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can be arranged according to their mutual relationship (Record 1931,
1934 b, 1936 a; Chalk 1937), while this classification is to form the ba51s
for the ldentlflcatmn ,

The desirability of arriving at an internationally standardized method
of classification and identification was brought to the fore by Pfeiffer
(1932) at the Zurich congress of the International Association of Testing
Materials, where he gave an outline of the work done in this field in.
Holland. The International Association of Wood Anatomists started the
investigation of this problem, and a number of preparatory publications
— dealing with the terminology of wood description (1933) and the
dimensions of a few wood elements (1937 and 1939) — have since been
issued. Further, monographs have appeared about the wood structure
of numerous plant families, as well as publications concerning the varia-
bility of certain anatomical characteristics and their destribution over
different systematic botanical units (for an outline, see Record 1936 b).
Many of them are from the pen of I.A. W.A. members. At present a
number of classification and identification schemes may be found in the
literature based on widely divergent principles. A universal system of
classification and identification is still lacking, and it is the object of
the present paper to suggest a new procedure for such work:-Its advantages-
and disadvantages are compared with those of other authors’ methods.

Some investigators have asked themselves whether it would be possible
and desirable to set up a general identification table for woods according
to families, or whether it would be preferable to make a direct identification
of genera and species omitting an arrangement by families. They defend
this latter method (among others, Beversluis 1925) on the strength of
the fact that each characteristic is found throughout the botanical system
and is not confined to only one family. Further, more or less typical
group features may vary conmderably Wlthm the smaller units of that
group.

.Pfeiffer (1926 b), in his discussion of Beverslms work pomted out
already that such drawbacks are also met with in morphological system-
atics, but that combinations of very definite frequently varying features
may be characteristic of families. In :this connection Thonner’s little
book (1917) is mentioned, which shows that, in spite of the above dif-
ficulties, it is quite possible, to set up a general table of families.
Nevertheless, various main sections of his system contain representatives
of different families recognized as a botanical unity, It seems therefore

uite feasible to compile a. eorrespondmg table based on the anatomy.
of secondary wood. :

In connection with the above-mentloned problems Pfe1ffer, as early
as 1921 worked out a scheme as described under IIT (see Tectona 16,
1923, 1095 and the Yearbook of the Netherlands East Indies Department
of Agriculture, Industry and Commerce, 1922, 154—166) for a general
classification of dicotyledonous woods using decimal indices, while he also
made an identification table for a large number of families. . - -

The hand lens method used here has been fully adapted to the
possibility of identification in practice, in the same way as shown in
the ~works of Beekman (1920), Den Berger and Beekman (1922), and
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Bienfait and Pfeiffer (1924). As regards reliability this method is hardly
inferior to that requiring the use of a microscope and it has, moreover,
the advantage that it can-be-used:everywhere, both at"laboratory and
emporium, in factory, saw-mill or in the forest. It has further been found
that field men lacking a preliminary botanical training are capable of
-mastering this procedure in little time. The system of classification and
identification therefore rests exclusively on characteristics which can be
observed by means of a hand lens and a hand lens micrometer (Pfeiffer
1926a). Apart from structural features it includes speclflc gravity, hardness,
colour, gloss and smell.

The data were not pubhshed because they only formed part of a
working programme for a preliminary investigation. The object of this
investigation was to find out whether it would prove possible to use
such & decimal system in actual practice. This method of classification
has since been applied by its author to more than a thousand dlfferent
species of wood with satisfactory results.

It has meanwhile become evident that the quick — and for practlcal
work important — hand lens identification method has fully succeeded in
holding its own beside the microsecopic method. For this reason the original
working programme as designed by Pfeiffer in 1921* has been mainly
left unchanged, and microseopic characteristics have not been added.

The second author. has brought the scheme into line with the
literature and compared the two. He has further suggested the possibility
of applying the microscopic investigations to the decimal classification and
identification method as well (see under V.). If a decimal-scheme is
worked out for microsecopical characteristics, the two methods might be
used side by side and supplement each other. In this way a classification
system might be built up by which &ll species of wood are arranged in
accordance with uniform rules, and which makes it possible to 1dent1fy
these woods both with hand lens and microseope. .

- The well-known advantages of a decimal system are a qulck and
mathematlcally certain classification and identification., A further
advantage is the fact that the number of woods included ean be continual-
ly added to, while the filing of cards in a card-index system in aceordance
with numencal series (see IV C) makes it very easy to find. the data
required for identification.. -

The last advantage isrthe pos51b111ty of- collectmg the class1f1eat10n
numbers for certain botamcal genera, "generic” groups, families or family
groups, and ascertaining’ which sub-group indices they have in common
or which are closely related. In this way it is very easy to find the
indices of the botanical groups and from them infer the systematical
value of the various characteristics, so that the most condensed key can
be prepared. It will then be found that the distinctions used in morphology
are by no means always the most suitable for systematic purposes.

: A drawback of the system suggested is & certain inflexibility, which
is not in agreement with the peculiarities of living nature; it is a

* At that time Head of the Technologxcal Department of the Forestry Expen-
ment Station at Buitenzorg. ,
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drawback, however, which attends every -classification of such matter.
Moreover a great difficulty is the correct selection of the group divisions
and their subdivisions. It is only by rigorous application of the system
by routine and by the eritisism of others that the most effectlve clas-
sification will be realized. - :

II. OUTLINE OF SOME CLASSIFICATION AND IDLNTIFICATION
SCHEMES TAKEN FROM THE LITERATURE. .

. In the present discussion we have not aimed at giving a complete
outline of all the claSSIflcatlon and 1dent1f1cat10n systems, mentioned in
the literature.

First of all these schemes are dealt with that are mtended to allow
of a non integrant classification in which the number of woods can be
added to arbitrarily (Pfeiffer 1921, Beversluls 1925 Swam 1927 B1anch1
1931, Clarke 1938).

: Second come the schemes that are based.on the above elaborated
hand lens method (Beekman 1920, Den Berger and Beekman 1922, Pfeiffer
1926 a, Record 1934a). The deseriptions of woods occurring in these
publications may be used as the starting pomt for the practlcal apphcatlon
of the decimal method. \

In the third place such authors are mentioned as have given a more
or less complete picture of the microscopic structure of wood..(Moll and
Janssonius 1906—1936, Pfeiffer 1917, Perrot 1922, Lecomte 1923, Normand
1934, Record 1934 a, Record and Chattaway 1939)., The features deseribed
by these authors may form the bas1s for a declmal arrangement of
mlcroscoplc characteristics. ' '

A. Dutch schemes of description.
»THE SCHEME OF MOLL AND JANSSONIUS (1906).

In the general part of the “Micrographie des Holzes der auf Java
vorkommenden Baumarten” Moll gives a scheme for the deseription of
secondary wood. This scheme is based on the work of Sanio (1863), and
for the first time deseribes the structure of wood in accordance with
the Linnean method. This makes it necessary to treat of the woods in
a fixed order. The various elements are deseribed spatially. - The
scheme relates to the -mieroscopice structure of wood. -

Constituants which do not form part of the secondary xylem as such
(e.g. included phloem, and latex elements) are not mentioned in it, although
use has been made of these features in the identification tables of vol. VII,
while they are also included in the descriptions of woods.

" The subJect of mlcrooraphv is d1v1ded into cytology, hlstology and
microscopie anatomy. -

The chemical compos1t1on of Wood is dlscussed so far as the miero-
chemical reactions on cell wall -material are concerned. The scheme does
not include phys1ca1 features such as specific grav1ty, gloss hardness and
smell. - - : S _
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- . We would finally add a few remarks on the way in which the
features are arranged in the system. In the description of a certain
structure various characteristics of it may be subordinate .to each: other,
which is expressed in their numbering and lettering (see e.g., p. 46, No. 22:
parts of a bordered pit). In other cases, however, features of unequal
value are arranged together (see e.g., p. 40, Nos. 1—5 incl.). The method
of classification used, which is no doubt of great importance to arrive
at a fixed order of description, does not seem very much suited to the
‘purpose in view, i.e. to obtain an outline of the distribution and variability
of features. To make it possible to set up such a “phylogeny of features”
it is not only necessary that the various feature groups should be quickly
visualized, but it is also desirable for them to have-indices in common.
This point is of paramount importance in compiling a general identification
table. It is not impossible that if the decimal classification of microscopie
features is applied to the work of Moll and Janssomus, a wealth of
additional data may appear. : : ‘

PreiFrFER’s scHEMES (1917 AND 1926).

Unlike Moll and Janssonius, Pfeiffer used a method of description
enabling quick identifications to be made in actual practice. The simple
instruments required are a hand lens, a pocket knife and a hand lens
micrometer in which the surface area of two or three square centimeters
is subdivided in different ways. The use of a compound microscope has
been avoided. In principle Moll’s method -of perspective description has
been followed. Further, the topography and the descrlptlon of elements
have been kept separate. :

- The numerical data about the dlmenqlons of the elements are tabulated
the text of the desecription only includes the relative dimensions.

This method. which was only briefly indicated in 1917, was greatly
extended and improved in “The woods of Surinam” (Pfeiffer 1926a). In
connection with the foregoing it is clear that cytological features, such
as the pitting of elements, have in most cases not been mentioned, since
these are mostly visible only through a compound miecroscope. (Very
important exeptions are the vessel perforations and the structure of the
ray cells, which may be described with the aid of a hand lens). As against’
this, the method includes important features visible to the naked eye,
which are not mentioned in Moll’s scheme, e.g. specific gravity, gloss,
hardness and combustibility. The deseriptions moreover mclude a large
number of characteristic chemical reactions.

THE SCHEMES OF BEEKMAN (1920), AND DEN BERGER AND BEEKMAN (1922).

Just like Pfeiffer’s schemes of deseription, those of Beekman and
Den Berger and Beekman are directed to quick identification in actual
practice. Features that can be observed only through a eompound
microsecope have therefore been omitted.. However, a number of physical
characteristics have been included (such .as specific gravity, hardness,
grain, eolour, gloss and smell).- A few chemical reactions with aqueous
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and alcoholic extracts are discussed. Beekman introduced the cutting of
radial surfaces as an aid to identification. It has the great advantage
that the vessels can be perceived over a large distance. In Beekman’s
work 78 Preanger woods are descrlbed an identification table being added
as well. Den Berger-and Beekman give a‘description of twelve wood
samples of which the different E’tructural features ecan be demonstrated
in the smallest possible number of species. _Although this work was
published at a later date, it maj( be regarded as an introduction to the
former. . . R .

Tre scaeME oF Brversiuis (1925).

" Beversluis based his method of identification on a number of
structural features (altogether 66). About - the class1flcat10n of these
features he says on page 44 of his work: :

“I did not need to take much trouble in deciding on the order and
“mgmfmance which would have to be ass1gned to the features from
“a gystematic point of view” . C

and on page 64:

“the degree of constancy and sharpness, and thelr probable presence
“decided the priority”.

-~

In ascertaining the order which has been chosen it strikes one that
features relating to vessels," rays, parenchyma and libriform fibres are
described in different places in the system. This will cause no end of
trouble when afterwards conclusions of the various features about the
distribution and variability -must be drawn from the deseriptions. ' Unlike
this method, the decimal classification -followed by us has the great
advantage that if certain features ‘have a factor in common, e.g. that
all of them are related to the ‘vessels, thls fact is also . shown in the -ar-
rangement. o
.. For a detailed dlscussmn of th1s work we refer to the critlclsm
by Pfeiffer (1926 b) and Den, Berger (1926), from which it is sufficiently
clear that Beversluis’ scheme must be considered unsultable to serve as
a basis for a general system of classification.

THE scHEME oF Branxcar (1931).

In this identification method use is made of a ecard divided into
squares and bearing the names of:the woods to be examined. The card
is manifolded (e.g. printed). A small number of cards is printed on
red paper, the rest on white. For each feature of identification a white
card is reserved. This feature is written on top of the eard; the squares
of all species showing this feature are.-marked and ecarefully cut out.
' In this system a red card is used ws.a basis.” If a white card is
placed on top of it, the names of the species presenting the feature in
question remain visible. If a second white card is placed on the preceding
one, the names of the species showing both the features remain visible.
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If more cards are added, the number of red squares decreases continually,
until finally one remains bearing the name of the species desired.
The advantages of the method are: _
1) No use need be made of features whlch cannot be determmed w1th
- certainty. - -~
2)  Particular features may be employed whlch qulckly lead to identi-
~ fication, but which are preferably not included in an ordinary table
in the beginning so as to prevent mistakes.
3) It offers the possibility of combining groups of features, e.g. anatomlcal
. characteristics with morphological and chemlcal features or w1th data
about the geographical distribution. ‘ :

Some disadvantages of the system are: -

1) The way to be followed is shown in a table, whlle it will sometimes
be difficult to see from the eard-index system which feature - is to
. be used first.
In order to meet this drawback Bianchi suggests the preparatlon of
a supplementary card-index system in which each species has a separate
~ card with squares relating to definite features. If, in eourse of the
identification, one wants to know which feature is to be used, the
cards of all the species which still enter into consideration are placed
"~ on one another, whereupon it is at once clear which features may
. be left out. :
2) The cost of manifolding is hlgh
3) A drawback not mentioned by Bianchi and which may render his
**  system somewhat unsuitable for the preparation of a universal
identification table, is the fact that the number of species that can
be included is determined by the dimensions of the eards. Bianchi
had 720 squares available, 522 of which were used The 51ze of the
~ eards was 28 by 42 em. (11 by 16.5 in.)

."An outline of the features used in the 1dent1fleat10n is .not given.

B. " Anglosaxon schemes of description.
THE scHEME-OF SwaIx (1927)

An identification system in which 200.000 species of wood ean be
classed has been desceribed by Swain. It chiefly includes hardwoods because
the identification of eoniferous woods requires the observation of micro-
scopic features, which have been omitted in tlie scheme. In this case also
identification takes place by means of a hand lens. It has not been
attempted to link up the system with the “present pseudo-natural botaniecal
system”. Some twenty primary groups have been compiled, including
species with vessels, without vessels and without rays (?). These groups
are subdivided into sections according to weight and por0s1ty, where the
following woods are dlstmgulshed (p. 736)

‘eoarsely porous woods . very hght woods
finely porous woods ‘ eombmed with - -~ medium weight woods
minutely porous woods = - .- - _heavy woods. -

non-porous woods . _ ) '+ very heavy woods
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The twenty primary groups are further eclassified according to
features arranged in five decimal schemes. A striking.fact is that the
physical features bulk large in the classifications; thus specific gravity,
colour, smell, taste ash and cleavablhty are often mentioned before
important structural features are given. - o L

THE SCHEME OF RECORD (1934).

In the introduction attention was already called to the “Glossary
of terms used in describing woods”, prepared under the auspices of the
JLA.W.A. As this glossary was concise and not illustrated, Record
(1934 &), in his work “Identification of the timbers of temperate North
America”, worked out the definitions and showed their practical applic-
ation. The identification table includes both a number of economically
important coniferous "'and hardwood species. Like the decimal eclas-
gification used by us, the main division is based on features which may
be observed without the aid of — or with simple — specially adopted
means (hand lens method). Features that are. only visible under a
compound mlcroscope come second, and are indicated with small letters.
The classification is artificial as compared with the natural relationship
between the species described. The arrangement is such, however, that
species greatly resembhng each other m appearance propertles and use,
are united.

Not only structural features, but also physmal characterlstlcs are
made use of. The features’ descrlbed in the general part have not been
correlated with each other by means of letters or figures, such as would
be desirable for the purpose we have in view. Record’s scheme may,
however, be 1mportant as an aid in. drawmg up a decimal class1f1cat10n
of microscopic features.’ - . . ~ .

THE scHEME oF CLARKE (1938).

.~ The non-integrant identification system of Clarke is based on
Bianchi’s (loc. cit.) and is- worked out in the way ‘suggested by Record
(1932). Each species of wood contained in the system has its own eard:
along its margin there are a series of perforation each of which corresponds
to an identification feature. If a' wood presents a certain feature, the
appurtenant hole is made to run on as far as the margin. In the case
of missing features the holes do not run on. If a bar is stuck through
a hole in the complete set 0f cards corresponding to a particular feature,
the cards showing this feature drop down on shiffling. This operation is
repeated until one card is left bearing the name of the species required.
The features included in the accompanying scheme relate both to the
structure as it can be observed by hand lens and microscope, and to
physical characteristics. The geographical distribution is also mentioned
as a feature. The total number of features that can be used (88) is limited,
however, by the dimensions of the cards. - ‘

It may be a drawback in this system that the holes w'hlch do not
run on are subject to wear, as a result of which all the cards tend to
drop down in the long run if they are shuffled. This drawback appeared
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when.a similar system was used for a different purpose, v1z the classi-
fication of literature data.. . :

THE sCHEME OF RECORD AND CHATTAWAY (1939).

A list of 115 anatomiecal features has been drawn up by Record and
Chattaway. This list is more extensive than Clarke’s and is intended:
to be employed with a perforated card index system. Physical and geo-
graphical features are not included. The authors have numbered the features
consecutively, which is the only possible method to be followed in their
identification eard system. Yet they apparenly felt the need of bringing
‘to expression in the list whether features are subordinate to each other.
This purpose has been fulfilled only by means of a particular arrangement
(identation) relative to the marginal line, not by numbering As a result,
common indices of features are lackmg, Just as in all the other schemes
mentioned above. - : S :

C. French schemes of description.
THE SCHEME OF PError (1921-—-1922).

: In the. description of woods Perrot makes use of loose cards on which
microseopical features are noted. In order to facilitate the application
of this method in actual practice, the number of features is kept small.
Not only -the structure, but also physical properties are described, while
in each case semi-schematical drawings of the transverse and tan'gential
surfaces, magnified 50 “diameters, are added. This scheme must be
considered unsuccessful because the wood elements are not described
three-dimensionally, but - are separately noted on the transverse and
tangential surfaces. The cards that are used refer to woods of Madagasecar.
The Ivory Coast and Gabun. An identification system is entirely lacking;
the cards each of which represents one species are numbered consecutively.

THE scHEME oF LEcoMTE (1923).

In his little book “Les bois coloniaux” Lecomte gives a brief outline
of the structure of wood. The various features are arranged in groups,
but are hardly provided with numbers or letters. They are elucidated by
means of fine pietures, and each feature is illustrated by reference to
4 number of woods.. This general part is followed by a survey of the
principal colonial species in which a numerlcal cla351f1cat10n is suggested
for the benefit of the trade. = . .

“SI les exploitants, les commergants et les. pratlclens se refusent
“absolument & adopter les noms -appartenant & la nomenclature
“botanique, du moins pourrait-on & la rigueur en g’inspirant des
“principes de la eclassification décimale — préconisée par quelques-
“uns, en bibliographie par exemple — adopter une numérotation qui
“se substituerait avec avantage & une serle de noms depourvus de
“toute signification” (page 86).

“Dans la réalité, elle ne serait qu 'une forme nouvelle donnée 2 la
“classification botamque Et si elle était adoptée par les pays
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“'

étrangers, elle permettrait 3 1’acheteur de bois de toute provenance
“de connaitre sans difficulté la nature de ceux qui lui sont oferts”
(page 87). . RN ‘
The method of numbering is indicated, but has not been worked out.
~ This idea has meanwhile been realized. Van Heurn (1944), in
‘agreement with the divisions of the “International Committee for Universal
Classification” has drawn up a list in which a few thousand numbered
‘woods are -classified aecording to famlly (The range 674 03 of the
U.D.C.).

Tue SCHEMK OF NORMAND (1934).

Normand gives a scheme of description based on data taken from
French, Dutch, English and American publications. Nevertheless, this
scheme,“whwh contains many interesting -particulars, has remained- very
concise. The author himself says: “il permet la rédaction de descriptions
d’importance moyenne”. Considering. the practical applicability of the
scheme, microscopic features have been made use of as little as possible.
The terminology is in agreement with that of the I. A: W.A. The feature
groups are numered, but not their subdivisions. A blbhography is added
deahng with the examination of wood in general.

III THE CLASSIFICATION OF STRUCTURAL ELEMENTS USING
- . DECIMAL INDICES. -

- This chapter contains 20 tables in which a more detailed descrlptlon

is given of the various subdivisions of the groups indicated by letters
and figures.
.+ - In delimiting the various groups of dimensions the standard terms
of the I.A.W.A. are used. Likewise, the definitions and descriptions
given by the I.A.W.A. are mostly employed unchanged in our clas-
sification. As to the divisions that are not internationally normalized
we have followed the detailed descriptions of Den Berger and Beekman
(1922) given in Communieation VII of the Experiment station for Forestry
at Buitenzorg (Java). As far as possible the features have been arranged‘
according to systematic and genetic prineiples.

- Altogether 20 groups are used, each of which is provided with
10 different indices (1—10). Thus 100 trillion (Amer 100 qumtllhon)
indications are available..

Depending on the formations to which they relate, the 20 groups
are combined into 5 sections, and further subdivided into 2 to 5 subgroups,
which latter indicate differences between features that are more important
in identification and eclassification than the differences indicated by the
various indices in one and the same group. E

The main utlhty of these subgroups is that they render the Whole
system more flexible, thereby allowing of a better agreement w1th the
classification by the botanical system. . S -~ :
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The classes and groups are arranged as follows:

Section

L . Vessels" .
II Rays

III. Parenchyma -

o
b
%

growths .

V ‘Other charac-
teristies

'Group A
Group B.
Group C.

Group D.

Group A.
Group B.

Group C.

Gr(’)lip'D.
Group A.
Group B.
Group C.
.Group D.

Group A..
Group B.

Perforation plate

‘Grouping of the vessels = ™

Arrangement of the vessels or
vessel groups e e
Size and number - .

‘Types and structure - S

”

»

Number and ratio between the .

numbers of both types
"Width and ratio between the
widths of both types .
Height - -

Paratracheal - |
Definitely arranged - -

Indefinitely arranged

Quantity .

Included phloem and oil cells
Resin canals, gum ducts and latex

" elemernts

Group C.

Group D.
Group A.
Group B. -
Group C.
Group D.

Section I Vessels.

Section I. Vessels.

Storied structure, radlal intercel-

lular canals, pith flecks and bast
fibre formations .

~ Growth rings

Specific gravity

Cutting hardness and grain - -

Colour
Gloss and smell

- Group A. Perforation plate.

447

. 447
" 449

” .

450

452
4563

455
456

457

461

462

+464

465

466
. 466

467
. 469

470
47
471

472

\;::;s " Index Description -
“a | -1 | vessels are lacking ' T
b | - all or most perforatlon plates are cnbnform
- 2 all perforation plates eribriform o o
3 | most perforatlon plates cribriform, the others scalarl-
s ~ | form : , , _
N i 4 most perforatlon plates crlbrlform, the others s1mple
c / ’ “all or most perforation plates scalariform
. 5 'lfnost perforation plates scalarlform, the others erlbrl-
orm »
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Section I. Vessels. Group A. Perforation plate, (continued).

Sab- Index ' .+ ...~ Deseription - ’ oL
grouns
6 . | all perforation plates scalariform .
. 7 most perforation plates scalariform, the others s1mp1e'
- d - all or most perforations simple
"8 most perforations mmple, the others perforatlon plates
‘I eribriform S .. s
-9 most perforations mmple, the other perforatlon plates
| scalariform
0| all perforatlons ‘simple

This elassification according to type of perforation plate, which must
be regarded as one of the principle features from a systematic point of
view, does not by any means satisfy all the requirements.

The delimitation of the four subgroups according to the three typieal
means of perforations is not sharp, exeept, of course, in subgroup a.

It will sometimes be difficult to find out whether a particular wood
belongs to ¢ 7 or-to group d 9, and there are many genera (Vaccinium
spp. and Glochidion spp.) representatlves of which belong to both sub-
groups and exhibit all transitional forms. |

Another subgrouping, e.g. b all perforation plates crlbrlform ¢ all
perforation plates scalariform, d all or most perforations s1mple, mlght
have .been sharper, but, as far as ean be judged at present, it is less
correct from a systematic point of view.

It is often very difficult to determine whether one or another type
of perforation predominates, because the various kinds of perforatmn strike
the eye very unequally. In the case of doubt, or if there is a great chance
of mistakes "being made, both subgroups or 1nd1ces are used.

Perforation plate the middle part of which is sealariform and where
the bottom and top ends of the oblique plate are ecribriform, are all
regarded as eribriform (Platea fam. Icacinaceae).

Plates the perforations of which are arranged in a circle are econsidered
scalariform if the bars of the wheel-like plate can be distinetly and sharply
perceived as slender rods. If, however, the perforations consist of round
openings and this typical radJaI structure is absent, the plates are looked
upon as cribriform. o

- Often the perforation plates are so fine that they are invisible under
a lens with a magnifying power of 10 diameters. If the radial surface
receives incident light, the scalariform perforation plates with many bars
show a peeculiar grey coloration, which changes if the objeet is moved in
a certain direction. Moreover, these plates are mostly very much inclined,
the more horizontal ones usually having few and clearly perceivable bars.
This latter observation has -already been made, among others, by Frost
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(1930 and 1931). The factors determining the axial height of the plates
have been analysed by Chalk and Chattaway (1935). e

-The cribriform perforation plates are usually almost perpendlcular to
the axial direction or make only an obtuse angle with it; they are generally
plainly visible therefore on the cross-section.

If the perforations are so fine that they are invisible under ‘a hand
lens, they show a grey‘ discoloration similar to that of the scalariform
perforation plates, but in this case w1thout any effect of a partlcular angle
of incidence of the light.

As the fully closed perforation plates (1e *those only prov1ded with
pits or bordered pits) are very rare in secondary wood, they may in most
cases be taken to be ecribriform if various almost horlzontally placed
seemingly imperforate plates are observed.

An outline of the different types of perforatlon plates and a com-.
prehensive bibliography- on this subject has been given by Chalk (1933
and 1937). Record (1936 b) has' drawn up lists of families characterlzed
by a special type of perforation plates. .

Section I. Vessels. Group B. Grouping of the vessels.

Sub-

* groups fndex - o ' Description;
a "1 | vessels are lacking .
b - ' ~ most or nearly all' vessels sohta.ry
2 nearly all vessels solitary
3 | most vessels solitary, the others in groups of 2—4 _
, 4 | most. vessels solitary, the others in groups of 2- -many
e | most or nearly all vessels in groups -
5 most vessels in groups of 2—4 without distinet radial
arrangement . : :
6 most vessels in groups of 2-many, w1thout dlstmct
radial arrangement
N 7 | nearly all vessels i in groups, but Wlthout dlstmct radlal
- . arrangement - R . :
8 | most vessels in’ groups ‘of 2—-4 W1th pronounced radlal
: _ arrangement : -
-9 most vessels in groups of 2 many, with pronounced
C radial arrangement
-0 ‘nearly all vessels in groups w1th pronounced radlal
arrangement

In cases that the vessels are'not absent, the subgroups are delimited
on the one hand by b “most or nearly all vessels solltary”, and on the
-other hand by ¢ “most or nearly all vessels in groups”.
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This subdivision was chosen because the distinction “most vessels
solitary”, as against “most vessels in groups’ is of relatively great system-
atic value, while the distinetion “nearly all or most vessels with pronounced
radial arrangement” as against the groups of 2—4 or 2—10, however im-
portant from a systematic pomt of view, may yet be observed in eom-
paratively closely related species. .

The distinction between the vessel groups that are and those that are
not in clearly radial arrangement was originally included as a subdivision,
but afterwards only expressed in the indices, because, however important
this separation may be systematically, the demarcation of the two groups
is very indefinite and it would therefore be required to include both groups
8o often that the classification in the eard-index system would be unneces-
sarily complicated. ,

Typically radial groups may be observed among others, in . the
Ebenaceae and the Sapotaceae; groups in which the typically radial arrange-
ment is absent are formed in Erethia longiflora (fam. Borraginaceae) and
Aralia spinosa (fam. Araliaceae). These latter groups are more frequent
in woods from temperate zones. :

.The drawmg of the border lines, ]ust as the determlnatlon whether
the groups are in the majority or not, must take place arbitrarily. In cases
of doubt, or when both formations are observed locally over a fairly large
surface area of the transverse section (a few sq.cm), two cards are made..

- It must likewise be arbitrarily decided -whether the wood vessels are
arranged in groups of 2—4 or 2-many. This should not be determined
according to whether a group of more than 4 vessels is somewhere to be.
found, but whether such groups occur regularly, be it scarcely. To give
an idea, we would suggest that each two sq.ecm. should contain one such
group. For the purpose of this eclassification, only the groups of normal
vessels are to be taken into consideration, and not the radial groups or
clusters of vessels or vascular tracheids, which are much smaller than the
ordinary vessels and mostly of somewhat different shape. :

Section I. Vessels. - Group‘C.' Arrangement of vessels or vessel groups.

Sub- S T
groups Index L Descrlptxon
a 1 vessels are lacking .
b | vessels or vessel groups are scattered i
-2 .| scattered, without any distinet arrangement _
8 | scattered, but zones with elearly different numbers of

vessels are present = - .- : -

4 scattered, as 2 or 3, but moreover in almost continuous,
‘ sometimes shghtly mterrupted tangentlal series on
borders of growth ring

e | " | vessels or vessel groups arranged in short ra.dla.l rows
either or not combined with oblique rows .
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Section I. Vessels. Group C. Arrangement of vessels or vessel groups
T . (continued).

Sub-

“Index “| "+ - . * Description
groups .

b .} arranged in short or broken rows, most of them having
a distinctly radial direction -

6 . arranged as number 5, but moreover in falrly contmu-
1 ous, sometimes mterrupted tangentlal series on borders
of growth ring :

7 arranged in short, mostly obhquely or only more oOr
less radially dlrected wavmg, sometimes also branching
rows , .

8 arranged as under 1, but moreover in almost contmu-
ous, sometimes more or less mterrupted tangentml
series on borders of growth ring -

d | . .| vessels or vessel groups in short tangential rows.

9 | arranged in many short ‘or broken sometimes wavmg,
| chiefly tangentially directed rows

0| arranged as under 9, but moreover in almost contmu-
: ous, sometimes more or less interrupted, tangentlal
series on borders or growth ring

* So far as vessels are present, the subgroups are formed by the dis-
tinctions whether the vessels or vessel groups are scattered, or oceur in
short radial or oblique rows (or both), or in short tangential rows.

The distinetion whether continuous tangential series are present or
absent, is regarded as a secondary feature, for the reason that, although
it is often' of great systematic value, it forms a distinction between two
species that are sometimes rather closely allied. Such rows may even occur
together in one and the same species. In the case of these distinctions also
it will often be necessary to make arbitrary decisions.

.~ For there are two kinds of arrangement: one where the series are
visible both with- a- hand- lens and the unaided eye (e.g. Quercus and
Calophyllum spp.), and others where this arrangement is clearly visible
to the unaided eye only on the planed transverse surface (various
Lauraceae ‘and Myrtaceae). Both kinds are, however, treated of in this
table as equally valuable; in reality they are not: the former is more
important systematically than the latter.

In classifying woods it should not be asked whether such series occur
occasionally, but whether the majority of the vessels are arranged as dis-
cussed above, or whether this arrangement is distinetly v131ble locally over
fairly large surface areas. :

Almost continuous tangential series occurlng beside other groupmgs —
mostly on zone borders — are mentioned in this connection only, if the
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vessels are more numerous-there, or if they are conspicuous by their large
size or particular irregularity. (Tectona grandis and Cedrela spp.).

These series may also occupy several wood vessels (fam. Verbenaceae) ;
this is specially the case with woods from temperate zones.

Section I. Vessels. Group D. Size and number.

Sub- - L ; e :
groups Index . Desecription
a © 17"} vessels lacking
b - { without. pronounced regulanty in size d1fference
' 2 | vessels extremely small to medium suzed very few
to moderately few
- "8 | vessels extremely small to medium, s1zed moderately
' numerous to very numerous ° - .
4 vessels moderately Iarge to extremely large very few
N to moderately few .
¢ size in growth ring varying systematlca.lly
5 vessels extremely small to medlum sized; very few
to moderately few. - - - o SN
~ 6 - | vessels extremely small to medium 31zed moderately
numerous t0 very numerous . S
7. vessels moderately large to extremely large very few
- ’ to moderately few ,
d . _clearly occur in two dlfferent sizes, the most numerous
- . '] kind ) - ) . ;
8 - | extremely small to ‘medium s1zed total number very»
. few to moderately few
9 extremely small to medium mzed total number 1mo-
derately numerous to _Very numerous
0. moderately large to extremely large total number very
few to moderately -few -

The subgrouping, in this case, is formed by the way in which the
difference in size of the wood vessels comes out, i.e. without any pro-
nounced regularity, systematiec variation in the growth ring or the presence
of two clearly different types. " .

The systematic size variation of the vessels in the growth ring is a
feature of frequent occurrence in tropical woods (e.g. Tectona grandis;
various ‘Euphorbiaceae) ; the -periodicity must, however at once be clearly
visible with a hand lens and must be capable of being ascertained with
sufficient certainty without carrying out measurements, - otherwise the
specles is to be grouped under; without any pronounced regularlty in

size difference. - . R
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It is only seldom that two clearly different sizes of vessels occur in
tropical woods, but it is more frequent in woods from the temperate zone.
The introduction of this fact in subgroups will in various cases lead to
an undesirable division of closely allied species, but nevertheless we hold
that the advantages will offset the drawbacks. The very small vessels or
vascular tracheids which often oeccur as groups in. the nelghboorhood of»
larger vessels are left out of consideration here.

The size and numerousness, which are often of systematle 1mportance
in dlstmgulshlng between dlfferent species, but which may be highly
divergent in. the closely allied woods form the subdwxsmn of the sub-
groups.

The comblnatlon moderately .large to extremely large” with “mo-
derately numerous to very numerous” was not included, because this
‘combination will not occur except in very rare cases. It is possible, how-
ever, that the combination “moderately large to extremely large, very
few to moderately few” must be extended to include also “very few to
moderately numerous”. In the case that the combination “moderately large”
with “moderately numerous” occurs, it is advisable to use the same index as
that for “moderately large and moderately few”, as the vessel size is of
more importance, in our opinion, than the number.

In ascertaining bhoth number and size, the above- mentioned groups of
much smaller vessels or vascular tracheids are left out of econsideration.

The average number of wood vessels that is taken to occupy a few mm
is determined by the number present in the normal wood elements; the
bands with a larger or smaller number of vessels are ignored in counting.
As regards the division of subgroup d it is from the most numerous vessels
that the size is ascertained, and it is also they which form the basis for
counting the numbers.

The size of the vessels has been normahzed by the LA. W A (1939)
after Chalk (1938) had carried out the necessary measurements. _

Both the classes and the terms used by this association in their agree-
ment have been adopted by us. This classification differs but little (5 p
on the demarcation between the first two classes) from that of Den Berger
and Beekman -(loe. ecit.). v

As regards the division of the number ‘of vessels we have followed
the latter investigators. Miss Chattaway (1932) has recommended this
classification for unchanged international normalizationboth as to the
terminology and the numbers mentioned.

.- These examples should once more show the great utlhty of, the hand
lens method. . LT ;

Section II. Rays.
Section II. Rays. Group A. Types and structure.

Sub- : . . s o e i

groups Index S . Description
a |- all rays of one type : o
1 .built up completely of procumbent cells
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Section II. Rays. Group A. Types and structure (continued).

Sub- " Index ’ .Description
groups
2 consisting of procumbent‘ cells with 1—3 rows upright
3 | consisting of procumbent cells with 1-many rows
upright . . : '
4 built up completely of upright eells
b | two types of rays, depending on dimensions
5 both types consisting eompletely of procumbent cells
6 - the narrow type with 1—3 rows upright, the wider type
consisting entirely of procumbent cells - = .
7 both the narrow and wide types consisting of pro-
v ' cumbent cells with 1—3 rows upright - o
c |- | two types of rays, depending on cell structure _
T 8 the narrow type consisting entirely or almost entirely
' of upright ecells; the simple wider type entirely of
.- procumbent ecells . ‘ - I
9 the narrow type consisting entirely or almost entirely
of upright cells; the simple wider type with 1—3 rows
upright - h B .
0 the narrow type consisting entirely or almost entirely
of upright cells; the simple wider type with many rows
> lupright cells or completely built up of them

‘In this group 3 subgroups are distinguished: a. “all rays of one
type”, b. “two types of rays, chiefly depending on dimensions”, e. “two
types of rays, chiefly depending on the essentially different structure of
the rays consisting of different kinds.of: eells”. - ' = .- . S

The above definition of rays in one and two types differs from that
given by Den Berger and Beekman (l.c.). S R

- In the further division of the subgroups-according. to -structure. we
would in the first place point out-that by the expressions “1—3 (or 1-many)
rows of upright cells” is meant: along the upper or lower border of the
rays, or along each of the two borders of simple, not vertically fused rays
(sensu Den Berger, 1926, p. 420). Vertically fused rays often contain some
rows of upright cells in the middle being twice or almost twice as numerous
as those at the borders, so that, when the simple rays have at most 3 rows
of upright cells, 4 or 5 rows of upright cells may occur in the middle of
a vertically fused ray. These rows are left out of consideration.

This situation is complicated still more if two types of essentially
different structure are present. Then not only the broader types and
occasionally the narrower types may occur combined, but also combinations
of a narrower with a broader type are possible, forming heterogeneous
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vertically fused rays with many rows of upright cells,” which for the rest,
closely resemble simple rays, while the genuine simple broader ‘Tays are
either without or with 1—3 rows of upright cells.

In finding such rays-it is advisable to ascertain whether the number
of rays with many rows upright cells corresponds to the number of hetero-
geneous vertically -fused rays which in all probability may be expected.
This latter fact can to some extent be inferred from the number of com-
binations of two broad rays. The separation of the two broad parts of
many of this type of vertically- fused rays by many rows of upright cells
will  further indicate the presence of sumple rays with many rows of
upright cells. ‘

In cases of doubt, both features are conaudered sometlmes (for example
in some genera of the family Ewuphorbiaceae) the, number of vertically
fused rays is so large that neéither the subgroup nor the index ean be
ascertained with any degree of eertainty, and the real type can only be
deduced on. the analogy of allied species. The number of vertically fused
rays may be so great that prolonged searches are necessary to find a
simple broad ray, while sometimes also the number of narrow or broad
rays may be so small that a close investigation is required to decide whether
there are two types. In snch cases a card with subgroup a is also made.

If the narrower rays consist of chiefly upright cells with a few rows
of radially shortened and axially elongated cells (so-called short high cells),
they are regarded as being entirely composed of upright cells and essentlally
different from the broader rays with procumbent cells.

In the Malvales tile cells generally oceur. These have been descrlbed
by Miss Chattaway (1933 a). . :

* Chalk and Chattaway (1933) found perforated ray cells in 74 specles
of 17 families; first in Lacistema aggregatum. These cells connect the
elements of vessels running on both sides of a ray. As neither the tile
cells nor the above-mentioned perforations are visible under a hand lens,
they have not been included in our scheme of classification. i
Section II. Rays.’ Group B. Number and ratio between the numbers

. : ~ of both types. .

g?:l?‘;s Index o Deseription
a | "1 total number of rays very few rather numerous (1—10
per running mm), if two kinds are present: the
narrowest greatly in the minority — m the mmorlty
. (< 2/5 of total number) :
-2 ditto; the narrowest kind equally numerous (2/5—3/5
of total number)
S I I ditto; the narrowest klnd predommatmg (3/5—4/5 of
*, {- .| total number) ’
o T4 ditto; the narrowest kind strongly, predominating
' (> 4/5 of total number) -
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Section II. Rays. - Group B. Number and ratio between the numbers of
: . : both types (eontinued). :

gf:;;s Index | : Description
5 particular formations, e.g. disjunctive rays, present
‘b 6 total number of rays numerous — very numerous

(11 or more per running mm), if two kinds occur:
. the narrowest kind greatly in the minority — in the
_ minority (< 2/5 of total number) .
- 7| ditto; the narrowest kind equally numerous (2/5—-—3/5
- | of total number) .- . :

- 8 ‘ ditto; the narrowest kind predommatmg (3/5—4/5 of
' total number)

9 ditto; the narrowest kind strongly predommatmg
' (> 4/5 of total number) . S :
-0 partlcular formations, e.g. dls,]unctlve rays present

- The class1f1catlon of the number of rays per runmng mm is that
also used by Den Berger and Beekman (loe. cit.).

- The subgrouping and subdivision. of this group do not require further
discussion. An arrangement into three subgroups, namely “number of rays
verx few to few, moderately few to rather numerous, numerous to very
numerous”, which might render good service in many cases, was omitted
here, because then it would in a great many species be impossible to make
& choice between the first and the second subgroup. _

The same or closely allied species often show 4—8 rays. The number
of rays is usually counted on the transverse surface, so that in reality
the surface area which they occupy in tangential direction is determined
rather than the actual number. An advantage of this method is that the
elements of heterogeneous vertically fused rays also come out in the rlght
way (see also Pfeiffer 1917, p. 234).

The relation between the number of broad and narrow rays — for
the broader rays may yield narrower ones by division — has been examined
by Zijlstra (1909) and Chattaway (1933 b). These 1nvest1gators made their
measurements on tangential surfaces.

Section II. Rays. Group C. Width and ratio between the widths of
. the two kinds. - _

. Sob- Index ‘ “: Deseription’
groups
‘8 -1 all rays extremely fine or very fine (< 25 n); if two

kinds "are present: the narrowest kind extremely fme
or very fine (< 25 p) :
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Section II. Rays.

Group C. Width and ratio between the widths of
- " the two kinds (continued).

Sub-

groups Index

Description

b 2

9

all rays moderately fine or medium sized (25—100 ).
if two kinds are present: the broadest and the nar-
rower ones very fine to moderately fine (15—50 u)

ditto, but the narrower rays extremely fine (_< 15 w)

all rays moderately broad to very broad (100—400 .);
if two kinds are present: the broadest and the nar-

rower ones medmm smed to moderately broad (50—
200 p) : :

ditto, but the narrower rays very fme to moderately
fine (15—50 p)

ditto, but the narrower rays extremely fme (< 15 p.)

all rays extremely broad (> 400 .); if two kinds are
present: the broadest and the narrower ones medium
sized to moderately broad (50—200 ®)

- ditto, but the narrower rays very fme to moderately_

fine (15—50 p)
ditto, but the narrower rays extremely fine (< 15 w)

The division of the rays by widths has been normalized by the

LA W.A (1939).

This division has been adopted in the present system.

The subdivision is such that the first three groups invariably include two
classes of ray widths. This has been done to make it not too difficult to
determine the subgroup with the available aids and appliances.

Section IIL. Rays.

Group D. Height.

._g?:l:’;s Index Description
-8 " 1. | extremely low = . -(0.5mm)
b 2 | very low. = . . (0.5—1 mm)
' 3 flw: . . (1—2mm)
e 4 rather low .- - = (2—5mm)
d '5 moderately high ~~ (5—10 mm) .
‘e 6 high =~ (1—2em)
. f 7 | very high (2—5 em)
-8 | extremely high - (5vcm)
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For the indices the normal division has been followed, while it has
been attempted to adapt the subgrouping to a division which is of the most
systematiec importance. - e : o ! : :

The division relates particularly to the broader rays if two kinds of
rays are present; the narrower ones are almost without exception extremely
‘low or very low. S T o o

- If the rays (here the broadest) differ very much in height, that index
is used which corresponds to the height of the highest rays occurring
regularly. Zijlstra (loe. cit.) has biven an outline of the various heights
of the rays in the secondary wood of Fagus and Quercus.

Section III. Parenchyma.

Literature review.

In this third part the selection.of the features that are of the greatest
importance systematically presents considerably more difficulties than in

the ‘previous sections. . . .

For the description of parenchyma a great many schemes are known
which are hardly comparable among themselves. - In the accompanying
scheme, however, an: effort is made. - e Sl

The methods of deseribing parenchyma fall into three groups:

- The first group comprises the descriptions that follow Sanio’s (1863)
hardly modified or not at all. It is the classification into paratracheal,
metatracheal, diffuse and terminal parenchyma. The term “terminal” is
used neither by Sanio, nor by Moll and Janssonius (1906). The latter
authors, however, in the general part of their work, mention as the last
possibility of arranging the parenchyma: “Hiufiger im spétholz der Zu-
wachszonen oder darauf beschrinkt.” - .

Den Berger and Beekman (1922) have used the above classification.
They regard the four types of parenchyma as of equal value. i

The I.A. W.A. (1933) holds the same view, except that it subdivides
the paratracheal parenchyma. In addition the I. A.W.A. (loc. eit.) has
adopted a special term for the parenchyma oceurring in association with
included phloem: “conjunctive tissue”. ‘ : -

Two groups of authors — Pfeiffer (1921 and 1926 a) on the one
hand, and Chalk (1937) and Record & Chattaway (1939) on the other,
have noticed that the above classification of parenchyma does not suffice
for the description of the greatly different groups possible. For this
Teason each of them made a new classification in which Sanio’s types play
a minor part. The two new eclassifications resemble each other in that
they distinguish two instead of four main groups, ie. paratracheal as
against scattered (Pfeiffer) and paratracheal as against apotracheal
(Chalk). In both systems terminal parenchyma takes a more or less
separate place. Reecord and Chattaway (loe. cit.), who have adopted and
extended Chalk’s terminology, count this parenchyma as apotracheal. The
terms “scattered” and “apotracheal” then include the diffuse, metatracheal
and terminal parenchyma. - . . S ;

- The classifications of Sanio, Pfeiffer, and Record and Chattaway are
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tabulated side by side. - The order of the arrangement of paratracheal
parenchyma used by the latter investigators has been altered with a view
to better bringing out points of resemblance with Pfeiffer’s arrangement.
For this reason the groups B and C “definitely arranged” and “indefi-
nitely arranged” in Pfelffer s terminology have ' been 1nterchanged in
the table.

The definitions and descrlptlons occurring in the second column will
be fully discussed below. The term “concentric” used by Record and
Chattaway comprises  the metatracheal and terminal parenchyma. The
systematic significance of the width of the concentriec parenchyma band
has been demonstrated by Miss Chattaway (1932 D). v

The origin of wood parenchym is discussed by Torrey (1921) He
argues that the parenchyma -of Telephragmoxylon (Pinaceae) originates
through - the  formation of partitions in long tracheids. The relationship
between the various forms in which the wood parenchyma may occur has
been explained by Pfeiffer (1926 a, p. 103) and Kribs (1937).

_Definitions and descriptions.

The classification used here is still far from perfect especlally in
regard to the paratracheal parenchyma. :
‘ In various genera, for instance, the paratraeheal parenchyma is in fact
only a part of the definitely arranged metatracheal or of the indefinitely
arranged parenchyma, and it would therefore be necessary to classify the
wood according to the first subgroup. As it would in a great many ecases
be exceedingly difficult to declde on this pomt the. above method has
not been used.

Parenchyma . bordering on the wood vessels is onlv ‘considered to be
metatracheal if belonging to long or short fairly continuous layers which
run on unchanged where they touch the vessels, or at most partially sur-
round one of the sides of the vessels without widening. If a band divides
to enclose a vessel and immediately unites again, or if particular thickenings
or spots occur, whether in direet association with the parenchyma band
or not, it is considered that paratracheal parenchyma is present. :
. A similar distinetion applies between the paratracheal parenchyma on
the one hand, and the indefinitely arranged metatracheal and the diffuse
parenchyma on the other hand, but in this case it is even more diffieult
to define. Only when these kinds of parenchyma, where they border on
the wood vessels, are more abundant than in their 1mmed1ate wclmty do
we speak of paratracheal parenchyma. .

By the term definitely arranged parenchyma. we understand all
parenchyma either arranged in long, mostly continuous although possibly~
irregularly divided bands, or in longer or shorter waving interrupted,
broken or coalesced small bands, which themselves are periodically ar-
ranged in a regular manner. These bands mostly consist of purely meta-
tracheal parenchyma, but may also be built up, wholly or partlally, from
similarly arranged diffuse parenchyma. .

That these two formations are closely allied systematlcally is shown
by the fact that they occur in all transitional forms in species of one and
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the same genus (e.g. in Xanthophyllum spp. fam. Polygalaceae and Quercus
spp. fam. Fagaceae).

By the term indefinitely arranged parenchyma we understand all
metatracheal and diffuse parenchyma that is not periodically arranged
in the above described way, so in the first place the typically diffuse
parenchyma, short, moderately short or very short small bands and spots
of different shape, so far as they ocecur throughout the Wood or 1rregularly
scattered in particular parts of the growth ring.

It is evident from the above that a more accurate defmmon of the

terms metatracheal and diffuse must necessarily be introduced than was
the case formerly and elsewhere (see Moll and Janssomus 1906, p 58 and
Pfeiffer 1917, p. 44). -
... In agreement with Den Berger and Beekman s deflmtlon (1922) we
understand by purely diffuse parenchyma: individual cells, seattered be-
tween the libriform fibres, which may at most be grouped into very small
flecks or short bands. As soon as a clearly tangential trend is noticeable,
or when the flecks, in a tangential direction, at least reach from ray to
ray, the parenchyma is called metatracheal. :

Section III. Parenchyma. Group A Paratracheal.

» ‘g?&‘;’;s Index | o . Description -
. a 1. altogether absent or at least imperceptible .
b as narrow rings or parts of rings or irregular flecks
' 2 ereeptlble with difficulty or ‘only occasmnally
© 3 - | more or less clearly visible around the ma,]orlty of
C vessels .o
) 4 . | more or less clearly v181ble in part of the growth ring
visible as-very distinctly complete not ahform rings
which may be occasionally confluent - ‘
5. ' visible around the majority of the vessels
_ " 6 | only in part of the growth ring . s
Loe Ll - visible as dlstmctly aliform rings, which sometlmes are
- confluent here and there . .
i " 7 ..| visible around the majority of the vessels
| . 8 | visible only in part of the growth ring .
: as large irregular flecks visible, which completely
- enclose the vessels and are confluent here and there
9 | visible around the majority of the vessels .
0 visible only in part of the growth ring '
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So the typical paratracheal parenchyma is often seen only in com-
bination with metatracheal or diffuse parenchyma the complete picture
is therefore not obtained until this group is combmed with the groups B
and C of the same section.

The subdivisions are: -a. the absence of paratracheal parenchyma,
b. the presence of flecks, parts of rings or sxmple rmgs, e. the occurrence
of peculiarly shaped rings. \

The distinetion between the last two subgroups is to a certam extent
parallel with the combination paratracheal and mdeflmtely arranged paren-
chyma. - '

In general, thlS distinetion is of great systematic 1mportance, but in
some cases, such as with the family of the Leguminosae ( Acacia spp.),
both formations occur in different parts of the growth ring of one single
species of wood; then the indices 8 and 0 of subgroup ¢ are used together
with one of the indices of subgroup b.

The parenchyma bands which are often found on one or both s1des
of the wing-like flecks are regarded as belonging to the definitely arranged
parenchyma, as are also the broader very short bands or flecks that some-
times link the paratracheal parenchyma of some vessels together if this
parenchyma makes the tangentlal wmg hke fleck three times as large as
the radial one. :

This also apphes to the large 1rregular flecks of paratracheal parenchyma,
which often coalesce, then form broad tangential parenchyma bands, which
are in most cases short and irregularly divided (Artocarpus integm’folia
L.f.), but which may.oceasionally beecome long and continuous (Erythring
spp. and Pongamia spp. fam. Leguminosae).

. In the former ecase the occurrence of scattered metatracheal paren.
chyma is assumed if the distance between the wood vessels, in tangential
direction, is more than three times greater than the tangential diameter
of the vessels. In the latter case the oceurrence of paratracheal parenchyma
beside broad bands of definitely arranged parenchyma is assumed if the
majority of the vessels in the border of the bands is completely enclosed
by parenchyma, while praectically all the vessels lying outside these bands
are surrounded by distinetly visible parenchyma rings.

In all other cases these bands are exclusively regarded as deflmtely
arranged metatracheal parenchyma (Ficus spp. fam. Moraceae and Kakaona
spp. fam. Celastraceae).

Section III. Paren’chyma; "Group B. Definitely arranged R
: (regularly arranged bands combined with continuous bands
~ of metatracheal and ‘diffuse parenchyma or otherwise).

Sub- - s s

groups | Index - Description

- a 1 | altogether absent . _
b . independent of the vessels or the paratra.cheal pa.ren-

‘ ' chyma or at least not clearly associated with it
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Sectlon III. Parenchyma.  Group B. Definitely arranged. : :

- . (regularly arranged bands combined with contmuous bands

- . . ,of metatracheal and defuse parenchyma or: otherw1se) (con-
' tinued). ~ . .

Sub--

groups | 1ndex | - " . Deseription

V - 2 | in very few to few, mostly continuous, sometimes broken
or/and waving, sometimes irregularly divided bands,
consisting of metatracheal parenchyma or partly or
wholly of diffuse’ parenchyma

3 in rather few to very numerods,'mostly continuous
bands, sometimes interrupted or broken or coalesced

4 in very few to very numerous bands, sometimes fairly
‘continuous, mostly short or very short and frequently
-intermittent, broken or coalesced or blendmg into typi-
cally dlffuse parenchyma ) . ..

b in few to very numerous, very short, regularly arranged

. VI bands, running from ray to ray, sometimes broken or
' ' coalesced, sometimes partly or wholly composed of dif-
fuse parenehyma .

e .| - clearly associated with the wood vessels or w1th the
‘ pa.ratrachea.l parenchyma . oo

moreover formed as deseribed under 2 N

o -

moreover formed as deseribed under 3 -
moreover formed as described under 4 - ..,

© 00 =3

moreover formed as described under 5

As different types of definitely arranged parenchyma may occur in
closely allied genera and in a few cases in one and the same genus, it
was, for the purpose of subdividing the subgroups, observed whether, apart
from the absence of definitely arranged parenchyma, the parenchyma is
clearly associated with the wood vessels.

Something was said already on this association in the treatment of
the paratracheal parenchyma. As a criterion for subgroup e it is ascertain-
ed whether by far the majority of vessels or the appurtenant paratracheal
parenchyma (say, those present in that part of the growth ring in which
the parenchyma occurs) is in contact with the bands and whether these
bands, either by certain changes in direction or whether the vessels, by a
particular arrangement, indicate that the frequent occurrence of contact
is not merely accidental. *As examples of the four indices of subgroup e
we mention: Tectona grandis L; Erythrina spp.; Dysomylum spp.; Helicia
serrata Bl

The four types of definitely arranged parenchyma comprise nearly all
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cases. The type itself must ‘sometimes be ascertained arbitrarily, especially
the selection of indices 3 and 4 (7 and 8 resp.). Typical examples for

b. 2 are: Magnolia javanica K et V; b 3: Calophyllum inophyllum L;
b. 4: Engelhardtia serrata Bl; b. 5: Anonaceae

Section III. Parenchyma. Group C. Iﬁdefinitely arranged parenchyma
(scattered at random, ‘diffuse and metatracheal).

—

gfouub[:s Index C 5 - Deseription-
a 1 both kinds are lacking © - .
b_ | .| independent of the paratracheal pa.renchyma, or of the

_ vessels, preferably neither in their nelghbourhood »
M. 2 . | purely diffuse parenchyma ' '

-3 ditto, at the same time forming transmons to extremely
o short, fine, metatracheal bands - N
4 parenchyma as described under 2 or 3; besides: short,

irregularly distributed, sometimes waving or branching,
more or less tangentially running bands and/or ﬂecks
of metatracheal parenchyma

5 | as under 3, but without the diffuse parenchyma

e | . , for the greater part clearly associated with the para-
o : tracheal parenchyma or with the vessels, or at least
mainly occuring in their immediate vicinity

-6 moreover formed as described under 2

\ 7 moreover formed as deseribed under 3
'8 moreover formed as described under 4

‘ 9 moreover formed as described under 5 -

_ Thls group is subdivided like the previous one; a further division
according to the occurrence of periodie differences in the growth rings
was regarded as being of less great systematic importance than in the
case of the paratracheal parenchyma. At any rate thls comes out also in
Section IV, Group D.

In the light of the above cons1deratlons the subd1v151ons of the

subgroups w111 be suffxclently clear. - We add the followmg examples in
explanation: . s R

Vatwa spp fam Dlpterocarpaceae
Alstonia villosa Bl : " . Apocynaceae
Hopea spp. and Shorea spp. » Dipterocarpaceae
Vaccinium wvaringiaefolium Miq. . - - ,, . Ericaceae
Trigoniastrum spp. » Polygalaceae
Platea corniculata Bece. » leacinaceae
Rhodamnia trinerva Bl

: - .y Mpyrtaceae
Pithecolobium umbellatum Benth, » Leguminosae

peepTETy
WO =1 U D
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Sectlon III. Parenchyma. Group D. Quantity - ’
(paratracheal and indefinitely arranged parenchyma).

Sub- . v : s g
groups Index ) Description
‘a 1. pa.rénchyma of both tyf)es is lacking or, if present, is
. extremely scarce and practically imperceptible
b- |. . | if perceptible, pa.ratracheal parenchyma occurs only
’ » v locally . .
2 if present, indefinitely arranged parenchyma oceurs
, » only locally . : . L .
- 3 . | indefinitely arranged: parenchyma scarce -
4 indefinitely arranged parenchyma superﬂuous S
e : paratracheal parenchyma scarce
' 5 if present, mdefmltely arranged parenchyma oceurs
: locally - A . _
~ 6 | indefinitely arranged parenehyma scarce
_ , 7 | indefinitely arranged parenchyma superfluous
« d .| . | paratracheal parenchyma superfluous ‘ '
) -8 if present, mdeflnltely arranged parenchyma oceurs
: locally : : .
o 9 | indefinitely arranged parenchyma searce
o 0L indefinitely arranged parenchyma superfluous

In subdividing this group, the quantity and the local occurrence or
otherwise of -the paratracheal parenchyma was econsidered of greater
systematic importance, ‘than the same features of the diffuse. metatracheal
parenchyma of group C. We may add that “local” does not mean here
a regular occurrence in special parts of the growth rings, but a quite
irregular local occurrence.

The distinetion between scarce and superfluous relates to the total
quantity of parenchyma and geruires arbitrary decisions.

Section IV. Particular growths.

‘In general there is little to be said about particular growths. Except
in the case of group D, the growth rings, we have exclusively to do with
qualitative features, so that it is sufficient to refer here to what has
been said on this pomt under “selection of - subvroups and mdlces
(page 474). . ' - :
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Section IV. Particular growths. Group A. Included phloem, and oil cells.

e

';z:;s Index |- - Description
'a " | *'1 | both formations are lacking
b - v " included phloem absent .. : :
' 2 | oil eells do occur, but exclusively in the rays
3 “oil cells occur in parenchyma and rays o
4 oil cells do occur, but exclusively in the parenchyma
¢ : included phloem present, chiefly in g'roups or series
5 oil cells lacking R .
6 oil cells present excluswely in the rays I
7 oil cells present in parenchyma and also in rays or
. otherwise
a | . ’ included phloem present chleﬂy in ra.ther long, dlstmct
o tangential series .
8 | oil cells lacking
9 . | oil cells present, exclusively in rays ° .
0 | oil cells present in parenchyma, and also in rays or
otherwise : .

The included phloem is a very permanent and typical feature, but
occurs in only a few: genera and in small number ‘of families; for this
reason it has been included in the first group of the section for purposes
of subdivision. The occurrence of oil cells and the tissue in which they
occur, are also of great systematic importance, but sometimes these growths
are difficult to perceive, which lessens the value of this feature.

Section IV. Particular growths. Group B. Resin canals, gum duets and
latex elements. ' S e .

gf::;;s Index . : - = . Deseription - -
a8 1 all of the above formations are lacking -
b . n only radial canals in the rays - o
. 2 | occurring generally scattered
‘ 3 occurring only locally - ‘
c . " axial canals, largely in long or shorter rows
4 oceurring generally scattered, no radial canals.
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Sectlon IV. Particular growths.. Group B. Resm canals gum ducts and

latex elements (contmued) oo e
Sub- | ; . ription -
groups | Index K Deseription
5 oe'curring.only ldcally; no radial canals
6 occurring generally; moreover, radial canals in rays
7 | occurring only locally; radial ‘canals in rays
q 7 '} axial canals, more or less mdependent or sca.ttered in
1 small groups. o :
8 radial canals are lacking
.9 - | radial canals occur as well .

e 0 there occur other: canals, not to be mcluded m the
VU SRR ra'bove descnptlons . T

This group is somewhat difficult to subd1v1de, because the available
means do not allow of resin canals, gum ducts and latex elements to be
distinguished from each other with certainty. It is possible, therefore, that
various samples of one species, even of ‘one and the same ‘tree (with gum
ducts) may occur both under al and e¢ 5, which might be a reason for
altering the arrangement and let these groups follow each other 1f not the
same were possible with a1l and b 3.-

This might further induce us to give this group a still more unim-
portant place if not the occurrence of resin canals in the rays and also
axial resin canals was very characteristic of many genera from different
families.

It is quite possible tha.t a totally d1fferent subd1v1s10n of thls group
may afterwards prove desirable. .

Section IV. Particular growths. Group C. Storied structure, radial inter-
h ’ cellular canals, pith flecks and bast fibre formations.

.grsc:ll);;s Index ST Description -
a | : storied structure absent )
1 all of the above formatlons absent
2 storied structure absent; radial intercellular canals
absent pith flecks present; bast fibre formations absent
3 " storied structure absent; radial intercellular canals
present, pith flecks absent; bast fibre formations absent
-1 4 storied structure absent; radial intercellular canals
present, pith flecks present bast flbre formatmns
absent o B . \ v
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Section IV. Particular growths. Group C. Storied structure, radial inter-
cellular canals, pith flecks, bast fibre formations (continued).

gf:;’;s Index Description
5 storied structure absent; bast fibre formations present,
. - | radial intercellular canals and pitch flecks present or
. absent .
b "~ | storied structure present
6 storied structure present; radial mtercellular canals
-+ | absent; pith flecks absent; bast fibre formations absent
e 7 storied structure present; radial intercellular ecanals
absent ; pith flecks present; bast fibre formations absent
8 storied structure present; radial intercellular canals
' present; pith flecks absent; bast fihre formations absent
1 9 | storied structure present; radla.l intercellular canals
¢ : present; pith flecks present; bast fibre formatxons\
_absent .
storied structure present ba.st flbre formations

present; radial intercellular canals and pltch flecks
present or absent

The subdivision of this group depends on the absence or presence
of storied structure. This distinetion is not of inconsiderable systematic
importanee in that the _occurrence of storled structure is limited to only
a few families.

As against this there is the fact, however, that although storled
structure is a constant feature of some species, it is quite occasional in
others, and is further useful as a general and specific characteristic in
only very few genera..

Record (1927) has given a detailed outline with a biblography on
orders, families and genera showing storied structure.

The systematie significance of the occurrence of storied structure has
been explained by Janssonius (1931)” He demonstrated that storied strue-
ture does not occar when the ground tissue consists of fibre tracheids.
A similar negative correlation was noticed by Chalk (1937), ‘which he
extended to scalariform perforation plates and storied structure. As fibre
tracheids and scalariform perforation plates are regarded as primitive
features, storied strueture must count as a highly specialized characteristie.
Chalk calculated that of the 1272 Dicotyledonous genera examlned by him
only 18 per cent exhibited storied structure.

Intercellular canals, possessed by only very few genera, are often of
limited local occurrence, so that only thelr presence is of importance
systematically. '

Pith flecks may be found in numerous specles and ecan hardly be
considered indications; it is only in a few species that they oceur regularly;
they are never a qulte general, nor a specific feature. :
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The bast fibre formations of some wood species (Eugenie spp. fam.
Myrtaceae and Koompassie sp. fam. Leguminosae), which, although. not
general, are peculiar to these species, are of a very special structure. They
are tangential layers of a bark-like tissue of one to several mm thick,
which, in axial and radial direction, mostly do not extend any farther
than a few em to at most 1 dm and which, in certain ecases, are invariably
intermittent, the various layers being connected by radial bands of a
particular tissue resembling intercellular canals (especially in Eugenia spp.
Kolat lapis).

A study about the identification of wood with included phloem, which

does not enclose the above examples has been pubhshed by Chalk and
Chattaway (1937).
’ As these formations, if small, sometimes resemble plth flecks and 1nter—
.cellular canals and do occur in a few species only, to which they are then
peculiar, the simultaneous oceurrence or absence of both last-named features
may be considered of so secondary an 1mportance that no further sub-
division has been based on it. : :

Section IV. Particular growths. = Group D. Growth rings.

Sub-

groups | Index. ' - .. Description
a” | "1 growth rings lacking or vague
b 2 .1 growth rings moderate to very consplcuous owing to
pronounced periodicity in the number or in the ar-
.| rangement of the vessels and not in the parenchyma
.3 growth rings moderate to very conspicuous owing to
o . pronounced periodicity in the size of the vessels and
not in the parenchyma
c. 4 growth rings moderate to very conspicuous owing to

pronounced periodicity in the definitely arranged
- parenchyma and not in the vessels

5 growth rings moderate to very conspicuous owing to
pronounced periodicity in the definitely arranged
parenchyma and in the vessels as well : .

a | 6 .1" growth rings moderate to very conspicuous owing to
‘. pronounced periodicity in  the indefinitely arranged
parenchyma and not in the vessels : :

7 growth rings moderate to very conspicuous owihg to
pronounced periodicity in the indefinitely a.rra.nged
parenchyma and in the vessels as well - ,

" e - 8 growth rings moderate to very conspicuous owing to
| pronounced periodicity in the pa.ratrachea.l pa.renchyma.
I and not in. the vessels .
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Section IV. Particular growths. - Group D. Growth rings (continued).

- Sub- 1 fndex S : .- Description
_groups : ’
9 .| growth rings moderate to very conspicuous ownig to
: pronounced periodieity in the para.tracheal parenchyma.
| and in the vessels as well B
f 0 - | growth rings moderate to very consplcuous, but charac-
- " terized in dlfferent ‘ways from those mentioned above

The above subgroupmg is based on the occurrence or absence of
periodicity in the various types of parenchyma. .The periodicity in the
vessels, both in size and number, is regarded as of secondary systematle
1mportance although -this feature- may be especially sugmflcant in dis-
tinguishing nearly allied species.

In this group the typical indices should be selected very arb1trar11y
and the principal ones chosen if a number of elements and tissues parti-
cipate in the formation of growth rings. It is possible, for instance, that
the wood vessels (in size- and number) and the paratracheal, as well as
the definitely arranged and indefinitely " arranged parenchyma show a
certain periodicity bringing out the growth rings (e.g. fam. Leguminosae).
This case is then indicated as e¢/d 5/7; the formation b.2 and b.3 is
included in e. 5, d. 7 and e. 9, while subgroup e, as being of secondary
importanece, is 1gnored

Subgroup f is chiefly used to indicate a dlstlnct penodlclty in the
tissue densnty, it is execlusively employed if this last-named formation is
the only one in which the growth rmgs find expression, or if, bes1de others,
it is very conspicuous. - :

Section V. Other characteristics.

-The following characteristics are practically valueless in making
primary and secondary distinctions in systematics, but very often yleld
useful, sometimes even the only features for telhng apart allied species,
and as such they are indispensable,

Section V, 'Other characteristics. G‘rroup A.- Specifie gravity.

-:::;;s Index | = - - ; * Desecription. -

‘a 1 " extremely light . <03 .
R 2 _ very light =~ . 03 —04 .
b 3 ~light- - v - 04 — 05
g 4 ~moderately light . . .-~ 05 — 0.6 °
e b - .moderately heavy . .~ - 0.6 — 0.75
d 6" heavy R 015 —09
e 7 very heavy - E T, 09 — 105

‘ 8 extremely heavy o > 1.05
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. This subdivision, which is also given by Den Berger and Beekman
(1922), is self-explanatory The not elaborate division of the, subgroups
is more suited to the wood species ‘that” “often” differ rather conmderably
in specific gravity, although there will also be borderline cases here, where
‘the letters of two subgroups have to be used.

Section V. Other characteristies: -Group B. Cutting hardness and gra'}n.

. Sub- Index - ; Description
groups .
a . 1 soft, cuts easily, straight-grained without cross-fibres
2 soft, cuts easily, straight-grained with gross-fibres
. 3 soft, cuts easily, grain wavy or twisted -
b .4 moderately hard, -cuts with moderate difficulty,
R straight-grained without cross-fibres
5 moderately = hard, ecuts with moderate dlfflculty,‘
v straight-grained, with .erogs-fibres
6 moderately hard, cuts with moderate dlfflculty,
A T grain wavy or tw1sted
c 7. hard, difficult to cut, straight-grained w1thout Cross-
' ‘ flbres
8 hard, diffienlt to cut, ,stralght grained with cross—ﬁbres
9 | hard, difficult to cut, grain wavy or twisted -

As the hardness of a wood is, generally, a more constant type of
feature than the trend of the gram the former characteristic was used
as a basis for the subdivision. It is evaluated accordlng to the relative
ease with which the end surface can be ecut. -

Section V. Other characteristics. . Group C. Colour.

Sub-

Index -~ Desecription
groups
. a. 1 dark brown, very dark yellowish brown to black ]
b - 2 yellow1sh brown, deep brownish yellow or dark greemsh
‘ g yellow -

] 3 bright yellow, deep yellow, straw-yellow, ete.
e 4 light brownish yellow, light greyish yellow, light greyish
B A' brown, yellowish grey, brownish grey, greenish grey

5 - yellowish whlte, dingy white, greylsh whlte, purphsh
. white
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Section V. Other characteristics.. Group C. ‘Colour (continued).

Sub- Index | © - . . . Deseription
groups | - ' :
6 light grey, pinkish grey, hght purphsh grey, orange
L .| sgrey, light pink . .
d 7 dark pink, greyish red grey reddlsh brown, greylsh
o _ purple or dark grey _'
8 | bright reddish brown or brownlsh red orange brown,
S gréyish orange e v PR
e . 9 bright orange, vivid red ‘brick red .
0 . dark red, dark-reddlsh brown to almost black

The succession of colours chosen- is. such that the modifications
oceurring in various wood species or in one hand the same genus usually
are in this order, so that, if two non-consecutive indices are stated, it
may be assumed that colours belonging to intermediate indices occur as
well. Only in a few cases (e.g. in the genus Diglium fam. Leguminosae)
both extremes are found, the colours varying from red to dark »ed, to dark
brown and yellowish brown. In such a case this is expressed by placing
the highest indices in front and filling in the card as follows: e/b 9/2,
which shows .that also a.1 is included.

If a genus, generic group or subgenus exhibits two quite dlfferent
colours, transition colours being absent, this is indicated by means of a
hyphen (e.g. b—d, 3-8, or a—e, 1—5). .

Section V. Other characteristics. . Group D. Gloss and smell.

Sub- | [ dex -+ Desecription
_groups .
'a. | 1 | smell not characteristic, gloss slight ~ °
) smell not characteristie, gloss moderate

smell not characteristic, gloss distinet
smell not characteristic, gloss fine

smell not characteristic, gloss very.fine
smell characteristic, gloss slight :
smell characteristie, gloss moderate
smell characteristie, gloss distinet -
smell characteristic, gloss fine V

© oSO RwW

smell characteristic, gloss very fine
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" This last group does not call for much comment, if characteristic,.the
odour is often a specifie, but seldom a general feature, because it is some-
times lacking or disappears. '

The gloss is often a general feature; it seldom occurs alone, but some-
times associated with some other characteristics. From these considerations
we chose the presence or absence of a characteristic odour as a basis. for
the above subdivision. Odour, however, can hardly be cons1dered as of
more or less systematic importance. -

IV.” THE APPLICATION OF THE SCHEME IN PRACTICE.
A. Order and priority of the features.

As far as can be judged at present, the priority of the features,
from & systematic point of view comes out most in the following order:
TA, ITA, IITA—IB, IIB, IIIB—IC, IIC, III C—next IV A, IV B,
IVC and IVD; then ID, IID, IIID and finally VA, VB, VC and
VD. The classification will anyway have to be started in this way.

Although, for purposes of classification alone,. the simplest plan is to
adopt exclusively the decimal system, it will be desirable considering the
relationship between this scheme of elassification and the botanical natural
system, first to make a classification acecording to the subgroups (either
Wholy or partially) and then to resubdivide the resulting subgroups aceord-
ing to the indices, again going through the entire part of the clas31f1cat10n
system already used. ’

Provisionally 4 division by means of index cards alone is  made accord-
ing to the first series of group I A, IT A, IITA, IB, IIB, IIIB, IC,
IIC, III1C and based on the subgroups. In those cases where cards -of
different genera or even families coincide, a subdivision ean be made in
the manner best suited to that set of cards, although, as far as possible,
one or more definite systems of further subdivision must nevertheless be
used. Not until all families have been classed can any additional declslons
on this point be made. . .

As stated above, it was at first attempted to group features in the
order- of their probable systematic importance. One should, however, not
put one’s expectations too high; as even the so called natural system on
which the classification of plants in groups, families and genera is based
has many exceptions and closely allied plants obviously exhibit fundamental
differences, it goes without saying that such exceptions are much more
frequent here. In the case of the perforation plate, for instance, i.e. the
feature that we have provisionally adopted as the principal one, in the
systematies of wood anatomy, different families show different types. Here
are even different genera some species of whose secondary wood have
exclusively simple perforations, others both simple and scalariform per-
foration plates, and still others exclusively scalariform perforation plates.
The features of the different families sometimes overlap, so that one family
whose perforation plates are constantly similar may suddenly be found to
include a genus possessing another type of perforation. Theuaceae, e.g. which,
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according to Den Berger (1920) pnly have scalariform perforation plates,
imelude the genus Archifea, all possessing simple perforations.

+ The same may be sald of the other features, mostly even in a much
hlgher degree. .

This point may be elucldateg‘l w1th a smgle example for the second
most important feature: 1 or 2|types of rays. All the genera of the
Guttiferae examined by us posseys two types of rays. The genera Calo-
phyllum and Cratoxylon include:another type having one kind of rays.

Once a clear statistic outline has been obtained it will appear that in
one family this feature is the most constant, in another that feature.

Beforehand, however, the features must be clearly and sharply defined.
In the foregomg pages the features of each table have been deseribed as
explicity as possible. Under “Selection of subgroups and mdlces” we glve
the line of action to be followed in doubtful .cases.

B. Descriptions; cards and systems; selection of Subgroups and indices.

The system is applied as follows:

"~ Of all the samples under investigation model descrlptlons are made
(see IV D), from which, in a manner to be explained later, the classifie-
ation scheme is composed This scheme is printed on the descrlptlon form
under the heading: “Further particulars”.

Then two or more cards are made, which are filed in two systems
classed alphabetically and according to the subgroups (see IV C). For the
models of these cards see IVE. The cards comprise: the classification’
scheme, systematic botanical data, the sample numbers and addltlonal
remarks if any. .

Ev1dently, the eorreet seleetlon of subgroups or mdex must often take
place arbitrarily and intelligently, as nature abhors sharp lines of demare-
ation. It is exaetly rigid delimitation, however, which is a primary
necessity in a classification system such as the present one.

" For this reason, the limits drawn in the subdivision of each group
have been accurately described. It must further be ascertained what
general rules have to be observed in the arbitrary selection of the indices.
If quantitative features *are in question it is advisable, in general, not
to search for extreme cases, such as are found in each wood; in deter-
mining whether in a certain species the vessels occur in groups of 2—4
or 2-many, for instance, do not try to find somewhere in the back a single
group of more than 4 vessels,:-and if so, do not use at once the index
belonging to the second case, but ascertain whether the occurrence of
such groups of more than 4 vessels is a constant feature that is easily
found in different places. Also, in determining the number of rays, do
not look everywhere for.an extraordlnarlly large number of rays over
a width of 1 mm, but count about ten times over a distance of 1 mm,
preferably, say, over twice 5 mm, and then take the average. ;

~ Quite different is the searching for two types of perforation plates

* See also Desch (1932) and Rendle and Clarke (1934).
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two types of rays or the presence of resin eanals, ete., in short, qualitative
features. Then one swallow does make summer, pers1stent and careful
~gearch—of all the surfaces being a necessity. -

If, in the case of such a feature, identification is very dlfflcult
and 1f it is necessary to search long, also that index is entered on the
card which would have been taken if this particular format1on had
not been found.

- In order to indicate, however, that one index is only a result of
erroneous observation, this figure is indicated in red or italies. If
in preparmg a collectlve card for a genus or subgenus, such a formation
does occur in some, but decldedly not in other: species, both figures are
given in black. If there is a gradual transition between different species
(e.g. in Cyclostemon fam. Euphorbiaceae, some species of which possess
exclusively simple perforations, others simple and scalariform, and still
others exclusively scalariform ones), the letters and flgures are placed
say, as follows c/d 6/1. T -

. If, however, two sharply separated cases ‘are found (e.g. in the genus
C’alophyllum fam, Guttiferae, showing rays both in two and one type)
the indices mJght be placed as follows a—b, 4—9 or a4 - This at the
b 8/9. §
same time renders it possnble to make more detailed descrlptlons As to
cutting hardness and grain, e.g. 1 b.' 4/5 will signify : the wood (or woods)
is straight-grained and has little cross-fibre; b, 4—5, denotes, however,
that in some samples cross-fibres are absent and in others present.

If it cannot be ascertained with sufficient certainty whether a given
formation has been correctly eclassified, a note of interrogation is placed
over the column containing the index in question. If, as a result of the
very fine texture of the wood, it is quite impossible to determine the
most probable index, a note of interrogation is. placed in the square
in question. Exactly the same procedure with quantitative features is
followed: -in" borderline cases, or if different samples show transitions
between two headings, this is indicated by means of a dash otherwne &
diaeresis is used. o

If one of the subordmate features is partleularly characterlstlc, or
especially suitable for distinguishing one wood species from an as to
the rest very similar one, then the index belonglng to that feature
is underlined. .

L—

C. Arrangement of the cards; systems of identification.
The cards niay be arranged by the following methods:

Arrangemeht-aecording to Pfeiffer.

The cards are filed in two systems.

" In one system the eards, filled in as completely as posmble, are arranged
a]phabetmally ‘aecording to family and genus. In the second system the
cards are arranged according to subgroups, and afterwards according to
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indices in the order already described under IV A, care being taken to
approximate & “natural” division as far as poss1b1e It may be stated
now already, that this will be possible only approximately. In order.to
prevent the cards of both systems from being mixt up the four. types of
cards might be chosen of a different colour.

Under either system two colour cards are used, i.e. the collectlve cards
for samples belonging to one and the same genus or subgenus are in one,
the cards for completely defined species (either already fully identified
gnd named) being in the other colour. .

The second set, which at the same time has to serve as an 1dent1flc-
ation table, always must be kept complete; the first set may be used .in
tracing generic subfamily and family characteristics, and in collecting
statistical data; here it should invariably be possible for the cards to be
grouped in different ways. The orlgmal order (alphabetlcal aecordmg to
families) is always easy to restore .again.

In filing the cards in the system a.ccordmg to the subgroups, lt is
adwsable to follow the two rules:

- 1. Figures or letters, red or in 1tallcs, ocourrmg in one and the same
square with figured or letters in black, are’ 1gnored in the classification.

2, If several black letters or flgures occur in one square the lowest
number or the foremost letter is taken first. ‘

In order to allow of a proper identification, "even when almost un-
avoidable errors are made, and also in borderlme cases, several cards are
made, where, in the squares with several letters (and figures, if any), the
previous letters, or in the case of red or black letters, the black letters,
are omitted. As many cards are made as correspond to the actual number
of cases, the other cards being referred to at the foot of the card under
the heading “particulars”. The completest card,” which therefore corres-
ponds to the one occurring in the other system, is ‘regarded as the prin-
cipal eard. From the cards of fully defined species only one card.is made
for the determination system, which is to be as detailed as possible. If
several cards are made for such a species, for the others only genera-cards
are used, referring to the primary indices of the complete card. In making
extra cards- for borderline cases and errors we did provisionally not go
further than the letter indices of the above mentioned first series of groups.

Arrangement according to Bianchi

A. T. J. Bianchi, at the time placed at the disposal of the Head of
the Technological Department of the Forestry Experiment Station at
Bultenzorg, suggested the following alteration in the arrangement of the
cards in practice, which is well worth adopting. :

* All combinations of the subgroups of the nine groups used for the
first division (I A, IB, IC, ITA, IIB, IIC, and III A, IIIB, IIIC)
are arranged by him according to a table, indicating them by eombination
of two groups of figures, the former running from 1-—36, the latter from
1—432. In this way 12312 different figure combinations are obtained,
each indicating one of the . poss1b1e combmations of the subgroups,
e.g. 11/375. : Co e
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C~—

.. . TABLENL
Table for the transpos1t10n of the subgroup combmatlons mto a
combmatlon of two figure groups, according to which the arrangement

takes place, if vessels are present. o

First
figuregroup Second figuregroup . 4
A B clcuf ° . a , b . c o d
I |11 rjpjmjrjcmj a{bfc|ajlb|lc|a|lb|c|a|bijc
blafla|10/blala|b 1| 2| 3| 4| 5| 6| 7] 8| 9| 10| 11| 12
b (11 c 13 14} 15| 16 17| 18| 19| 20| 21| 22| 23| 24
c|12 d 25| 26| 27} 28| 29| 30| 31| 32| 33| 34| 35| 36
b|a]13 b{b| ' | 37| 8| 39| 40| 41] 42| 43| 44| 45] 46| 47| 48~
b4 c 49| 50| 51| 52| 53| 54| 55| 56| 57| B8] 59.| 60,
c|{15 d 61| 62| 63| 64| 65| 66 67| 68| 69| 70 71 ] 72
clali6 c|b 73| 74| 75| 76| 77| 78| 79| so| 81| 82| 83| 84
. {bf17 c 85| 86| 87| 88| 89| 90| 91| 92| 93| 94| 95| 96
c|18 d 97| 98| 99| 100|101 |102 | 103 | 104 | 105 | 106 | 107 | 108
clalafo bla|b 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 [ 127 | 118 ['119 | 120 -
. b 20 c 121 {122 { 123 | 124 | 125 | 126 | 127 | 128 { 129 | 130 | 131 | 132
cl2t d 133 [ 134 | 135 [ 136 | 137 | 138 | 139 | 140 | 141 | 142 | 143 | 144
bfalz22 blb 145 |.146 | 147 | 148 | 149 | 150 | 151 | 152 | 153 | 154 | 155 | 156
b 23 c 157 | 158 [ 159 | 160 | 161 | 162 | 163 | 164 | 165 | 166 | 167 | 168
c |24 d' 169 | 170 (171 | 172 | 173 | 174 | 175 | 176 | 177 | 178 | 179 | 180
clalf2s c|b 181 {182 [ 183 | 184 | 185 | 186 | 187 | 188 | 189 [190 | 191 | 192 °
b| 26 c 193 | 194 [ 195 | 196 | 197 | 198 | 199 | 200 | 201 | 202 | 203 | 204
c |27 d. 205 | 206 | 207 [ 208 | 209 | 210| 211 | 212 | 213 | 214 | 215 | 216 °
dlalaf28|c|ala]|d 1217|218 | 219 | 220 | 221 | 222 | 223 | 224 | 225 | 226 | 227 | 228 :
bi29 c 1229 | 230 | 231 | 232 | 233 | 234 | 235 | 236 { 237 | 238 | 239 | 240 :
c| 30 | d ] {241 242|243 | 244 | 245 | 246 | 247 | 248 | 249 [ 250 | 251 | 252 -,
blals1 b[b| 4253|254 255|256 [ 257 | 258] 259 | 260 | 261 | 262 | 263 | 264
b | 32 c 265 | 266 | 267 | 268 | 269 { 270 271 | 272 | 273 | 274 [ 275 | 276
c|33 d 1277|278 | 279 | 280 | 281 | 282 | 283 | 284 | 285 | 286 [ 287 | 288
clalas c|b 289 | 290 [ 291 | 292 | 203 | 294 | 205 | 296 | 207 | 208 | 299 | 300 -
b| 35 e 301 | 302 | 303 | 304 | 305 | 306 | 307 | 308 | 309 | 310 [ 311 | 312 -
c|36 d 313 | 314 | 315 | 316 | 317 | 318( 319 | 320 | 321 | 322 | 323 | 324 .
blalb 325 | 326 | 327 | 328 | 329 | 330| 331 | 332 | 333 | 334 | 335 | 336
c| | 337338339340 | 341 | 342 343 | 344 | 345 | 346 | 347 | 348 |
1d | 349 | 350 | 351 | 352 [ 353 | 354 | 355 | 356 | 357 | 358 | 359 | 360 .
bi{b| 361 | 362 | 363 | 364 | 365 | 366] 367 | 368 | 369 | 370 | 371 | 872
c 373|374 | 375 | 376 | 377 | 378| 379 | 380 | 381 | 382} 383 | 384 -,
d 385 | 386 | 387 | 388 | 389 | 390| 391 | 392 | 393 | 394 | 395 | 396 .
c|bl| . |397]398]| 399|400 401 ] 402| 403 | 404 | 405 | 406 | 407 | 408 -
c 409 | 410 | 411 | 412 | 413 | 414 415 | 416 | 417 | 418 | 419 | 420 |
d 421 | 422 | 423 | 424 | 425 | 426 427 | 428 | 429 | 430 | 431 | 432 -
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.- Now thé system is divided into 36 sections by means of simple index
cards, bearing the numbers 1—36, the cards being filed in each of these
gections in accordance with the order of the figures of the two groups.
In this way the cards come to stand in quite the same order as in the
system described previously, but 1t is much easier to arrange ‘them and
to find certain combinations.

In subsequent identification the method is as follows 'Prepare a card,
in the manner described before, take the corresponding number from the
table below (or numbers, if the card shows several comblnatlons) , and
find the appropriate card (or cards).

The numbers are placed in the right hand top corner of the cards,
over the word “order”, in such a way that after the last group of figures
enough space is left for a third figure group to be used 1f a further sub-
division -should be contemplated. . .

TABLE IV.

D. Example of a wood description.

Name: Aleurites moluccana (L.) Willd. ~ Order: Geraniales (sensu Engler)

No.: 1746, 2101 - o .. i- " Family: Euphorbiaceae
Crotonoideae
Chrozophoreae
.~ - A, Structure of the wood
Vessels: Plates: = ° s1mp1e perforatlons )
. Grouping: ~ majority sohtary, only few groups of 2 to
~~ : many." . .
Arrangement: scattered.
. - Size: . moderately large. ' :
e “- Number: -  few in general, sometimes moderately few
‘ : . . loecally.
. Bordering: " bordered by rays mostly on two, always on

one side, for the rest almost mvarlably sur-
: - . ‘rounded by parenchyma .
"~ Elements: . - 1—2 per running mm.

Contents: - not characteristic.
Fibres: WL P :
Rays: - -~ Types: - clearly in two types ~
R Structure: - the narrow rays completely of upright cells

the broader rays, as far as they are mmple,
composed of only few rows of procumbent
“cells with 1-—3 rows of upright cells. Ver-
“ 7o tieally fused rays very frequent.

Number: - . rather numerous (8—10); ratio of the ‘num-
-~ -~ 7" bers not to be determined.
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Y

Particular
‘growths:

Specifice

- gravity:
Hardness:
Grain:
Feel :
Colour:
Gloss:
“Smell: -
Taste:
Burning: .,
Extract:

Pavrgnchyma :

BLUMEA — VOL: 'V, No. 3, 1945

TABLE IV (continued).

. Width:~ " the broader ones very fine to moderately fine,
 the narrowest extremely fine to very fine,
' ‘ ratio diffieult to determme
Helght- very low. -

- Paratracheal parenchyma present as a rather broad mostly
complete ring, with numerous outgrowths of scattered paren-

chyma. Definitely arranged, in extremely short fine bands

. of diffuse and metatracheal parenchyma, rather regularly

arranged but in some places betraying a distinet association

" with the paratracheal parenchyma, and locally, where the ves-
" sels are few, irregular or absent and resembling indefinitely

arranged parenchyma. Indefinitely arranged parenchyma,
present as diffuse and as extremely short fine bands scanty.
Included phloem; lacking. . : RS
Resin and other ducts: ‘not noticed. ' :
Storied structure: lackmg ‘

Pith flecks: not noticed.

. Growth nngs lackmg or extremely vague

B. - Other features:

' very light.

soft, easily eut. = -
stralght Lo T

- yellowish white.‘ R B .
- moderate. . |~ S ;

R 0  Further pa.rtlculars \

Literature about the species 'in questlon
Scheme of elassifieation: 17/77 -

1 S ur |1V oV
Alblele]otv]|a]alt]alce
Blbl4|a|?lac|219 a|1]|ajl
C|b|2]b|2]|bec|28la|1]|c|b.
D|b|4a|b|23|bl24a|1]a]?
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TABLE V,

E. Examples of filled-up cards.

Green:

Species card for the botanical arrangement.

[Nos. 1746. 2101.

I | e | 1 v .
Afbl2|e|olb|alal1|aje’
"B b| 4] al|? |acl|z19 a{1lalfl
¢|b|le{b|2]be|28lall]ec| 5.
D/ b|4|bl23|bl2sela|1]al2"

Order: 17/77-78
Geraniales
Family:
Euphorbiaceae
Subfamily :
Crotonoideae
Tribus:
Chrozophoreae
Genus:
Aleurites
Species:
moluccana (L.)
Willd.

" -

Particulars: In some samples, the deflmtely arranged parenchyma may be

partly or wholly regarded as indefinitely arranged..

Whaite:

Species card for the arrangement according fo classification number.

ST I | om |
“Albl2elelolblalali]ale
Bl b|4]|a]|? lac|{19]a|l|[a}l.
Clb|2|b|2|bec|28ajl]c]|s5
Dib|4{b|23 b|2dla|1|a]2:

Nos. 1746. 2101.

Order: 17/77-78
Geraniales
Family:
Euphorbiaceae
Subfamily: *
Crotonoideae
Tribus:
Chrozophoreae
Genus:
Aleurites
Species:
moluccana (L.)
Wwilld.

Particulars: In some samples, the definitely arranged parenchyma may be

partly or wholly regarded as indefinitely arranged.-
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TABLE V (continued).
Yellow:

Species card for the arrangement in both the systems.

Order: 17/77-78

Geraniales

Family:

I Ir (-1t -| -Iv- -|- VvV - Euphorbiaceae

Subfamily :

- Crotonoideae

a/b| 2/4 Tribus:

a/b|1/4 Chrozophoreae

c |45 Genus:

| 2l 2. .Sdleu'rite_as

1 pecies:
moluccana (L.)

Willd.

bl 4
a-c¢'| 1-9
b-c | 2-8

b |24

\

N 0 ©

Dowr
oo
[N
co e o
™
N~
o>
[

P e e

Nos, 1746. 2101. 2140. 2435.
Particulars: In some samples definitely arranged parenchyma may, although
wrongly, be partly or wholly regarded as indefinitely arranged parenchyma.

Reference card for species mentioned twice.

Order: 17/6.
Geraniales
Family:
Euphorbiaceae
Subfamily:
a/’b 2/4 Crgtonoideae
abl 1/ Tribus:
Chrozophoreae
c | 4/5 Genus:
a | 2 Aleurites
Species:
moluccana

I | [ m | Iv- v

50'w>
co B o

o -0 o
oo 8 o
o
o P P o
- .

T oo
A )
Lo
(<]

'Nos. . B ' : .
Particulars: The apparently mdeflmtely arranged parenchyma is in fact
definitely arranged: See also III b-¢ 9 and III e-b, 2, so 17/77-78.
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V. DISCUSSION.

A. Comparison of the decimal system w1th other systems of classification
and identification. , .

Arrangement of characteristies.

In the literature a number of schemes are to be found intending to
give a universal method for the classification and identification of woods,
The features mentioned are arranged in the following ways: ‘

a. The features are not all correlated with each other by numbermg or
lettering, e.g. Lecomte (1923), Record (1934a) and Normand (1934).
b. The features are numbered consequently, so that these systems do not
- make it clear that certain features areé subordinate to each other
.. (Beversluis 1925, Clarke 1938, Record and Chattaway 1939).
¢. - Non equivalent features are partly classed as subordinate to each other.
' Besides, however, such features or feature groups are glven the same
importance. Moll and Janssonius (1906).

In the above decimal system pf classlflcatlon, however, all the features
and feature groups are consistently- divided in such a manner-that only.
groups of nearly equal importance are placed side by side. These feature-
units, which may also more or less be regarded as of equal importance, have
been subordinated to greater characteristic units and so forth. The great
advantage of this method is that the scheme of classification thus composed
automatically yields the possibility of identification, which is not the case
in any of the other systems deseribed above. .

Systems of identification.=

The identification system based on the decimal eclassification has the
same advantages 'as the systems in which the number of wood species in-
cluded can be extended at random. Our system also employs loose cards.
Drawbacks attaching to the existing method using loose cards have been
removed. « The advantages thus obtained are as follows: .

a.' The number of features that can be made use of are not determmed
by the dimensions of the cards, such as in Clarke’s system.

b. = Neither is the number of wood species that can be included in the
system determined by these dimensions This is the case in Bianchi’s
system.

¢. The cards do not need to be punched In punched cards the holes

- which do not-run on to the edge of the card will wear out on prolonged

-and frequent use, which may give rise to erroneous result. A similar

drawback has come to the front when this method was used in another
field, viz. for the classification of literature data. .

B. Posgibilities of the decimal system.

As already appeared from the example of a wood deseription (see
IV, D), it is not our intention to substituteé the decimal system of clas-
mflcatlon ‘of the description of woods by a numerical system. This would
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render. it impossible to use numerous fine shades. The scheme can, how-
ever, give lines of -action to be persued with a view to .establishing a
certain order of description, so that umformlty in the treatment of the
woods is guaranteed. Co ,

Linking up with morphological systematiecs.

Apart from the possibility of arriving at a botanically justified clas-
sification and identification of woods, and of assisting in discovering their
mutual relationships, the common indices of the decimal system also give
the basis for a fourth kind of investigation, as they make it possible easily
to gain an idea of the distribution of certain features and their variability.
In morphological botanical systematies such “feature phylogeny” is very
much in the ascendant ®* and in wood anatomy the influence of it is clearly
noticeable. This appears from the publications of Record (1931, 1934 b,
1936 a and b); Frost (1930 and 1931); Janssonius (1931); Chalk (1937);
Kribs {1937) and many others, some of which have already been mentioned.
Consequently the systematic anatomic examination of woods ean easﬂy
adopt itself to the newer trends in botanical systematics.

Extension of the scheme.

On page 439 we discussed the desirability of applying the decimal
classification also to features, which can only be observed with sufficient
accuracy with the aid of a compound microscope. Far the best plan is
to use all available means in the class1flcat10n of wood specles accordlng
to their mutual relationship.

A quick and practical method of identification only requires the
application of maecroscopically 'perceivable features (hand lens method).
As a result we think it advisable that the classifications.for maecroscopie-
ally and exclusively mlcroseoplcally percelvable features should - be
kept apart. .

They run, however largely parallel The most suitable solutlon of
the problem seems, therefore to design a second eclassification in which
the above features are combined with those which are exclusively per-
ceivable through the microscope. This elassification ean possibly be arrang-
ed in such a way that these last named features are mentioned in the
second place so that they may at will be used or not.

A’ recently provisionally elaborated scheme of microscopical features,
using decimal indices includes a division for vaseular tracheids, fibre-
tracheids and libriform wood fibres, while, among others, groups have been
formed for the nature, the position.and the dimensions of pits, striation
and stratification of the wall, and the lengths of different elements. This
point will be discussed separately jn due course. .-

- " Hayata (1921 1928 and 1931); Vavﬂov (1921); Zimmermann (1930), Lam
(1938). . :
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VI.- SUMMARY.

1. The literature gives various methods to compile & universal scheme for
‘ the classification and identification of wood species To attain this
object a new method is now given possessing varlous advantages over
the methods that have been used so far.. . - o

2. The wood 'structure is subsequently described usmg deelmal mdlces

" Each of five sections of features are divided into four groups, and
these again in subgroups, which have been worked out by means of
.indices. In the treatment of various features hterature data are
diseussed. . - -

The class1flcat10n of wood specles aims ‘at obtalmng a groupmg
which, as far as possible, links up with the botamcal groupings accord-
ing to natural systems.

3. On the grounds given in the mtroductlon and the dlSCllSSlOIl the
classification has been applied to features which can be perceived both.
with the unaided eye and a hand lens. The desirability and the pos-
sibility of elassifying microseopic features in a similar way are dealt

with briefly. : v

4. On the classification scheme an 1dent1flcat10n method is based employ-
ing loose cards. In this way, the number of woods included ean be
extended at will. Drawbacks attaching to the loose- card methods, used

.80 far, have been obviated. A

5. . It -is suggested that the decimal mdexmg of features should be nor-

malized internationally. : .

The authors should greatly appreciate to receive any remarks and
suggestions that might 1mprove and supplement the classification system
"described. _ I

Amsterdam/Delft, August 1944.
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