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SANDALWOOD AND ITS INDIAN SUBSTITUTE^
By K. A. Chowdhury, Wood Technologist,

Forest Research Institute.

Introduction.

True sandalwood (Santalum album) has the reputation of
having been used in India from ancient times, for, in classical
Sanskrit literature, frequent mention is made of this wood as
lchandana.' The demand for sandalwood has gradually increased,
and since its supply is limited, various aromatic timbers from
different parts of the world have been put on the market as
substitutes for sandalwood. Amongst these, the most well-known
are :—Fusanus spicatus R. Br.* (Australian sandalwood), Esen-
beckia atata, Pittier, (West Indian sandalwood) (5), Amyris
balsamifera, L. (Venezuelan sandalwood) (5), Ximenia americana,
L. (West African sandalwood) (7), Osyris tenuifolia, Engl. (East
African sandalwood) (1), and Mansonia Gagei, Drum, from
Burma (2).

True sandalwood is a native of South India and its distribu¬
tion is confined to Mysore, Coorg, the Southern Maharatta
countries, the Carnatic and the Western Ghats. Occasionally,
this tree is cultivated outside its natural zone, but the main
supply is from the localities mentioned above.

Although the knowledge of an Indian substitute for true
sandalwood can be traced back to the European literature of the
thirteenth century, yet its botanical name was not known till
recently, when Prain reported to the Linnean Society the
identification of this tree as Mansonia Gagei, Drum, locally called
KkalameV in Burma (8). Due to certain similarity in the general
properties of sandalwood and kalamet, there exists in commerce
some confusion regarding their identity. The purpose of this
paper is to consider the question of similarity of the two woods
and the means of separating them.

*Botanical name of this tree seems to be a matter of controversy among Systematic
Botanists. Fusanus spicatus R. Br. is the name given to it by R. T. Baker, in his
book ' Hardwoods of Australia.'
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Sandalwood.

Santalum album, Linn. (Santalacece).
General Properties of Wood: Sapwood white, often with a

yellowish tinge ; heartwood brownish grey, streaked with alternate
light and dark bands ; oily, with a smooth feel; with characteristic
strong odour ; heavy to very heavy, weight per cubic feet approxi¬
mately 60 lb.; moderately hard ; almost straight grained ; very
fine and even textured.

Description of Wood* : Growth rings fairly distinct, marked
by bands of denser fibrous tissue ; 7-14 per inch.

Pores appear like white dots to the naked eye, individually
distinct with a hand lens, for the most part solitary, rarely in
groups, rather irregularly arranged (Photo No. 1).

Soft tissue not distinct even with a hand lens.
Rays fine, visible with a hand lens, showing irregular arrange¬

ments on the tangential surface (Photo No. 3).
Material: D. 33, D. 2307, W. 6016, and W. 6722.

Kalamet.

Mansonia Gagei, Drum. (Sterculiacece).
General Properties of Wood: Sapwood dull white, heart-

wood blackish grey ; oily, with a smooth feel; with characteristic
faint odour, very unlike that of sandalwood ; heavy to very heavy,
weight per cubic feet approximately 60 lb.; hard to very hard;
slightly twisted grained ; fine and even textured.

Description of Wood: Growth rings rather indistinct,
delimited by narrow bands of dense fibrous tissue ; 12-24 per inch.

Pern minute, just visible with a hand lens, rarely solitary,
mostly in groups, arranging more or less in radial rows (Photo
No. 2).

Soft tissue not distinguishable with a hand lens.
' this description is confined to the characters visible either with the naked eye

or with a hand lens (10X).
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SANTALUM ALBUM, Linn.
Cross Section.
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SANTALUM ALBUM , Linn.
Tangential Section.

X 10.

MANSONIA GAGEI, Drum.
Tangential Section.
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Rays fine, just visible with a hand lens, on the tangential

surface showing distinct ripple marks (Photo No. 4).
Material: B. 6788 and B. 6827. In this connection, it is

interesting to note that our type specimen number B. 1950 collec¬
ted from Burma, bears the name Santalum, but on examination
proved to be Mansonia Gagei,

Summary :—

x. Sandalwood has a strong odour, while that of kalamet is
rather faint.

2. In sandalwood the pores are solitary and individually
distinct with a hand lens, but in kalamet the pores
are just visible with a hand lens and they are
arranged in radial rows.

3. Sandalwood has no ripple marks, while kalamet shows
pronounced ripple marks.
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It l^as been, introduced into the United States in commercial
articles made of bamboo from Japan and China.
Minthea rugicollis Walker.

Distribution.—Andamans: Bonnington and Chatham Mills. Bengal:
Calcutta timber yards. Bombay: Western India Match Factory;
Bassein Range, West Thana. Burma : Kyundaupg Reserve, West
Salween. Coorg : \Mawkut. Madras : Madras Ordnance Depot;
Coonoor Range, Nilgiris; Nilambur. Travapcore. Central Africa.
Malay Archipelago. Australia.

Food-plants.—RomboC% malabaricum, Caharium euphyllum, Canes,
Dipterocarpus turbinatus, Derris elliptica/ Erythrina Mica, Garuga
pinnata, Hardwickia pinnataParishiafinsignis, Phyllanthus emblica,
Poinciana elata, Sterculia campanulata, Terminalia bialata, Wrightia

\ i
tmctona. \ /

k
Life-history.—Wood attacked by Minthea rugicollis may yield

beetles over a period of more tjjhn eighteen months from the time of
first emergence. The emergence-periodds extended and ill-defined.
Beetles appear in greatest abundance in bTovember-December and in
June from wood caged at Dehra Dun.

/ \

This species is sub-cosmopolitan in the tropics. In India it is
commonest in the moiMer warmer forest regions of South India and
Burma. It is the predominant species in the Vtimber mills of the
Andamans where it replaces Lyctus africanus, characteristic of the
northern and drier regions. It has been imported into the Calcutta
timber yards in Andamans timbers, but has not spread to the depots
dealing with Assam and Bengal woods. It occurs in the Western
India Match Factory, Bombay, and has been reared from Wooden I. P.
tent-pins from the Madras Ordnance Depot.
Trogoxylon auriculatum Lesne.

distribution.—Madras: Bellary Range, Anantapur; Sappal,
Palghat. Punjab : Lahore; Rawalpindi. United Provinces : Dehra
Dun; Kalagarh ; Chandi Range, Lansdowne.

Food-plants.—Acacia intsia, A. modesta, Acacia sp., Albizzia
lebbek, A. odoratissima, Bauhinia retusa, Conibrepum decandrum, Dal-
bergia sissoo, Erythrina suberosa, Kydia calycina, Shorea robusta.
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Life-history.—This species exhibits a much more sharply defined
emergence-period than its allies, swarming in May and the first half of
June. The life-cycle is annual. It is a forest inhabiting species
breeding in dry wood and not ordinarily present in sawmills and
factories ; it has been reared from wooden I. P. tent-pins stored in the
Madras and Rawalpindi Ordnance depots, but the locale of infection
of this material is obscure.

Trogoxylon spinifrons Lesne.
Distribution.—Bengal: Calcutta timber yards ; Debrepani, Dar-

jeeling. Bombay: West Thana. Central Provinces: Purna Range,
Buldana; South Chanda; Banjar Range, North Mandla.; Seoni.
Madras : Berhampur Range, Ganjam. Punjab : Lahore. United Pro¬
vinces : Dhera Dun; Jarwa Range, Gonda ; Gorakhpur ; Jawalapur,
Saharanpur.

Food-plants.—Acacia modesta, Alstonia scholaris, Anogeissus
latifolia, Bombax malabaricum, Boswellia serrata, Buchania latifolia,
Careya arborea, Cassia fistula, Dalbergia paniculata, Dendrocalamus
strictus, Garuga pinnata, Inga dulcis, Litscea kingii, Mangifera indica,
Prosopis juliflora, Semecarpus anacardium, Shorea robusta, Soymida
febrifuga, Sterculia alata, Terminalia belerica, T. tomentosa.

Life-history—The life-cycle has not been specially studied but it
seems that beetles may mature in six months and emergence may
continue for more than fifteen months after infestation. The emer¬

gence-period is not very well marked, but the onset of the monsoon
causes increased swarming that continues well into the cold weather.
Beetles are most abundant from July to December.

The species is not so common as Lyctus africanus in most locali¬
ties, but in some places, as for example the timber yards in Calcutta,
it appears to replace L. africanus almost completely.

THE LIABILITY OF SOME INDIAN TIMBERS TO LYCTUS
ATTACK.

By K. A. Chowdhury, Wood Technologist, Forest
Research Institute.

Introduction.—It has been shown by Clarke (2) that the size of
vessels in a timber determines whether or not it is liable to be attacked



1933 ] THE LIABILITY TO LYCTUS ATTACK, ETC. 165

by Lyctus beetles. The beetle can lay eggs only' in those timbers in
which the size of the vessels is larger than that of the eggs. Dr.
Beeson, Forest Entomologist, Forest Research Institute, Dehra Dun,
recorded a number of food-plants for Lyctus africanus, and in response
to his request this investigation was taken up by the author with a
view to finding out the extent to which the recorded food-plants are
subject to attack by Lyctus beetles.

Material and method of study.—Since no record was available as
to the exact size of L,yctus africanus eggs, an attempt was made to
obtain some eggs for the purpose of measuring their diameters. With
this object in view, the following experiment was carried out:—

Small cubes (say Y X 2" X }") of timber (sapwood) with
fairly large vessels were prepared and clamped together. These were
then placed in bottles along with some live beetles of Lyctus africanus:
The main idea underlying this procedure was to find out whether
the beetles can lay eggs in the wood as well as in the joint in between
two blocks of wood. Eggs were found inside the wood blocks but not
in the joints between blocks. Thus it was possible to record the dia¬
meters of 10 eggs. The maximum diameter at the widest part of the
egg was found to be 130 microns, while at the narrowest part it was
108 microns. The maximum diameter in the case of almost all eggs
was found to be 130 microns.

The wood samples studied were from the collection of the Forest
Research Institute, Dehra Dun, which is usually obtained from differ¬
ent parts of India. A list of the timber species studied showing the
locaities from which they were collected is given at the end of this
paper. The samples studied included one bamboo, five ring-porous
or semi-ring-porous woods and the rest were diffuse-porous woods.
In all 52 species were studied. Examination of a species was mostly
confined to one slide. Only in a few cases more than one slide was
examined in order to record the diameters of at least 100 vessels. The
total number of measurements taken was 12,544, and on an average
121 vessels were measured for a species,
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With tho help of a" Metron Reflex Drawing Outfit," both tangen¬
tial and radial diameters of vessels were measured directly in microns,
and recorded separately. Then these diameters were plotted in a

graph; the horizontal axis representing the radial diameter, and
the vertical axis the tangential diameter. Since the maximum dia-
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130 microns, two

lines, one horizon¬
tally and the other
vertically, were
drawn separating
the vessels less
than 130 and
those more than
130 m i c r o n s

(Graph I). The
vessels on the

right hand side of
the vertical line

and below the horizontal line were more than 130 microns both
tangentially and radially and were thus the possible egg-laying
places for the Lyctus. The total number of vessels recorded was
worked out and also the number of vessels which have both
diameters more than 130 microns. From these two, the per¬
centage of vessels with more than 130 microns in diameter was
calculated and this at the same time gave the percentage of possible
egg-laying places for Lyctus in a timber species.

In the same way all the species have been worked out and the
final results are shown in terms of the percentage of possibility
of, and immunity from, laying of eggs by Lyctus africanus. Dr. Beeson
pointed out in his original note that a few species were wrongly record¬
ed as food-plants in the list. On examination it was found that
3 species, namely Nyctanthes arbor-tristis, Vatica lanceaifolia and
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Possibility of Lyctus attack depending on vessel size.
Lagerstrcemia parviflora

Lannea grandis

Macaranga roxburghii

Mallotus philippinetfris

Mangifera indica

Melanorrhcea usitata

Millettia auriculata

Nyctanthes arbor-tristis

Pitheeolobium dulce

Pongamia glabra

Populus euphratica

Pterocarpus marsupium

Pterospermum acerifoliuw

Quercus semecarpifolia
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Soymida febrifuga

Spondias mangifera

Sterculia alata

Sterculia urens

Tectona grandis

Terminalia arjuna

Terminalia belerica

Terminalia bialata
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Wrightia tinctoria
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Possibility of Lyctus attack depending on vessel size.
Acacia arabica

Acacia modesta

Albizzia proccra

Albizzia stipulata

Alnus nepalensis

Alstonia scholaris
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Bauhinia vahlii

Bauhinia variegata
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Buchanania latifolia
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Cassia fistula
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Dalbergia sissoo
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Erythrina suberosa

Ficus glomerata
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WrigTitia tinctoria, were not likely to be attacked by Lyctils africanus,
since their maximum vessel size was smaller than the size of Lyctus
eggs (Plate XIV).

Discussion.—While recording the diameters of vessels it was
noticed that although a general correlation seems to exist between
tangential and radial diameters, yet some vessels had one diameter
out of proportion to the other. After plotting, a distinct correlation
was found between the two diameters but again a few cases of irregu¬
larities were observed. In the circumstances it was thought advisable
to take into consideration two diameters separately instead of taking
the average of both, for the tangential and the radial diameters of the
egg were 130 microns in each case and no egg could be laid in a vessel
whose one diameter was less than 130 microns,—no matter how large
the other diameter may be. Eggs can be laid only in those vessels in
which both tangential and radial diameters are more than 130 microns.

The vessel size of different species belonging to a genus showed
such a marked difference (Figs. XIII and XIV) that it was not possible
to lump together the species under a genus. This discrepancy in the
vessel size of different species can be understood, when we take into
consideration the vast difference in the climatic condition and the
localities in which the various species grow in India.

It will be noticed that one bamboo has been included in the list.
Due to somewhat irregular distribution of vascular bundles in it, it
was not possible to ascertain true tangential and radial diameters of
its vessels. The widest part of the vessel in the cross section was
measured and recorded as radial, while the tangential was measured
at right angles to the radial. The same procedure was also followed
in some broad-leaved species in which the vessel distribution was very
irregular.

Summary.—(1) A distinct correlation was found between tangen¬
tial and radial diameters of vessels in the species studied with a few
exceptions.

(2) Lyctus can lay eggs only in those vessels whose tangential
and radial diameters are each larger than the diameter of the eggs.

(3) Different timber species belonging to a genus show a marked
difference in their vessel size,
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In conclusion, I wish to express my grateful acknowledgment to
Mr. A. D. Blascheck, President, Forest Research Institute, for kindly
drawing my attention to certain recent publications in connection
with this investigation. My thanks are also due to Dr. G. F. C. Beeson,
Forest Entomologist, and Mr. J. C.M. Gardner, Systematic Entomolo¬
gist, for some helpful information and suggestions and to Mr. S. Ghosh
of the Wood Technology Section for his assistance during this investi¬
gation.
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I. Introduction.
T N a recent note (4) it was reported that the Forest Research Institute1 Fossil No. 2 had been collected by Mr. C. S. Purkayastha of the Assam

Forest Service, and sent to the Forest Research Institute, Dehra Dun, 01
identification. During his tour in the Nowgong Forest Division, he came
across this fossil near Nailalung Railway Station, 14 miles east o
Lumding Junction on the Assam-Bengal Railway. The specimen is 5 inc es
in diameter and about 8 inches in length. Its preservation has been very
bad and uneven. The black stripes seen on the longitudinal surfaces indi¬
cate slight deterioration of the wood prior to fossilization. The fossi
consists mainly of coarse, slightly ferruginous, yellow to sometimes brown
sandstones. According to Evans (8), the locality from which the specimen
was collected, is of the Tipam Sandstone Stage. He says that in this
Stage fossil woods are not ' very abundant except in small area east and
south-east of Lumding'. In the opinion of the Geological Survey of India
this fossil is 'probably of the Middle Tertiary Age . Further geologica
detail of this area will probably be available when the Geological Survey

[Annals of Botany, Vol. L. No. CXCIX, July, 1936.]
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of India, which is at present carrying out a survey in Assam, completes
the work.

In a previous note (4), as stated above, affinities of the Forest Research
Institute Fossil No. 2 to the living Glutas were reported, and the name
Glutoxylon assamica was proposed for it. In the present paper it is the
intention to compare anatomically this fossil with the living dicotyledons
as well as with the dicotyledonous fossil woods that have been so far
recorded.

II. Description of the F.R.I. Fossil No. 2 and Its Comparison
with the Living Dicotyledons.

A. Macroscopic Study.
Description of the fossil: a diffuse porous wood.

Growth rings-. The metatracheal parenchyma bands may give the
impression of growth rings, but their distribution is too irregular to be
taken for the marks of true growth rings.

Vessels: distinctly visible to the eye, medium-sized to large, appearing
as white dots against the ground-mass of the wood, single or in radial pairs,
oval, tylosed, occasionally filled with brownish deposit; vessel lines distinct
on the longitudinal surfaces due to whitish contents of the vessels.

Soft tissues: in the well-preserved portion of the specimen they are
found in a row round the vessels, but not distinct in the badly preserved
portion. They are also found in thin metatracheal bands which are very
irregularly distributed. Some of the bands are very near each other—as many
as three bands in a millimetre are not uncommon; others may be wide apart—
as much as 3 mm. in between two bands. These bands are either continuous
or end abruptly after running a short distance (PI. VII, Fig. 1).

Rays: fine, scarcely visible to the eye but distinct with a lens, more
or less evenly distributed ; on the radial surface they are visible but not
prominent. Ripple marks have not been observed.

Gum ducts-, disintegration of woody tissues may give the impression
of vertical gum ducts in a row, but it is doubtful whether this is the case.
Horizontal gum ducts are not visible with the eye or hand lens.

The wood collections, both Indian and foreign, of the Forest Research
Institute, Dehra Dun, have been examined with a view to finding out
timbers which depict macroscopic anatomical structure similar to that of
the F.R.I. Fossil No. 2. In this connexion, various publications on plant
anatomy, especially Den Berger (6), Foxworthy (10), Gamble (11),
Garratt(12), Lecomte (16), Moll and Janssonius (17), Pearson and Brown (18),
have also been referred to. The list given below shows the families and
genera of the woods which show some affinities (in gross anatomy) with the
fossil in question.
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1. Guttiferae.
Calophyllum Linn.

2. Anacardiaceae.
Bonea Meissner; Gluta Linn.; Melanorrhoea Wall; Mangifera Linn. ; and

Swintonia Griff.

3. Leguminosae.
Hardwickia Roxb. (specially H.pinnata Roxb.; and H. alternifolia Elmer.);

Kingiodendron Harms.; and Sindora Miq.

4. Myristicaceae.
Myristica Linn, (specially M. amygdalina Kurz.; and M. irya Gaertn.);

and Horsfieldia Willd.

B. Microscopic Study.
Description of the fossil.

Growth rings : indistinct (PI. VII, Fig. 1).
Vessels : solitary or in radial pairs of 2-9 (mostly 2-4), less frequently

in tangential pairs, profusely tylosed, occasionally filled with solid deposit
(PI. VII, Figs. 1, 3); perforation-plate horizontal or slightly oblique, simple ;
vessel elements tailed or not (PI. VII, Ph'g. 5). Inter-vessel pits large,
alternate, border oval, when crowded hexagonal, widest horizontally;
aperture lenticular, horizontal or slightly oblique (PI. VII, Figs. 5, 7, 9).
Vessel-ray pits very large, oval or round, one to a few per ray cell, with
wide aperture and narrow border, horizontally aligned (PI. VII, Fig. 5).
Vessel-parenchyma pits are of the same type as those of vessel-ray but
vertically aligned.

Fibres-. difficult to distinguish individually in badly preserved portion
of the wood, but where the preservation is fairly good they are thin to
thick walled, somewhat tangentially compressed, in radial rows. . Interfibre
pits moderately numerous, small, mostly confined to radial walls, border
small; aperture slit-like, vertical or slightly oblique (PI. VII, Fig. 2).

Parenchyma-, scanty; (1) paratracheal, in a sheath of 1-2 cells, seldom
forming eyelets (PI. VII, Figs. 1,3); (2) metatracheal band, thin, 1-4 cells
wide (mostly 2), (PI. VII, Fig. 3); continuous or ending blindly, spaced
irregularly (PI. VII, Fig. 1); (3) diffuse not observed, probably due to bad
preservation. Interparenchyma pits numerous, fairly large, oval, rarely
grouped.

Rays-, two types; (x) simple, 1-2 seriate (mostly 1) (PI. VII, Fig. 4),
heterogeneous, intercellular spaces not distinguishable. Individual cells
squarish to oblong in tangential section (PI. VII, Fig. 4). (2) Fusiform
with horizontal gum ducts, 2-4 cells wide, gum duct mostly one in a ray,
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seldom two (PI. VII, Figs. 4, 6); distribution irregular, but always present;
epithelial cells present, small, in a row round the duct. Ray cells in radial
section mostly procumbent, rarely square or upright.

Gum ducts', vertical type not observed. From the above description,
it will be noticed that the fossil shows one anatomical feature of diagnostic
importance, i.e. horizontal gum ducts. According to Den Berger (6),
Garratt (12), Lecomte(16), Moll and Janssonius(17), Pearson and Brown (18),
Record (19), Solereder (24), and also as a result of microscopic anatomical
study by the author, out of eleven genera which have been found to show
some similarity in gross anatomy with the fossil, only three genera of the
Anacardiaceae have horizontal gum ducts. In view of this, it does not
appear to be worth while to study microscopically all the eleven genera.

Only the anatomical structures of Gluta, Melanorrhoea, and Swintonia of
the Anacardiaceae have been given here, and their similarity and dissimi¬
larity with that of the fossil have been discussed.

Table I.

Comparison of Anatomical Structures of the Fossil with those of Gluta,
Melanorrhoea, and Swintonia.

F.R.I Fossil
No. 2.

Gluta.

Melanorrhea.

Vessels.1

Moderately
thick walled.

Moderately
thick walled.

Swintonia.

Moderately
thick walled.

Thin walled.

Fibres.1

Thin to
thick
walled.

Thin to
thick
walled.

Parenchyma.2
(1) Paratracheal sheath

of 1-2 cells.
(2) Metatracheal bands

of 1-4 cells (mostly
z).

(3) Diffusenotobserved.

Rays.
(1) Simple, 1-2 se¬

riate (mostly 1).
(2) Fusiform, 2-4 se¬

riate with hori¬
zontal duct.

(1) Paratracheal sheath (i) Simple, 1-2 se-
of 1-3 cells. riate (mostly 1).

(2) Metatracheal bands (2) Fusiform, 2-4 se-
of 1-4 cells (mostly riate with hori-
2-3). zontal duct.

(3) Diffuse scanty.

Thin to
thick
walled.

Very thin
wailed.

(1) Paratracheal sheath
of 1-3 cells.

(2) Metatracheal bands
of 1-10 cells (most¬
ly 3-7)-

(3) Diffuse very scanty.

(1) Paratracheal sheath
of 1-3 cells and ex¬
tending in wing¬
like fashion.

(2) Metatracheal bands
of 2-8 cells (mostly

, . 3~5)-
(3) Diffuse scanty.

(1) Simple, 1-2 se¬
riate (mostly 1).

(2) Fusiform, 2-4 se¬
riate with hori¬
zontal duct.

(1) Simple, 1-3 se¬
riate (mostly 2).

(2) Fusiform, 3-4 se¬
riate with hori¬
zontal gum duct.

1 See Chattaway (3). 2 See Record (19).
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It may be noted here that these anatomical characters have been found
to be constant in the different wood specimens of the same species, as well
as in the different species of the same genus except in Melanorrhoea.

The fossil differs from the Swintonias in the distribution of vertical

parenchyma cells, in the width of the ray cells, and in the thickness of walls
of fibres and vessels. In view of these dissimilarities, it is most unlikely
that the fossil is one of the Swintonias. Out of the remaining two genera,
Gluta and Melanorrhoea, the latter exhibits certain anatomical variation
within the genus. This variation has been found to be confined to the
distribution of metatracheal bands, based on which the genus may be
divided into twO main groups. Those that have thick bands of 1-10 cells
(mostly 4—7) and those that have thin bands 1-6 cells (mostly 2-4). Of
these two groups the latter is very much like Gluta, and from an anatomical
point of view it appears to be convenient to link up this small group of
Melanorrhoeas to the Gluta. Finally, from the above anatomical study, it
would appear that the fossil in question is one of the Glutas (including
those Melanorrhoeas which have thin metatracheal parenchyma bands).

III. Comparison of the F.R.I. Fossil No. 2, with the
Dicotyledonous Fossil Woods Previously Identified.

A. Fossils from India.
At the outset it may be mentioned that so far only a few dicotyle¬

donous fossil woods from India have been identified (see Sahni (21) and
Seward (23)). The first one was done by Holden (14) in 1916. She found
a fossil from the Irrawady (Tertiary) Series of Burma possessing anatomical
characters similar to those exhibited by the members of the Diptero-
carpaceae. The name Dipterocarpoxylon burmense was therefore given by her.
Later on, Bancroft (1) doubted the validity of Holden's identification, and
pointed out the probable affinities of this fossil to the Meliaceae. Recently
Gupta (13), who had re-examined Holden's original specimen, named it as
Irrawadioxylon burmense. According to him it does not exhibit any
affinities to the Dipterocarpaceae, but ' shows closer resemblance with the
wood of the Ebenaceae and the Anacardiaceae'. In this connexion Gupta
discusses very briefly some ebenaceous woods, namely, Diospyros embryo-
pteris, D. macrophylla, and D. virginianum ; and some anacardiaceous
woods, Gluta tavoyana and Glutoxylon assamica Chowdhury (a note on the
diagnostic anatomical structure of the F.R.I. Fossil No. 2 was recently
published by the author of this paper, and the name Glutoxylon assamica
was proposed in it), and he reports their affinities to this Irrawadian fossil.
It is not at all clear how Gupta found the anatomical characters of Holden's
D. burmense, similar to those of the recent Diospyros and Gluta, which
differ so much from each other. In Table II it will be seen that the
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anatomical differences between Diospyros and Gluta are so distinct that
there is little likelihood of confusing them for the purpose of identification.

Table II.

Genera. Vessels.

Small to
medium
sized.

Diospyros.
Rays.

One type:
(a) 1-2 seriate

(mostly i).

Gluta. Medium
sized to

large.

Two types :
(a) simple, 1-2

seriate
(mostly 1).

(b) Fusiform
with gum
duct, 2-4
seriate.

Parenchyma.
(a) Paratracheal.
(b) Regular meta-

tracheal band
of 1-2 (mostly
1) forming re¬
ticulum with
the rays.

(a) Paratracheal.
(b) Irregular meta-

tracheal band
of 1-4 (mostly
2-3)-

Pits.

(а) Inter-vessel small, oval
to hexagonal, with len¬
ticular aperture.

(б) Vessel-ray numerous
per ray, oval, with len¬
ticular aperture and
wide border.

(1c) Vessel-parenchyma,
same as (6).

(a) Inter-vessel large, oval
to hexagonal, with len¬
ticular aperture.

(b) Vessel-ray a few per ray,
very large, oval, round
to rectangular, with
thin border and large
aperture.

(c) Vessel-parenchyma,
same as (6).

The anatomical data of Holden's D. burmense given by Gupta (13) are
incomplete, and cannot be profitably compared with Table II. Gupta did
not record the pits on the various types of cells of the fossil. He mentions
that they are simple, but this is not enough for the identification of a timber.
Besides the question of pitting, the other anatomical structure of the fossil
seems to be similar to that of the Gluta. It will, however, be necessary
once again to re-examine Holden's original specimen with a view to finding
out the pitting on different types of cells. If the pits are found to be
similar to those of the Gluta it will come under Glutoxylon. On the other
hand, if the fossil shows similarity to Diospyros in pitting as well as in
other respects, an appropriate name will have to be given to it. In any
case, there does not appear to be any justification to keep it under the
present artificial genus Irrawadioxylon, which was applied by Gupta to
indicate affinities to both Diospyros and Gluta. In view of the marked
difference in the anatomical feature of Diospyros and Gluta, the fossil will
have to be re-examined for its systematic classification and adequate
naming.

Another fossil wood from the Lalmai hills of Bengal was reported by
Sen (22) as Dipterocarpoxylon type. He found this fossil ' resembling in
every respect to Holden's Dipterocarpoxylon burmense', but he did not report
its complete anatomical data. Considering the present systematic position
of Holden's original specimen, it would appear to be worth while to re¬
examine Sen's specimen for its proper identification.
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B. Fossils from Outside India.
Amongst the fossil woods identified from outside India, Diptero-

carpoxylon annamense Colani (2) is of interest. Colani reported resemblance
of her fossil with Holden's Dipterocarpoxylon burmense, and named it as
a Dipterocarpoxylon. But it may be pointed out here that the photo¬
micrographs and the description of the fossil given in her paper show
its general affinities to the F.R.I. Fossil No. 2. In view of the present
systematic position of Holden's specimen and of the resemblance of this
fossil from Indo-China to the F.R.I. Fossil No. 2, it would appear advisable
to re-examine it in order to place it in its legitimate systematic position.

An anacardiaceous wood from Caucasus was reported by Felix (9) and
named as Anacardioxylon uniradiatum. But this wood is different from
F.R.I. Fossil No. 2 in not having metatracheal parenchyma bands and
horizontal gum ducts. Considering these anatomical differences, they do
not appear to be in any way directly related.

Another anacardiaceous wood from South Sumatra was reported by
Krausel (15) as Anacardioxylon molli. Later, Den Berger (5) re-examined
it, and gave the name of Sumatroxylon molli. On careful examination of
this fossil, Den Berger was not sure whether it belonged to Anacardiaceae
or Burseraceae, as some members of both these families have horizontal
gum ducts. To be on the safe side he gave the name Sumatroxylon molli.
However, this fossil from Sumatra has simple rays of 2-3 seriate and no
metatracheal parenchyma. These anatomical differences are enough to
show that it is entirely different from the F.R.I. Fossil No. 2. Thus it will
be seen that the anacardiaceous fossil woods so far reported do not show
any great affinity to the fossil in question.

IV. Name of the Fossil and Its Diagnosis.

In the earlier part of this paper it has been shown that the F.R.I.
Fossil No. 2 shows all diagnostic anatomical structures similar to those of
the Gluta and a few Melanorrhoea species. The generic name Gluto-
xylon, which was proposed in a previous paper by the author (4), includes all
Gluta and those Melanorrhoea which have thin metatracheal bands of
parenchyma, but excludes the Melanorrhoea with thick metatracheal
bands. It will be noticed that no attempt has been made to relate the fossil
to any living species of the Gluta or the Melanorrhoea, for at the present
stage of our knowledge of the anatomical variability within the species
such an action will not serve any useful purpose. All that has been done
is that the fossil has been referred to a form-genus, and that the specific
name Glutoxylon assamica is confined to the individual specimen, but not
in the sense used by the systematic botanists. The generic and specific
diagnoses of the fossil are given on next page.

l 1
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Genus-. Glutoxylon, K. A. Chowdhury 1 in Curr. Sci. 3 (1934),
pp. 255-6.

A diffuse porous wood.
Growth rings: indistinct.
Vessels : medium sized to fairly large, visible to the eye, solitary or in

radial pairs of 2-9 (mostly 2-4), less frequently in tangential pairs ; pro¬
fusely tylosed, occasionally filled with solid contents; perforation plate
simple, horizontal or oblique ; vessel elements with or without tail; inter-
vessel pits large, alternate, widest horizontally, border oval, or hexagonal
when crowded ; aperture lenticular, horizontal or slightly oblique ; vessel-
ray pits very large, round to oval, one to several per ray cell, with wide
aperture and narrow border, horizontally aligned; vessel-parenchyma pits '
are of the same type as those of vessel-ray but vertically aligned.

Fibres-, thin to thick-walled, somewhat tangentially flattened, in radial
rows, occasionally filled with solid contents. Pits mostly on the radial
walls, small, round border, and slit-like aperture.

Parenchyma : scanty ; just visible to the eye, distinct with a lens ;
(1) paratracheal, in 1-2 rows of sheath, often interrupted by rays; (2) meta-
tracheal thin band of 1-4 cells (mostly 2), some continuous, others end
blindly, irregularly spaced ; (3) diffuse not observed. Inter-parenchyma
pits numerous, fairly large, oval, rarely grouped.

Rays: fine, scarcely visible to the eye, distinct with a lens, moderately
numerous, heterogeneous, occasionally containing solid deposits; (1) mostly
uniseriate, rarely biseriate, individual cells squarish to oblong in tangential
section, intercellular spaces not discernible; (2) fusiform with horizontal
gum duct, 2-4 seriate, gum duct mostly x in a ray, rarely 2, distribution
irregular but always present ; epithelial cells present in a row round
the duct.

Gum ducts : vertical type, not observed.

Species: Glutoxylon assamicum 2 K. A. Chowdhury; Glutoxylon
assamica K. A. Chowdhury; in Curr. Sci. (1934), pp. 255-6.

Vessel: scanty, somewhat evenly distributed, usually 55-6 (82), single
or groups per 50 sq. mm.; of these about 30 per cent, in pairs; moderate-
sized to rather large; tangential diameter of solitary vessels 183 + 30/x,
radial diameter 247+34 /x ; vessel elements short to very long.

1 This diagnostic description is according to the suggestions made by Chattaway (3).
2 The specific description of the fossil is in accordance with the standard method of describing

wood proposed by Chattaway (3), Rendle and Clarke (20). Due to bad preservation the minimum
number of counts necessary for each anatomical structure of the fossil was not possible to obtain.
Figures included in the above description are based on counts as shown below :

Vessel distribution, 20 counts; tangential and radial diameter of vessel, 101 ; vessel length,
only 5 ; fibre length, 50; uniseriate ray width and height, 50 ; fusiform ray width and height, 25.
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Fibres : short, 975 + 62 /x in length.
Rays: numerous 9 + 1 per mm.; (1) uniseriate type extremely fine,

1 30 +15 yx in width, in height more than 15 cells, and 299 + 43 yx ; (2) fusiform
type with gum ducts fine to moderately broad, 65 + 16 yx in width ; in height
more than 15 cells, and 321+36^.

V. Summary.

1. A dicotyledonous fossil wood from Nailalung, Assam, is described ;
its anatomical structures with those of the living dicotyledons are compared,
and its affinities mainly to the Gluta are shown.

2. Detailed description of the genus Glutoxylon and of the species
G. assamicum are recorded.

3. Some of the fossil woods so far reported from India and outside
India are discussed ; their anatomical similarity and dissimilarity with
Glutoxylon assamicum are noted.

Acknowledgements are due to Mr. S. S. Ghosh, of the Forest Research
Institute, Dehra Dun, for general help in the laboratory ; to Mr. C. E.
Parkinson, Forest Botanist, Forest Research Institute, for many helpful
discussions ; to Professor B. Sahni, of Lucknow University, for allowing the
author the facilities of his library ; and to the Director, Geological Survey
of India, for information regarding geology of the fossil.
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EXPLANATION OF PLATE VII.

Illustrating Mr. Chowdhury's paper on ' A Fossil Dicotyledonous Wood from Assam \
(All photomicrographs are from untouched negatives.)

•Fig. 1. Transverse section showing vessels and unequally spaced metatracheal parenchyma
bands, x 25. (This is a negative print.)

Fig. 2. Portion of a fibre showing characteristic pits on the radial wall, x 190.

Fig. 3. Transverse section showing a thin metatracheal band composed of two rows of paren¬
chyma cells (s) and tylosed vessel with adjacent ray (r). x 210.

Fig. 4. Tangential section showing uniseriate rays and a fusiform ray (fr) with gum duct,
x 50.

Fig. 5. A vessel element showing vessel-ray pits (vrp) and inter-vessel pits (tvp). x 190.
Fig. 6. Tangential section showing a fusiform ray with gum duct, x 210.

Fig. 7. Intervessel pits highly magnified, x 65.0.,
Fig. 8. Portion of a ray showing pits on the end walls of the cells, x 400.

Fig. 9. Portion of a vessel showing intervessel pits. Note hexagonal shape of the. pits when
crowded, x 190.
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AN IMPROVED METHOD OF SOFTENING HARD WOODY TISSUES
IN HYDROFLUORIC ACID UNDER PRESSURE.—In order to cut fairly thin
sections of hard tropical timbers for microscopic examination, it is necessary, in the

Illustration of the pressure cylinder.

first stage, to soften the small blocks of wood with some chemical. Many laboratories
use hydrofluoric acid for this purpose. The usual procedure is to immerse the blocks
in acid in gutta-percha bottles and to seal the stoppers with wax. The blocks are
then kept in that state for varying lengths of time depending on the hardness of the
timber. With some experience, one can make a fair guess at the time that a certain
timber is likely to take to soften. Most of the hard Indian timbers take about six to
eight weeks, which is a long time, especially when one has to cut sections for urgent
inquiries. During the last two years some experiments have been carried out on
various timbers at the Forest Research Institute, Dehra Dun, with a view to shortening
this time of softening. The results obtained have been very satisfactory. Timbers
which formerly used to take six weeks to soften have been softened under pressure in
a week's time, and those taking eight weeks or more have been softened in ten to
fifteen days.

In the present work a cylinder1 similar to that employed by J. E. Lodewick
1 My thanks are due to Mr. R. D. Tandon, Mechanical Engineer, Forest Research Institute,

Dehra Dun, who made these cylinders for me.
tAnnals of Botany, Vol. XLVIII, No. CLXXXIX, January, 1934-]
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(A Shorter Celloidin Method, Science, ii. 60, 67-8, 1924), was used with some
modifications to suit the experiments. These modifications were : (a) a pressure
gauge attached to the main body of the cylinder in order to indicate the pressure and
to detect leakage, if any, during the process of treatment, and (3) the lining of the
inside of the cylinder with lead sheeting to guard against the corroding effect of
hydrofluoric acid. This gave satisfactory results.

To get uniform action of the acid, the small blocks of wood were first boiled in
water for a few hours, and as far as possible all air was driven out of them. The
gutta-percha bottles, containing the blocks in acid, without stoppers, were then
placed in the cylinder. Having made the cylinder air-tight, pressure was applied by
an ordinary foot-pump. The experiments carried out during last two years have
shown that the best results are obtained by applying a pressure of about 80 lb. per

sq. in. More than this tends to render the blocks brittle. It was also found that
moderately soft to moderately hard timbers can be softened in two ways : either by
diluting the acid1 and keeping the blocks under pressure for a week, or by treating
them with undiluted acid under pressure for two to four days. The former method is
always better, but the latter method has been used for urgent cases with fairly
satisfactory results. Hard to very hard timbers usually give no trouble when treated
with undiluted acid.

At the end of the softening period the bottles are taken out from the cylinder
and the blocks are washed and stored in the usual way.

During the course of experiment, over 200 blocks of some 125 species have
been softened in this way. The list below shows some of the species in question
and the time taken to soften them.

Name of timber species softened.

Large blocks (size 1" x 1" x 1").
1. Cedrella toona .

2. Buxus sempervirens .

3. Diospyros melanoxylon
4. Hopea odorata .

5. Juglans regia .

6. Populus euphratica .

7. Santalum album
8. Shorea obtusa .

9. Shorea robusta .

10. Termmalia lomenlosa

Small blocks (size x x 1").
1. Dipterocarpus costatus
2. Dipterocarpus pilosus
3. Hopea odorata
4. Otigeinia dalbergioides
5. Terminalia tomentosa

Forest Research Institute,
Dehra Dun, India.

Strength of Number of days
uc under pressureHF" of 80 lb.

%•

40 3
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8
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5

K. A. CHOWDHURY.

1 Commercial hydrofluoric acid, 30-40 per cent.
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I. Introduction

In a recent note (4) it was pointed out that the so-called terminalparenchyma described by Pearson & Brown (7) and Chowdhury(3)
in the wood of Terminalia tomentosa, W. & A. is not formed at the
end of the growth season but in the beginning. This is a diffuse-porous
wood and so far, occurrence of concentric parenchyma at the begin¬
ning of the growth season of a diffuse-porous wood has not been
recorded, although plant anatomists are acquainted with a somewhat
similar distribution in ring-porous and semi-ring-porous woods.

The object of this paper is to give a detailed study of the initial
parenchyma in the wood of Terminalia tomentosa. It is also the
intention to discuss in a general way the terms terminal and initial
parenchyma as applied to the dicotyledonous woods.

II. Material and method

The description of the wood of Terminalia tomentosa given in this
paper is based on the study of the wood specimens of this species
available in the Dehra Dun collection. These specimens were col¬
lected from different parts of India, and altogether sixty-five speci¬
mens were studied and all anatomical variations within the species
were noted.
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In order to study the wood on living trees, two Terminalia

tomentosa trees about 60-70 ft. in height with good crowns were
selected at Lachiwala in the Dehra Dun Forest Division, n miles
from Dehra Dun town. Small blocks containing wood, cambium and
phloem were taken from these trees fortnightly or monthly during
the years 1931, 1932 and 1933. Immediately after they were taken
out, the blocks were fixed in absolute alcohol and brought to the
laboratory, where they were later embedded in celloidin. 10-15^
thick sections were cut for temporary as well as for permanent mounts
and all the necessary data were collected from them.

III. Results

The cross-section of Terminalia tomentosa wood shows the follow¬

ing anatomical structure under the microscope:
Growth rings are undulating, fairly distinct due to concentric

layers of parenchyma in between late and early wood. Moreover, the
demarcation of the growth ring is often made prominent by the shape
and thickness of the wall of late wood fibres. The late wood fibres have
thicker walls and are more tangentially flattened than those of the
early wood (PI. V, fig. 3). The number of rings per inch varies ex¬
tremely. It is usually 2-15, but in a slow grown tree the number may
be still higher.

Vessels are more or less uniformly distributed throughout the
rings, although on rare occasions they may show- a tendency to form
tangential rowsjn the early portion of the ring (PI. V, fig. 4). In size
they show only a slight difference between the early and the late
wood. This difference is more noticeable when the rings are wide
than when they are narrow (PI. V, figs. 1 and 2). Vessels are mostly
single or in radial pairs of 2-3; occasionally they may be in pairs of
7-8, and are sometimes filled with blackish deposit.

Parenchyma is fairly abundant; (a) paratracheal, (b) diffuse, and
(c) in concentric layers in between late and early wood, (a) Fairly
conspicuous; in a row of 1-2 cells round the vessels, often extending
in lateral projection on one or both sides across the rays and linking
up with those extending from other vessels in the neighbourhood
(PI. V, fig. 1). Those cells which form the lateral projections are
not so common when the rings are narrow (PI. V, fig. 2). Paren¬
chyma cells adjacent to the vessel are flattened to conform to its
wall; the rest are variable in shape but often widest radially. (h) Very
scanty, irregularly distributed in small patches. In size and shape
they are like the paratracheal which form the lateral projections
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(PL V, fig. 1). (c) In concentric bands of 1-2, occasionally 4 cells wide.
When the early vessels happen to be near these bands, the para-
tracheal parenchyma cells form lateral projections on both sides of
the upper end of the vessels and ultimately join with those of the
concentric bands to which the lower ends of the vessels conform.
Thus the parenchyma distribution round these vessels looks some¬
what like a normal curve of frequency distribution (PL V, figs. 1, 2
and 3). In both size and shape, these cells are very similar to the
paratracheal type described above. As a rule, all parenchyma cells
are much larger in size than the fibres and they often contain blackish
deposit.

Fibres constitute the main vertical elements of the wood. In
cross-section they are somewhat circular to oval, sometimes angular,
tangentially flattened especially when at the end of the growth ring
(PL V, fig. 3); they occasionally have large lumen in the early wood but
this feature is not constant. Lumen is for the most part small, often
filled with blackish deposit. Gelatinous fibres are occasionally present
in wide patches.

Rays are fairly numerous; cells radially elongated, occasionally
compressed near the vessels, frequently filled with blackish content
(Pl. V, figs. 1, 2 and 3).

In the anatomical description given above, an important point is
the position which the concentric band of parenchyma holds in a
growth ring, that is, whether this band is formed as the last tissue or
the first tissue of a growth ring. Examination of blocks, containing
wood, cambium and phloem, taken during the year 1931 show that
the growth does not start till the middle of July, although the ex¬
pansion of cambium cells may be noticed even a month prior to that.
Study of the blocks taken out during the period of inactivity reveals
that the cells formed at the end of the growth season are fibres—not
parenchyma (Pl. VI, fig. 5). After the commencement of the growth,
it takes some weeks for different types of cells to mature and take
definite shape. By examining the mature wood of the year 1931, it
has been found that the cells formed at the beginning of the growth
season are those which ultimately constitute the tangential bands of
parenchyma (Pl. VI, figs. 6 and 7). These observations were verified
in two subsequent years, namely, 1932 and 1933. Although there was
a slight difference at the time of the commencement of growth in
different years, yet in all three years the first tissues to be formed
during the growth season were the tangential bands of parenchyma,
and the last tissues the fibres (Pl. VI, figs. 5 and 8).
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It may be pointed out here that the paratracheal parenchyma of
late vessels occasionally forms lateral projections of fairly extensive
width. These cells due to their position are likely to be confused with
those which form the tangential band at the beginning of the growth
season. But careful examination will reveal that the cells forming
lateral projections are not continuous—they are often intercepted
by patches of thick-walled fibres—and that the vessels they enclose
are slightly, if not much, smaller than those in the early wood (PL V,
fig. 3). If attention is paid to these two points, there is little likeli¬
hood of getting the tangential bands mixed up with paratracheal
projections of the late vessels. It is true that both the types may be
found to coalesce but that occurs only on very rare occasions.

IV. Discussion

The term terminal parenchyma was applied in the first instance
to the woods of temperate regions, where by studying the wood of
certain living trees it was found that parenchyma cells occur syste¬
matically at the end of each growth season. Later on, while working
on the wood of tropical regions, plant anatomists have freely used
this term in the case of those woods in which the tangential bands of
parenchyma appeared to be distributed somewhat in the same man¬
ner as the terminal in the woods of temperate climate. In fact, in a
diffuse-porous wood whenever the parenchyma cells have been found
to delimit the growth ring, it has been the practice to call them ter¬
minal. In the past there could not have been any objection to this,
for occurrence of parenchyma as the first tissue of a diffuse porous
wood was not known. This makes it clear how Pearson & Brown (7)
and Chowdhury (3) came to describe terminal parenchyma in the
diffuse-porous wood of Terminalia tomentosa.

From a survey of the literature on wood anatomy, it appears that
occurrence of parenchyma at the beginning of the growth season of a
diffuse porous wood is recorded for the first time, and that an ap¬
propriate terminology for this type of distribution is necessary. But
before taking any action in this direction, it would be desirable to
examine carefully and find out whether or not any of the terms now
in use for a somewhat similar structure can be applied to Terminalia
tomentosa.

It is of interest to mention here that in response to the author's
note (4) on the position of concentric parenchyma in the wood of
Terminalia tomentosa Dr Jane (5) wrote to say that, according to his
observations in Cedrela odorata, Linn., "the larger vessels of early
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wood are partly embedded in parenchyma, some of which, judged by
its position, was laid down rather earlier than these vessels He also
pointed out that "the vessels in the pore ring in teak (Tectona
grandis) may be associated with parenchyma and it would be justi¬
fiable to refer to this as initial parenchyma". But both these woods
are ring-porous to semi-ring-porous and as has been stated in the
introduction, plant anatomists long ago noticed in them the type of
parenchyma distribution pointed out by Jane. Jane's observations
on the occurrence of initial parenchyma in diffuse-porous woods do
not lead to any "conclusive results". In Swietenia mahogoni Linn,
he thinks the parenchyma cells are terminal, while in Khaya grandis
Stapf. and Carapa guianensis Aubl. he is not certain as to their
exact position in the ring.

Now taking into consideration the ring-porous woods, the larger
pores of early wood are more or less embedded in a mass of paren¬
chyma and tracheids. By examination of these woods in the labora¬
tory and studying them on living trees, it has been found that the
inner layers of these parenchyma cells are laid down earlier than the
vessels which they enclose. Some anatomists have described them as
paratracheal in a general way, without attaching any importance to
the position they hold in a growth ring. For example, Brown and
Panshin(2) in their description of the ring-porous woods of oak, elm,
etc., say "Paratracheal parenchyma intermingled with tracheids"
and "Paratracheal parenchyma associated with vascular tracheids
and forming tracts of conjunctive tissue between the spring wood
vessels". In this connexion, Beverslius's recommendation(l), which
is advocated by Pfeiffer(8), is of some interest. Based on his study of
the ring-porous woods of Cedrela odorata Linn, and Robinia pseudo-
acacia L. Beverslius is of opinion that the parenchyma cells in the
early wood should be called "marginal parenchyma". But the suit¬
ability of this term to ring-porous woods is rather doubtful, for it is
altogether vague and does not indicate the position which these cells
hold in a growth ring. Thus it will be seen that the terms paratracheal
and marginal are too ambiguous to be applied to the parenchyma
cells occurring in the early part of the ring-porous wood. As far as
the diffuse-porous woods are concerned, the arguments against the
application of marginal parenchyma are the same, while the term
paratracheal cannot be used with any degree of accuracy, for often
these parenchyma cells under consideration do not coalesce with
those round the early pores and form a homogeneous mass. On the
contrary, they are, for the most part, isolated from the true para-
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tracheal and give the impression of a solitary metatracheal band
(PI. V, fig. 2). Now, considering the fact that these parenchyma
layers are formed systematically at the beginning of each growth
season in the ring-porous woods as well as in some diffuse-porous
woods like Terminalia tomentosa, it appears justifiable to call them
initial parenchyma. This term seems to be most suitable, for it in¬
dicates the time of their formation and the exact position they hold in
a growth ring. Thus it will be seen that on the question of terminology
the author is in entire agreement with Jane (5).

Now the pertinent question arises as to the extent to which the
term initial parenchyma will be applicable to other diffuse-porous
woods. A definite rule for future guidance cannot be laid down at the
present stage of this investigation. For some time to come it will
be safer to refer to them as initial or terminal, and the final classifica¬
tion will depend on the result of the examination of woods on living
trees. It may, however, be of interest to record here certain observa¬
tions that have been made in this laboratory. Examination of a large
number of diffuse-porous woods shows that some of them like
Michelia and Magnolia undoubtedly have terminal parenchyma,
while there are others which exhibit parenchyma distribution some¬
what like the initial type of Terminalia tomentosa. The difference
between the two types appears to be mainly confined to their shape
and size. As a rule, the terminal type is tangentially flattened and
rectangular in shape, while the initial shows variation in shape, from
rectangular to triangular but for the most part widest stradially.
Moreover, the fibres in the neighbourhood of these parenchyma cells
indicate the position of the latter in the growth ring.

In the course of this investigation, certain interesting results have
been obtained which indicate the probable line of evolution from ring-
porous to diffuse-porous woods or vice versa. Further investigation
in this line is being continued, and it is hoped to discuss the whole
question fully in a succeeding paper.

Although much has been written upon the different types of
vertical parenchyma in dicotyledonous woods, yet irregularities in
their application are often met with in the literature on plant
anatomy. To cite a few examples, Kanehira(6) is the only worker
to describe terminal parenchyma in some oaks, while Pearson &
Brown (7) and Brown & Panshin(2) mention terminal parenchyma
in Juglans regia L., but not in Juglans nigra L. although these
species show very little difference in parenchyma distribution. All
these irregularities appear to be due to the confusion over the
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characteristics on which classification is based. Parenchyma cells
have been classified into paratracheal, metatracheal and diffuse
based on the definite arrangement and pattern which they form in
the wood. They are also referred to as terminal and initial according
to the position they hold in a growth ring. Every endeavour should
be made not to confuse one type with the other. For instance,
when parenchyma cells are found to be uniformly paratracheal
throughout the growth ring, from the early to the late wood, those of
the extreme early or extreme late wood should not be called initial
or terminal instead of paratracheal. After all, the same pattern is
found throughout the growth ring and there is no justification for
calling them by separate names by virtue of their mere position.
Uniformity in description can only be maintained if those at the
extreme early and extreme late wood are called paratracheal. The
same rule is applicable to the terms metatracheal and diffuse. In
view of the above consideration, application of the term terminal
will be restricted to the parenchyma cells arranged at the end of the
growth ring in a pattern which is not repeated in any other portion of
the ring. The same restriction may also be applied to the initial
parenchyma, the pattern and arrangement of which are not found in
any other part of the growth ring except at the beginning.

V. Summary

1. A study of the wood of Terminalia tomentosa W. & A. on living
trees shows that the concentric bands of parenchyma which delimit
the growth rings are formed as the first tissue of a seasonal growth.
It is, therefore, incorrect to call them terminal parenchyma.

2. Occurrence of parenchyma cells at the extreme early wood of a
diffuse-porous wood is recorded for the first time, and it is proposed
to call them initial parenchyma, indicating their position in a growth
ring.

3. A somewhat similar distribution has been known for a long time
to occur in ring-porous woods but so far no special nomenclature has
been applied to it. For the sake of uniformity in description it is also
proposed to call it initial parenchyma.

4. In diffuse-porous woods when the exact position of concentric
parenchyma cells, which delimit the growth rings, is difficult to
determine, it is advisable to describe them as initial or terminal. The
final classification will always depend on the study of these woods on
living trees.
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5. In view of the discrepancies in the use of the terms paratrach-
eal, metatracheal, diffuse and terminal, the characteristics on which
the classification of the parenchyma cells are based are discussed in
detail and certain suggestions are made regarding the restricted use
of these terms in order to standardize the anatomical description of
woods.
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EXPLANATION OF PLATES V AND VI

Plate V

Terminalia tomentosa W. & A.

Fig. 1. Transverse section of a wide growth ring, showing variation in the size
of the vessels and distribution of the parenchyma cells, x 20.

Fig. 2. Transverse section of narrow growth rings, showing little difference in the
size of the vessels and scanty development of parenchyma cells, x 20.

Fig. 3. Transverse section of the junction of two growth rings, showing initial
parenchyma in the early wood and paratracheal projections from the late
vessels, x 80.

Fig. 4. Transverse section showing the grouping of vessels in the extreme early
wood somewhat like a ring-porous wood, x 30.

Plate VI

Terminalia tomentosa W. & A.

Fig. 5. Tree 2, 17 June 1933, showing dormant cambium and absence of con¬
centric band of parenchyma, x 60.

Fig. 6. Tree 1, 30 August 1932, showing the active cambium and a concentric
band of parenchyma formed at the beginning of the season, x 30.

Fig. 7. Tree 1, 15 October 1932, showing concentric band of parenchyma,
active cambium and fairly mature cells of the wood near the cambium,
x 30.

Fig. 8. Tree 1, 15 November 1932, showing dormant cambium and no paren¬
chyma band formed at the end of the growth season, x 60.
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