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Abstract 

The present paper deals with the stem anatomy of Trackycarpus martiana H. Wendl. The structural
variations in the stem have also been recorded, which could be helpful in resolving the artificial genus 
Palmoxylon because the petrified fragmnts of this genus might represent parts of the same palm. 

among the 'species' referred to its artificial 'genus', many na tural genera are represented.
Besides, 

Introduction

Anatomy of Trachycarpus martiana H. Wendl. has been undertaken keeping in view 
that a large number of petrified fragments of palm woods are known from different parts 

of the world belonging to Cretaceous and onwards. So far any detailed work on the anatomy 

of molern palm stemns has not been taken up and with the result the problem of ilentify- 

ing these species of fussil palms has gained universal importance. In the absence of a satis-
factory criterion for a natural classification of these fosil fragments, they have been assig- 
ned to the artificial genus Palmosyuon schenk (1882). 
of species described by Sahni (1964) and Prakash and Boureau (1968). Most of these

species are assignable to palms but among tae true palms reterred to this genus many 
natural geuera are represented. Besides, a number of these 'species' might also belong 
to one and the same palm or parts of the same organ. 

In order to assign these artificial species to their natural genera and to identify the 
isolated fragments of fossil palms from the Deccan Intertrappean beds, one of 
which appeared to resemble Trachycarpus and the other to Hyphaene. Hence the detailed 
anatomy of the stem wood of one of these two genera, Trachycarpus has been undertaken
and Trachycarpus martiana H. Wendl. has been selected for this purpose. 
from Nongnah in Meghalaya during the year 1982. This genus belongs to Sabaloid 
group of plams (Tomlinson, 1961). 
6 ft. in length. It is simple with distinct internodes and fairly narrow clothed by perma nent very fibrous leaf bases especially at the upper portion.

Fossil palms, belonging to Sabaloid group, have been reported from the Deccan In- 
tertrappean beds of India, viz., Palmoxylon livistonoides Prakash & Ambwani (1980) resemb- les Livistona; Sabalocaulon intertrabpeum Trivedi & Verma (1981) resembles Sabal petiole as 
well as Palmoxylon shahpuraensis Ambwani (1983) compares to modern Licuala. Apart from 
this, fossil leaf impression belonging to Sabal has been described by Sahni (1964) from the Deccan Intertrappean Series of India and to Trachycarpus by Lakhanpal et al. (1983) from the Lyan Formation of Ladakh. Recently a leaf impression of Livistona has been 
recorded from the Hemis conglomerate Horizon of Ladakh by Lakhanpal et al. (1985).

Anatomy of modern palms has been an attraction of early workers like Van Mohl 
(1824, 1849), Karsten (1847), Branner (1884) ancd Shoute (1912). They emphasized much 

This genus constitutes a large number 

It was collected

The stem of the present species under study measures 
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on the course of vascular bundles and mode of secondary growth in different palm stems. 

Later workers like Monover (1925), Ball (1941), Zimmermann and Tomlinson (1965), 

Kaul (1941, 1942, 1960) and Tomlinson (1961) delt in detail the significance of the 

criteria like distribution of the fibrovascular bundles per square unit area, shape of the 
fibrous sheath of the fibrovascular bundles, fbrovascular ratio, number of metaxylem 

elements, nature of perforation plates in them as well as the nature of ground tissue. 

Kaul (1935) based his results in the anatomy of palms with em.hasis on the ground tissue. 
These characters together were employed to distinguish the different species of Palmoxylon 

by Stenzel (1904), Sahni (1931, 1934, 1964) and other workers in this field. It was Swamy 
and Govindrajalu (1961) who traced the variability of different tissues and cell types 
occurring in the stem of Phoenix sylvestris. Ambwani and Prakash (1979-80) made a detailed 

study of the anatomical variability in the stem of Cayota sobolifera Wall. and its signific- 
ance in the identification of the genus Palmoxylon. Reddy and Kulkarni (1981) described 
the systematic anatomy of Chysalidocarpus Iutescens H. Wendl. and discussecd its anatomical 
variations throughout the stem length. Apart from this, anatomical studies of petioles of 
different species of Livistona have been carried out by Mahabale and Kulkarni (1972) 
and Kulkarni and Mahabale (1979) giving a range of anatomical variations throughout 

the length. 

Material and Methods 

The palm sten selected for the present studies was collected from Nongnah about 

5000 ft. high hill-tojp in Meghalaya. The whole plant was uprooted measuring 6 

fect in height. Four discs of about 1 inch thickness were cut at the intervals of every two 

feet from the base to the apex, i. e. these discs were obtained at the base, 2 feet, 4 fect and 

6 feet levels. From cach disca sector was cut along its radius which contained all the 

regions from centre to the periphery. Fach sector, so obtained, was further dividecl having 
cortical, dermal, sulbdermal and central zones. 
microtome directly or whenever necessary they were embeded in paraflin wax. 

the material, especially in the peripheral part, was quite hard to be worked out by micro- 

tome directly; it was first boiled under pressure and then waxed to obtain the thin sections.
A series olf transverse and longitudinal sections from each block was obtained from base to 

apex of the stem. 

These blocks were then subjected to the 

Sometimes 

Description 
Cortical zon:-It is about 0.5 cm thick throughout the stem length composecd mainly 

of larger fibrovascular bundles alongwith rarely seen smaller fibrous bundles. The outer- 

most layer is mainly composed of suberised cells of comparatively thicker walls to that of 

the parenchymatous cells in the inner side of this zone. The parenchymatous cells in the 

inner part are ihin-walled rangng in shape and size. 

adjoining fibrovascular bundles become laterally elongated and are arranged in tiers (PI. 

1, fig. 1). The size of these bundles ranges from 640 x800-1440 x800 m but they become 

smaller at the lavel of 6 feet and measure 320x400-180x 320 um (Pl. 2, fig. 12). The 
apical portion is especially dominated by fibrous bundles of comparatively larger size which
range irom 50-160 em (PI. 2, fig. 12). It has been observed that the frequency of fibrous 
bundles in this zone 
les are irregularly distributed (Pl. 1, fig. 1, 8 and Pl. 2, fig. 12). The dorsal sclerenchy-

matous sheath is prominent, mostly reniform. The f/v ratio varies from 4/1-6/1 at the 

base whereas it is 1/1-3/1 at the apex. Generally two small metaxylem vessels, sometimes 

The cells between two 

increases from base to apex. The fibrovascular bund- 
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three are seen at the base while this number may be 4 at the apex, usually these vessels 

are associated with smaller protoxylem elements and their numlber may exceed up to 8 

in a fibrovascular bundle. The ground tissue cells are of various shapes, laterally elonga- 

They are also arranged in vertical files which 

run irregularly through this zone and extend into dermal zone; these files are dbsent in 

the apical region (PI. 2, fig. 12). The ground tissue is compact without any intercellular

Spaces. Stegmata are present profusely in the fibrous portion of the fibrovascular bundles. 
Dermal Zone-This zone extends about 1 to 1.2 cm just after the cortical zone and 

These bundles in the basal part are fairly 

apart and regularly oriented (PI. 1, fig. 1). They gradually come closer with the increase 
of stem height as seen in apical part (Pl. 2, fig. 12)). Their shape ranges from round 

ted in between two fibrovascular bundles. 

is mainly composed of fibrovascular bundles. 

The size to oval sometimes elongated. Dorsal sclerenchymatous sheath is renitorm. 

of the bundles in this zone at the basal part ranges from 1280 x800-1440 x 640 and 960 x 

860-1440X800 am at the level of 2 feet whereas they are 800 x640-1280 x 800 m at 4 
feet and 480 x 400-1120 x640 um at 6 feet level. This indicates that the bundles of larger 

size are frequent at the base and smaller ones at the apical portion (Pl. 1, figs. 2, 5, 8; 
PI. 2, fig. 12). The frequency of the fibrovascular bundles shows an increasing trendat 
different levels of the stem, i.e. they are 35-40/cm2 at the base, 40-45/cm at 2 fecet, whereas 

meaning thereby a gradual 

concentration of the fibrovascular bundles occuring in the apical portion of the stem. 

The f/v ratio of the bundles is 3/1-5/1 at the base and 9/1-10/1 in rest of length of the stem. 
or absent. The 

65-70/cm and 130-140/cm at 4 fect and 6 feet respectively 

The median sinus is usually concave and the auricular sinus indistinct 
auricular lobes are usually rounded (Pl. 2, fig. 11. Fach fibrovascular bundle has gene- 

rally two metaxylem vessels with 2-4 protoxylem vessels at the basal portion while this 
Stegmata and a layer of 

tabular parenchyma are present around the fibrous part of the fibrovascular bundlles. The 
Leaf-trace bundles are frequently present throughout 

Phloem is present in the cavity between the xylem and dorsal sheath of the 

bundle and compriscs of sieve tube elements and companion cells, supported by a few 
phloem parencyma. The ground tissue is compact throughout this zone (PI. 1, figs. 2, 5, 8; 
and Pl. 2, fig. 12). Diminutive fibrovascular bundles are frequently present in the upper 

number increases up to 4 or more towards the apex of the stem. 

radiating parenchyma are absent. 

this zone. 

portion of the stem. 
Subdermal Zone-The fibrovascular bundles are almost equally distant from each 

Generally the larger bundles are at the basal part and range 
from 1280 x960-1440x960 4m and gradually decrease in size towards the apex and range 

decrease in size 960 x 

other throughout this zone 

from 960 x 640-1120 x960 um at 2 feet level. They further 
800-1120x640 #m and 960 x 640-830 x640 um at 4 feet and 6 feet distance from the base 
but here the larger bundles are fewer. The majority of the bundles fall under the range 

830 x640 um (Pl. 1 figs. 3, 6, 9; PI. 2 fig. 13). The frequency of the fibrovascular

bundles is 25-30, 35-40, 45-50 and 85-90 per cm* at base, 2 feet, 4 feet and 6 feet respecti-

vely. The fibrovascular ratio in this zone varies from 3/1-4/1 at base, 5/1-6/1 at 2 feet,

The dorsal sclerenchymatous sheath is usually reniform.
The median sinus is usually concave and the auricular sinus indistinct whereas the auricu- 

Each fibrovascular bundle usually has 2-5 metaxylem vessels asso- 
ciated with a few protoxylem elements. Stegmata are profusely present throughout the 

fibrous part of the fibrovascular bundles. A layer of tabular parenchyma is present around 

Phloem is composed 
Sometimes the phloem 

6/1-7/1 at 4 feet and 6 feet levels. 

lar lobes are rounded. 

the fibrovascular bundles whereas radiating parenchyma is absent. 

of sieve tube elements, companion cells and phloem parenchyma.
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is seen divided into two parts due to further extension of scierenchymatous cells of the 

sheath (Pl. 2, fig. 11). The ground tissue is compact and fibrous bundles are absent 

throughout this zone of the stem. 
Central one-Fibrovascular bundles in this zone are irregularly oriented and widely 

placed, their size ranges from 1120x960-1280 x960 um at the basal region, 830 x800-

1120x800 em at 2 feet, 960x830-1120x830 um at 4 feet while 640 x 400-960 x480 un 
at 6 feet level, meaning therebv the size of these bundles decreases with the increase in the 

sterm height (Pl. 1, figs. 4, 7; P1. 2, figs. 10. 14. 
The frequency of these bundles varies from 6-10/cm3 at the base, 25-30/cm* at 2 feet 

height, 35-40|cm at 4 feet level while 60-65/cm at the level of 6 feet and the fibrovascular 
ratio varies from 3/1-4/1 at the base, 4/1-5/1 at 2 feet, 2/1-3/1 at 4 feet and usually 2/1 at 6 

feet level. Dorsal sclerenchymatous sheath is usualiy reniform. 

cave and the auricular sinus is indistinct 

The median snus con- 

(P1. 1. figs. 4, 7; PI. 2. figs. 10, 14). Each 

fibrovascular bundle has usually 3-5 metaxylem vessels but this number increases 8-9 

throughout the stem length. 
lle. Stegmata are profusely present in the fibrous part of the fibrovascular bundles 

(PI. 2, fig. 15). A ayer of tabular parenchyma may also be seen around the fibrovas- 
cular bundles. Fibrous bundles frequently prescnt in the basal portion whereas they are 

abscnt in the upper part of the stem (PI. 1, figs. 4, 7; Pl. 2. figs, 10, 14). 
parenchyma are absent rhroughout this zone. 

companion ceils and phlocn parenchyma. 
the extension of sclerenchymatous cells of the sheath 
throughout this zone but sometimes a few smaller intercellular spaces may be present 

in the basal part of the sten 

Diminutive l'ibrovascular Bundles The dininutive fibrovascular bundles are frequently 
present in the dermal zone throughout the stem. In thc subdermal and central zone 

their frequency decreases, i. e. their number is inversely proportional to the stem height. 
These bundles usually measure up to 200 x 180 en1 and exhibit similar construction as 
the larger fibrovascular bundles and show irregular orientation.

Leaf-Trace Bundles-Leaf trace bundles are present throughout the stem and can 
easily be distinguished by their extended vascular part with many smaller xylem vessels. 

They are sligh1ly larger than the normal fibrovascular bundles (PI. 1, figs. 2, 3, 4; PI. 2, 
figs. 10, 13, 14). 

Fibrous Bundles-Fibrous bundles are profusely seen in the cortical zone and very 
rarcly in the dermal zone while they are absent in subdermal zone. 

pearance in the central zone is noteworthy (Pl. 1, figs 3, 5; PI. 2, figs. 12, 13, 14). 

Ground Tissue-The ground tissue is compact throughout the stem and does not 
show secondary expansion of the parenchymatous cells. These 
in shape and size in the dermal zone up to 2 feet height, and vary from round, oval to 
angular. 
vertical files of the cells may be seen running between the fibrovascular bundles (Pl. 1, fig. 5). These files run irregularly throughout this zone whereas in the subdermal 
central zone of the stem the cells become more compact and smaller which at the apical part become isodiametric in shape (P1. 1, figs 6, 7, 9; Pl. 2, fig. 13). 

Vessel Elements-Metaxylem vessels in dermal zone are usually narrow, round to 
oval (in T. S.) in the basal part while their number increases in the apical part as many 
as 8-9 per vascular bundle. They measure 80 x 40-96 x40 um in cross section 
x60-560x64 um in length. The end plates are obliquc with 2-8 perforation bars, 

There may be as many as 15 protoxylem elements in a bun- 

Radiating 
Phloem is composed of sieve tube elements,

It is also seen divided into two parts due to 
The ground tissuc is compact

(P. 1, figs. 2, 3, 4. 

Further, their ap 

cells indicate variation

Sometimes the angular cells are highly inflated (Pl. 1, figs. 1, 2, 3). The 

and 

and 160 
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sometimes simple periorations art also present (Pl. 2, figs. 15, 16). densely scalariform to reticulate thickenings on their walls. Protoxylem elements measure 
32-80 um in cross section while they are larger than metaxylem elements being 130-960 
m, usually possessing annular to spiral thickening on their walls (PL. 2. figs. 15, 16, 
17, 18). 

These vessels have 

The larger size vessels generally occur in the upper portion of the stem indicating their positive relationship with the height of the stem (also see Reddy & Kulkarni, 1982). 
Discussion 

Generally the anatomica! characters exhibited by the present palm stem such as: 
the nature of the fibrovascular bundles, their frequencv per unit square area, t/v ratio, 
shape of the dorsal sclerenchymatnus sheath. vessel elements as well as the nature ot the 

ground tissue, do not show stability throughout the stem length (Tomlinson, 1961; Sawant 

&Mahabale, 1980; Ambwani & Prakash. 1981; Reddy & Kulkarni. 1981) but some 
of the characters like nature of the dorsal sclerenchymatous sheath, the ground tissue as 

well as presence of stegmata etc. appear to be stable characters throughout the stem. 

The features of variable behaviour can be summarised as tollows: 
The maximum size of the fibrovascular bundles in the dermal zone at the base 

being 
640 um towards the apical part. In the subdermal zone these bundles also show 
same size but at the level of 4 fcet they become smaller and range 830 x 640-960 x 
640 m whereas in the central zone their size varies 1220 x960-1280x960 am at 
which are 

1200x 800-1440x640 um gradually decreases up 480x 400-1440x to 

basc 
reduced to 640x 400-960 x 480 4 towards the apical region mcaning 

there by the size of the filbrovascular bundles is inversely proportional to the height 
of the stem. The number of the metaxylem vassels per vascular bundle in 
dermal zone is usually 2, sometimes 3 to 4 may also be seen; in the subdermal 

zone they range from 3-5 and exceed to 9 in the central zone (PI. 1, figs. 1-9 
Pl. 2, figs 10-14). The number of the ibrovascular bundles per unit square arca 

the 

in the dermal zone ranges from 35-40 at the base which increases up to 130-140 at the 

apex while in the subdermal zone they become lesser to 26-30 at the base and 85-90 at 
the apical region. This number still decreases from 6-10 in the central zone at the basc 

and extends to 60-65 at the apex showing their direct relationship with the height of the 
stem. According to Tomlinson (1961, pp. 18) the number of vascular bundles 
per unit area of stem is aproximately the same at all the heights. This is true even 

where the stem tapers or becomes swollen." 
Trachycarpus marliana, as the number of fibrovascular bundles 
with the increase in the stem height (see text). The f/v ratio in the dermal zone of the 
basal part ranges from 3/1-5/l and beyond the level of 2 feet to the apical region, it remains 
constant between 9/1-10/1. This ratio in the subdermal zone is 3/1-/1 and 6/1-7/1 whereas 
in the central zone it is 4/1-5/1 at the base and usually 2/1 at the apical portion. As 
regards the number of metaxylem vessels per bundle, it extends up to 4 at the base whereas 
8 to 9 at the upper portion and their length increases from 160 to 560 em. The pro- toxylem elements are longer than the metaxylem elements and range The longer vessels usually occur in the apical part of the stem, showing a direct relation ship with the stem height. 

The ground tissue in the present species does not seem to undergo secondary expan- sion and is usually compact throughout the stem. The parenchymatous lower part of the stem are usually larger and variously shaped. It is notable that the 

But this does not hold good in case of 

in the stem increases 

up to 960 pm. 

cells in the 
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fibrous bundles, which show their appearance in the basal part, disappear as the height 

of the' stem increases. 
Generally the lacunar condition of the ground tissue is exhibited in the central 

zone of Sabaloid palm stems 
It has been observed that the ground tissue in Trachycarpus martiana does not show any 

lacunar condition except a few small intercellular spaces at the basal region which are 

formed due to the irregular shapes of the parenchymatous cells. 
agree the work of Tomlinson (1961) in the case of Trachycarpus and indicates that even the 

girth of the stems in sabaloid plams does not necessarily 
zation of the ground tissue. 

(Tomlinson, 1961: Sawant & Mahabale, 1980). 

This further does not 

become a factor for lacunari- 
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Explanation of Plates 

Plate 1 

Trachycarpus martiara H. Wendl. 

.Transverse section of stem at the base showing cortical and a part of dermal zone x 10. 
2. Transverse section of the stem at the base showing fibrovascular bundles of subdermal zone. 

Note the presence of fibrous bundles x ro. 
3. Transyerse section of stem at the base showing fibrovascular bundles of subdeimal zore. 

Note the presence of fibrous bundles x 10. 
Trarsverse section of stem at the base showing the irregular orientation of the fibrovascular 

bundles in the central zone. x 10. 
Transverse section of the stem at 2 fect level passing through the dermal zone indicating compact 
nature of the fibrovascular bundles. x 10. 

5. 

Transverse section of stem at 2 fceet level showing the orien tation of the subdermal fibrovas 
cular bundles. x 10. 

. 

7. Transverse section of stem a t 2 fect level showing iriegular orien tation of the fibrovascular 

bundles and the absence of fibrous bundles in the central zone. x10. 

Transverse section of stem at 4 fcet level showing cortical and a part of dermal zcnes. x10. 

Transverse section of stem at 4 feet level passing through subdermal zone. x10. 9. 
8. 

Plate 2 

10. Transverse section of stem at 4 fect level showing central zone. Note the compact nature of 

the ground tissue. x 10. 
11. A single magnified fibroyascular bundle showing increased number of xylem vessels and phloem 

divided into two parts. x10. 
12. Transverse section of the stem at6 feetlevel showing cortical and dermal zones. Note the presence 

of profuse fibrous aid fibrova scular bundles in the cortical zone and diminutive bundles in the 
dermal zone. x 10. 

T3. Transverse secction of the same level fpassing through subdermal zone showing comp:ct ground 
tissuc composed mstly of isodiametric parenchymitous cells. x 10. 

14. Transverse section of stem sho wing central zone at6 fect level. Note the plescnce of multiple number of metaxylem vessels. x 10. 
, 6. Longitudinal section of stem to show nature of the metaxylem vessels. Note the scalaritorm 

perforation of end wells and obliquc perforation plates x 120. 17. Longitudinal section showing perforation plate having simple .*rforation, x 120. 13. Longitudinal sectioa to show the stegmata. x 120. 
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