cell. Both the xylem and phloem strands are enclosed
in strong lignified conjunctive parenchyma.

These three types of medullary bundles always lie in the vicinity of stelar gap,
from which they are abstricted in the process of splitting up of the vascular strands
into loops. They are different from the ordinary medullary bundles in the central
pith and have 89 layers of lignified sclerenchyma around a single metaxylem cell
without any phloem. All such irregularities ultimately result in the so-called
polystelic condition, previously described for roots in Areca by Cormack (1896) and
Drabble (1904). Further disintegration of these islands of stelar pockets to ineclude
small medullary bundles as in Iriartes was also seen in the present study.
Presumably, these occur in roots arising in the cortex at a much higher level of a
tree trunk.

Elaets guineensis Jacq.

This oil palm of Africa has a jacket of roots at the base of the tree trunk as
in Phoeniz or Borassus. There are two kinds of roots in this palm, underground
and subaerial. According to Yampalosky (1924) underground roots are attached
to the bage of tree trunk and radiate in all directions and grow over a considerable
distance. The subaerial roots arise above the ground from older tree trunks,
generally a meter above the ground in discontinuous regions. Most of the adventi-
tious, subaerial roots ultimately penetrate into the soil.

A transverse section of an underground portion of a root is about 4.960 m.m.
in diameter. The limiting layer has square lignified cells, broken at places due
to pneumathodes. Hypodermis consists of lignified cells filled with brown cell
contents (Fig. 59). The cortex consists of thin-walled round cells having numerous
raphide sacs in the outer cortex and air-cavities in the middle cortex. Several
oil sacs occur throughout the cortex. Inmer cortex consists of a complete ring
of stone cells lying over a few layers of oval, traversely elongated parenchyma
abutting on endodermis. Endodermis and pericycle are one-layered. The stele
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consists of 41 arches of xylem and phloem lying radially in conjunctive parenchyma
highly lignified towards the central pith. Xylem strands are “I”- or “V”-shaped.
The phloem strands are of two kinds : the smaller ones measure 48y and lie in the
fork of “V”-shaped xylem and the large ones, 160 x 48y, lying by the side of “I’"’-
shaped xylem. The central pith 640x, forms a zig-zag patch having raphide
sacs and oil-containing cells. No medullary bundles occur in the central pith.

Attalea speciosa Mart.

This Brazilian palm is occasionally cultivated in India. Tts adventitious
roots are about 8.000 m.m. in diameter, and have lignified epiblema with squarish
cells having dark contents (Fig. 60). Hypodermis is lignified and is differentiated
into an outer zone with dark contents and an inner zone rather clear and with
raphide sacs. The large cortex consists of thin-walled, round cells and air-cavities
arranged in 2-3 rows in the middle. There is an incomplete ring of tannin cells
in the inner cortex. Raphide sacs, mucilage cells and tannin cells are also present
in the cortex. The stele consists of 50 arches of xylem and phloem lying radially
in lignified conjunctive parenchyma. The xylem strands are “I”- or ‘“V”-shaped.
The central pith, about 1.2 m.m., consists of thin-walled round cells. Air cavities,
a few raphide sacs and mucilage cells occur in it.

Cocos nucifera L.

A T.8. of aerial portion of an adventitious root, about 10 m.m. in diameter,
has lignified epiblema, and 6-7 layers of lignified hypodermis filled with dark
contents (Figs. 61-63). The cortex consists of thin-walled large parenchymatous
cells having small intercellular spaces. Several raphide cavities (Fig. 62) and
mucilage cells are present in the cortex. Many air cavities of various sha.pes oceur
in 2-3 rows in the middle cortex. An incomplete ring of pigment cells is present
in the inner cortex. The endodermal cells conform to “C” type of Russow with
passage cells. Pericycle is thin-walled. Cells of the conjunctive parenchyma
below pericvcle are not thick-walled. There are about 50 arches of xylem and
phloem radially disposed, mostly in the unlignified conjunctive tissue. Xylem
strands are “I”- or “V”’.shaped, phloem lying in the arms of “V”’. The terminal
part of xylem strand towards interior is occupied by a large metaxylem cell en-
circled by a layer or two of thin-walled cells in the rest of the lignified conjunctive
parenchyma. A broad patch of pith, 17604, has convoluted margin towards the
centre. Central parenchyma contains raphide sacs and a few mucilage cells. It
also includes two medullary bundles of hydro-centric type (Fig. 63). The two
medullary bundles are noticeable in thick roots also. Drabble (1904) observed
one only.

Cocos plumosa Hook. f.

A T.8. of adult adventitious root about 9.600 m.m. in diameter has a structure
similar to that in €. nucifera, except that, air cavities here are arranged in 2-3 rows.
The cortical cells get lignified and there is a complete ring of stone cells in the
inner cortex (Fig. 64). The stele consists of 75 arches of xylem, and phloem
embedded in the conjuuctive parenchyma which is thin-walled towards pericyele
and lignified towards central pith. The xylem strands are “I”-, “V”-. or “Y”-
shaped and phloem strands oval, rarely “U”-shaped. Tyloses are present in
metaxylem cells. The central pith, 2 m.m. broad, has a few raphide sacs, mucilage
cells and air cavities. One or two medullary bundles lie in it, each having meta.xylem
cells. Drabble (1904) in his account of this species does not mention “U”-shaped
phloem strands.
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Martinezia caryotaefolic Humb. & Kth.

This plam native of Brazil, Peru and Bolivia is occasionally grown in Indian
gardens,

A T.8. of the proximal part of adult adventitious root is about 5 m.m. in dia-
meter. It has legnified epiblema and lignified hypodermis filled with dark contents.
The cortex consists of thin-walled, oval or round cells, with inter-cellular spaces.
The air cavities in the middle cortex are arranged in 2-3 rows. Raphide sacs,
mucilage cells and tannin cells are also distributed in the middle cortex. A large
number of fibre bundles of Phoeniz-type are present throughout the cortex. A
complete ring of stone cells is present in the inner cortex. Vascular cylinder is
circular. Endodermis confirms to “C” type of Russow. Pericycle is one-layered.
The stele consists of 35 arches of xylem and phloem and lies embedded in lignified
conjunctive parenchyma. The central pith, 4504, consists of thin-walled round
cells without any medullary bundles.

A transverse section of the distal part of the same root, about 84.80 m.m, in
diameter, has similar epiblema, hypodermis and cortex as described above (Fig. 65).
There is no ring of sclereids in the inner cortex. The stele is broken up to form
polystelar groups. Each stelar group has endodermis and pericycle. Xylem
strands are “I”. “V”. or “Y”-shaped. The phloem strands are of three kinds :
small nearly 48x; they lie in the forks of “V”-gshaped xylem : two large strands,
192 x 324 which lie by the side with the “I”-shaped xylem; and the crescent-shaped
ones formed by the fusion of phloem strands which engulf a few protoxylem groups.
At places phloem strands are arranged in two series as in Howea Belmoreana,
Archotophoeniz Cunninghammi and Areca catechw. Due to polystelic nature, the
ground tissue of the central pith, 19204, becomes continuous with that of the cortex
and has similar type of raphide sacs, mucilage cells and tannin cells. Fibre bundles
in the pith are of Areca-type. 6-7 medullary bundles with metaxylem cells are
also.present in the central pith. At places they get fused with one another and also
with fibre bundles of Areca type.

The breaking up of the stele into polystely is exactly similar to that in Howea
Belmoreana, A. catechu and Archontophoeniz (umninghamii. Drabble (1904) had
not noticed polystele, medullary and fibre bundles in his material of this species.

Bactris magjor Jacq.

A T.8. of an adult adventitious root about 3.440 m.m. in diameter has one-
celled lignified epiblema and a large band of lignified hypodermis with yellow,
dark contents (Figs. 66, 67). The cortex consists of thin.-walled oval or round
cells. Air cavities in the middle cortex are large, lysigenously formed, and arranged
in 2-3 rows. Cells in the middle cortex are slightly large, nearly 724. Raphide
sacs, mucilege cells, sclereids and tannin cells are present in the cortex. A com-
plete ring of pigment cells is present in the inner cortex.

The stele is circular and consists of 28 arches of xylem and phloem embedded
in conjunctive parenchyma The conjunctive parenchyma is lignified towards
the central pith but thin-walled towards the pericycle (Fig. 67). The xylem
strands are “I"-, “V”. or “Y”.shaped ,The phloem strands are of two kinds :
small ones, 40 x 40u, lying in the fork of “V”’- or “Y”.shaped xylem, and large
ones, 200x 40, lying by the side of “I”.shaped xylem (Fig. 67). The central
pith 200-3204, consists of thin-walled round cells with a few tannin and mucilage
cells. '

Nipa fruticaus Wurumb.

A transverse section of the sub-merged part of an. adventitious root, about
3.920 m.m. in diameter, is circular and has a single layer of epiblema, made up of

6
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thick-walled, unlignified cells with their tangential walls cuticularised (Figs. 68,
69, 70). There is a band of 5-6 layers of lignified hypodermis. The cortex is
very extensive and spongy, made up of thin-walled oval or round cells with small
triangular spaces. The whole of the middle cortex is traversed by radially elongated
schizogenous air-cavities formed by the chains of cells (Figs. 68, 70). The raphide
sacs occur in the inner and outer parts of the middle cortex. Mucilage cells are
restricted to the middle cortex. The inner cortex consists of small round paren-
chymatous cells compactly arranged. The endodermis is entire, its tells being
lignified on radial walls only (Fig. 69). Pericycle is one-layered. Stele is com-
posed of 25 arches of xylem and phloem radially distributed in the conjunctive
tissue (Fig. 69). The conjunctive parenchyma below pericycle is thin-walled,
but in its lower part towards centre, it is thick-walled. Large secondary xylem
cells lie partially embedded in the lignified conjunctive parenchyma, and partially
above it in the thin-walled conjunctive parenchyma. The xylem groups are “I”-
shaped and the small phloem strands are spherical. The central part of root is
occupied by pith, 240x. The intercellular spaces are triangular. A few mucilage
cells and raphide sacs occur in the central pith. ‘ :

The stele is small, and cortex is traversed by numerous schizogenously formed
air-cavities lined by chains of radially elongated cells, fibres or other mechanical
strands are developed in it. These features constitute distinctive characters of
the roots of this tidal palm. They show a strong resemblance with the structure
of roots of a fossil palm from the Deccan Intertrappean series described by Sahni
(1938) under the name of Rhizopalmoxylon indicum.

V. IMPORTANT ANATOMICAL FEATUREs or PaLm RooTs

~ The present study deals with the structure of adult roots in palms arising
from stem in the root-bearing region of a tree-trunk in 35 species belonging to all
important sub-families of Palmae except Mauritieae of which no material was
available. The stelar structure of a plam root as it traverses through cortex of
a stem, from which it arises, is complex initially but gets simplified later towards
the growing point of the root, as it comes out of the tree-trunk. It is a case of
anatomical inversion as opposed to that of condensation in peduncles where the
complexity of anatomical structures increases from base to apex and vascular
bundles and other tissues tend to fuse together more and more. The principal
features of palm roots are as follows :—

(1) Epiblema.—In most palm roots, epiblema consists of culticularised cells,
which become lignified later and constitute a limiting layer on the outer cortex.
Hypodermis is lignified and is often made up of three zones : the outer zone filled
with a dark substance, the tannin, the middle zone with thin-walled cells, and the
inner zone having thick lignified cell-walls but no cell contents. Nipa fruticans
is exception to this, as, in it the outer zone of Liypodermis is parenchymatous and
is without any cell contents or tannins. In all palm roots a few raphide sacs do
oceur in the inner zone of epiblema. In Hyphorbe amaricaulis and Oreodoxa regia
a large layer of thin-walled cells lies between the two layers of hypodermis and
is not lignified. It contains no pigment, cells.

(2) Cortex.—Below epiblema lies cortex having three parts, outer, inner and
middle, easily recognisable. Quter cortex forms a continuous band of 3-6 layers
of cells in all the palm roots. Raphide sacs and pigment cells oceur in it. It is
extended up to the inner cortex lying on endodermis. In between the outer and
inner cortex are several rows of parenchymatous cells containing air cavities, They
constitute the middle cortex. Middle and inner cortices show a good deal of varia-
tion in different palms. These air-cavities are formed lysignously in most palms,
except in Nipa frulicans where they are formed schizogenously. They occur in the
lower part of the middle cortex in Rhapis flabelliformis and Chrysalidocarpus lutescens.
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(Figs. 11, 38). They are very small and occur throughout the middle cortex in
Livistona chinensis, Hyphaene indica, Borassus flabellifer, Caryota urens, Hyophorbe
amaricaulis, Howea Belmoreana, Archonlophoenizx Cunninghamii, Areca catechu
and Cocos nucifem. They are very large and radially elongated in Phoeniz paludosa,
Bagctris major and Nipa fruticans. In the rest of palms studied they were irregularly
distributed. The extent of air.cavities in roots varies from palm to palm and
even in the same palm it depends upon the kind and position of root in the soil
as shown by d’Almeida and Correa (1949).

The inner cortex consists of 2-5 layers of oval, transversely elongated, cubical
parenchymatous cells dividing radially. These layers lie directly on endodermis.
Generally a few pigmented cells occur in the inner cortex (Fig. 20). The pigmented
cells abut on endodermis and form a continuous band in Coryphe wmbraculifera,
Caryota mitis, Hyophoebe amaricaulis and Bactris major: sclereids are generally
associated with these pigmented cells on the endodermis and occur in groups as
isolated nests of 3-7 cells (Fig. 9-sc). In Trachycarpus martiana, Caryota mitis,
Hyophorbe amaricaulis, Oreodoxa regia, Elaets guineensts and Cocos plumosa they
form a complete circle of sclereids (Figs. 10, 36, 41, 59, 64).

By far the most important feature of the cortex of palm roots is fibre bundles.
They are of three kinds: (1) Phoeniz-type having a circular outline as in Phoeniz
sylvestris, Phoenixz rupicola, Phoenix paludosa, Phoenix zeylanica, Phoenix dactyli-
fera, Corypha uwmbraculifera, Hyphaene indica, Caryota urens, Caryota mitis, and
Martinezia caryotaefolia. (2) Areca-type.—The fibre bundles in this type have
polygonal shape as in Chrysalidocarpus lutescens, Howea Belmoreana, Cyrtostachys
rendah, Archontophoeniz Cunninghamii and Areca catechu and (3) Hyophorbe-type
in which there is no grouping of cells, but they occur as individual fibre cells: some-
times they lie scattered throughout the cortex as in Hyophorbe amaricaulis, Livis-
tona chinensis and Latania verschaffeltic. In a few exceptional cases, fibre bundles
of Areca-type are also present in the central pith only e.g., in Corypha umbraculifera,
Sabal Adansonii, Hyophorbe amaricaulis and Martinesia caryotaefolia. In Sabal
serrulata the fibres are of the Hyophorbe type but they lie in the central pith only.
In Corypha umbraculifera and Martinezia caryolaefolia the fibre bundles in the
cortex are of Phoeniz-type while those in the central pith are of Areca-type. In
Hyophorbe amaricaulis there are loose sclereids in the central pith and also some
fibres of the Areca-type.

(3) Endodermis.—In most of the palm roots cells of the endodermis are lignified
on their lateral and inner walls (Fig. 20) and they conform to the “C”.type of
endodermal cells of Russow except in Calamus rotang and Calamus tenuts where,
due to lignification all round the cell walls, they form the “0”-type of Russow.
Distinct Casperian bands are found in Hyphaene indica, Borassus flabellifer and
Nipa furticans (Fig. 69). Passage cells are observable in roots of most palms.

(4) Pericycle. —This is generally one- layered, rarely two. It is often not
lignified, but is very much so in Rhapis flabelliformis. Walls of the pericycle cells
near protoxylem are genera]ly thin.

(5) Stele.—This is very variable in different species and presents some well
recognizable types ranging from eustele to the so-called polystele described by
Cormack (1896), Drabble (1904) and Bower (1923). The different configurations
of stele in _palms roots no doubt occur as an ad]ustment to the expanding and
enlarging size of root, which, owing to lack of cambium, is unable to get modified
like the root of dlcotyledons The different patterns of stele in palm roots with
its conjunctive parenchyma, therefore, form a very characteristic feature of each
species as are shown in Figs. 1-70.

" Tt will be seen from them that some additional patterns of stele hawe been
brought out in the present investigation besides those described by Von Mohl
(1849), Cormack (1896) and Drabble (1904). . They undoubtedly form interesting
examples of polysteler types of roots in palms, Cormack (1896) and Drabble (1904)
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have also described typical eustele and intermediate types thereof. More complex
disintegration of stele occurs in the living palms such as Iriartes. A similar case
of disintegration has been described by Stenzel (1904) in a fossil palm root com-
parable with that of the modern species of Iriartes.

(6) Vascular bundles.—In most of the palm roots, xylem strands are arranged
in a single row (Figs. 1, 3,8, 24, 69), but in Chamaerops humilis they lie in more
than one row (Fig. 9). They are “I”.shaped or “V”.shaped or both (Figs.
5, 26, 37), except in Nipa furticans where they are all “I”.shaped. In Areca they
are “Y”.shaped in addition (Fig. 54). The phloem generally forms an oval patch
lying by the side of “I”’-shaped xylem strands : alternatively it may lie in between
two arms of “V*>.shaped or “U”-shaped xylem strands (Fig. 5, 26, 37). The phloem
strands are present in two series in Hyphaene indica and Borassus flabellifer (Figs.
28, 31). They are present in two or three series occasionally in Howes Belmoreana,
Archontophoentx Cunminghamii, Areca catechu and Martinezia caryotaefolis. The
phloem strands are “V”-shaped or semicircular and xylem strands lie in them in
Sabal adansonii, Howea Belmoreana, Archontophoenix Cunninghamii, Areca catechu
Cocos plumosa and Martinezia cryotaefolia (Figs. 44-65).

Generally there is a large metaxylem cell or cells in a xylem strand. They lie
centripetally and extend into the conjunctive tissue which is very much thickened
in most of the palms except in Phoenix sylvestris, Corypha umbraculifera, Hyphaene
indica, Borassus flabellifer, Hyophorbe, amaricaulis Elaeis guineensis and Nipa
Sruticans. 1In these palms it is only partially thickened. The extent and the
manner of thickening of conjunctive parenchyma differ in different palm roots.
In the secondary aerial roots of many palms and in Sabal serrulata the conjunctive
tissue is completely lignified.

Due to uneven lignification of cells on the inner margin of the conjunctive
parenchyma, the inner edge touching central pith looks circular, convoluted or
irregularly lobed (Figs. 5, 25, 31). Its outer margin lies below endodermis and is
thrown into bays and arms. These bays include xylem and phloem strands (Fig. 9).
The convoluted lobes of inner margin include sometimes large secondary meta.-
xylem cells and medullary bundles in the process of getting abstricted in the central
pith (Fig. 23). In Areca catechu and in Iriartes this process results in an extreme
condition looking like a polystele or disintegration. Here there are numerous
islands of conjunctive parenchyma; and in the midst of each island there is a
meristele as described by Cormack (1896) and Drabble (1904). A new feature
of palm roots noticed in the present investigation was the breaking up of the vas-
cular ring of stele by splitting up of & phloem strand in Areca catechu and Martinezia
caryotaefolia. Cormack (1896) and Drabble (1904) did observe such breaking
up of stele in their material, but there it was by the splitting up of a xylem strand
and not of a phloem strand as described here.

(7) Pith.—The central part of a palm root consists of unlignified cells except
in secondary roots where they get lignified. The extent and shape of central pith
are different in different palms due to various degrees of lignification .of the con-
junctive parenchyma and the presence or absence of medullary bundles in it. It
generally contains a few raphide sacs, pigment cells, oil secreting cells, sclereids
or their aggregations, aerenchyma and medullary bundles. All these characters
are of course not present in all palms. But the medullary bundles form a highly
characteristic feature of the roots of Phoeniz sylvestris, Phoeniz zeylanica, Phoenix
paludosa, Rhapis flabelliformis, Corypha wmbraculifera, Licuala peltata, Licuala
grandis, Livistona chinensis, Sabal adansonii, Borassus flabellifer, Calamus tanuis,
Caryota urens, Caryota mitis, Chrysalidocarpus lutescens, Hyophorbe amaricaulis,
Cyrtostachys rendah, Archontophoenix Cunninghamii, Areca catechu, Cocos nucifera,
Gzz; plumosa and Martinezia caryolacfolia, In the other palms studied they were
a t.
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A medullary bundle consists of xylem surrounded by phloem and lignified
cells of parenchyma in Phoeniz sylvestris, Phoenix zeylanica, Corypha umbraculifera,
Licuala peltata, Livistona chinesis, Caryota urens, Caryota mitis, Chrysalidocarpus
lutescens, Areca catechu and Cocos nucifera. In Corypha wmbraculifera, Licuala
grandis, Hyophorbe amaricaulis, Areca catechu and Martinezia caryotaefolia more
than one medullary bundles occur in the central pith (Figs. 13, 13, 41, 54, 65).
In Corypha wmbraculifera and Cyriostachys rendah the medullary bundles fuse toge-
ther as they traverse through the cortex vertically downwards. The xylem strand
disappears first and then only a small patch of phloem remains, forming leptocentric
bundles (Figs. 16, 18).

Raphide sacs containing needle-shaped crystals of calcuim oxalate are present
in all the palm roots in the cortical region, but in Livistona chinensis, Chrysali-
docarpus lutescens, Hyophorbe amaricualis, Archontophoeniz Cunninghamii, they
are present in central pith. Oil glands are present in Elaeis guineensis but not
in other palms. In the roots of Hyophorbe amaricaulis and Archantophoeniz Cun-
ninghamit the cortical parenchyma consists of elongated cells similar to those found
in the stem and peduncles of those palms. This is rather a unique feature of roots
of these species. However, there are no elongated cells in the cortex of their root
(Figs. 40, 48). ,

All these characters of the palm roots, especially the medullary bundles, fibre
bundles in the cortex, the nests of sclereids abutting on endodermis, pattern of
aerenchyma and stele are features of considerable interest and they help in recognis-
ing different species of living palms. They can also be so used in the analysis
of the artificial genus ‘‘Rhizopalmoxylon” which is under study bv one of us
(T.8.M.).
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PART ILV—ANATOMY OF PALM ROOTS

T. 8. of adult root in Phoeniz, Chamaerops, Trachycarpus and Rhapis.
For explanation see text.
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Caryota, Calamus,

For explanation see text.

S. of adult root in Latania, Borassus,

T,
Chrysalidocarpus and Hyophorbe.

29 to 40.
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Figs. 41 to 51. . T, 8. of adult root in Hyphorba, Howea, Oreodoxa, Cyrtostachys and
Archontophoeniz. For explanation see text.
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Figs. 52 to 60. T. S. of adult root in Areca, Elaeis and Attalea.
For explanation see text.
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Figs. 61 to 70, Anatomy of roots in Cocos, Martinezia, Bacgis, and Niga.
For explanation see text.
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VII. EXPLANATION OF FIGURES

Figs. 1-12. Anatomy of roots in Phoenix, Chamaerops, Trachycarpus and Raphis. Figs.1-3.
Phoeniz sylvestris Roxb. Fig. 1. T. 8. of aerial root showing : ep., epidermis; k.,
hypodermis; f,b,, Fibre bundles, and s¢, stele with a small pith in the centre X 8.
Fig. 2. Cortical portion of an underground root showing: g.p., ground paren-
chyma; f.b,, fibre bundles; a.c., air cavities; 7.s., raphide sac; and ¢.c., tannin cells
%70, Fig. 3. T. 8. of an underground root showing: z, xylem; ph, phloem; a.c.,
air cavities; sc., sclereids and m.b. medullary bundlesx 8. Fig. 4. Phoeniz.
zeylanica Trimen: T. S. of adult root showing internal structure: ¢.c., tannin cells
and m.b., medullary bundles x8. Fig. 5. Phoeniz rupicola T. Anders. T.S.;
of adult root showing: a.c., air cavities; f.b., fibre bundles; ¢.c. tannin cells; z, xylem
ph-phloem and a.c., air cavities in the central pith x 8. Fig. 6. Phoeniz paludosa
Roxb. T.8. of adult root showing: a,c., air cavities in the cortex; st., stele and p,
pith x 8. Fig. 7. The same: a portion of cortical ground tissue magnified showing
a.c., air cavities; g.p., ground parenchyma and f.b., fibre bundles X 44. Fig. 8.
Phoeniz dactylifera L. T.S. of adult root showing internal structure: Note the
few a,c., air cavities; pattern of c.f., conjunctive tissue and narrow pith, px 8.
Fig. 9. Chamaerops humilis L. Hort. T.S. of adult root showing h, hypodermis
a.c., air cavities; sc, sclereids; st, stele in the centre showing xylem, z, in many
row, in c.t.,, conjunctive tissue, with irregularly lobed strands x 15. Fig. 10.
Trachycarpus martiang H, Wendl. T.S. of adult root showing a.c., air acavities in
two rows and stele with circular conjunctive tissue, c.f. towards pith x 8.
Figs., 11-12. Raphis flabelliformis Ait. Hort. Fig. 11. T.S. of adult root showing
air cavities, a.c., stele, st, circular with medullary bundles, m.b. in the large central
pith x 8. Fig. 12, Medullary bundles with xylem, & X 70.

Figs. 13-28. Anatomy of roots in Corypha, Licuala, Livistona, Sabal and Hyphaene., Figs.
13-20. Corypha umbraculifera L. Fig. 13. T.8. of adult root showing large cortex,
fibre bundles, f.b.; circular stele, st and pith, » with numerous medullary bundles,
m.b. x8. TFig. 14. Hydrocentric medullary bundle in the pith showing xylem,, z;
phloem, ph and ring of sclerenchyma, r.sc. X 44. Fig. 15. Fused hydrocentric medullary
bundle in the central pith x 44. Fig. 16. Medullary bundle with fused phioem in the
central pith x 44. Fig. 17. Fused medullary bundle: one hydrocentric and two phloem
bundles x44. Fig. 18, Medullary bundle fused by phloem in the central pith X 44;
Fig. 19. A Portion of the cortex showing g.p., ground perenchyma; a.c., air cavities.
f.b., fibre bundles and r.s., raphide sacs x 44. Fig. 20. A portion of the stele showing
¢.c., inner cortex; t.c., tannin cells; en, endodermis; pe, pericycle; z, xylem; phk, phloem
and c.t., conjunctive tissue x220. Fig. 21. Licuala peltata Roxb. T.8. of adult root
showing o.kh., outer hypodermis; m.k., middle hypodermis; ¢.k., inner hypodermis;
c.t. conjunctive tissue, lobed and with one medullary bundle in the central pith,
pXx8. Fig. 22. The same. A portion of T.S. of adult root showing ep, epiblema;
o.h., outer hypodermis; m.h., middle hypodermis; ¢.kh., inner hypodermis and g¢.p.,
ground parenchyma of the outer cortex X 160. Fig. 23. Licuala grandis, H. Wend]l,
T.S. of adult root showing elongated air cavities, e.a.c., circular stele, st, and m.b.,
medullary bundle x8. Figs. 24-25. Liwvistona chinensis R. Br. Fig. 24. T.8. of
proximal part of root showing 3-layered hypodermis, h; sclereids, s¢ and circular stele,
st, x8. Fig. 25. T.8. of the distal part of root showing 3-layered hypodermis, A,
tannin cells, ¢.c. and medullary bundle, m.b. in the pith, p x 8. Fig. 26. Sabal adansonii
Guers. T.S. of adult root showing tannin cells, t.c.; circular stele, sf; one medullary
bundle sm.b. and fibre bundles. f.b. of the Areca type x15. Fig. 27. Sabal
serrulata Roem-et Schultz. T.8. of adult root showing circular stele, st and conjunctive
tissue, ¢.t., thin-walled towards periphery and lignified towards central pith Xx8.
Fig. 28. Hyphaene indica L. T.8. of adult root showing fibre bundles, f.b.; circular
stele, 8¢ and phloem, ph in two series in thin-walled conjunctive tissue, c.t. X 8.

Figs. 29-40. Anatomy of roots in Latania, Borassus, Caryota, Calamus Chryselidocarpus and
Hyophorbe.
Figs. 29-30. Latania verschaffeltii, Lernaire. Fig. 29. T.S, of proximal part of root-
showing air cavities, a.c.; circular stele, s¢ and pith, p x8. Fig. 30. T.8. of distal
part of root showing air cavities, a.c. in 2-3 series, radially elongated phloem, ph, and
circular pith, p x 8. Fig. 31. Borassus flabellifer L.T.S. of root showing air cavities,
a.c. and pholem, ph arranged in 2 series: Note conjunctive tissue, c.f. partly lignified
and partly parenchymatous x 8. Fig. 32. Calamus tenuis Roxb. T.S. of root a.c.
showing air cavities towards inner cortex 7.c and medullary bundle m.b. in'the central
pith px 8. Fig. 33. Calamus rotang L. T.8. of adult root showing air cavities, a.e.;
circular stele, s and & narrow pith, px8. Figs. 34-35. Caryota urens L. Fig. 34.
T. 8. of adult root, showing air cavities, a.c.; raphide sacs r.s.; fibre bundles, f.b.
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and a highly lignified conjunctive tissue, c¢.. with a small pith px15. Fig. 35. A
portion of the stele showing inner cortex, <.c.; en, endodermis; pe, pericycle; x, xylem;
ph, phloem; c.t., conjunctive tissue and pith, p X 44. Figs. 36-37. Caryota mitis Lour.
Fig. 38. T.S. of adult, root showing air cavities, a.c.; raphide sacs, 7.s.; fibre bundles,
f.b.; ring of sclerenchymae r.sc.; conjunctive tissue, ¢.f. having many rows of xylem,
z, and medullary bundles, m.b. in the pith, p x8. Fig. 37. A part of the stele
showing inner cortex, 7.c.; r.éc. ring of sclerenchyma; en, endodermis; pe, pericycle;
=, xylem; ph, phloem; c.t, conjunctive tissue and pith, p x44. Fig. 38. Chrysalido-
carpus lutescens H. Wendl. T.S. of root showing internal structure, V-shaped phloem,
ph, showing region where the stele breaks and medullary bundles, m.b. x8. Figs.
3949, Hyophorbe amaricaulis Mart. Fig. 39. T.S. of root showing sclereids, ¢, ring
of seclerenchyma, r.sc; circular stele st and fibre bundles, f.b. of the Areca type in pith,
p and medullary bundles, m.b.x 8., Fig. 40. A medullary bundle showing xylem, =
and elongated ground perenchyma g.p. X 44.

Figs. 41-—5’:. Anatomy of roots in Hyophorbe, Howea, Oreodoxa, Cyrtostachys and Archonto«
oeni.

%‘igs. 41-42. Hyophorbe amaricaulis Mart. Fig. 41, T.A. of distal part of root showing
sclereids, s¢; ring of sclerenchyma, ¢. sc.; lobed conjunciive tissue c.t.; fibre bundles,
f.b. of the Areca type and medullary bundles, m.b.x 8. Fig. 42. Cortical tissue magni-
fied showing ground parenchyma, g.p.; sclereids, s.c. and air cavities, a.c. x20. Fig.
43. Oreodoza regia Kth. T.8. of adult root showing hypodermis, k, with raphide
8ac8, 7.8.; G.C., &ir cavities; ring of sclerenchyms, r.sc and small circular pith, p X 8.
Fig. 44. Howea Belmoreana Becc. T.S. of adult root showing internal structures
fibre bundles, f.b. of the Areca type; st, stele and V-shaped pheloem, pkh X 8.
Fig. 45 Cyrtostachys rendah Bi. T. 8. of adult root showing imternal structure, fibre
bundles, f.b. and oircular stele, st X 8. Figs. 46-51. Archontophoeniz cunninghamii.
W. Dr. Fig. 46. T.8. of proximal part of adult root showing internal structure and
circular stele, st x 8. Fig. 47. T. 8. of distal part of the root showing strips of elon-
gated tissue, e.t.; broken stele, b.st; medullary bundles, m.b. : Note = xylem, both exarch
and endarch x 8. Fig. 48, A portion of the cortex showing elongated tissue, e.f.;
sclereids, sc.; fibre bundles, f.b. of the Areca type x44. Fig. 49, Fused medullary
bundle showing xylem, z and phloem, pi x 44. Fig. 50. A portion of the stele magni-
fied showing inner cortex, ¢.c. endodermis, en; xylem, «; phloem, ph; pericycle, pe and
conjunctive tissue, c.t. X 44. Fig. 51. A medullary bundle showing xylem, 2 x 44.

Figs. 52-60. Anatomy of roots in Areca, Elaets and Attalea.

Figs. 52-58. Areca catechu L. Fig. 52. T.8. of proximal part of root showing fibre bundles,
f.b.; sclereids, &c; stele, st with lobed conjunctive tissue, c.f., and medullary bundles,
m.b. x4. Fig. 53. T.8. of distal part of adult root showing different parts and polystelic
condition X 5. Fig. 54. T.S. of distal part .of adult root showing polystelic condition
and different parts X 4. Fig. 55. A portion of the cortical ground tissue showing ground
parenchyma, g.p. sclereids, sc; fibre bundles, f.b. of the Areca type and air cavities a.c.
x 20. Fig. 56. Medullary bundle showing xylem, x, and phloem, ph x70. Fig. 57.
Meduliary bundle showing xylem, 2, and phloem, pk x 70. Fig. 68. Medullary bundle
showing xylem, z, and phloem, ph with three strands x20. ¥ig. 69. Elaeis guineensis
Jacq. T.8. of adult root showing raphide sacs, 7.s.; air cavities, a.c.; ring of sclerenchymma,
r.8¢., and air cavities in the pith, p x 8. Fig. 60 A#talaca speciosa Marxt. T. 8. of adult
root showing air cavities, a.c. in the cortex and central pith, p : Note stellate margin
of conjunctive tissue towards the central pith, p x 8.

Figs. 61-70. Anatomy of roots in Cocos, Martinezia, Bactris, and Nipa. Figs. 61-63.
Cocos nucifera L:. Fig. 61. T.8. of adult root showing epidermis, ep; hypodermis, &:
&ir eavities, a.c.; tannin cells, f.c.; raphide sacs, r.s.; xylem, =z; phloem, ph; con-
juctive tissue, c.t.; pericycle, pe and medullary bundles, m.b. x 15. Fig. 62. A
portion of the cortex showing raphide sacs, r.s. ground parenchyme, ¢.p. and
air cavities, a.c. x44, Fig. 63. Medullary bundle showing xylem, x; phloem ph and
ring of sclerenchyma, r sc¢ x 44. Fig. 64. Cocos plumosa Hook. f. T. 8. of adult root
showing ep, epiblema; A, hypodermis; r.sc., ring of sclerenchyma and circular stele,
st X8, Fig. 65. Martinezia caryotaefolia Humb. Kth. T.8. of adult root showing fibre
bundles, f.b.; broken stele, b.st; V-shaped phloem, ph, and medullary bundles, m.b.
X 8. Fig. 66. Bactris major Jacq. T, 8. of adult root showing elongated air cavities,
e.a.c.; ciruler stele, s, and pith, px 8. Fig. 67. The same. A portion of T. 8. of
Adult root showing ground parenchyma, g.p.; air cavities, a.c.; endodermis, en:
phloem, ph; xylem, »; conjunctive tissue, c.t. and pith, px70. Figs. 68-70. Nipa
Jruticans Wurmb. Fig. 68. T.8. of aduilt root showing different air cavities a.c. anp
circular stele, sz x9. Fig. 69. A portion of T.8. of adult root showing inner cortex,
i.c.; en, endodermis with Casparian bands; pe, pericyele; pk, phloem; %, xylem; con-
junctive tissue, c.t. and pith, » x 70. Fig. 70. A portion of T.S. of adult root showing
elongated air cavities, e.a.c.; ground parenchyma, g.p. X 44.



