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INTRODUCTION 

Present day systematists have at least 150,000 species of 

angiospermous plants to deal w1th. ObviouslY, this large num

ber must be divided into smaller groups, and several methode have 

been devised to separate them. The earliest workers used r~ 

ther simple characters., resulting in very arbitrary divisions. 

For example, Theophrastus recognized trees, shrubs, under-shrubs 

and herba. However, one modern taxonomist also uses this sort 

of division. Hutchinson (1926, 1948:, 1959) divides the dicotyle

done and monocotyledone into two main lines of development;i.e., 

the "Lignosae", or woody line, and the "Herbaceae" or herba

caoua line. 

In more recent times, morphological characters auch as leat 

shape and flower color have been used to delimit groups of 

plants, but the use of auch characters resulta in arrangements 

which are la.rgely a.rtificia.l. Keys .using auch cha.ra.cters enable 

one to determine the identity of a plant, but give few elues 

as to its affinities. 

The aim of systema.tists has been to develop a. truly phylo

genet1c system, that 1s, one which takes into account the evo

lutionary histories of the taxa considered, dealing with their 

origine and probable courses of development. It is unlikely 

that a completely phylogenetic system will ever appear, but if 

it should, it will probably be too unwieldy for practical 

classification. 

The grea.test stumbling block in creating a phylogenetic 

system is that our knowledge of pala.eobota.ny is incomplete and 
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will remain so. To compensate for this deficiency, hypotheti

cla ancestral groups, auch as Engler's "Protangiospermae" 

and the "l!èmiangiospermae11 of .Arber and Pa.rkin have been pro

posed, but they are too much founded on conjecture to permit 

one to use them as a basie of comparison. 

The most important problem in creating a phylogenetic sys

tem is that of determining how closely particular groups of 

plants are related. There is, however, a .secondary problem 

which logically arises from the first. That is, at which leval 

should closely related plants be placed? Should two plants 

be regarded as species of a single genus, or as separate gen

era, placed next each other in a system of classification? 

As manifested at higher levels, the problem is more diffi

cult to solve. Should two groups of plants be treated as-~ fa.mi

lies in one order, or as separate orders, near both spacially 

and temporally? Solution of auch problems is largely a matter 

of judgment, and is of rather minor importance, as long as the 

relationships between groups of plants can be recognized. 

In general, those characters most used by systemati&~8 

have been morphologica.J., anatomical and embryological. "Em

bryological11 is here used in a broad sense, referring not 

only to characters of the embryo itselt, but also to those 

of the surrounding tissues, and to those characters appearing 

during the course of embryogenesis. 
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For specifie problems, other disciplines, auch as palaeontol

ogy, palynology and cytology have been called into use, but 

they have not been used in considering large groups of plants. 

In spite of the use of all these, no truly natural schema 

has yet appeared. Two systems, both purporting to be phylo

genetic, may be compared in regard to treatment of the ~

florae. Pulle(l950) places in the Sympetalae an order ~

florae in which he includes twenty-five familias. Hutchinson 

(1959) recognizes twenty-four of these familias, as well as 

four segregates, but distributes them among nina orders, five 

of which he considera to be evolutionary ends. Furthermore, 

these nine orders are divided between Hutchinson's two main 

linas of development, the "Lignosae" and the "Herbaceae". 

In an effort to establish a natural c~assification, sys-

;emat.l.st.s nave (,UJ:'üeu uo other types of characters. One possi

ble tool, which has been ignored by the majority of taxonomiste, 

is comparative chemistry. Most of the work relating chemistry 

and taxonomy hae been dona by those interested in pharmacognosy 

and eimilar fieLds. 

Chemical characters can be considered to be an expression 

of genetic constitution. In light of what is known of genetic 

control of certain chemical characters, auch as anthocyanins, 

it does not seem illogical to assume that those plants most 

closely related, that is, most recently split off from a com

mon ancestor, would show the closest correspondances in chemi

cal characters. 

A corollary of this hypotheeis is that chemical differ-
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ences between taxa are strong grounds for separating them, 

especially if this separation is supported by other types of 

evidence. The validity of this assumption has been proved in 

several cases, sorne of which will be discussed later. 

Of course, comparative chemistry should not be used as 

the sole basis for a system of classification. However, it 

is certainly just as good a criterion as any of those pre

viously mentioned, and used in addition to them, may help in 

solving sorne taxonomie problems. 

There are a number of approaches to comparative chemistry. 

One compound , characteristic of a genus or group of genera, may 

be selected and its distribution traced throughout those plants 

which have been thought to be allies of the original plant or 

plants. To a limited extent, this has been done in the work 

described in this thesis. 

An intensive study of a smaller taxon may be made; for ex

ample, a single genus may be investigated. In this case, the 

most profitable line of approach is to deal with as many bio

chemical characters as possible, establishing a type biochemi

cal pattern for the genus. All species investigated are com

pared with the pattern; the number and the types of departures 

from the pattern may be of significance. 

A third method is to pick certain characters and to follow 

their distribution throughout as many families and orders as 

possible. An investigation of this nature requires that the 

number of characters be limited, in order that a comparatively 

large number of plants may be tested. It is also essential 
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-cnat. t.ne tests be simple, not time-consuming, and readily 

reproducible. This approach was used in the present study. 

The widely used system of Adolf Engler, embodied in the 

two editions of 11 Die naturlichen Pflanzenfamilien, considera 

the most primitive dicotyledons to be the "AmentiferaeH, plants 

generally having simple anemophilous flowers borne in amants or 

catkins. Engler did not feal that the amentifers compose a 

natural group, but maintained that each of the familias had 

arisen separately from a hypothetical ancestral group, the 

11 Protangiospermae". 

However, these views of the amentifers have been attacked 

by taxonomists auch as Hutchinson, ~ippo and Takhtajan, whO be

lieve that many of the amentiferous familias, rather than be

ing primitive, are highly reduced derivatives of hamamelidalian 

ancestors. The Hamamelidaceae themselves, have been thought 

to be reduced derivatives of roaalian or magnolialian ancestors. 

In this discussion, Harms 1 (1930) arrangement of the 

Hamamelidaceae has been followed. 

The family Hamamelidaceae is a rather small group of 

relie genera. The main c'entre of distribution is south-e§stern 

Asia, including Japan and the Philippine Islands, while a 

secondary centre is the south-eastern United States, where 

species of Fothergilla, Liquidambar and Hamamelis occur. Scat

tered representatives are found in South Africa (Trichocladus), 

Madagascar and the Comora Islands (Dicoryphe), Asia Minor and 

the Caucasus (Parrotia) and Queensland (Ostrearia). Fossil 

evidence shows that the family had a wide distribution duriqg 
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the Miocene. The present scattered distribution appeared 

after the last glaciation. 

The members of the Hamamelidaceae are trees, auch as _ 

Liquidambar, or shrubs, auch as Hamamelis. There is great 

diversity in floral morphology. Flowers may be bisexual or 

unisexual; in the latter case, the plants are usually monoe

cious. Within the sub-family Hamamelidoideae, Distylium is 

hypogynous, Trichocladus is perigynous, and Loropetalum is epi

gynous. Moreover, transitional stages may be sean. The oum

ber of fertile stamens per flower ranges from two (Distylium) 

to twenty-five (Fothergilla). 

Engler treated the Hamamelidaceae as a family of the Rosales, 

but several writers have considered the family to be the type 

of an order Hamamelidales. Because the Hamamelidaceae have of

tan given a central position in schemas of classification, it 

was thought that it would be of interest to determine the 

chemical characters of the family, and to try to find which 

concept of the order is beat supported by the chemical evidence. 

In addition to those families which have at one time or 

another been placed in the Hamamelidales, other groups, auch 

as the Rosaceae and several of the amentiferous familias have 

been dealt with, for they have often been placed near the H~ 

mamelidaceae. 
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REVIEW OF LITERATURE 

{ i) The order- Hamame1ida1es 

An order Hamamelida1es was established in the first edi

tion of his 11Handbuch der systematischen Botan1k:11 by Richard 

von Wettstein, who considered the order to form a transition

al group between the Monoch1amydeae and the Dia1ypetala~~ He 

1ncluded 1n the order only two familles, the Hamamelidaoeae 

[as recognized by Niedenzu (1891)] and the P1atanaceae, but 

said that the familles Cercidiphyllaceae, Eucommiaceae and ~

pteleaceae are quite closely related to the Hamamelidaceae~ 

von Wettstein said that the Hamamelidales show many primi

tive characters, a fact which mi11tates against placing these 

familles in the Resales, in spite of the similarities in 

structure of the gynoecium. According to von Wettstein, the 

presence of so many primitive characters indicates a close 

relationship between the Hamamelidales and the Urt1ca1es. He 

suggested that the members of the Hamame1idaceae are so sharp

ly distinguished that a further splitting into familles might 

be warranted. 

In later editions ol: his "Handbuch", Wettstein modified 

his ideas somewhat. In the third edition (1924), he included 

the Cercidiphyllaceae, Eucommiaceae and Eupteleaceae within 

the Hamamel1da1es. In the fourth edition (1935), he removed 

the Eucommiaceae to the Urticales, and added the Vcrrothamna

~ to the Hamamelidales. 

From the first edition of the "Handbuch" one may conclude 
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that Wettstein considered the amentiferous familias to be 

the most primitive dicotyledone; he suggests that the Rosa~es 

and Polycarpicae [Ranales (s.l.)] have been derived from 

hamamelidalian ancestors. 

In 1912 Hallier described an order Hamamelinae in which 

he placed two familias, the Hamamelidaceae [including such 

diverse plants as Eucommia, Euptelea, Cercidiphyllum, Troche

dendron, Tetracentroh, Dapbnipbyllum, Balanops, Platanus, Hl

rothamnus, Croton curtiflorus Elmer, Mallotus campanulatus 

Koorders, the Buxaceae; and Geissoloma], and the Coriaria

~ which he derived from the Hamamelidaceae in the vicin1ty 

of the Buxaceae. Didy;meles Thou. and Batis L. he doubtfully 

placed in the Hamamelidaceae. 

Hallier believed this order to be derived from the Magno

liaceae near the Ill1cineae, and thought that it gave rise 

to the Umbelliflorae ( Cornaceae and Umbelliferae ). 

The British botanist Hutch1nson, in the first edition of 

his "Families of Flowering Plants" (1926), places an order 
' 

Hamamelidales, including the Hamamel1daceae, Bruniaceae, Eu-

commiaceae;: Stach.yuraceae-.:; Myrothamnaceae:; Buxaceae and Pl~ 

tanaceae, as a link between the Resales and 11Amentiferae 11
• 

These families can be grouped together, he says, because 

of s1milarit1es in having auch characters as actinomoDpbic 

flowers, often collected into heads or catkins, and generally 

bicarpellate ovaries. 

In "British Flowering Plants" ( 1948), Hutchinson still 
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considere the Hamamelidales to stand between Rosales and 

"Amentiferae", as shown in the following diagram~ 

Urticales 
Fagales 

Myricales 
Salioàles 

l Hamamelidales 

Rosjles 
~--------~ 

deal in~ It should be noted that in this work Hutchinson is 

only with British plants, so one cannot exactly determine his 

concept of the Hamamelidales. 

The order Hamamelidales as defined in the second edition 

of "Familias of Flowering Plants" (1959), differa from that 

of 1926 in that the Tetracentraceae and Daphniphyllaceae are 

added to the order, while the Eucommiaceae are removed to the 

Urticales. 

Hutchinson's ideas concerning the Hamamelidales have not 

changed much. He has a rather broad concept of the order and 

considera it to form a link between the Rosales and 11Amenti

ferae". The increasing reduction and specialization of the 

inflorescence in the hamamelidalian familias, which chiefly 

distinguishes them from the Rosales, culminates in the much 

reduced amentiferous orders Leitneriales, Myricales, Balanops

idales, Fagales, Juglandales, and Casuarinalet, the last named 

order being the climax of this series. 

An order Hamamelidales was described by Tippo (1938), who 

included in it the Hamamelidaceae, Platanaceae and Myrothamna-
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ceae. He adda that the Stachyuraceae and Buxaceae might 

well be included 1n this order. In this paper, Tippo was in

vestigating anatomical characters, and on the strength of 

these characters, he considered the Platanaceae to be the most 

advanced family of the order. 

Tippo 1 s views on the relat1onships of the Hamamelidales 

may best be shown d1agrammatically~ 

Fagales 

Urticales 
Urticaceae 
Moraceae 
Ulmaceaa 

~----------~Eucomm1aceae 

Casuarinales 

~ 
Hamamelidales 

~Magnoliales 

Pulle (1952) recognizes an order Hamamelidales in which he 

places the Hamamelidaceae and Platanaceae• He considere the or

der to be derived from the Ranunculales, as shown in the diagram 

below~ 

Fagales~(-----Urticales~ 

Fagaceae Urticaceae ~Hamamel1dales 
Betulaceae Moraceae ~ 

Cannabinaceae "Ranunculales 
Ulmaceae 
Eucommiaceae 

Casuarinales 
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Gundersen (1950) places an order Hamamelidales, in-

cluding the Hamamelidaceae, Myrothamnaceae, Stachyur&ceae, 

Bruniaceae, Cunoniaceae, Pittosporaceae, Byblidaceae, tll

drangeaceae, Saxifragaceae, Podostemaceae and Hydrostachya

~~ in a super-order Rosiflorae, in which are also put the 

Rosales, Thymelaeales and MYrtales. Gundersen derived the 

Rosiflorae from a super-order Magnoliflorae. 

He separates the Rosales from the Hamamelidales on the 

grounds that the familias in the latter order have fused car

pela and seeds containing a small embryo in abundant endo-

sperm. He admits, howe~er, that the separation is not clear. 

Gundersen•s concept of the Hamamelidales is rather wider 

than those discussed before, particularly in including the 

highly specialized familias Hydrostachyaceae .. and Podostema

~· His views on the systematic position of the order are 

essentially the same as those or Hutchinson, Tippo and Pulle. 

11 Ulmus group" 
t 

Rosiflorae 
r 

Magnoliflorae 

In the uulmus group" Gundersen includes several amentif'erous 

familias. 

Takhtajan (1954) also considera the Hama.melidales, 1n

clud1ng Hamamelidace§e, Cercidipbyllaceae, Eupteleaceae, Al

tingiaceae, Platanaoeae, Mjrothamnaceae, Daphniphyllace!!, Bux

aceae and Simmondsiaceae, to be transitional between the Mag-
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noliales and amentifers. He considera the flowers of plants 

in this group to be highly specialized, showing reduction 

in number of parts, and says that: 

11At present it may be considered as proved that they 
(Amentiferae] represent the subsequent developement of 
wind-pollinated Hamamelidales, in which flowers have 
achieved a still greater simplification whereas the in
florescences have become even more specialised for 
wind pollination." 

Of the amentiferous plants, Takhtajan feels that the 

Urticales, in particular the Ulmaceae, are closest to the 

Hamamelidales. He considera Eucommia to form a link be-

tween these two orders, but emphasizes that Eucommia does 

not belong in the Hamamelidales, chiefly beoause of dif-

ferences in fruit structure. 

Takhtajan's views on the position of the Hamamelidales 

may be graphically shown in the following mannar~ 

Leitneriales 
Juglandales Rosales 
Rhoipteleales 
Myricales------~~ 
Balanopsidales Hamamelidales 
Betulales / l 
Fagales Eucommiaceae 
Oaauarina~ 
Urticales Magnoliales 

Soo (1953) and Boivin (1956) have both recognized an 

order Hamamelidales, in each case includi ng six familles. 

They agree in including the Hamamelidaceae, Platanaceae, 

Myrothamnaceae, Stachyuraceae and Bruniaceae; Soo's sixth 

familj is the Eucomm1aceae, while Boivin' s is the Buxaceae .• 
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Skottsberg ( 1940 '· 1956) recognizes an order Hamame1i

da1es which inc1udes two fami1ies, the Hamame1idaceae and 

Platanaceae. He says that the Rosa1es and Hamamelidales 

stand closely together. In Skottsberg's scheme the ten or

ders follovring the Hamamelida1es are al1 amentiferous. 

Thorne (private communication, 1959) includes in his 

order Hamame1idales six fami1ies; i.e., the Trochodendraceae, 

Eupte1eaceae, Cercidiphyllaceae, Eucommiaceae, P1atanaceae, 

and Hamame1id2ceae. He feels that these families have in 

common too many features to explain other than by descent 

from a common ancestor. Their flowers are mostly radially 

symmetrical and bisexual, and the pollen, Thorne says, is 

remarkably similar for such diverse plants. 

Thorne believes that the Hamamelidales are one of the 

most primitive dicoty1edonous._: orders and tha t they are not 

c1osely related to the ~~gnoliales. He says: 

"Its [Hamamelidales] phyletic significance lies in 
its possession of a combination of primitive features 
and evolutionary tendencies tha t appear in many modi
fi ed forms in severa1 larger, more successful orders 
such as the Fagales, Rosa1es, Umbel1ales, Caprifo1iaÎes, 
and Asterales. The resemb1ances of the Hamamelidales 
to the Casuarinaceae, Betulaceae , Fagaceae, Cunonia
ceae, Saxifragaceae , Cornaceae, Nyssaceae and Capri
foliaceae are striking and probab1y significant." 

One may thus conclude that those authors who recognize 

an order Hamamelidales have generally considered it to have 

arisen from rosalian or magnolialian ancestors, and to have 

itself given r ise to va rious amentiferous f amilies . 
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(11) Fam111es which have been included in the 11 Hama.mel1dales" 

Of course authors who have not recognized an order Hamam-

elidales have dealt with the familles mentioned in the preceed

ing pages, and some discussion of the positions in which these 

familias have been placed should be presented. 

The first -to treat Hamamelis as the type of a family was 

Robert Brown (1818) who described a group Hamamelidae. He in

cluded in this group Hamamelis L., Dicoryphe Thou., and Dahlia 

Thunb. [ Trichocladus . Pers .J , but added that Fotherg1lla L. 

might belong in it, placed in a separate section. 

Lindley (1846), who was the first to use the form "Hamam-
- -

elidaceae11
, placed the family, including thirteen genera, fol-

lowing the Cornaceae in his order Umbellales. Oliver (1860) 

agreed with this positioning, saying that the Ha.mamelidaceaee 

u ___ have much in common with Corhaceae (including Alan-
gieae and Nyssa)--- of this order family it may not 
improbably be regarded as a section--- 11 

-
In the "Genera Plantarum" (1862-1883), Bentham and Hooker 

placed a family Hamamelideae, along with the Bruniaceae and 

Haloraseae, in a section of the Resales, chiefly distinguished 

from the rest of the order by having pendulous ovules. They 

said that the Hamamelideae constitute a very natural, al

though polymorphie group, which can only with difficulty be 

distinguished from the Saxifragaceae. 

In the English edition (1873) of LeMaout and Decaisne's 

work, it is said that the Hama.melideae approach the Cornaceae, 
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Araliaceae, Cunoniaceae, Grubbiaceae and Platan§ceae, but 

stand closest to Liquidambar. 

Niedenzu (1891), writing in the first edition of "Die 

naturlichen Pflanzenfamilien", said that the Hamamelidaceae, 

which ih this work are placed in the Roaalea, are cloaely 

related to the Saxifragaceae, Cunoniaceae and Bruniaceae. In 

the second edition, Harma (1930) aays that the family appeara 

to be as closely related to the Roaalea as to any other 

order. 

Harma' treatment of the family ia the most recent w1th 

any degree of completeneas, and his arrangement of the in

cluded genera will be followed in further discussion (see 

next page). 

Harms places Ostrearia Baill. and Mytilaria Lecomte at 

the end of the family, but assigna them to no sub-family, 

saying that they are too incompletely known. He considere 

the sub-families, in the sequence shown, to show progressive 

reduction in floral charactera. Indeed, he says that the 

sub-family L1quidambaroideae is ao much reduced that it 

might well be treated as a family in its own right. 
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Division of the family Hamamelidaceae according to Harms (1930) 

SUB-FAMILIES 

I Disanthoideae 

II Hamameli
doideae 

III Rhodoleioideae 

IV Bucklandioideae 

TRIEES 

Hamamelideae 

Eustigmateae 

Corylopsideae 

Fothergilleae 

Distylieae 

V Liguidambaroideae 

GENERA 

Disanthus Maxim. 

Hamamelis L. 
Loropetalum R. Br. 
Tetrathyrium Benth. 
Trichocladus Pers. 
Mâingaya Oliv. 
Embolanthera Merr. 
Dicoryphe Thou. 

Eustigma Gardn. et 
Champ. 

Corylopsis Sieb.& Zucc. 
Fortunearia Rehder 

et Wilson 

Parrotia C.A. Mey 
Parrotiopsis Schneid • 
Fothergilla 1. 

Distylium Sieb. et 
Zucc. 

Sycopsis Oliv. 
Sinowilsonia Hemsl. 

Rhodoleia Champ. ex 
Hook. 

Bucklandia R. Br. 

Liquidambar 1. 
Altingia Nor. 
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Durnortier { 1829) "'.ras the first to treat Pla tanus L. as 

the type of a farni1y, Plataneae, which he placed together with 

the Sa1icaceae, Myricaceae and Betulaceae. Lindley {1836) 

was the first to use the more familiar form "Platanaceae"; in 

the third edition of his "Vegetable Kingdom" (1853), he put 

a family Platanaceae in the Urtica1es, and mentioned that the 

family is re1ated tp the Artocarpaceae. Bentham and Hooker 

(l.c.) placed the family in a series (order1 Unisexuales, and 

said that it stands close to the Urticaceae. 

LeMaout and Decaisne (l.c.) have as order (family] 198, 

the Plataneae,which, they say, stand near the Ba1samifluae 

(Liquidambar). They say that the Plataneae approach the 

Hamamelidaceae and also have affini ti es "'d th the Garryaceae. 

However, the editor, Hooker, adds a note saying that Platanus 

is related to the amentiferous families rather than to those 

just mentioned. 

Griggs (1909) who investigated the floral morphology of 

Platanus, considered it to be apetalous , and suggested that it 

probably belongs next the Urticales. The floral head~ of 

Platanus he thought simi1a.r to those of Artocarpus and Toxylon 

Raf. (Maclura Nutt.]. Hallier (1912) included Platanus in 

his family Hamamelidaceae . 

Rendle (1938) placed the Platanaceae in the Resales, next 

the Hamamelidaceae, but said that Platanus has a perigynous 

flower with fre e car pels , which indicates tha t it is closest 
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to the sub-family Spiraeoideae of the Rosaceae; Bessey (1915)) 

and Gundersen (1950) have also placed the Platanaceae in the 

Rosales. 

Thus it seems that the Platanaceae have most often 

been put into one of three positions; i.e., near the Urtica-

~' among the amentiferous families, or in the Rosales, 

thG.t is, near the Hamamelidacee.e, .according to many systems 

of classification. 

The li tt le genus 1\:yrothamnus Vlel\>1. was first placed in 

a distinct family by Niedenzu ( 189lb) , vJho put the Myrotham

naceae in the Rosales. Bentham and Hooker (l.c.) in the ad-

èenda to the first volume of the "Genera Plantarum", added 

Myrothamnus at the end of their family Hamamelideae, and ap

parently intended that it should belong in this family. 

Baillon (1871-1888) put Myrothamnus, along with Myosurandra, 

a· genus sometimes joined to :r-1yrothamnus, in a tri be Myosuran

dreae in the Saxifragaceae. 

Hallier (l.c.) placed the genus in his Hamamelideceae, 

saying that it approaches the tribe Parrotieae [Parrotia, 

Distylium, Fothergi1la and Corylopsis, according to Nieden

zu (1891) J . van Tieghem and Constantin (1918) included 

the family, recognizing two genera, Myrothamnus and Myosur

andra, in an order Piperales. 

Bessey (1915) put the family in the Rosales as did Eng-

ler and Diels (1936), Pulle (1952), Cronquist (1957) and others. 

Cope1and (1957) has it in an order Juliflorae, along with 
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the families Hamamelidaceae, Platanaceae, Stacyuraceae, Be

tulaceae, Fagaceae and Casuarinaceae. 

Wettstein (1935), as mentioned before, put the family 

in his order Hamamelidales, but was rather uncertain as to 

its correct position, saying that it might belong near the 

Rosales. In fact, he mentions the family both among the 

Rosales and the Hamamelidales. 

Thus, one may conclude that most taxonomiste have agreed 

in placing the Myrothamnaceae among the Rosales. 

The Platanaceae and the Myrothamnaceae are the families 

which have most often been associated with the Hamamelidaceaa 

by those authors who recognize an order Hamamelidales. Of 

thirteen auch authors, eleven have included the Platanaceae-, 

while eight have included the Myrothamnaceae. 

The family Stacnyuraceae of Gilg (1893) is a small one, 

including only one genus,Stacnyurus Sieb. et zucc •• Lindley, 

in the third edition of his "Vegetable Kingdom" (l.c.), in

cluded Stacnyurus in his family Pittosporaceae, a position in 

which Siebold and zuccarini themselves put it. 

Bentham and Hooker (l.c.) placed Stachyurus, along with 

Saurauja Willd. and Actinidia Lindl., in a tribe Sauraujeae 

in thetr Ternstroemiaceae, saying that it has particular af

finities with Saurauja. They mention that Stachyurus differa 
·-

from the Pittosporaceae in several important characters of 

ovary, seed and stamens. In the English edition of LeMaout 

and Decaisne (l.c.), it is also placed in a tribe Sauraujeae 
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in the Camelliaceae, which family is more or lesa equivalent 

to the Ternstroemiaceae of Bentham and Hooker. 

Several authors have seen connections between Stachyurus 

and the Parietales. Baillon (l.c.) fouad affinitiea between 

Stachyurus and his Bixaceae; which latter group includes some 

of the tribes of the Fla·courtiaceae. of Gilg ( 1925). 

Gilg, writing in the second edition of "Die naturlichen 

Pflanzenfamilien", said that the Stachyuraceae show connections 

with the Actinidiaceae..in characters of aril, fruit and aeed, 

but are distinguished by floral characters and anatomica1 fea

turea; e.g., the presence of raphides in the Actinidiaceae. 

Metca1fe and Cha1k (1950) atate that c1uster crysta1s are pre

sent in Stachyurus, but make no mention of raphides. They say 

that on anatomica1 grounds alone it is difficu1t to decide if 

the affinities of Stach,yurus are with the F1acourtiaceae. or 

the Hamame1idaceae. 

Benson (1957) haa recent1y put the Stachyuraceae in an 

order Vio1a1ea, along with the Flacourtiaceae, Violaceae, Tur

neraceae, Malesherbaceae, Passif1oraceae, Achariaceae and 

Cane1laceae. 

Thus i t is seen that Stach,yurus has been thought re1ated 

to the Pittosporaceae, Came111aceae, Flacourtiaceae and Hamam

elidaceae. 

The family Bruniaceae was estab1ished by Robert B~~ 

(1818) who thought it to be re1ated to the HamamelidaceaŒ. 

Lind1ey (1853) put the Bruniaceae in his Umbe1la1es, near the 
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Hamamelidaceae. Bentham and Hooker (l.c.) p1aced the fami

ly in a similar position. 

Baillon (1.c.) had the group as a section Brunieae in 

the Saxifragaceae. van Tieghem (1898) returned to the ear-

1ier views, suggesting that the Bruniaceae belong near the 

Cornaceae rather tha.n near the Saxifragaceae. 

Rallie~ (1912) doubtfully p1aced the Bruniaceae in the 

Rosa1es, and mentioned that they are re1ated to the Cunonia

ceae and Saxifragaceae. As mentioned before, Hutchinson 

( 1926, 1959), Gundersen (1950), Soo (1953) and Boivin (1956) 

have put the fami1y in an order Hamamelidales. 

The fami1y has been placed in the Rosales by several 

authors, among them Wettstein (1935), who considered it to 

be of uncertain position. Niedenzu and Harms also included 

it in the Rosales, but emphasized that the family is very 

iso1ated in this position, being set aside by its ericoid 

habit. 

The Buxaceae, first described as a family (Buxineae) 

by Loise1eur (1819) were p1aced in the Euphorbiaceae by most 

of the ear11er authors. In Hooker's edition of LeMaout and 

Decaisne (l.c.), a family Buxineae follows the Euphorbiaceae, 

but it is mentioned that in some respects, it approaches the 

Hamamelidaceae. 

In 1853 Flee separated a family 11Buxinées 11 from the Eu

phorbiaceae on the grounds that the former lack latex and 

have parietal placentation. van Tieghem (1897) pointed out 
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that Plee·J s observations on this latter point were in error; 

placentation in the Buxaceae is, in tact, axile. 

Bentham and Hooker conaidered the "Buxineae" to be a 
~ 

tribe of the Euphorbiaceae. van Tieghem (l.c.) who mono-

graphed the family, placed the Buxaceae, excluding Simmondsia, 

in his order Geranialea. The Simmondsiaceae (Simmondsia only), 

he placed in the Chenopodialea. Hallier, as mentioned before, 

lumped all the buxaceous genera in the Hamamelidaceae. 

Takhtajan (1954) places the Buxaceae and Simmondsiaceae .· 

in his order. Hamamelidales. Several authors, auch as Pulle 

(1952) and Bessey (1915) have placed the Buxaceae in the Celas

trales. One may only conclude that the position1ng of the 

Buxaceae is a problem which has not yet been settled. 

We may now turn to discussion of five very interesting 

genera; i.e., Cercidiphyllum, Eucommia, Euptelea, TrOChoden

dron and Tetracentron. The opinions concern1ng the phylogeny 

of these genera are many and often conflicting. They range 

from those of Oliver (1895) who placed all five genera in the 

Trochodendraceae, to Hall1er 1 s idea that they should all be 

put in the Hamamelidaceae, to Smith's beliet that each genus 

is beat placed in a separate family. 

Cercidiphyllum Sieb•&Zuce. is a monotypie Japanese genus, 

the only species being ..Q. japonicum Sièb: .• & zucc;.. Baillon 

(l.c.) suggested that Cercidiphyllum might be included in the 

Hamamelidaceae, although he mentioned that it shows s1m1lar1-

t1es to Spiraeanthemum A. Gray of the Cunoniaceae. 
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Maximowicz (1872) placed Cercidiphyllum, Trochodendron 

and Euptelea in a tri be of the :t-1agnoliaceae, stressing the 

presence of stipules as a feature common to all three. Simi

larly, Prantl (1891), writing in the first edition of "Die 

naturlichen Pflanzenfamilien", considered these three genera 

to form a family Trochodendraceae. 

van Tieghem (1900) in his work on the vesselless dicoty1e

dons, was the first to place Cercidiphyllum in a distinct 

family, but made no suggestions concerning the positiom of 

the family. Harms (1916) placed the family in the Ranales, 

and said that it stands there as an isolated type. 

Svmmy and Bai ley ( 1949) , vrho made one of the most re

cent studies of Cercidiphyllum, concluded that there is no 

evidence for p1acing it in the Hamamelidace~e or in any other 

family, and decided that it i s best made the tyre of its ovm 

family. 

The position of Cercidiphyllum is much in doubt. There 

are three main lines of thought, one placing it near the Hamame1-

idaceae, the second putting it close to Trochodendron, and 

the third making it an isolated family in the Ranales. It 

seems rather unlikely that Cercidiphyllum and Trochodendron 

are closely related, for there is one great gap between them 

in regard to anatomical characters; Cercidiphyllum has ves-

sels, while Trochodendron does not. 
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The fami1y Eucommiaceae van Tieghem (1900) is composed 

of one monotypic genus. Oliver (1890) described Eucommia 

u1moides 01iv., but was unable to assign it to a definite 

position as he had not seen flowering specimens. The fruits 

and general aspect of the plant, Oliver said, suggested the 

Ulmaceae, although he mentioned the tribe Pbyllantheae of the 

Euphorbiaceae as being of possible affinity. After studying 

flowering material, he placed Eucommia with Trochodendron 

on the grounds that they both lack a perianth. 

Solereder (1899) placed Eucommia as a separate tribe in 

the Hamamelidaceae=, set ting it apart because of the fruit 

( a samara). As mentioned before, Hutchinson (1926), Soo 
-
(1953) and Thorne (l.c.) have al1 included the Eucommiaceae 

in an order Hamamelidales, although in the second edition of 

11 Thà Familles of Flowering Plants" (1959), Hutchinson removes 
-

the family to the Urticales. Wettstein (1935), Cronquist 

(1957), Benson (1957) and Takhtajan (1954) have all placed the 

Eucommiaceae in the Urticales. 

Tippo (1940), who made a careful study of the wood ana-

tomy of Eucommia, concluded that it is closer to the Urticales, 

especially the Ulmaceae~ than to the Hamamelidalea. He was 

of the opinion that the Eucommiaceae form a 11nk between the 

Hamamelidaceae and the Urticales. Varossieau (1942) who in

vestigated Eucommia ulmoides without knowing of Tippo's ear-

lier work, s aid t hat it shows affinities with the Ulmaceae, 
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Moraceae, Cannabaceae, Urticaceae, Euphorbiaceae, Hamameli

daceae ,and Trochodendraceae. Its nearest relative, he felt, 

is U1mus. 

Thus most modern taxonomiste have placed the Eucommia

~ in ei ther an order_ Hamam.elidales or in the Urticales. 

01iver's idea that Eucommia is related to Trochodendron does 

not seem supported by the avai1able evidence. Firstly, Tro

chodendron is vesselleBS) while Eucommia has vesse1s; second

ly, as Smith {1946) has suggested, Trochodendron may not be 

entirely devoid of a perianth. 

The little family Eupteleaceae with the single genus Eu

pte1ea Sieb. & Zucc., has been included in an order Hamameli

dales by Wettstein (1935), Thorne {l.c.) and by Takhtajan 

(1954). Most of the earlier workers considered it to be re

lated to Trochodendron, although Lindley {1853) placed it in 

a tribe Ulmeae of his family Ulmaceae~ 

Bentham and Hooker {l.c.) mention Euptelea in the addenda-:

to the first volume of the "Genera Plantarum" and erect a 

tribe Trochodendreae ( Trochodendron and Euptelea ), which they 

place at the beginning of the Magnoliaceae:. Hooker and Thom

son (1864) placed Euptelea in a tribe Wintereae of the Mag

noliaceae.; in the "Genera Plantarum" this tribe includes Illi

cium and Drimys. 

van Tieghem (1900) was the first to place Euptele~ in a 

distinct family "Eupteleac~est•. van Tieghem and Constantin 

(1918) place this f~ily, including Euptelea with five species, 
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as family nine of their order Piperales. Hutchinson (1926) 

placed Euptelea and Trochodendron in his family Trochodendra

ceae and said that this family may have given rise to part 

of the Hamamelidales. Gundersen (1950) and Soo (1953) both 

treated the Eupteleaceae as a family of the Magnoliales, 

although Gundersen said that the position is doubtful. Benson 

(1957) places the family in an order Ranales between the 

Tetracentraceae and Myristicaceae, but says that it is not 

closely related to any other in the Ranales. 

Smith (1946) suggests that the lack of a perianth, so 

often mentioned as a feature common to Euptelea and Troche

dendron, may be unreliable, saying that the toral bracteoles 

of Trochodendron may be interpreted .. as the remains of a 

perianth. 

Nast and Bailey (1946) who investigated the relations be-

tween Euptelea and Trochodendron say that: 

"The evolutionary gap between the vesselless xylem of 
Trochodendron and Tetracentron and the vessel contain
ing wood of Euptelea is so wide that it alone sèrves 
as a serious, if not insuperable obstacle to the in
clusion of Euptelea in the Trochodendraceae---." 

Metcalfe and Chalk (1950) support this view, saying that 

the woods of Euptelea and Trochodendron are completely un

like. Smith (l.c.) who made a taxonomie review of the genus, 

expresses the consensus of modern taxonomie opinion, saying: 

"That i t [ Euptelea] is a member of the Ranales, in the 
broad sense, appears to be reasonable certain, but it 
i s anticipat ed that an eventua l revision of the order 
will result in the proposal of a separ ate suborder 
to include only the family Eupteleaceae." 
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The family Trochodendraceae, based on Trochodendron 

s.& z., was established (as "Trochodendreae") by Seemann 

(1864). !Jiost of the earlier workers put Trochodendron in the 

Magnoliaceae, and ignored Tetracentron Oliv. which is sometimes 

included in the Trochodendraceae. Bentham and Hooker, in the 

first volume of the "Genera Plantarum", excluded Trochodendron 

from the Magnoliaceae and said that it is an anornalous member 

of the Araliaceae. For this, they were taken to task by See

mann in his revision of the Hederaceae ( 1864). In the supple

ment(l867) to the first volume of the "Genera Plantarum", a 

tribe Trochodendreae, including Euptelea and Trochodendron, 

was added to the ~fugnoliaceae. 

In 1945 Smith, reviewing the taxonomy of Trochodendron 

and Tetra centron, summarized the evidence available, and con

cluded tha t these genera do not belong in the ~~gnoliaceae, but 

should each be placed in a separate family. He emphasized that 

they ar e not closely related to Euptelea or to Cercidiphyllum. 

Nast and Bailey (1946) investigated the morphology of 

Trochodendron and Tetracentron and decided that: 

"---there are no cogent evidences of close relation
ship between either ~rochodendron or Tetracentron and 
the ~~gnoliaceae (sensu lato), Degeneriaceae, Himan
tandra ceae, Wintera ceae, Schisandraceae, Cercidiphyl
laceae, or Eucommiaceae ." 

On the other hand, Thorne (l.c.) ~eels that Troche

dendron a nd Tetracentron do not belong with the r·1agnoliales or 

Ranales ( s .1.), although they have retained vesselless· V'mog, 

apocarpy and ether primitive features. Their true affini

ties are, he feels, with Euptelea, Cercidiphyllum, Eucommia , 
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Platanus and the Hamamelidaceae. Croizat (1947) takes a 

somewhat broader view of their affin1t1es, saying: 

"In short, Trochodendron and Tetracentron are isolated 
_offshoots of a truly colossal phylogenetic plexus 
which is responsible for the evolution of the Hamam
elidaceaefl Cornaceae and Saxifragaceae as the main 
familias. 1 

These genera just discussed, Euptelea, Cercidiphyllum, 

Trochodendron and Tetracentron, have general_lJ been placed 

among the Ranales (s.l.), but there is no agreement concerning 

the exact position they should be given. Trochodendron and 

Tetracentron differ very much from the Hamamelidaceae in that 

they are vesselless; this seems an insurmountable obstacle to 

placing them near this latter family. Probably, further 

research will suggest that each genus should be in a separate 

family, but all put among the primitive dicotyledone, that 

is, in the Ranales (s.l.). 

The next group of families to be discussed are those 

which have been included in an order Hamamelidales by only 

one or·. two authoDij. 

Daphniphyllum Blume is the type of the family Daphn1-

Pbyllaceae Muel.- Arg. (1869) •. Rosenthal (1916) who mono

graphed the genus, found no resemblances between Daphniphyl

lum and the Hamamelidaceae. Writing in the second edition 

of "~ie natur11chen Pf1anzenfam1lien" (1931), she placed the 

family after the Euphrbiaceae. 

Metca1fe and Chalk (1950) place the family after the ~

aceae, stating that the wood of Daphniphyllum is quite diff-

erent from that of the Euphorbiaceae. Only two authors, 
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Hallier (1912) and Takhtajan (1954) have associated Daph

niphyllum with the Hamamelidaceae. 

A family Altingiaceae (Hayne, 1$30) has sometimes been 

split off from the Hamame1idaceae. Lindley (1$53) placed a fam

ily Altingiaceae, inc1uding A1tingia Nor. and Liouidambar L., 

in his order Amentales, that is, among the amentiferous plants. 

Takhtajan (1954) has a fami1y A1tingiaceae in his order Hamame1-

idales; he obvious1y includes A1tingia in the family, but 

makes no mention of Liquidambar. As mentioned in the discussion 

of the Hamame1idaceae, Harms felt that these genera might 

well be removed from the fami1y. 

The family Coriariaceae (de Candolle, 1$24) is uni

generiç:,including only sorne twe1ve species of Coriaria L. 

Bentham and Hooker ( 1. c. ) placed the family between the 

Anacardiaceae and Moringaceae at the end of the Sapindales, 

describing Coriaria as an anomalous genus, and saying that 

it has no close affinity with any other family. 

Engler (1890), writing in "Die naturlichen Pf1anzen

fami1ien", placed the Coriariaceae after the Empetraceae, 

and said that Coriaria has no affinities with any family 

with the possible exception of the Empetraceae. 

The majority of the more recent authors have placed 

Coriaria in either the Rutales or the Sapindales, although 

Cronquist (1957) puts it in the Berberidales. Boivin (1956) 

treats the family as the type of an order Coriariales, as 

Hutchinson (1926, 1959) has also done. 



30 

Thus one can conclude that Coriaria is an isolated 

genus, not closely related to any other. 

Gundersen (1950) included in his order Hamamelidales 

seven families which no other authors have placed in such a 

position. As familias sevan and eight respectively, he has 

familias Hydrangeaceae and Saxifragaceae. 

His Hydrangeaceae are composed of predominantly woody 

sub-families segregated from the Saxifragacea&: ( s .1.). He 

includes in the family six sub-families, Baueroideae, Ptero

stemonoideae, Hydrangeoideae~ Iteoideae, Escallonioideae and 

Ribesioideae; the last three might, he says, be raised to 

familial rank. His Saxifragaceae includes mainly herbaceous 

genera. 

The majority of authors have placed the Saxifragaoeae 

(s.l.) in the rosalian complex. Lindley (1853) treated the 

family as the first member of his order Saxifragales, a 

group which also included the familias Hydrangeaceae, Cunoni

aceae, Brexiaceae and LYthraceae. In an order which he called 

Grossales, Lindley placed the Grossulariaceae: Ribesiaceae , 

Escalloniaceae, Philadelphaceae .and Barringtoniaceae. 

Bentham and Hooker (l.c.) placed a family Saxifrageae, 

of six tribes including Cunonieae, in their order Rosales. 

They said that the affinities of the family are with the 

Rosaceae; most particularly wi th Spiraea., As til be and Neillia, 

but mentioned that 1t also shows evidence of relationship 

w1th the qthraceae , Rhizophoraceae , Droseraceae, Ficoida-
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ceae and Stylidiaceae. 

Engler (1928) writing in the second edition of 11Die 
' .. 

naturlichen Pflanzenfamilien", places the Saxifragaceae, 

including fifteen sub-families, in the Resales. The fami-

ly, he says, stands nearest the Crassulaceae and Cunonia-

ceae, but also shows connections to the Hamamelidaceae . and 

Rosaceae, in particular with the tribes Astilbineae and 

Spiraeae of the Rosaceae. 

Hutchinson (1926), who divides the angiosperme into 

woody and herbaceous stocks, considered the true Saxifr~ 

gaceae to be entirely herbaceous. His order Cunoniales, 

including the Cunoniaceae, Escalloniaceae, Grossularia:eeae, 

Hydrangeaceae, Brunelliaceaœand Greyiaceae, is woody 

and shows 11
--- considerable a.ffini ty wi th the Dilleniaceae:, 

and might--- conceivably have been derived from the same 

basal stock as that family." 

In the second edition of 11 The Familias of Flowering 
-

Plants", Hutchinson includes those familias listed above, 

as well as five others, in the Cunoniales. He says, how-

ever, that this group is much in need of revision and pro

bable reassessment into familias. 

Gundersen also included the familias Cunoniaceae, 

Pittosporaceae, Byb11daceae, Podostemonaceae and Hy9ro

stachyaceae in his Hamamelidales. 

The family Cunoniaceae was established by Robert 

Brown (1814) who considered it to show affinity with the 
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Saxifragaceae, saying that the Cunoniaceae are most dis

tinguished from the Saxifragaceae by habit. 

Bentham and Hooker (l.c.) reduced the family to a tribe 

of the Saxifragaceae. Hallier (1912) placed the Cunoniaceae, 

including Bauera Banks, in his order Rosales, suggesting that 

the family is descended from the Rosaceae •• 

On the basis of anatomical studies·, l\1etcalfe and Chalk 

(l.c.) suggest a close connection between the Eucryphiaceae and 

the Cunoniaceae. Benson (1957) places the family in the Rosales 

and suggests that it is perhaps not distinct from the Brunellia

~· Croizat (1952) a1so feels that the Brunel1iaceae and 

Cunoniaceae are related, whi1e Soo (1953) actually includes 

the Brunelliaceae in the Cunoniaceae. 

Thus it is apparent that the Cunoniaceae have most 

often been placed in the neighbourhood of the Rosaceae. 

Robert Brown (1814) described a fami1y Pittosporaceae, 

including Pittosporum Banks, Bursaria Cav. and Billardiera 

Sm •• These genera, he said, "---appear tome to constitute, 

along with sorne unpublished Austra1ian genera, a very dis

tinct natura1 fami1y . ". 

Bentham and Hooker (l.c.) included the f amily, along 

with the Tremandraceae, Polyga1a ceae and Vochysiaceae, i n 

their order Polygalinae. Le~~out and Decaisne (l.c.) 

placed the Pittosporaceae preceeding the Polygalaceae and 

Tremandra ceae, and suggested that the family shows affinity 
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with the Celaetraceae and Ericaceae, in particular with 

Ledum. 

Hallier (1912) placed the Pittoeporaceae, including 

Cheiranthera Brongn. and Elaeodendron Zipp., in the Tubi

florae. Ite relationehipe are, he eaid, with the Olaca

~' Polemoniaceae, Convolvulaceae, Apocynaceae and Lina-

Rendle (1938) ahd Gundereen (l.c.) agree in suggeeting 

a close relation between the Pittoeporaceae and the sub-fam

ily Escallonioideae of the Saxifragaceaa, but both point 

out anatomical differences; i.e., the presence of reein canals 

in the Pittosporaceae. Metcalfe and Chalk {l.c.) place the 

family between the Flacourtiaceae and the Tremandraceae, 

but suggest that it shows connections to the Araliaceae. 

The anatomical characters, they feel, preclude any relation 

to the Escallonioideae. 

Thus the family has most often been plaoed near the Tre

mandraceae and related familias; that is, rather far removed 

from the Hamamelidaceae. 

The genas Byblis Salisb. was made the type of a f'amily 

Byblidaceae by Domin (1922). Some authors also place Ror1-

dula L. in this f'amily. 

Hutch1nson (1948), in discussing the Droseraceae, said 

that Roridula and Byblis belong in a separate family ( ~

blidaceae ) which shows affinity with the Tremandraceae and 

Pittosporaceae. Gundersen (l.c.) says that only Byblis 
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should be included in the family; directly afterwards, he 

mentions Roridula, but does not say what he feels its pro

per position to be. 

The family Podostem(on)aceae is a highly specialized 

group of aquatic plants. Lindley (1853) placed it, includ-

ing a tribe Hydrostachyeae, in the Rutales, and Hallier (1912), 

also including Hydrostachys Thou., put the family in his 

order Ranales, but most authors have placed the Podostemaceae 

in the Rosales. 

Engler (192Sb), writing in the second edition of "Die 

natUrlichen Pflanzenfamilien", suggested that the Podostema

ceae and the Rosales might be derived from the same protan

giospermous stock, but placed the Podostemaceae (as an order 

Podostemales) after the Urticales. The consensus of taxonomie 

opinion was expressed by Croizat (1952) who said that the 

family is "---beyond doubt one of the most primitive in exist

ence, and its affinities are poorly understood." 

Hydrostachys ~hou. has been included in the Podostema

ceae by sorne, but Engler (1894 ) considered it to befue 

type of a family Hydrostachydaceae . In the first edition of 

"Die naturlichen PflanzenfamilienH, the ·family was included 

in the Ro sal es , but i n the llth "Syllabus " of Engler and t 

Diels (1936 ) it i s placed, as an order Hydrostachydales, 

follovdnc the Piperales, in the Monochlamydeae . 
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(iii) The "Amentiferae" 

In this discussion the term "Amentiferae" is inter-

preted to include eleven of the first thirteen orders of 

dicotyledone according to the llth "Syllabus"; that is, the 

Verticillatae Casuarinales , Salicales, Garryales, Myri

cales, Balanopsidales, Leitneriales, Juglandales, Juliani

ales, Batidales, Fagales and Urticales, but to exclude the 

Piperales and the Hydrostachydales. 

These orders form a group of plants, generally woody, 

which have naked or haplochlamydeous flowers, usually gathered 

into catkins or amants. Sorne taxonomiste, notably Engler, 

have felt that these plants have primitively simple flowers, 

and have therefore placed them at the beginning of the di

cotyledons. Others feel that the apparently primitive char

actera are the result of reduction, many believing that a 

number of the amentiferous orders have been derived from 

hamamelidalian ancestors. 

Of the "Amentiferae", special mention should be made of 

the order Verticillatae, which includes only the family Casu

arinaceae. The only genus in the family is Casuarina Labill. 

with sorne sixty species. Mirbel (1810), who was the first 

to place Casuarina in a distinct family, felt that it is re

lated to the conifers, and said: 

"Les casuarina, ces conifères des regions australes, 
' .peuvent constituer une famille a part, sous le nom 

de Casuarinees." 

Dumortier (1829) -placed t he familias Cas uarineae and 

Ephedraceae in his order Ephedrarieae. Perhaps the first 
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to include Casuarina among the angiosperme was Endlicher 

(1836~1~40), who placed it in the Juliflorae, a class in 

which he included several amentiferoue familles, as well as 

the Antidesmeae, Plataneae, Balsamifluae and Lacistemmeae. 

Casuarina dieplays some unusual embryological features, 

the most sriking of which is chalazogamy; that is, the pol

len tube entera the ovule through the chalazal end rather 

than by the micropylar end. Other differences from the usual 

are the formation of tracheids in sporogenous tissue and the 

ability of any or all of the four megaspores to become func

tional. 

Treub (1891) felt that these differences from the rest 

of the angiosperme are so note-worthy that Casuarina should 

be separated from them. He divided the angiosperme into 

uPorogames 11 (monocotyledone and dicotyledone) and "Chalaz.o-
-
games", the last group including only Casuarina. He con-

Bidered these embryological features to be primitive, and 

wrote; 

11 ---on aurait tort, je crois, de considerer les Casu
arinees comme famille transitoire entre les Gymnospermes 
d'aujourdhui et les Angiospermes vivant actuellement." 

However, chalazogamy is now known to occur in several 

other genera, including Rhus, Circaeaster, Ostrya and Ju

glans (Maheshwari, 1950). It seems likely that chalazogamy 

1s a sporadlc feature whlch has arlsen many times ln wldely 

separated genera. 

Bessey (1915) placed the Casuarlnaceae ln the Rosales, 
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considering them to be reduced derivatives of the Hamameli

daceae. Hutchinson (1926, 1959) also considere the family 

to be reduced from the Hamamelidaceae; in the second edition 

of "The Familles of Flowering Plants" (1959), he derives Ca

suarina from rosalian stock via the Hamamelidales, and places 

it as the climax order of a series, Leitneriales, Myricales, 

Balanopsidales, Fagales, Juglandales and Casuarinales. 

Moseley (1948) investigated the anatomical features of 

Casuarina and concluded that they are advanced and derived, 

rather than primitive. He says: 

"---the anatomical evidence presented supports, or at 
least is not inconsistant with, the derivation of the 

Casuarinaceae from hamamelidaceous ancestors, as sug
gested by floral morphology." 

Moseley also suggested that cytological evidence sup-

ports a relationship between Casuarina and the Hamamelida-

ceae. He based this on the grounds that the basic chromo

some number in Casuarina is twelve, while that of the Hamam-

elidaceae is usually twelve or fifteen. However, Barlow 

(1959) has recently shown that the basic chromosome number 

in Casuarina is probably nine; according to Barlow, twelve 

is actually a secondary number occurring only in the most 

advanced species. 

The trend of modern opinion is that Casuarina is a 

much reduced genus, which has been derived from the rosalian 

complex, some authors specifying that the path of evolution 

has been through hamamelidalian ancestors. 
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The order Salicales is generally considered to include 

only the family Salicaceae .which includes two genera, Populus 

L. with about twenty species, and Salix (Tourn.) L. with 

some one hundred and sixty species. Nakai (1920) based the 

genus Chosenia Nakai on Salix splendida, but it is doubtful 

if this is a valid segregation. 

The Salicales have generally been placed among the 

amentiferous orders, although Hallier (1912) placed the Sali

caceae in his order Passionales, and suggested that the fami

ly is descended from the Flacourtiaceae. Hjelmqvist (1948) 

feels that the Salicaceae are the most advanced family of 

the 11 Ament1ferae 11 and so stand somewhat apart from the rest. 

The Garryales are an order of only one family, the Gar

ryaceae, which includes Garrya L. of about thirteen species. 

The family was established by Lindley (1834) who suggested 

that it is allied to the Cupuliferae. In the th1rd edition 

of his "Vegetable Kingdom" (1853), Lindley placed the family, 

along with the Helwingiaceae, in an order Garryales. Hel

wingia Willd. is now generally placed in the Cor.naceae. 

LeMaout and Decaisne (l.c.) placed the Garryaceae.:, in

cluding Simmondsia Nutt., following the Cornaceae, although 

Hooker, the editor, added a note saying that he disagreed 

with this treatment of Simmondsia. Numerous authors have 

concurred in placing Garrya near the Umbelliflorae. Baillon 

(l.c.), Bessey (1915) and Hallier (1912) all included Garrya 

in the Cornaceae, while Hallock (1930) placed the Garryaceae 
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next to the Cornaceae. 

The family has also been placed among the amentiferous 

taxa. Lindley (1853) was unsure of its proper position, and 

related it to amentiferous groups, as well as to the Euphorbi

aceae and Chloranthaceae. Endlicher (l.c.) inserted it 

after the Antidesmeae in a group of families headed "Anti

desmeae affines", but said that its affinities are with the 

Cupuliferae and the Chloranthaceae. Rendle (1938), Wett

stein (1935) and Pulle (1950) have considered Garrya to 

be amentiferous. 

Hutchinson (1926) placed the Garryaceae in his group 

"Archichlamydeae" and considered the family to have arisen 

by reductions from the Rosales through the Hamamelidales. 

In the second edition of "The Families of Flowering Plants" 

(1959), Hutchinson has moved Garrya to the Araliales, placing 

it with the Cornaceae, Alangiaceae, Nyssaceae, Caprifolia

~ and Araliaceae. Of this order [Araliales] , he says 

"Probably derived from Rosales via the Cunoniales. 
Cornaceae being connected with Philadelthaceae 
through the genus Broussaisia in the la ter l'amily. 
Nyssaceae approach Hamamelidales. 

The Garryaceae have also been placed in yet a third 

position. Pulle (1952) has changed his earlier ideas, and 

suggests relationship with the Celastrales, placing the 

Garryales between the Apiales and the Rubiales. Gundersen 

(1950) indirectly suggests a connection with the Rubiales 

by placing the Umbellales, including the Garryaceae, in a 

super-order "Rubiflorae". 
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The order ~yrica1ea is made up of the Mlricaceae, a 

fami1y of about forty-five speciea. Sorne authors inc1ude 

a11 apecies in the genus Myrica L., while others divide 

them among severa1 genera; for example, Comptonia L'Her., 

Angeia Tides., Cerothamnus Tides., and severa1 others. 

Nearly all authors are agreed in p1acing the fami1y 

among the amentiferoua taxa, a1though Bessey (1915) in

c1uded it in his order Sapinda1es. Most authors 1so1ate 

the family in an order Myricales, although Rendle (1938) 

and Gunderaen (1950) include the Myricaceae in the Juglan

da1es. 

Boivin (1956), Benson (1957) and Hutcbinson (1959) have 
~ , .. 

all suggested that the family is re1ated to the Hamame1idales, 

having a common ancestry in rosalian stock. 

The order Balanopsida1ea is composed of the Balanopsida

~' a small family of two genera and about ten speciea. 

In addition to having been placed among the "Amentiferae" 

by sorne authors, the family haa also been placed near the 

Centroapermae [chenopod1a1ea, CaryopUylla1esJ, a position 

to which Wettatein (1935), Hutchinson (1926, 1959) and 

Gunderaen (1950) have assigned it. 

The little order Leitnerialea includes only the mono

typic family Leitneriaceae, the type of which is Leitneria 

floridana Chapman. This is a family whose affinities are 

on1y imperfectly underatood. Chapman (1884) firat placed 

Leitneria in the Myr1caceae. He later (1897) inserted the 
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family Leitneriaceae between the Myricaceae and the Betula

~' but described it as 11---intermediate between the Wax

Myrtle [ My:rlcaceae 1 and W1Üow [ Sal1caceae 11'am111es---.: 

Soo (1953) has a family Leitneriaceae in his order MI
ricales, while Cronquist (1957) places it in the Urticales. 

Gundersen (1950) suggests a simiiar position, placing the 

Leitneriales in his 11 Ulmus group". 
-

Abbe and Earle (1940) investigated the floral anatomy 

and morphology of Leitneria and tentatively placed it in 

either the Rosales or Geraniales, but stressed the need for 

more information, particularly that of a cytological and em

bryological nature. 

Some authors have placed Didymeles Thou., a monotypic 

genus from Madagascar, in the Leitneriaceae, but little is 

lmown of it. 

The order Juglandales of the llth "Syllabus" includes 

only the family Juglandaceae. The order has often been 

placed among the amentiferous taxa, although several authors 

have suggested tha t it is rela ted to the Sapindales. Kunth 

(1824), who first published the family, considered Juglans, 

Carya and Pterocarya to be related to the Terebinthaceae, 

a group of genera usually included in the Sapindales. 

Gundersen (1950) places the order, including the fami-

lies Rhoipteleaceae,. Myricaceae and Juglandaceae, between 

the Rutales and Sapindales in his supra-ordinal "Geranium 

group". 
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The order Julianiales incluèes only the family Juliani

~ (Hemsley, 1907), in which are placed Juliania Schlect. 

and Orthopterygium Hemsley. The family has often been placed 

in the Juglandales, although Gundersen (1950) includes it in 

the Rutales between the Anacardiaceae and Coriariaceae. 

Rendle (1938) places the order Julianiales between the Jugland

ales and Fagales, but mentions that it shows resemblances to 

the Anacardiaceae. 

The only fami1y of the order Batidales is the Batida-

~' a family which includes only Batis 1. with one species. 

Although included in the "Amentiferae" by sorne, the 1atest 

study of the family (McLaughlin, 1959) indicates that it is 

best placed, as a separate order Batidales, near the C'ehtro-

spermae. 

The order Fagales includes the families Betulaceae and 

Fagaceae. The Betulaceae have generally been placed among 

the amentiferous families, although Bessey (1915) included 

the family in his order Sapindales. 

The anatomy of the family was investigated by Hoar (1916), 

who concluded that: 

"---the general internal anatomy of the Betulaceae and 
especially the ray structures supply no proof for and 
much against their being placed anywhere but near the 
base of the Di cotyledons." 

The family was restudied by Hall (1952) who says that: 

"---the woods of the Betulaceae possess s series of 
specialized anatomic~l characters which indicate the 
family does not occupy a primitive position." 
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Several authors have split the family into the Betula

~ (s.s.) (Alnua and Betulal and Corylaceae (carp1nua, Oa

trya, Corylus and Ostryopsia1. Hall (l.c.) who inveatigated 

the aecondary wood of all aix genera, concluded that: 

"The Betulaceae are an anatomically natural and closely 
.knit family, compoaed of two tribea, alao homogeneoua, 
at two levela of specialization." 

He considera Alnus and Betula to constitute one line of devel-

opment wi thin the family, while Os trya and Carpinua form a . 

branch of the line leading to Corylus and Ostryopsis. 

Anderson and Abbe (1934), who made an investigation of 

the family based on quantitative comparison of six charac

ters which they felt to be phylogenetically important, co~ 

cluded that Alnus and Betula belong at one end of the family, 

while Ostrya, Carpinua and Ostryopsis form a group at the 

other end. They placed Corylus to one aide. 

The family Fagaceae haa generally been placed near the 

Betulaceae~ Most authors include the Fagaceae and the Betu

laceae in the aame arder, although Hjelmqvist (1957) has 

suggeated that on embryological grounds, the Fagales [Faga~ 
~ only] and the Betulales [ Betulaceae . only] should be re

garded as separate orders. 

The arder Urticales of the llth "Syllabus" is made up 

of three familles, the Ulmaceae, Moraceae and Urticaceae. 

A number of other familles, in partic.ular the Eucommiaceae, 

have also been placed in this arder by various authors. 

There seems to be general agreement in including the 
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U1maceae in the Urticales, a1though Bessey (1915) placed 

the fa.mi1y in his order Ma1va1es. Metca1fe and Cha1k (1950) 

say: 

"The anatomica1 structure of the U1maceae has points 
in common with that of the Cannabinaceae, Urticaceae, 
and Moraceae, which are general1y accepted as c1osely 
re1ated to the Ulmaceae." 

Most authors divide the Ulmaceae into tvm sub-families, 

the Ulmoideae and Ce1tidoideae, the former inc1uding U1mus 

(Tourn.) L., Planera Gmel., Phyllostylon Capan. ex B.et H.f., 

and Holopte1ea Planch., the latter including Celtis (Tourn.) 

L., Zelkova Spach., Trema Lour., and about ten other genera. 

The monotypic genus Barbeya Schweinf. has been separated as a 

fami1y Barbeyaceae by Hutchinson (1926, 1959). 

The family Moraceae is a rather large group (about fifty

five genera and eight hundred species) which has by various 

authors been split into smaller families; e.g., Artocarpaceae, 

Ficaceae, Cannabinaceae, and others. 

Tippo (1938) made a detailed study of the anatomy of 

the Moraceae and their supposed allies and concluded that the 

r-1oraceae, U1maceae and Urti caceae form a nat ur al group 

which had its origins in the Hamamelidales. He considered 

the Ulmaceae to be the most primitive family of the order, and 

the Urticaceae to be the most advanced. 

Perhaps the broadest view of the Urticales has been taken 

by Cronquist (1957) who, in addition to the Moraceae, Ulma

~' and Barbeyaceae, includes the Leitneriaceae (doubtfully 
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plac1ng D1dymeles Thou. here), Platanaceae, Myricaceae, 

Betulaceae, Fagaceae, Eucomm1aceae and Balanopsidaceae. 
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COMPARATIVE CHEMISTRY 

(i) General discussion of comparative chemistry 

For purposes of comparative chemistry, it is necessary, 

in nearly all cases, to consider secondary metabolic pro

ducts, for those compounds generally needed for maintainance 

of life, that is, primary building blocks and intermediates 

of metabolism, are present in all plants. This is a fact 

which suggests that the higher plants have had a monophyletic 

origin. 

The enormous variety of complex substances found in 

plants is built up from a not unlimited number of simpler, 

metabolically active compounds. The chemical differences be

tween plants lie in the differing pathvvays of further syn-

theses which these compounds follow. Although exceptions are known 

known, the most straight-forward way of re garding :synthe.sis .. Bf 

highly complex molecules is to consider each step in the syn

thesis as mediated by a specifie enzyme, in turn produced as 

the result of action by a particular gene or group of genes. 

In using comparative chemistry as a taxonomie tool, there 

are three facts which should be borne in mind. These facts 

can, to a large extent, serve as refutation of many of the 

arguments which are advanced against comparative chemistry. 

It is quite true that comparative chemistry alone cannot serve 

as the basis of a system of classification, no more than can 

any other one character . But us ed judi ci ously in combination 
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The first point is that since the building blocks of 

the more complex molecules are present in all plants, it is 

not impossible that the same metabolic pathways should ap

pear in plants not closely related, resulting in sporadic 

distribution of certain compounds. 

It may be mentioned here that sporadic distribution of 

some chemical characters and inconsistencies within a~ group, 

auch as presence of a compound in some species of a genus 

and absence in ether species of the same genus, cannet be 

used as strong arguments against the validity of use of chem

ical characters in taxonomy. If the ether types of charac

ters generally used_ in taxonomy be considered, it is seen that 

similar situations occur. 

Members of the genus eQrnus usually have opposite 

leaves, but in the case of some species, auch as c. alterni

folia Linn.f •• the leaves are alternate. Yet it is not 

doubted that these species do belong to Cornus. 

Another example is given by Kalanchoe of the Crasaula

~· In general, the members of this family are polypetalous, 

but Kalanchoe, which no one doubts is a member of the Crassu

laceae, is sympetalous. Chemically, Kalanchoe resembles 

ether members of the Crassulaceae in that large quantities 

of sedoheptulose have been found in two species. 



A second point to consider is that a few additional 

occurrences among diverse genera of a compound generally 

restricted to a particular group of species, genera or fami

lles, do not detract from the value of the compound as a 

taxonomie tool. Distribution of the aikaloid nicotine af

fords an example. 

Nicotine is a rather simple alkaloid which was first 

foand in the genus Nicotiana of the Solanaceae. It has 

now been found in all members of the Solanaceae analysed, 

as wall as in some members of the Asclepiadaceae, Crassu

laceae, Lycopodiaceae and Eguisetaceae. 

Occurrence of nicotine in Eguisetum does not mean that 

general distribution of the compound throughout the Solana

~ is not taxonomically useful, nor does it mean that 

Eguisetum belongs in the Solanaceae. It merely indicates 

that a metabolic pathway common to many members of the Solan

aceae has also evolved independently a number of times in 

genera not closely related. 

However, if a particular genus had been placed in the 

Solânaeeae by soma authors, and in another family in which 

nicotine had never been found, by others, then occurrence 

of nicotine in this hypothetical genus would constitute a 

strong argument for placing it in the Solanaceae. Absence 

of nicotine would be just as strong an, if not a stronger, 

argument for excluding it. 

A good example of a third point to be considered in 
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regard to comparative chemistry is given by consideration 

of the distribution of sedoheptulose. There are - certain 

compounds, metabolically active in all plants, which in 

some plants, accumulate in comparatively large ~ounts. 

Sedoheptulose is wide-spread throughout the plant king

dom as it is an intermediate in photosynthesis. Calvin 

( 1953) says: 
-
''Both ribulose and sedoheptulose seem to be present in 
all plants and their active pools are generally quite 
sma.ll---. 11 

However, in many succulent familias, auch as the Crassulaceae, 

and in ethers auch as the Saxifragaceae, it has been found 

that sedoheptulose accumulates in large quantities. 

As the ability to accumulate large amounts of these 

ubiquitous compounds.seems to be restricted to certain fami

lias, consideration of their distribution is useful in 

taxonomy. 
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(11) Some examples of the use of comparative chemistry 

The idea that chemical characters are of taxonomie 

value is not new. As long ago as 1699, James Pativer, an 

apothecary, suggested that plants "of the same figure or 

likeness, have for the generallity much the same vertues 

and use". In referring to plants 11 of the same figure", he 

was th1nk1ng of related plants, for he discussed members 

of the Umbelliferae, Labiatae and Cruciferae, showing that 

w1th1n each family, the plants have s1m1lar properties. 

Although Petiver did not apply his idea to taxonomie 

problems, this was one of the earliest suggestions that re- · 

lated plants have s1m1lar constituants, assuming s1m1lar 

properties to be generally an index of s1m1lar compounds. 

An early use of raphides, a visible chemical characber, 

was made by Gulliver (1866). Raphides, which are calcium 

oxalate crystals, are arranged in parallel bundles in special 

cella (raphide sacs). 

In a paper entitled non raphides as a natural character 
-

in the British flora11
, Gulliver recorded distribution of 

raphides in some deta~, and said; 

"---I believe that a fair exam1nat1on will prove that 
raphides may give a d1agnos1a at once as fundamental 
and universal, and as simple and truly natural, between 
plants of some different and proximate orders, as any 
one of the secondary characters heretofore used for 
this purpose in systematic botany." 

He raised raphide-containing plants under d1ffer1ng condi

tions in an eff ort t~ prevent development of these crystals, 
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but found that their presence is a constant character. 

He concluded by saying: 

"In short, I know of no means by which a raphidean 
plant can be grown in health, if at all, so as to ex
tinguish this character, nor by which a plant, regular
ly devoid of raphides can be made to produce them." 

Severa! years later, Greshoff, who had spent sorne years 

at Buitenzorg investigating plant chemistry, suggested that 

to every description of a new species or genus a chemical 

description should be appended. Greshoff paid particular 

attention to the occurrence of cyanogenetic compounds, and 

felt that study of the distribution of such compounds would 

be of special interest in taxonomy (Greshoff, 1906, 1909). 

That which is perhaps the best-known technique, so 

far used in studies of comparative chemistry, is serology, 

extensively used in Germany by the K6nigsberg and Berlin 

schools. The method is essentially the following . 

A plant extract is injected into an animal, severa! in

jections being given over a period of days. This extract 

contains substances, usually proteins, which are known as 

"antigens". In response to introduction of plant antigens, 

there are antibodies produced in the animal's blood serum. 

These antibodies affect the antigens in various ways, which 

may be demonstrated by serological reactions. 

The reactions most used by the K8nigsberg workers were 

precipitation and a gglutination. Af ter an animal ha s been 

sensitized by i njecti on of antigens f rom plant "a", a quantity 

of its blood serum is added to an extract of plant "b". 
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The degree of precipitation or agglutination caused 

by reaction between trbn antigens and the antibodies pro

duced in the blood serum as a result of sensitization with 

"a" antigens, is taken as a measure of the similarity be

tween "a" and "b" antigens. Thus, if they are very nearly 

the same, the precipitation or agglutination is rapid and 

complete. 

Proponents of serology feel that structure of plant 

proteins is a basic manifestation of the genotype of the 

plant. They claim that the structural complexity of pro

teins is such, and the number of possible combinations of 

the component amino acids is so great, that parallel evo

lution of identical or similar proteins is very unlikely. 

Therefore, plants which show similarities in protein 

structure, as evidenced by serological reactions, must be 

closely related. 

Mez and Ziegenspeck (1926) published (and patented) 

the "KBnigsberger Stammbaum", a system, based on results 

of serological tests, which even dealt with plants known 

only from fossil remains. 

Although serology is undoubtedly of great value and 

significance, it has not been used in this work, and will 

not be discussed further. A review, with many references, 

on the subject of plant serology, has been published by 

Chester (1937). 

An attempt to apply chemical characters to the classi~ _ 
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fication of the entire plant kingdom was made by McNair 

who was not entirely successful. His results are described 

in a series of papers which appe~red from 1928 to 1945. 

Certain of his basic hypotheses are much in doubt. For 

example, in 1934 he suggested that the evolutionary pro

gression of an alkaloid-containing plant could be measured 

by the molecular weight, apparently considered equivalent to 

complexity, of the alkaloids; that is, plants which contain 

high moleular weight alkaloids are further along developmental

ly than plants with those of low molecular vreight. 

After considering several types of compounds, he con

cluded that, in the tropics at least, the more advanced a 

plant is, the more highly organized its chemical constituents 

will be. 

There are certainly many obvious exceptions to this 

rule. The lower plants form sorne of the most complex com

pounds kno\vn; for example, the ergot alkaloids, produced by 

the fungus Claviceps, are among the most highly organized 

of the alkaloids. 

McNair's work gives an example of the improperly based 

use of comparative chemistry. 

We might now consider a piece of vmrk in \'Thich consider

ation of the distribution of alkaloids has been of real value, 

that is, the work of r-1:anske and his associates on the alka

loids of the Papaveraceae. 
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This is a case in which consideration of two sorts of 

compounds, alkaloids and certain soluble nitrogenous com

pounds, supports two distinct taxonomie views. 

According to Fedde (1936) the Papaveraceae (s.l.) are 

divided into three sub-families; i.e., the Hypecoideae, in

cluding only two genera, Pteridophyllum and Hypecoum, the 

Papaveroideae with about twenty-five genera, and the Fumari

oideae with sorne fifteen genera. The Hypecoideae have sorne

times be en thought to be transit ional betv-1een the Papaver

oideae and the Fumarioideae. 

Hutchinson (1921, 1926, 1959) feels that the Fumarioideae 

and Papaveroideae are sufficiently distinct to be made separ

ate families (Fumariaceae and Papaveraceae s.s.), both of 

which he places in the Rhoeadales. Hypecoum and Pteridophyl

lum he includes in the Fumariaceae. He says (1921) that the 

Fumariaceae are quite distinct from the Papaveraceae (s.s.) 

and are just as closely related to certain berberidaceous 

genera as to the Papaveraceae. The relation between the 

Fumariaceae and the Papaveraceae is "more apparent than real" 

according to Hutchinson. 

Hovmver, Hanske says that no papaveraceous (used in the 

wider sense) plant has ever been found to be completely 

devoid of alkaloids, and that one alkaloid, protopine, has 

been found in every papavera ceous plant investigated. This 

indicates that in regard to this characters, the Papavera-



55 

~ (s.l.) are a quite homogeneous group. 

The re is, however, one recent bit of chemical evidence 

which tends to support Hutchinson. Reuter (1957) has deter-

mined the main form of soluble nitrogen in the storage organs 

(roots, bulbs and corms) of a large number of plants and finds 

that the Papaveroideae and the Fumarioideae differ sharply 

in this respect. 

Of twenty-one species in fifteen genera of the Papaver-

oideae, seventeen species in eleven genera contain glutamine 

in largest amount, three species in three genera have arginine 

in largest quantity, while one species, Hunnemannia fumarii

folia, has glutamic acid in largest amount. 

However, nineteen species in four genera of the Fumari

oideae were found to contain d-acetylornithine as the main 

form of soluble nitrogen in the storage organs. 

Hypecoum procumbens was found to contain glutamic acid 

in greatest amount, a fact which sets it apart from the 

Fumarioideae and most of the Papaveroideae. 

Obviously, this is a case in which proponents of the 

views of either Hutchinson or Fedde may support their argu-

ments by reference to the facts of comparative chemistry. 

However, there are many comparable situations is the usual 

taxonomie criteri2 be considered. 

The most extensive use of comparative chemistry in 

taxonomy has been made by Gibbs (1945, 1954, 1958) who uses 

a series of standardized tests (described in the next sec-



tion), applying them to as many plants as possible. One 

test which he has used on an especially large number of 

plants is the "HCl/methanol" test. 

Gibbs has found that use of this test shows the existence 

of two series of f2milies, one series being positive to the 

test, and the other, negative. An example of the use of this 

test can be seen in its application to clarification of the 

relationships among the Aguifoliaceae, Salvadoraceae and 

Oleaceae (Gibbs, 1954). 

The first two of these families have often been placed 

in the Celastrales. Sorne authors feel that the Salvadora-

~are allied to the Oleaceae, Gundersen saying that it 

(ramily Salvadoraceae1 is "apparently a link between Aqui

foliaceae and Oleaceae". The Salvadoraceae have also been 

connected to the Loganiaceae. 

Gibbs has found that all those representatives of these 

four families which were tested are negative to the HCl/methan

ol test, supporting the view that they do have features in 

common. Results from other chemical tests also support this 

conclusion. 

The pieces of work which have been mentioned in the pre

ceeding pages by no means include all the uses which h2ve 

been made of comparative chemistry •• Numerous other examples 

may be found in Gibbs' papers of 1954 and 1958 . 
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(iii) Methods of comparative chemistry used in this work 

When sufficient parts of a given plant were available, 

a series of seven tests (the first seven discussed below) 

was carried out. In the later stages of the investigation, 

two additional tests ("cigarette" and "hot-water" tests) 

were done on fresh leaves. About one-fifth of the plants 

obtained were also examined chromatographically for the 

presence of sedoheptulose and D-glucitol. 

(a) Leuco-anthocyanin test 1.-A. (Test A) 

The leuco-anthocyanin test is done according to the 

method of Bate-Smith and Lerner (1954). About one-half gram 

of fresh leaves is finely eut up and placed in a 10x25mm test 

tube which is marked at the five and ten milliliter levels. 

2N hydrochloric acid is addedto the five milliliter mark. 

The tube is heated in a boiling water-bath for twenty minutes 

(with occassional stirring of the contents) and cooled. During 

heating there is, in sorne cases, development of a red colour; 

in other cases, a greenish or yellow colour may appear, or 

there may be no visible change. 

When the tube and contents are cool, iso-amyl alcohol 

is added to the ten milliliter mark, and the tube is vigor

ously shaken. On standing, the mixture separates into two 

layers, the upper being iso-amyl alcohol. In most cases in 

which a coloured substance is produced during heating, it 

is extracted into the iso-amyl alcohol. The colour in this 



layer is determined by the use of Ridgway's "Color Standards 

and Color Nomenclature" (1912). A pink or red colour indicates 

a positive test, while shades of yellow, buff, or green indi-

cate negative tests. 

Bate-Smith (1954) says that in this process colour

less, water-soluble leuco-anthocyanins are hydrolysed and 

oxidized to the corresponding coloured anthocyanidins which 

are soluble in iso-amyl alcohol. 

The chemical nature of leuco-anthocyanins is not 

definitely known, but their properties are not inconsistent 

with a "flavantriol" structure as proposed by the Robinsons 

(1933) or an oxidized "flavandiol" structure suggested by 

Bate-Smith (1953): 

0 O=o/1 \\OH 
"-c 1 \OH 

1 -
CHOH 

"flavantriol" 

HO 
o,H_~H 

f\dOH 

CHOH 
OH CHOH 

"flavandiol" 

Bate-Smith suggests that ~eactions of the following 

sort might take place~, assuming that the leuco-anthocyanins 

are present in the "flavantriol" form: 
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HO (X~f-F\~~ 
CHO~ HCl 

c/ 
OH HOH 

Cl 
' .... ' OH 

HO QCO'cl < }H 
C.OH 

c/ 
'H 

cyanidin chloride 

... 

In general, the results of this test are sharply dis-

tinguished as positive or netative; those results which are 

questionable may be explained, in many cases, by the presence 

of interfering substances, which are often glycosides of 

the "aucubin group". In other cases, questionable results 

(showing only a trace of pink) are caused by the presence of 

only small amounts of leuco-anthocyanins in the tissues. 

The "aucubin group" of glycosides was proposed by Trim 

and Hill (1952) who include in this group aucubin, asperulo-

side, monotropitoside and certain unidentified compounds found 

in members of the Labiatae and the Scrophulariaceae. When 

such compounds are present, the leuco-anthocyanin test is 

usually obscured by the development of a blue or black colour. 

Bat e-Smith also mentions that cat echins may obs cure the 
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test. When catechins are heated with dilute hydrochloric 

acid, they are changed to 11 phlobaphenes" which are soluble 

in iso-amyl alcohol. Catechins proper become deep golden 

in colour, while gallocatechins produce a brown substance 

( see discussion under r1HC1/methanol 11 test). 
-

Bata-Smith (1954) points out that usually leuco-cyan1-

din and leuco-delphinidin are present in plant tissues, 

leuco-paeonidin having been found only in some members of 

the Rosaceae and in a few legumes. 

There are two main factors determining the presence or 

absence of leuco-anthocyanins in a species; these are (1) 

the character and systematic position of the family in which 

the species belongs, and (11) the evolutionary stage of 

the species within the family, especially in regard to habit. 

Bata-Smith has found that leuco-anthocyanins are much 

more common in woody than in herbaceous familles. He feels 

that the ability to produce these compounda ia a primitive 

character which herbaceous groups have lost, correlating 

it with an evolutionary trend from the woody to the herb~ 

ceous habit. 

(b) HCl/methanol test 

The HCl/metha.nol test was ftrst used by Isenberg a.nd 

Buchanan (1945) who found that if wood shavings are soaked 

in a mixture of concentrated hydrochloric acid and methanol 

(5:200 parts by volume), a purple colour sometimes develops. 
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Gibbs has applied the test to many woody plants, and 

has found results to be remarkably consistent. Members 

of sorne families always give positive (purple) reactions, 

while other families are consistently negative. A few rami

lies are mixed, sorne genera giving weakly positive reactions, 

\'lhile others are negative ( see Gibbs, 1954) • 

The test is done in the following manner. Shavings 

of sapwood are placed in a test tube (18mm diameter), 

covered with a mixture of concentrated hydrochloric acid 

and methanol (5:200 by volume) and left to stand overnight. 

The liquid is then poured off. The colours of the liquid 

and the wood are determined by use of Ridgway (1912). 

The development of a pink to magenta colour in the 

wood is regarded as constituting a positive test. The in

tensity of the colour is recorded as "purple 1-4", "purple 

1" being a very pale purple, "purple 3" being "magenta" 

(plate 26 in Ridgway), and "purple 4" being darker than 

magenta. In negative tests, the wood may be yellow, buff, 

green or 1-'lhite. 

It is not definitely knovm \·That compound or compounds 

are responsible for the development of the purple colours, 

but Adler (1951) suggests that catechol tannins may be the 

cause. These are condensed tannins which yield polyphenols 

on hydrolysis, and may be considered to be condensation pro

ducts of compounds such as catechin or gallocatechin. As 

such, they are closely related to the leuco-anthocyanins. 
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HO(XI ~7~~: 
~ c~\d 

C(' OH 

HO 

OH H H 

catechin gallocatechin 

Indeed, a positive reaction t o the HCl/methanol test is 

very closely correlated with a posit ive reaction to the 

leuco-anthocyanin test. Cases in which a plant is positive 

to one test and negative to the other may be caused by 

limited distribution of these f lavanols ; that is, they may 

be present in the vmod of a given plant and absent from 

the leaves or vice versa. 

( c) Syringin ( 1: 1 H2SO Il ) test 

Syringin, so called be cause it was fir s t f ound in 

Syringa, is the glucoside of 5-methoxyconiferyl alcohol. 

Œ
OCHJ 

HOH2C-HC=HC- -0-glucose 

OCHJ 

syringin 

According to Tunmann (1931), if csection.s of plant 

tissue which contain syringin are pl aced in a mixture of 

concentrated sulphuric acid and water (1: 1 by volume ), a 

blue colour develops in the section. 
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·rhe "syringin testu is done on cross sections of 

twigs in the case of woody plants and on stems or leat 

petioles in the case of herbaceous plants. In each test 

two sections are eut with a sharp r~or; one section is 

mounted in water, while the other is mounted in aqueous 

sulphuric acid. The section mounted in water is used as 

a control. 

The sections mounted in acid are left to stand for 

about thirty minutes and are then checked for colour changes. 

The appearance of a deep blue in xylem and/or bast fires 

is regarded as a positive "syringin test 11
• In some cases 

. 
the blue colour may be caused by reaction with the sul-

phuric acid of compounds other than syringin. 

There are a~number of other reactions which have been 

noted. In some cases, the xylem and bast fibres become 

deep yellow in colour. A very common reaction is the de

velopment of a pink to red colour in fibres and xylem. 

When this reaction is weak, colour is often seen only at 

xylem/pith and xylem/cambium boundaries. 

This development of red is so very often correlated 

with a positive reaction to the HCl/methanol test that if 

herbaceous màter.~&l is tested with the aqueous sulphuric 

acid, development of a red colour can be considered equi

valent to a positive HCl/methanol test dona on woody ma

terial. 
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Following a suggestion made by Dr. Deirdre Edward, 

a chromatographie method for the detection of syringin 

was devised. 

An aqueous extract of plant material was made by 

boiling about one gram of it in a few m111111ters of 

warer. The extract was then spotted at one or at both 

ends of a narrow strip (1! 11 x8 11
) of filter paper (What

man #1). An extract of Syringa bark (assumed to contain 

syringin) was spotted as a reference. 

A glass rod was placed across the top of a beaker 

(400ml.) and the strip of papar . hung over the rod so that 

the ends of the paper reached the bottom of the beaker 

where the solvant was placed. The solvant used was the organ

le phase of n-butanol-acetic acid-water (4:1:5). The 

three compounds were shaken together and the mixture 

allowed to come to equilibrium. The upper layer was used 

as solvant. 

The solvent ascended the paper and in about one hour 

reached the cross rod. The paper was then removed and dried. 

When dry, it was sprayed with 2N sulphuric acid and dried 

in a current of warm air (or in front of an oven at 100°00. 

Reaction of syringin with the sulphuric acid caused appear

ance of a blue-green spot with an Rf value of 0.50. This 

agrees well with the resulta of Janet et al (1953) who re

ported syringin to have an Rf value of 0.51 in this sol

vent system. 
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Extract of bark of a lilac {Syringa ~.) which almost 

certainly centaine syringin, and which gives a deep blue 

colour with aqueous sulphuric acid, gave a bright blue

green spot. An extract of bark of Staphylea trifolia, which 

is strongly positive to the 11 syringin test", gave a seeming

ly identical spot. Checks were made using extracts of 

bark of Ailanthus altissima and Paulownia tomentosa, neither 

of which is positive to the 11 syring1n test 11
• In neither 

case was a blue-green spot seen on the chromatogram. 

Thus, use of chromatography gives an easy and rapid 

method of checking the resulta of the 1:1 H2so4 tests. 

{d) Raphides 

In this discussion, the term 11 raph1des 11 is interpreted 

to mean sheaf-like bundles of needle-shaped calcium oxalate 

crystals which are contained in special large celle. Raphides 

are of particular interest because they are one of the few 

chemicals which are visible within the cell. 

An early use of the occurrence of raphides was made by 

Robert Brown {1845) in an investigation of Rafflesia. Raf

flesia Arnoldi R. Br. is parasitic on the roots of Cissus 

~· The vegetative parts are reduced to mycelium-like 

filaments; the flower buda develop within the host tissues 

and break through only when ready to open. 

Brown was unsure of the origin of the veil of tissue 

over the bud, that is, whether it was tissue of Rafflesia 

or of Cissus, but he solved his problem by recourse to 
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comparative chemistry. He said: 

11 That the whole of this covering belongs to the stock, 
is proved by its containing those raphides or acicular 
crystals wh1ch are so abundant in the root of the 
Vitis or Cissus, and which are altogether wanting 
in.the parasite." 

Mention has already been made of the etudies on raph1des 

carried out by Gulliver ( see .page 50). 

In this work, the sections used as controle in the 

11 syringin test" were examinedfor the presence of raphides. 

When sections are made of tissues which have raphide-contain-

ing cella, the cella are usual~y ruptured, and the raphides 

escape into the surrounding water where they are easily sean. 

In addition, much use has been made of "Anatomy of the 

Dicotyledone•• by Metdalfe and Chal.k {1950). In this work, 

a list of genera described is placed at the end of the dis-

cussion of each family. If no mention has been made of 

raphides in a particular genus, we have tentatively assumed 

that the genus lacks them. Of course, the observations of 

Metcalfe and Chalk are not based on all the species of each 

genus, so it is quite possible that some species not ex

amined by them might contain raphides. In the tables of 

genera which follow this section, these tentative assump

tions that raphides are absent are recorded as negative 

followed by a question mark. 

(e) Ehrlich test 

The "Ehrlich test" is done on fresh leaves. About one-
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half gram of material is chopped and dropped into a few 

milliliters of boiling 50 per cent aqueous alcohol (ethanol) 

heated on a water-bath. The alcohol is allowed to boil 

fo~ about twenty minutes. The alcoholic extract is spotted 

onto a piece of filter paper (Whatman #1). Three separate 

spots are made, each one being built up by repeated appli

cations of the extract. 

When thoroughly dry, on one of the spots is placed a 

drop of acid Ehrl1ch1s reagent ( 1 gram p-dimethylaminobenz-
-

aldehyde, 200 ml. 95% ethanol, 5 ml. concentrated hydro-

chloric acid). On the second spot is placed a drop of 11Ehr

lich1s control" ( 5 ml. concentrated hydrochloric acid, 
- -

500 ml. 95% ethanol). The third spot is left untreated. 

When dry, the colours of the spots are recorded. The paper 

is then heated in an oven at 100°0. for thirty seconds, 

examined, and then heated for a further thirty seconds. 

Colours of the spots after the final heating are also re-

corded. 

Development of a deep blue colour on the spot treated 

with Ehrlich's reagent is considered to be positive and to 

indicate the presence of aucubin or asperuloside. This 

reaction was rarely seen in the plants examined in this 

study. 

In many cases, however, a colour within the range from 

p ink to magenta was recorded. In a comparativel y few cases, 

a brick-red or orange colour r esulted. Those which show 
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none of the above-mentioned colours usually show the yel-

lov;y or greenish colour of the original extract. It should 

be noted that in almost all cases, there is a slight darken

ing of the spot s when heated. 

Although Trim and Hill (1952) speak of an "aucubin 

group"· of glycosides (see in discussion of leuco-anthocyan

in test), aucubin, asperuloside and monotropitoside show 

little structural similarity. The structure of aucubin has 

not been definitely established, although Nakamura (1950) 

has proposed two possibilities: 

0 -0-primeverose 

-COOCHJ 

monotropitoside 

HC-COH(x) * Il Il /CH-2 -CH2 

HC,c(C--C~ 

CHOH-CHOH 

asperuloside 

OR 

aucubin *glucose in x position 
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Development of a pink to magenta colour (a quantita-
-

tive difference?) is quite well correlated with positive 

reactions to the HOl/methanol and leuco-anthocyanin tests 

and development of a red colour in the 11 syringin test". 

Thus if one is unable to do an HOl/methanol test on wood 

of a particular plant, a positive leuco-anthocyanin test 

and a magenta Ehrlich test on leaves can safely be con

sidered equivalent to a positive HOl/methanol test. 

(f) HON test 

The occurrence of hydrogen cyanide or prussic acid in 

plants was first reported by Bobm (1803) who found it in 

water in which bitter almonds had been steeped. 

In probably all cases, the hydrogen cyanide is present 

in the combined form, mostly or entirely as a glycoside. 

About fourteen of these cyanogenetic glycosides, as they are 

called, have been identified. The first to be found was 

amygdalin which was identified in 1830 by Robiquet and 

Boutron-Oharlard. 

Probably the earliest use of the occurrence of HON as 

a taxonomie character was made by Endlicher (1840) who noted 

that the easiest way to distinguish the familias 11 0hryso

balaneae" and 11 .Amygdaleae11 is that ·the former lack HON: 
-

11 0hrysobalaneae----ab Amygdaleis, quibus proxime 
. affinis, calyce saepissime basi obadnatum ovarii 
stipitem inaequalie---necnon acidi hydrocyanici 
defectu facillime distinguuntur." 

In the present work, a few grama of freah leavea, 
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preferably the youngest available, are chopped and then 

ground in a mortar. Suring the grinding a few drops of 

water, a few drops of chloroform, and a few grains of 

emulsin are added. The mixture is poured into a test tube 

w~~h is provided with a ground-in glass stopper. 

On the bottom of the stopper is attached with paraffin 

a triangular piece of picric acid paper (prepared by soaking 

Whatman's #l filter paper in a saturated aqueous solution 

of picric acid and allowing it to dry). Just before insert

ing the stopper into the tube, the picric acid paper is 

dipped into a 10 percent aqueous solution of sodium carbon

ate and then blotted. 

A change from the original yellow of the paper to shades 

of red-brown or orange indicates the emis~ion of free HCN, 

produced by the hydrolysis of any cyanogenetic glyeosides 

which might be present. In very weak tests, there is only 

a slight darkening. 

'fhe time required for the appearance of the positive 

colouration ranges from a few minutes ("strong11
) to four 

or five days ( "weak11
). In any case, the tubes are allowed 

to stand for at least a week. If no colour change has 

appeared in that time, the test is assumed to be negative, 

although in exceptional cases sorne colour has developed 

only after a longer time. 

If a HON test done on leaves of a particular plant 

is negative, one cannot be certain that the plant as a 
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whole lacks cyanogenetic compounds, for these substances 

may be present only in certain organe, or only at certain 

stages of development of these organe. A notable example 

is Eriobotrya japonica; the leaves lack HCN while the seeds 

contain a great deal. In some cases, seeds may be as good 

a test material as leaves or even better. 

It also seems that HCN content may vary with age of 

a particular organ; for example, Treub (1907) found fif

teen times as much HCN in young leaves as in older leaves 

of the same plant. For this reason, it is wise to use the 

youngest leaves available in doing this test. 

To be certain that HCN is absent from a plant, all 

organs should be tested at all stages of development. This 

is quite impractical in work such as is described here. 

Therefore negative tests done on leaves or seeds have been 

assumed to indicate absence of cyanogenetic compounds from 

a plant. 

(g) "Juglone" tests 

Juglone is a naphthoquinone which probably occurs in 

the plant as the glucoside of hydrojuglone (1,4,5-trihydroxy

naphthalene). There are many colour reactions for quinones, 

the majority of them based on reactions of the quinonea 

with sulphuric acid, ferr1c chloride or dilute alkali. This 

last reaction 1s the one uaed in this work. 

The 11 juglone" tests are done on bark, fresh leaves and 

often roots of pl ants. About one gram of material (prefer

ably fresh) is chopped and left overnight in a few milli-
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litera of chloroform (enough to cover the material). The 

chloroform is then filtered off and evaporated on a water

bath. The film left on the inside of the test tube is 

taken up in about 3 milliliters of ether; an equal volume 

of dilute aqueous ammonia is added and the tube shaken. 

On standing, the mixture separates into two layera, the upper 

being ether. 

Appearance of a purple colour in the aqueous (lower) 

layer as soon as the ammonia is added indicates the probable 

presence of juglone or of similar quinones. Thomson (priv. 

com., 1959) suggests that under the test conditions, mono

perihydroxynaphthoquinones such as juglone, should give 

a purple colour. Compounds such as droserone (3,5-dihy

droxy-2-methyl-1,4-naphthaquinone) and lawsone (2-hydroxy-

1,4-naphthaquinone) should give a red colour, while 2,3-

dihydroxynaphthaquinones and sorne dihydroxybenzoquinones 

should give blue alkaline solutions. 

In the beginning of the investigation, the colour was 

recorded as soon as the phases had separated after shaking. 

This is recorded as "Juglone (Test A)". It was later found 

that if the tubes are observed in ultraviolet light, 

fluorescence can, in sorne cases, be seen in one or both 

layera. This checking in ultraviolet light has been made 

a regular part of the proceàdre,; these tests are recorded 

as 11 Juglone (Tests A-B)". 

Still later it was discovered that in sorne cas es, 
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a substance which becomes green in contact with ammonia 

diffuses down from the ethereal phase into the ammonia 

layer. A third step was then added to the test; that is 

to allow the tubes to stand for three or four days (with 

occasional shaking) and to record any colour changes. 

These tests are recorded as 11 Juglone (Tests A-C)". 

This test is not specifie for juglone, for as can 

be seen by reference to Thomson's work on quinones (1957), 

there are a few other compounds which fulfill the require

ment of being mono-perihydroxynaphthaquinones. However, in 

this work, it seems certain that juglone (or a very similar 

derivative) is responsible for the development of the pur

pla colours recorded. 

(h) Chromatographie tests for D-slucitol and sedoheptulose 

D-glucitol (sorbitol) is a sugar alcohol which is 

rather widely distributed among members of the Rosaceae. 

Appearance of this compo~nd in the Hamamelidaceae, or in any 

other family presumed to be close to the Rosaceae, would 

greatly strengthen arguments for relating auch familias. 

3edoheptulose is a heptose which is probably present 

in all plants as it is an intermediate in photosynthesis. 

However, presence of sedoheptulose in large amounts seems 

to be a character of taxonomie value (see page 49). 

In this work, alcoholic extracts of leaves were pre

pared by boiling about one gram of finely chopped fresh 

leaf material in 10 milliliters of 75% ethanol tor ten 
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minutes. The extracts were refrigerated until used. 

When the extracts were to be examined, the liquid was 

decanted off the leaves which were then washed with a few 

milliliters of 75% ethanol; this washing was added to the 

original extract. The alcoholic extract was washed with 

petrol ether to remove as much as possible of the chloro

phylle and carotenoids. The extract was then blown to 

dryness under an air jet. 

The residue was taken up in a few milliliters of water, 

and then spotted on strips (7"x21 11
) of filter paper (What

man #1). In each case a pair of chromatograms were pre

pared, one to be examined for glucitol, the other, for sedo

heptulose. 

The chromatograms were run in water-saturated phenol 

until the solvent front was about one inch from the end of 

the paper. The chromatograms were air-dried, and in most 

cases, autoclaved at fifteen pounds pressure for ten minutes 

to remove the last ti!aces of phenol. 

Those chromatograms to be examined for the presence of 

sedoheptulose were sprayed with Bial's orcinol reagent 

( 0.5 g. orcinol, 15.0 g. tr~chloroacetic acid, lOO ml. 

water-saturated butanol; this reagent must be kept under 

refrigeration and be freshly prepared each week.). The 

chromatograms were allowed to dry and were then heated in 

an oven at l00°C. until the position of sedoheptulose was 

shown by the appearance of a blue spot. Comparison of the 
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position of this spot with that of a standard spot of sedo

heptulose which was run on all chromatograms, was taken as 

proof of identity. 

Chromatograms to be examined for the presence of D-gluci

tol were sprayed with bromcresol purple buffered with borate 

(Bradfield and Flood, 1950). D-glucitol appeared as a yellow 

spot on a blue background. Bromcresol purple is a pH indi

cator and is not specifie for glucitol, so it was necessary 

to run a reference spot of glucitol on all chromatograms. 

(i) "Cigarette" and"Hot-Water't tests 

During the course of the investigation, it was found 

that Dagmar Dykyj-Sajfertova had published a paper on the 

relation between the respiratory pigments of plants and 

their phylogenetic position. In this paper (1958) she based 

her work on that of A. V. Blagoveschenskii (1950) who sug

gested that those plants more advanced, either ontogenetically 

or phylogenetically, show a specialized sort of metabolism, 

resulting in the ac cumulation of compounds such as rubber, 

alkaloids, terpenes and similar complex molecules. 

This sort of metabolism, he claims, is correlated with 

the presence of terminal respiratory enzymes of the poly

phenolase t ype ; those plants which are more primitive have 

respiratory enzymes of the peroxidase type. Polyphenolases 

may be located by the d.::;.rkening , v1hen injured, of tissues 

containing them. 
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Dykyj-Sajfertova found that if a lighted ~1garètte 1s 
-

applied to the underside of a green leaf (three seconds for 

the average leaf), a dark ring appears around the heated 

area if polyphenolases are present. This ring ranges in 

co1our from dark brown to inky black. Dykyj-Sajfertova 

classified her resulta in the fo1lowing manner: 

I ••.••• a strong rapià reaction; dark ring in 5-10 sec. 
II ••.•• slower, but strong reaction; ring after l-3 min. 
III .••• slow and weak reaction; ring after 10-15 min. 
IV •.•.• negative; no ring after 30 min. 
*······ ocher yel1ow (referred toby Dykyj-Sajfertova 

as the "Oxa1is reaction", as it appeared in a11 
species.of oxa1is tested) 

The 11 0xalis reaction11 seems to be correlated with an acid 

ce11 sap. 

She found that the intensity of the reaction (darkness 

of the ring) was a constant, characteristic of a species, 

and did not vary with differing ecological conditions. 

In sorne cases, however, o1d 1eaves may react more quickly 

than young ones. 

Another test based on the same principles was also 

used. In this test, the leaf-blades were dipped part-wai 

into water at 90295°0. and he1d there for four or five 

seconds. A darkening reaction, either as a band across the 

top of the dipped part, or as a darkening of the entire 

dipped portion, corresponding to the ring obtained in the 

"cigarette" test, could be seen in many cases. Resulta ob-

tained by this method were often a bit slower than those 

obtained by use of a cigarette. 
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(j) Other sources of information 

It is, of course, true that a great deal of work has 

been done on plant chemistry, but only rarely as a means to 

a taxonomie end. Those plants which contain compounds of 

medicinal or commercial value, such as alkaloids or edible 

oils, have been quite thoroughly investigated, and much in

formation on distribution and composition of such compounds 

is scattered throughout the literature. Compilation of such 

data often gives taxonomically useful results. This is 

especially true of the fats and of the fatty oils (fats 

liquid at room temperature). 

At this point, a brief discussion of fats may be pre

sented. The fatty acids present in plants may be divided 

into several group; i.e., saturated, mono-unsaturated, di

unsaturated, etc. Most of the fatty acids which occur in 

vegetable fats are unsaturated, that is, one or more pairs 

of carbon atoms are linked by double bonds (by triple 

bonds in at least one case}. Whether saturated or unsatur

ated, they are generally straight-chain molecules with an 

even number of carbon atoms, ranging from C6 to C26• These 

fatty acids are esterified with the trihydric alcohol 

glycerol. 

One of the most interesting aspects of fatty acid 

distribution is that certain fatty acids are found only 

in rather limited groups. For êxample, acids of the chaul-



moogric acid series have so far been found only in sorne 

members of the Flacourtiaceae. 

In this investigation, distribution of fatty acids 

was used in discussing the Ulmaceae, Rosaceae and Jugland

aceae. 
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RESULTS 

The results of the experimental work dewcribed 

in the preceding section are presented in tabular form 

under four sub-headings; i.e., (i) Hamamelidaceae, (ii) 

families which have been associated 'lflith the Hamamelida

~ in an order Hamamelidales, (iii) Rbsaceae, (iv) 

"Amentiferae~ The appropriate tables immediately preceed 

the discussion of each sub-division. 

The fractions in the tables and text represent num

bers of genera and included species; i.e., 22/400 sym

bolizes four hundred species representing twenty-two genera. 

The sizes of families given in the large tables are only 

approximations. 



Family HCl/Meth. Leuco-anthocyan. Ehrlich Test Syring. (1 :~ H2SO~~ Test HCN Test Jugl. Tests Fluor. ~luc! itol Sedohept. Cig.& H.-w. Tests ? ... - R + ? •• + .. + 8 Raph. + ? + ? + M + + ... L II III IV OR 

Hamam. 11/23 1/1 11/21 8/18 2/2 10/19 12/214- l+/7 ~/6 C? 
'+/7 14-/8 1/1 7/15 

24/90 3/3 R 

Myroth. 1/1 1/1 1/1 p 1/1 1/1 1/1 1/ 1 C? 
1/1 1/ 1 1/l-2 

P1atan. 1/3 l/3 l/2 1/1 1/3 1/2 1/l 1/ 1 C? 
1/1 1/1 1/2 

1/5 

Cunon. 3/l+ ~/5 1/1 3/l+ 2/2 '+/5 C? 
30/200 3/3 R 

Euptel. 1/2 1/2 1/1 1/2 1/ 2 C? 
1/3 

Staohyur. 1/1 1/1 1/1 1/1 1/1 1/1 1/2 C? l / 2 
1/l+ 1/1 p 

EucODDll. 1/1 1/1 1/1 1/1 1/1 C? 
1/1 

1/1 

Ceroid. 1/1 1/1 1/1 p 1/1 1/1 1/1 1/1 
1/1 1/1 1/1 

1/1 

Trooho. 1/1 1/1 1/1 1/1 
1/l 

Buxao. 4/10 2/2 3/10 2/l+ 1/1 1/1 3/7 1/1 p ~/13 l+/6 1/1 
2/2 1/1 

7,Jll.o 1/100 3/l+ p 

Daphniph. 1/l 1/1 1/1? 1/1 l/1 1/1 C? 
1/25 

Cori ar. 1/1 1/14- l/3 1/1 1/1 1/l+ 1/3 1/1 1/2 C? l /1 1/ 1 
l/13 

Pittos. 5/10 1/1 5/11 11-/8 1/1 p 5/5 l/5Pr 6/17 2/5 2/2 1/1 C? 
1/1 9/200 

~rang. 8/51 11/56 6/7 l+/4 11./8 4/5 3/5 '+/11+ 5/15 8/29 3/5 13/51 6/15 6/15 + 
1/1+ lt/13 7/ 11+ 3/'+ 3/3 2/12 

/500 1/l+BJ. 1/1 R 1/2 p . 1/1? 3/11 p 
1/1 0 

Saxif'rag. 2/2 7/11 2/2 1/1 5/7 1/1 2/ 3 11/26 1/2 2/2 11+/55 2/2 1/1 + 
l+/16 8/20 1/3 l+/l+ 9/ 14 1/ 1 

35/550 1/1 p C? 1/1 

Bl=black, GG=grey-green, M=magenta, O=orange 
OR::"Oxalis reactionn, P=pink, Pr=purp1e, R::red 
C=caleium. oxalate crystals other than r@hides 



(i) The Hamamelidaceae 

(ii) Families which have been associated 
with the Hamamelidaceae in an order 
Hamamelidales 



TABLE III 

Chemical characters of the Cunoniaceae 

Genus and HCl/ 1.-A. Ehr- Syrin- HCN Juel. Fluor. Ra- Gluci- Sedo- Cig.& 
number of spp. Meth. Test li ch gin Test Tests phi des tol hep. H. -Vf. 

Ac kama ( 2) +1 +1 Rl Rl +1 C? 

Callicoma (2) +1 +1 Rl Rl -1 C? 

Ceratopetal1.llll ( 5) +2 +2 Ml R2 -2 C? 
Rl 

Cunonia ( 1) +1 C? 

Davidsonia (1) +1 C? 

Geissois ( 6) -1 C? 

Schizomeria ( 7) -1 C? 

M=magenta; R=red; C=ca1cium oxalate crystals other tahn raphides 



TABLE IV 

Chemical characters of the Buxaceae 

Genus and HCl/ 1.-A. Ehr- Syrin- HCN Jugl. Fluor. Ra- Gluci- Sedo- Cig,.& 
number of spp .. Meth. Test li ch gin Test Tests phi des tol hep. H.-w. 

Buxus (25) - 3 - 5 - 3 - 2 - 5 - 1 - 1 c - 1 IV 1 
p 1 +? 1 

Not(h)6buxus (1) c 

Pachysandra (4) - 3 - 3 - 1 - 3 - 3 - 2 C? - 1 
p 1 
GG 1 

Sarcococca ( 5 ) - 3 - 2 p 2 - 2 - 4 - 2 C? 
+ 1 

Simmondsia ( 1) - 1 + 1 M 1 p 1 - 1 - 1 c 

Sty1oceras (3) C? 

M=magenta; P=pink; GG=grey-green; C=calcium oxalate crystals other 
than raphides 



TABLE V 

Chemical characters of the Pittosporaceae 

Genus and HCl/ L.-A. Ehr- Syrin- HCN Jugl. Fluor. Ra- Gluci- Sedo- Cig.& 
number of spp. Me th. Test li ch gin Test Tests phi des tol hep. H.-w. 

Billardiera (9) - 1 - 1 - 1 - 1 - 2 C? 

Bursaria (3) - 1 - 1 - 1 - 1 - 2 + 1 C? 

Citriobatus ( 4) - 1 - 1 p 1 - 1 - 2 - 1 c 

Hymenosporum (1) - 1 -? 

Pittosporum (70) - 6 - 7 - 5 - 1 - 9 - 4 - 1 c 
? 1 Pr 5 + 1 

So11va (2) - 1 - 1 - 1 - 1 - 1 C? II 1 

P=pink; Pr=purple; C=ca1cium oxalate crysta1s other 
than raphides 



TABLE VI 

Chemical characters of the Hydrangeaceae 

Genus and HCl/ 1.-A. Ehr- Syrin- HCN Jugl. Fluor. Ra- Gluci- Sedo- Cig.& 
number of spp. Meth. Test li ch gin Test Tests phi des tol hep. H.-w. 

-
Anopteru~ (2) + 1 +? 1 R 1 R 1 - 1 -? 

Ba uer a (4) + 1 + 1 M 1 R 1 - 1 -? 

Caq2enteria (1) - 1 - 1 - 1 - 1 - 1 + 1 -? I 1 

Car}2odetus ( 7) - 1 ? 1 0 1 - 1 c 

Decumaria (2) - 1 

Deinanthe (1) - 1 + II 1 

Deutzia (40) - 11 R 1 - 9 -? - 2 I 2 
+? 4 ? 1 
- 2 

Dichroa (10) - 1 - 1 + 1 -? III 1 

Escallonia (60) + 8 + 1 R 5 - 2 -? III 1 
Bl 4 

Fendlera { 3) - 1 - 1 -? 

Hvdran~ea (80) - 9 ? 1 - 1 - 9 - 8 - 3 + 3 + - 3 I 3 
+ 3 + 2 p 1 R 3 II 2 

Itea (6} + 2 + 1 Ml R 1 + 1 c - 1 IV4 

Jamesia (1) + 1 R 1 + 1 - III 1 

(continued on next page) 



TABLE VI 

(contiriued) 

Genus and HC1/ L.-A. Ehr- Syrin- HCN Jug1. Fluor. Ra- G1uci- Sedo-:- Cig.& 
number of spp. Meth. Test li ch gin Test Tests phi des tol he pi H.-w. 

Kirengeshoma (1) - 1 - 1 ? 1 - 1 - I 1 

Philadelphus (50) - 27 - 5 - 2 - 2 - 12 - 8 + 8 -? - 7 I 5 
+ 4 + 5 p 7 ? 3 II 1 

p 2 
Quintinia (5) - 1 c 
Ribes (140) + 31 + 7 M 3 R 16 - 12 - 1 + 1 -? + 4 IV 8 

? 1 p 3 +? 6 + 3 
Schizophragma (4) - 2 - 1 + I 1 

Whipp1ea ( 2) - 1 - 1 - 1 - 1 - 1 + 1 -? I 1 
··---

M=magenta; R=red; B1=black; OR="Oxalis reaction" 
P=pink; C=calcium oxalate crystals other than raphides 



TABLE VII 

Chemical characters of the Saxifragaceae (s.s.) 

Genus and HC1/ L.-A. Ehr- Syrin- HCN Jug1. Fluor. Ra- G1uci- Sedo- Cig.& 
number of spp. Meth. Test 1ich gin Test Tests phi des tol hep. H.-w. 

Aceriphy11um (1) R 1 - 1 OR 1 

Asti1be (20) + 2 R 1 - 4 -? 
+-1 2 

Ber.e:enia (10) + 2 R 4 - 1 -? + 2 III 1 

Boykinia (8) + 1 R 3 - 4 -? - 2 IV2 

Brexia (1) + 1 c 

Chrysosp1enil.liD {60) M 1 - 1 - 1 -? + 1 IV 1 

Francoa (2) - 1 + 1 - 2 -? 

Heuchera (30) + 1 M 1 ? 2 - 7 - 1 -? - 1 - 4 III 1 
R 4 IV1 

Mite11a (10) R 1 - 2 -? - 2 

Parnassia (45) - 1 -? + 1 III 1 
IV 1 

Pe1tiphv11um {1) +? ~ + - 1 IV 1 

Rod.e:ersia (2+) + 1 R 5 - 4 + 4 - 4 II 3 
IV 1 

(continued on next page) 



TABLE VII 

(continued) 

Genus and HC1/ 1.-A. Ehr- Syrin- HCN Jug1. Fluor. Ra- Gluci- Sedo-
number of spp. Meth. Test 1ich gin Test Tests phi des to1 hep~ 

Saxi fr aga 

Tanakea 

Te1lima 

Tiare11a 

To1miea 

-
(325) + 3 M 3 R 3 - 24 -? - 5 

p 1 . ' + 12 !t. 

{ 1) R 1 - 1 -? 

(1) + 1 R 1 - 1 -? - 1 

( 4) +? 1 M 1 R 2 - 2 c 
- 1 +? 1 

{ 1) + 1 M 1 +? 1 - 1 -? - 1 

M=magenta; R=red; OR="Oxa1is reaction"; C=calcium oxalate crystals other 
P=pink than raphides 

Cig.& 
H.-w. 

IV5 

IV 1 

III 1 

IV 1 
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DISCUSSION OF RESULTS 

(i) The Hamamelidaceae 

The first problem is that of establishing for the 

Hamamelidaceae a set of chemical characters which can be 

used as a basis of comparison with other families in the 

same way that morphological or anatomical features can be 

used. 

Of the approximately ninety species in twenty-three 

genera which are included in the Hamamelidaceae [in the 

sense of Harms (1932)] , sorne twenty-five species repre

senting twelve genera and four of the five sub-families 

recognized by Harms have been tested. 

Those species tested (11/21) have been consistently 

positive to the leuco-anthocyanin test; of twenty-five 

species in twe1ve genera tested, on1y one,Sinowilsonia 

henryi Hems., is negative to the HCL/methanol test. Simi-

1arly, nineteen species, representing ten genera, are nega

. tive to the "syringin" test, giving pink or red colours. 

Of four species which showed only yellowing in the xylem, 

one was Sinowilsonia henryi. 

All species tested (12/24) are negative to the HCN 

test. 

Those species tested with the Ehrlich reagent (11/21) 1 

are negative, giving pink, red or magenta co1ours. The 

"jug1one" tests, done on seven species in four genera , 



have all been negative, showing only development of a yel

lo\'IT col our in the aqueous layer. None of tho se species ex

amined (4/6) showed any fluorescence. 

Results of cigarette and hot-water tests (7/15) have 

been recorded as "Oxalis reaction" or delayed "0xalis re-

action". The only exception is Disanthus cercidifolius 

Maxim., which was recorded as "II". 

None of the species examined (4/8} contained detectable 

amounts of glucitol or sedoheptulose. 

Examination of those species on which "syringin" tests 

were done showed no sign of raphides and Metcalfe and Chalk 

(1950) make no mention of their occurrence in any of the 

hamamelidaceous genera. 

The genera tested are arranged in the following manner, 

according to the classification of Harms~ 

Disanthoideae 

Hamamelideae 

Eustigmateae 

Hamamelidoideae Corylopsideae 

Fothergilleae 

Distylieae 

Bucklandioideae 

Liguidambaroideae 

Disanthus 

Hamamelis 
Lorofietalum 
Tric ocladus 

Corylopsis 

Fothergilla 
Parrotia 

Distylium 
Sycopsis 
Sinowilsonia 

Bucklandia 

Liquidambar 
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At the present time, there is no chemical evidence to 

suggest that any of these sub-families should be raised ' to 

familial rank. Various authors have separated from the 

Hamamelidaceae a number of "splinter families", such as 

Rhodoleiaceae, Bucklandiaceae, Altingiaceae, Liquidambara

~' Fothergillaceae, Parrotiaceae and Disanthaceae, but 

there is little evidence to suggest that such extreme 

splitting is warranted. 

Harms (1930) says that Disanthus Maxim. is the most 

primitive member of the familiy, and sets it aside as the 

only genus in the sub-family Disanthoideae. ~ cercidi

folius Maxim., the only species, agrees with the general fa 

familial characters, except in the case of the cigarette and 

hot-water tests, which viere recorded as "II", and the Ehr

lich test which gave a red spot. These are minor differ

ences and do not constitute strong enough evidence to 

raise the Disanthoideae to f amilial rank. 

At the other end of the family, the Liguidambaroideae 

were thought by Harms to perhaps differ enough from the 

rest of the family to be made a family in their own right. 

Altingia Nor., of three south-east Asian species, has not 

been tested. Testing of two of the four species of Liquid

ambar L. shows no departure from the general characters of 

the family. However, all species of Liquidambar, in particu

lar, L. orientalis Mill., produce storax, a resinous material. 



This again, is not strong enough evidence to support the 

creation of a sep~rate family for Liquidambar and Altingia. 

In discussing the anatomical characters of the Hamameli

daceae, Harms (l.c.) mentions sorne fadts which might come 

under the head of comparative chemistry. Although none of 

the genera examined have been reported to contain raphides, 

several do have calcium oxalate crystals of other sorts. 

Harms points out that in the mesophyll of leaves of 

Altingia, Bucklandia, Liquidambar and Rhodoleia, that is, 

in four of the five genera of the Bucklandioideae of Niedenzu 

(1891), clustered crystals occur. In a similar position in 

leaves of the rest of the members of the family, only single 

crystals are found. However, this distinction breaks down 

in considering the distribution of crystals in the stem. 

According to Harms, Liquidambar and Altingia differ 

from the other genera examined in that both have medullary 

secretory canals, a phenomenon seen also in the incompletely 

known genus Ostrearia Baill. It is indeed interesting to 

note that Solereder (1899b) reports the occurrence of 

cluster crystals in the mesophyll of leaves of Ostrearia, 

a fact suggesting that Ostrearia might well be placed in 

or near the Liquidambaroideae of Harms. 

So, examination of representatives of four of the five 

sub-families recognized by Harm~, including four of the five 

tribes of the Hamamelidoidege, indicates that the Hamamelida

ceae form a chemically homogeneous group. 



In brief, one may tentatively say that the chemical 

characters of the Hamamelidaceae are the following: (i) 

they are positive to the leuco-anthocyanin and HCl/methan

ol tests; (ii) they are negative to the Ehrlich test, 

giving pink to magenta colours; (iii) they are negative to 

the "syringin" test, showing development of pink or red 

in the ~lem and bast fibres; (iv) they lack raphides, al

though other types of calcium oxalate crystals are present; 

(v) they are negative to the HCN test; (vi) they are nega

tive to the "juglone" test and show no fluorescence; (vii) 

they do not contain detectable amounts of glu~itDl or 

sedoheptulose. 

(ii) Families which have been associated with the Hamamelida

ceae in an order Hamamelidales. 

Twenty families have been associa~ed with the Hamamelida

ceae in an order Hamamelidales by various authors. These 

families are the Myrothamnaceae, Platanaceae, Cunoniaceae, 

Eupteleaceae, Bruniaceae, Stachyuraceae, Eucommiaceae, ~

cidiphyllaceae, Tetracentraceae, Trochodendraceae, Buxaceae, 

Daphniphyllaceae, Altingiaceae, Coriariaceae, Pittospora

~' Hydrangeaceae, Saxifragaceae, Byblidaceae, Podostema

~ and Hydrostachyaceae. 

Of thirteen authors who have recognized an order Hamam

elidales, eleven have placed the Platanace~ in it, and eight 



have included the Myrothamnaceae. Comparison of the chemi

cal characters of these families with those of the Hamameli

daceae suggests that they are indeed closely related. 

The Myrothamnaceae agree with the Hamamelidaceae in all 

characters tested, while the Platanaceae differ only in the 

presence of cyanogenetic compounds in the three species tested, 

and in a slower reaction to the cigarette and hot-water tests. 

(a) Platanaceae 

The presence of a cyanogenetic compound in species of 

Platanus is no obstacle to relating it closely to the Hamameli

daceae. The extensive investigations of Dillemann (1953) om 

the transmission in interspecific crosses of Linaria of the 

character responsible for the presence of cyanogenetic com

pounds indicates that in this genus, at least, the presence of 

these compounds is determined by a single gene, acting inde

pendently of those controlling morphological characters. If 

this be generally true, cyanogenetic glycosides could have 

arisen quite independently many times during the course of 

evolution. 

The quantity of cyanogenetic compound in Platanus has 

been vividly expressed by Greshoff (1909), who said: 

"Indeed, in the ordinary plane-tree of the London streets 
(P. acerifolia), there is so rouch hydrocyanic acid pre
sent that the amount from every London plane-leaf would 
be enough to kill a London sparrow." 

(b) Cunoniaceae 

Representatives of four genera; viz., Ackama Cunn., 
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Callicoma Andr., Ceratopetalum Smith, Cunonia L., and Schizo

meria Don, have been tested and the results indicate that the 

Cunoniaceae are generally similar to the Hamamelidaceae. 

Several of the cunoniaceous genera are peculiar in that 

they have been reported to accumulate large amounts of alumin

ium; genera especially note-worthy in this respect are Anodo

petalum Cunn., Ceratopetalum Smith, Gillbeea F. Mull., Platy

lophus Don, Schizomeria Don, Spiraeanthemum Gray, and Stollea 

Schlect. (Webb, 1954). 

The chemical similarities between the Cunoniaceae and the 

Hamamelidaceae are not inconsistent with suggestions that these 

two families are related, and there are sufficient correspond

ences in ether characters to make it seem possible that the 

Cunoniaceae should be placed near the Hamamelidaceae. 

{c) Eupteleaceae 

The incomplete evidence available for the Eupteleaceae 

(see table I), based on results obtained from Euptelea ~

andra s.& z. and !• Francheti van Tiegh., suggests that this 

family might be included in the Hamamelidales as Wettstein 

(1935) and ethers have done. 

(d) Bruniaceae 

A striking omission is the fact that results are avail

able for none of the Bruniaceae. Seeds of Berzelia lanuginosa 

Brongniart and Brunia albiflora Phillips were obtained and 

germinated. but at the time of writing the plants were not 



large enough to test. It would be most interesting to test 

mature specimens of bruniaceous plants, as this family rnight 

prove to show many similarities to the Hamamelidaceae. 

Of the five families just discussed, that is, the ~

thamnaceae, Platanaceae, Cunoniaceae, Eupteleaceae and Brunia

~' it seems certain that the first two are closely re

lated to the Hamamelidaceae, a conclusion which is supported 

by chemical evidence as well as by evidence provided by 

other disciplines. The Cunoniaceae and Eupteleaceae show 

similarities with the Hamamelidaceae in regard to chemistry, 

but the Eupteleaceae differ sufficiently in regard to other 

characters to make it ùnlikely that they should be included 

in an order Hamamelidales. 

Reactions given by representatives of these families 

to six tests are shown in the table below~ 

HC1/ t.-A. Syring. Ehrl. HCN Jugl. 
Meth. Test Test Test Test Tests 

Hamam. + + R M 

Mirotham. + + R p 

Platan. + + R M + 

Cunoniac. + + R R + 

Eupteleac. + R 

Bruniac. 

M=magenta; R=red; P=pink 
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Thus, one might tentatively propose an order Hamameli

dales, including the Hamamelidaceae, Myrothamnaceae, Platana

~' and perhaps the Cunoniaceae. This suggestion is 

based on only preliminary evidence, but at our present state 

of knowledge, there is no chemical evidence against, and 

much for such a grouping. 

(e) Stachyuraceae 

Results obtained from Stachyurus chinensis Franch. and 

s. praecox S.& z. are mixed (see table I). Material of s. 
chinensis from two sources has been recorded in one case as 

positive to the HCl/methanol test, in the other case, as 

negative. However, the positive reaction to the "syringin" 

test recorded for s. chinensis is a strong suggestion tbat 

Stachyurus is not closely related to the Hamamelidaceae. 

It would be exceedingly interesting to determine the 

composition of seed oil of Stachyurus, for several authors 

have suggested that the Stachyuraceae are closely related 

to the Flacourtiaceae, which latter family is peculiar in 

that some members contain fatty acids of the chaulmoogric 

acid series. The most common of these are chaulmoogric 

and hydnocarpic acids, which are unsaturated, cyclic acids. 

Benson (1957) includes Stachyurus in his order Violales, 

which is equivalent to the sub-order Flacourtiineae in the 

Parietales of the llth "Syllabus" (1936). Of the other fami

lias which Benson includes in this order (Violales), the 

Canellaceae, Flacourtiaceae, Turneraceae and Passifloraceae 



are known to contain cyanogenetic glycosides (Gibbs, 1954). 

The apparent absence of HCN from Stachyurus suggests that it 

might qe out of place in this series. On the other hand, it 

could be argued that the power of synthesis of cyanogenetic 

compounds has been lost by Stachyurus, as may also be the case 

in the Violaceae, which seem to lack cyanogenetic compounds. 

The mixed results from Stachyurus make it difficult to 

reach any conclusions about its possible relationships with 

the Pittosporaceae or the Q~elliaceae (see page 19}. 

(f), (g}, (h} Cercidiphyllaceae, Eucommiaceae, Trochodendraceae 

The little families Cercidiphyllaceae, Eucommiaceae and 

Trochodendraceae may be conveniently discussed together. 

Cercidiphyllum, Eucommia, Trochodendron and Tetracentron, as 

well as Euptelea, have often been placed together, as by 

Oliver (1S95} who joined them in his family Magnoliaceae, 

or by Hallier (1912) who included them all in his Hamameli

daceae. 

The family Cercidiphyllaceae, that is, Cercidiphyllum 

japonicum s.& z., is negative to the HCl/methanol test (see 

table I). It is also negative to the "syringin" test, show

ing only yellowing in the cortex. On two occasions, c. ~
onicum from McGill has given questionably positive results 

to the leuco-anthocyanin test, although Bate-Smith and Met

calfe (1957} report a clearly positive reaction. 

These reactions to the HCl/methanol and "syringin" tests 
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suggest that Cercidiphyllum is nqt closely related to Eupte

~' as has been thought by Maximowicz (1872) and Prantl 

(1891}. Certainly, these results do not support Solereder 

(1899), who considered Cercidiphyllum and Eucommia to each 

constitute a tribe of the Hamamelidaceae. 

The Eucornmiaceae differ from the Hamamelidaceae in several 

respects (see table I). Eucommia ulmoides Oliv., the only 

member of the family, is positive to the "syringin" and Ehr

lich tests, but is negative to the HCl/methanol test. The 

presence of aucubin as reported by Plouvier (1944), and sug

gested by the positive reaction to the Ehrlich test, is prob

ably the cause of the questionable leuco-anthocyanin test. 

Tippo (1938) suggested that the Eucommiaceae had arisen 

from a deve1opmenta1 line leading from hamamelidaceous ancestors 

to the Urtica1es. He 1ater modified his views, saying that 

the Eucornmiaceae form a direct link between the Hamame1idaceae 

and Urticales and should be included in this latter group, 

close to the U1maceae. 

Chemical evidence suggests that Tippo 1 s ear1ier idea 

is the better. The occurrence in Eucommia of rather substantia1 

amounts of gutta-percha[ 2.35% dry weight of leaves, according 

to Tomaszewska and Tomaszewski (1956)) and of aucubin pre-

sent two peculiarities of metabolism which suggest that it 

is misplaced in being treated as a direct link between the 

Hamamelidaceae and the Ulmaceae. 

It seems unlikely that in a path of deve1opment from a 

hamamelidalian ancestor through a "Eucommia-type" to Ulmus 
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that the power of synthesis of the compound{s) responsible 

for a positive reaction to the HCl/methanol reagent should 

have been lost and then regained, while independently the 

abilities to produce gutta-percha and aucubin were gained 

and then lost. 

In spite of morphological and anatomical evidence to 

the contrary, on chemical grounds it is very difficult to 

imagine Eucommia as a direct link between the Hamamelidaceae 

and the Ulmaceae. Tippo's earlier suggestion that Eucommia 

is an off-shoot of a developmental line leading from the 

Hamamelidaceae to the Ulmaceae is better supported by the 

chemical facts. 

The family Trochodendraceae includes Trochodendron 

aralioides S.& z., and according to sorne authors, Tetra

centron sinense Oliv., as well. The chemical information 

available for this family is based on tests done on Tr. 

aralioides, which is positive to the leuco-anthocyanin and 

HCl/methanol tests. None of the tests used in this work 

have been done on Tetracentron. 

Comparison of the chemical characters of these families 

just discussed, shows that they have only few characters in 

common. The table on the following page shows the characters 

of these families as well as those of Euptelea and of the 

Hamamelidaceae. 

Comparison of these families with the Hamamelidaceae does 

not suggest that Cercidiphyllum or Eucommia should be included 
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HCl/ L.-A. Syring. HCN Ehrl. Cig. 
Meth. Test Test Test Test Test 

Eu corn. ? + + III 

Euptel. + R 

Cercid. ... 1 p III 

Trocho. + + 

Hamamel. + + R M OR 

M=magenta; R=red; P=pink; OR= "Oxalis reaction" 

should be included in the Hamamelidaceae, or even in an order 

Hamamelidales. Trochodendron agrees with the Hamamelidaceae 

in regard to three characters, but differs so greatly in 

morphological and anatomical features to make it very un

likely that Trochodendron should be placwd near the Hamamel-

idaceae. 

Thus one may conclude that each of these four genera 

is best placed in a distinct family, none of which should 

be included in the Hamamelidales. 

(i) Buxaceae 

The family Buxaceae has been included in an arder Hamam

elidales by four authors, while Hallier (1912) actually placed 

the buxaceous genera in his family Hamamelidaceae. 

Thos e members of the Buxaceae tested have all been nega

tive to the HCl/methanol test, although Simmondsia and Sarco

cocca Hookeriana Baill. are positive to the leuco-anthocyanin 
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test (see table IV). The majority of species tested are 

negative to the "syringin" test, and show no development of 

red. The one exception is Simmondsia Californica Nutt. 

which developed a rose-pink colour in the xylem. Ther~ is a 

questionably positive test reported for Buxus sempervirens L. 

van Tieghem (1897) had separated a family Simmondsia

~ (simmondsia only] from the Buxaceae, and there is sorne evi

dence to support this split. The differing reactions of 

Simmondsia to the leuco-anthocyanin and syringin test have 

already been mentioned. 

Simmondsia Californica is of economie importance, 

yielding a "seed oil", actually a non-fatty liquid wax. This 

has been reported by Eckey (1954) to consist chiefly of 

11-eicosenoid acid, 13-docosenoid (erucic) acid, docosenol 

and eicosenol. There are no comparable reports from others 

of the Buxaceae, although the leaf wax of Buxus sempervirens 

is said to be largely myricyl alcohol and palmitic acid. 

Evidence obtained from the distribution of alkaloids 

indicates that Simmondsia is sirnilar to the rest of the fami-

ly. Martin-Sans (1930) reported the presence of alkaloids 

in Simrnondsia, ~achysandra, Sarcococca, Styloceras and Buxus, 

but made no attempt to isolate these compounds. 

On chemical grounds, the Buxaceae cannot be included in 

an order Hamamelidales, as Hutchinson and Takhtajan have done, 

and they can certainly not be placed in the Hamamelidaceae 

as Hallier did. 
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{j) Daphniphyllaceae 

Daphniphyllum Bl., the only member of this family has 

usually been included in the Euphorbiaceae; on chemical grounds 

it is difficult to agree or disagree with this position as 

the Euphorbiaceae give very mixed results. 

D. macropodium Miq., the only species tested, is posi

tive to the HCl/methanol test, and is perhaps positive to 

the leuco-anthocyanin test. The results of this latter test 

are difficult to evaluate, as the leuco-anthocyanin test 

in this case is obscured by rapid blackening of the leaf mater

ial, probably a result of the presence of asperuloside as 

reported by Trim and Hill (1952). 

The chemical characters of D. macropodium show sorne 

similarities to the corresponding characters of the Hamameli

daceae, but the differences in other respects are so sharp 

that it seems most unlikely that the family belongs in the 

Hamamelidales. 

(k) Altingiaceae 

This family has been segregated from the Hamamelidaceae 

by various authors, the first one to do so being Lindley 

(1846), who included in it Altingia Nor. and Liquidambar L. 

Takhtajan (1954) places a family Altingiaceae in his order 

Hamamelidales, but one cannot tell if he would include Liquid

ambar in the family. If both genera be included in the family, 

it is equivalent to the sub-family Liguidambaroideae of Harms, 

which has already been discussed on pages 82 and 83. 
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In any case, there seems to be no doubt that the fami

ly should be included in any order Hamamelidales which is 

proposed. 

(1) Coriariaceae 

Coriaria Niss. ex L., the only member of the Coriaria

~' differs from the Hamamelidaceae in several respects 

( see table I). 

Easterfield and Aston (1901) found in various parts of 

a number of species a poisonous non~nitrogenous glycoside, 

tutin, the empirical formula of which is C17H2007. They 

also found in Coriaria japonica A. Gray an unidentified com

pound, c15H1gü4, which they called coriamyrtin. Maranon 

(1932) later fourtd coriamyrtin in ~. intermedia Matsumura 

and established the empirical formula as c15H1ga 5• Kari

yone and Okuda (1953) confirmed this and determined the 

structuret 

coriamyrtin 
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This is a rather unusual structure and it is difficult 

to assign coriamyrtin to any class of compounds. Karrer (1958), 

in his work on plant constituants, places it among a group of 

miscellaneous substances which have no particular features in 

common. 

The characters of Coriaria, both chemical and morphologi

cal, make it seem most unlikely that Coriaria should be placed 

in the Hamamelidaceae, the family in which Hallier included it. 

(m) Pittosporaceae 

This family belongs to the group negative to the HCl/ 

methanol and leuco-anthocyanin tests. This fact makes it 

unlikely that the family is close to the sub-family Escal

lonioideae of the Saxifragaceae, a position which Rendle (1938) 

and Gundersen (1950) assigned to it. Escallonia and Anopterus, 

two members of the Escallonioideae, are both strongly posi

tive to the HCl/methanol test. The Pittosporaceae are further 

distinguished from the Escallonioideae by the presence of 

cortical resin canals in the former group. 

This combination of chemical and anatomical characters 

strongly suggests that the Pittosporaceae do not belong near 

the Hamamelidaceae and should not be included in an order 

Hamamelidales. 

(n) Hydrangeaceae 

The family Hydrangeaceae of Gundersen is quite mixed 

in regard to chemical characters (see table VI and page 98). 

Of the genera tested, seven are positive to the HCl/methanol 
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test, while ten are negative. Gundersen did suggest that 

the sub-families Iteoideae, Escallonioideae and Ribesioideae 

might be raised to familial rank, but of those sub-families 

presumably remaining in the Hydrangeaceae (s.s.), the Baueroideae 

are positive to the HCl/methanol test and the Hydrangeoideae 

are generally negative. The Pterostemonoideae have not been 

investigated. 

If the genera tested be fitted into Hutchinson's latest 

scheme (1959), in which the woody members of the Saxifraga-

~ (s.l.) are divided among six families, namely, the Hydrange

aceae, Escalloniaceae, Philadelphaceae, Pterostemonaceae, 

Grossulariaceae and Baueraceae, there are still difficulties. 

Of five genera which Hutchinson places in his Escallonia

~' that is, Anopterus Labill., Carpodetus Forst., Escallonia 

Mutis ex L.r., Itea Gronov. ex 1. and Brexia Nor. ex Thou., 

four are HCl/methanol positive, while Carpodetus is negative. 

Similarly, seven members of Hutchinson's Philadelphaceae have 

been tested; all are negative except Jamesia Torr. et Gray, 

which is strongly positive. 

As shown on page 98, comparison of the evidence gi ven 

by the chemical characters with the disposition of the woody 

members of the Saxifragaceae (s.l.) given by Engler (1928 ) 

shows no exact correspondences. 

Ten species of Escallonia have been reported to contain 

asperuloside (Plouvier, 1956). Thi-IJ compound is likely 

responsible for the blue-black darkening noted in leuco-antho-



Comparison of the views of three authors concerning the 

position of the woody saxifragaceous genera 

tested in this work. 

Anopterus 

Bauera 

C arpenteria 

Carpodetus 

Decumaria 

Deutzia 

Dichroa 

Escallonia 

Fendlera 

Hydrangea 

Itea 

Jamesia 

HC1/ Engler (1928) 
Meth. 

' 
Hutchin. (1959) Gunder, (1950) 

+ 

+ 

+ 

Esca11oniod. Esca11oniac. Esca11onioid.? 

Esca11onioid. Esca11oniac. Baueroid. 

Phi1ade1pheae Philadelphac. Hydrangeoid.? 

Escal1onioid. Escalloniac. Escallonioid.? 

Hydrangeeae Hydrangeac. Hydrangeoid.? 

Philadelpheae Philadelphac. Hydrangeoid.? 

Hydrangeeae Philadelphac. Hydrangeoid. 

Escallonioid. Escalloniac. Escallonioid. 

Philadelpheae Phi1adelphac. Hydrangeoid.? 

mixed Hydrangeeae Hydrangeac. Hydrangeoid. 

+ Iteoid. Esca11oniac. Iteoid. 

+ Philadelpheae Philadelphac. Hydrangeoid.? 

Philadelphus mix. Philadelpheae Philadelphac. Hydrangeoid. 

Kirengeshoma Kirengesh-oid. Hydrangeac. Hydrangeoid.? 

Ribes + Saxifragoid. Grossulariac. Ribesioid. 

Schizophragma - Hydrangeeae Hydrangeac. Hydrangeoid.? 

Whipplea Philadelpheae Philadelphac. Hydrangeoid. 
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cyanin tests done on four species. However, results of 

leuco-anthocyanin and Ehrlich tests done on one species 

each of Anopterus and Carpodetus do not suggest that aucu

bin or asperuloside is present in these species. It should 

be noted that both these species give rather unusual reactions 

to the Ehrlich test, Anopterus glandulosa Labill. giving a 

red spot, and Carpodetus serratus Forst. giving an orange 

spot. 

A careful study of the woody genera of the Saxifra

gaceae (s.l.) and of certain genera which have been various

ly placed in the family Cunoniaceae or in a family Escalloni

aceae by various authors, should be made. The available 

chemical evidence does support divisions along the lines of 

the sub-families as described by Engler (192$), but there 

are certain genera which seem out of place in their 

respective groups. The ultimate result will likely be the 

raising of sorne sub-families to familial rank, and a re

disposition of certain genera. 

(o) Saxifragaceae 

There is comparatively little information available con

cerning the chemical characters of members of the Saxifraga

~ of Gundersen, but it indicates that they would be general

ly positive to the HCl/metanol test if they were woody. 

It is questionable if there are chemica l grounds for 

separating the woody and herbaceous members of the Saxifra

gaceae (s.l.) as Gundersen,Hutchinson and ethers have done, 
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although Favarger (1957) who investigated the distribution 

of anthocyanins in the root-caps and apical meristems of 

members of the Saxifragaceae, reports that those lacking 

anthocyanins are all woody. It also seems that accumula

tion of sedoheptulose is generally restricted to herbaceous 

members, although it has been reported from four species of 

Ribes (see tables I, VI, and VII). 

The same may be said for the Saxifragaceae (s.s.) as 

for the Hydrangeaceae; that is, that although they show 

sorne chemical similarities to the Hamamelidaceae, they 

differ sufficiently in morphological characters to exclude 
~ 

them from an order Hamamelidales. 

(p) Byblidaceae, Podostemaceae, Hydrostachyaceae 

Unfortunately, no chemical information is available 

concerning any of these families. 



(iii) Chemical characters of the 
Rosaceae 



TABLE VIII 

Chemical characters of the Rosaceae 

Genus and HCl/ 1.-A. Ehr- Syt.in- HCN Jug1. Fluor. Ra- Gluci- Sedo- Cig.& 
number of spp. Meth. Test 1ich 'gin~ Test Tests phi des to1 hep. H.-w. 

Ac a ena (130) - 2 p 2 R 2 - 7 - 2 - 1 -? + 1 - 1 III 1 

Agrimonia (10) + 1 - 3 -? I I 1 

Alchemi1la (75) - 1 -? I II 1 

Ame1anchier (15) + 3 + 3 M 2 R 1 + 7 - 2 + 2 -? I 3 

Aronia (3) + 1 R 1 + 3 -? 

Cercocarpus (10) + 2 + 1 Ml R 2 + 3 - 2 -? 

Chaenomeles ( 3) + 2 + 1 M 1 R 1 + 3 - 2 - 1 -? + 2 - 2 
p 1 + 1 

Chamaemeles ( 1) + 1 

Chrysobalanus ( 4) + 1 + 1 M 1 R 1 - 1 c - 1 

Cotoneaster (50) + 5 + 6 R 5 R 4 + 21 - 4 - 1 -? + 6 - 3 I 7 
+ 3 III 1 

Cowania (3) M 1 

Crataee:.us (lOO) + g + 7 M 5 R 3 - 5 - 7 - 2 -? + 4 - 2 I 7 
- 1 p 2 + 7 + 5 

Cydonia ( 5) + 1 + 2 M 1 R 1 + 3 - 1 + 1 -? I 2 

Docynia (3) + 1 R 1 + 1 

Drvas (2) + 1 R 1 - 1 



TABLE VIII 

(continued) 

Genus and HCl/ 1.-A. Ehr- Syrin- HCN Jugl. Fluor. Ra- Gluci- Sedo- Cig.& number of spp. Meth. Test li ch gin Test Tests phi des tol hep. H.-w. 

Emolectocladus (1) •? 

Eriobotrva (12) + 1 + 1 p 1 R 1 + 1 -? + 1 - 1 

Exochorda ( 3) + 2 + 2 R 2 + 3 -? 

Fa11u.e:ia ( 1) - 1 

Fra.e:aria (10) + 1 -? III 1 

Geum (40) + 1 -? I 1 
- 4 II 1 

Heterome1es ( 2) + 1 + 1 R 1 + 1 -? 

Ka.e:eneckia (3} + 2 

Kerria (1) + 1 + 1 M 1 + 1 - 1 - 1 -? + 1 - 1 

Lyonothamnus (1) + 1 R 1 - 1 -? 

Malus (15) + 2 + 3 p 2 R 2 + 1 - 1 - 1 -? + 1 II 1 
- 2 

Mes pi lus (40) + 1 -? II 1 

Nei11ia (6) + 5 + 1 M 1 R 6 - 5 - 1 + 1 c II 1 

Neviusia (1) + 1 - 1 Rl + 6 -? 

Nuttallia (1) + 1 -? 



TABLE VIII 

(continued) 

Genus and HC1/ L.-A. Ehr- Syrin- HCN Jug1. Fluor. Ra- G1uci- Sedo- Cig.& 
number of spp .. Meth. Test li ch gin Test Tests phi des tol hep. H.-w. 

Osteome1es (10) + 2 + 2 M 2 R 2 + 1 - 1 -? + 2 - 1 
- 2 

Peraolnrllum. (1) + 1 

Photinia (JO) + 2 R 2 + 7 -? 

Phvsocarpus (5) + 1 R 1 - 2 -? 

Potentilla (300) + 3 + 20 M2 R 3 - 4 - 1 - 1 -? II 1 
- 9 p 1 IV 1 

Poterium (1) - 1 

Prinseoia (1)? + 3 R 1 + 2 
- 2 ? 1 

Prunus (85) + 12 + 9 Ml R 9 + 25 - 7 + 7 -? + 7 - 5 I -IV 
- 1 p 8 

Pygeum (20} + 3 -? 

Pvracantha (3} + 2 R 2 + 2 -? + 2 
- 2 

Pvrus (65) + 2 + 3 R 2 + 11 -? + 4 I 3 
- 2 II 2 

Quil1a.ia (3} + 1 p 1 - 1 B 1 -? - 1 - 1 

Rhaphiolepis (4) + 2 + 1 p 1 R 2 - 3 - 1 -? 

Rhodotvous (1}? + 1 + 1 R 1 + 3 -? 

Rosa (150) + 4 + 9 M 4 R 4 + 1 - 1 + 1 -? - 0 !-III 
- 2 - 1 - 4 OR 1 



TABLE VIII 

(continueà) 

Genus and HCl/ L.-A. Ehr- Syrin- HCN Jugl. Fluor. Ra- Gluci- Sedo- Cig.& 
number of spp. Meth. Test li ch gin Test Tests phi des to1 hep. H.-w. 

-
Ru bus (225) + 1 - 2 M 1 R 1 - 6 - 1 - 1 -? !-III 

Sanguisorba (JO) - 1 -? II 1 

Sor bus (80) + 6 + 3 M 2 R 2 + 3 - 2 - 1 -? + 4 I 1 
p 2 + 1 II 2 

Spiraea (50) + 11 + 10 M4 R 10 - 10 - 3 + 2 -? II 8 
p 3 - 1 + 5 

Ste:ehandra (3) + 1 R 1 - 1 

Stranvaesia (7) + 1 R 1 + 2 

M=magenta; R=red; OR="Oxalis reaction"; B=blue; C=calcium oxalate crystals other 
than raphides 
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(iii) Chemical characters of the Rosaceae 

Since the Hamamelidaceae have so often been placed 

near the Rosaceae, the chemistry of this latter family was 

investigated. 

The Rosaceae are a large group which is divided into 

six sub-families in the llth "Syllabus" (1936). This classi-

fication is followed in this discussion. 

sub-family 
I Spiraeoideae 

II Pomoideae 

III Rosoideae 

IV Neuradoideae 

V Prunoideae 

VI Qhrysobalanoideae 

tribes 
Spiraeeae 
~uillajeae 
olodisceae 

Kerrieae 
Potentilleae 
Filipenduleae 
Cercocarpeae 
Sanguisorbeae 
Roseae 

Division of the Rosaceae according to the llth "Syllabus" 

The Rosaceae have been rouch split, each of the sub

families having been raised to familial rank at one time or 

another. However, the most recent authors keep the family 

intact, although sorne do exclude the Chrysobalanoideae. 

Members of five of these s ix sub-families have been 
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tested. Only the Neuradoideae are not represented, although 

this group would be particularly interesting to test. The 

two genera, Neurada L. and Grielum L., which are included in 

this sub-family have sometimes been placed in the Gerania-

~· Agardh (1858) who recognized a family Neuradeae, said that 

it is quite similar to the Geraniaceae. However, Engler (in 

Focke, lS$$) said that the Neuradoideae are close to the 

Rosoideae and are possibly derived from the Potentilleae. 

In regard to reaction to the HCl/methanol test, leuco

anthocyanin test, Ehrlich test and "syringin" test, the five 

sub-families investigated form a homogeneous group. Those 

species tested are positive to the HCl/methanol and leuco

anthocyanin tests, give magenta spots with Ehrlich's reagent 

and give a red reaction to the "syringin" test. It should 

be mentioned that the information available for the Chryso

balanoideae in reg2rd to these tests is based only on 

Chrysobalanus Icaco L. (see table VIII). 

However, if certain ether sorts of compounds be con

sidered, it is seen that the sub-families do show sorne 

differences. Cyanogenetic compounds seem to be restricted 

to the sub-families Spiraeoideae (Spiraea, Exochorda and 

Kageneckia~, Pomoideae (except Rhaphiolepis), Rosoideae 

(tribes Kerrieae, Cercocarneae, and Potentilleae (GeumJonly 

and Prunoideae. D-glucitol ha s so far been found only in 

members of the Prunoideae, Pomoideae and Rosoideae (tribe 

Sanguisorbeae). Distribution of these compounds is shown 
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in Appendix I. 

The Prunoideae and the Pomoideae have often been separated 

from the Rosaceae (s.1.) as distinct fami1ies. The Prunoideae 

have been set apart as the Amygda1aceae (Bart1ing, 1830) and 

Drupaceae (de Candolle, 1805). The Pomoideae or sorne of the 

members of the sub-fami1y, have been placed in fami1ies Poma

~ (Richard, 1808), Mespilaceae (Schultz, 1832) and Mala-

~ (Small, 1903). 

These groups do seem to differ from the rest of the 

Rosaceae in that they contain both glucitol and cyanogene

tic compounds, and it is poss ible that they should be made 

distinct f amilies. 

As mentioned on page 69, Endlicher (1840) noted that 

the "Amygdaleae" contain hydrocyanic a cid and said that this 

is one feature distinguishing them from the "Chrysobalaneae" 

which lack it. However, ten years earlier Lindley (1830) 

had also recognized this difference and said that the pre

sence of HCN in the Amygdalaceae distinguished them from the 

Leguminosae and the "Chrysobalaneae". Indeed, Lindley 

attached so much importance to this character that he charac-

terized his family Amygdalaceae as: 

"Polypetalous dicotyledons, with a superior solitary 
simple ovarium having a terminal style, regular peri
gynous indefinite stamens, a drupaceous fruit, an ex
albuminous suspended seed, and alternate stip~ate 
leaves yielding hydrocyanic acid." 

Al though many genera of the Rosaceae have been types of 
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families, there is, in general, insufficient chemical evi

dence to permit one to reach any conclusions concerning the 

validity of these segregations. However, there is one notable 

exception. 

The sub-family Chrysobalanoideae has been made a fami-

ly by several authors, the first to do so being Brown (làlàb). 

Chrysobalanus Icaco L. lacks glucitol and cyanogenetic com

pounds, but this is not conclusive evidence that it differs 

from the other members of the Rosaceae (s.s.). If, however, 

the composition of seed oils be considered, it is seen that 

at least three genera of the,Chrysobalanoideae are dis

tinctive in this respect. 

Comparison of the principal fatty acids in seed oils 

from various species in four sub-families (no information 

available on the Spiraeoideae or Neuradoideae) shows that 

the Chrysobalanoideae differ sharply from the ether three 

sub-families considered. 

In all cases recorded, seed oils from members of the 

Prunoideae, Pomoideae and Rosoideae have contained either 

oleic or linoleic acid in the largest quantity (see Appen

dix II). 

Records from three genera of the Chrysobalanoideae show 

that the seed oils are chiefly composed of acids of the c1g 

series; i.e., elaeostearic acid, licanic acid and parinaric 

acid. The first two are octadecatrienoic acids while parin

aric acid is an octadecatetraenoic acid, the only one known 
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from a vegetab1e fat. Licanic acid is unique in that it 

cont~ins a ketonic group. 

Consideration of these seed oi1s throws 1ight on the 

proper position of at 1east one genus. Lind1ey (1853) in

c1uded Prinsepia Roy1e in his farni1y Ohrysoba1anaceae, but 

the fact that E· uti1is Roy1e contains HCN and has o1eic and 

lino1eic acids as the main constituents of the seed fat 

suggests that Lindley was in error. These findings do sup

port those authors who place Prinsepia in the Prunoideae. 

Thus the present chemical evidence suggests that if 

the Chrysobalanoideae be excluded, the Rosaceae form a quite 

homogeneous group. Reactions of members of the five sub

families to sorne of the tests used are shown in the chart 

below: 

HCl/ L.-A. 
Meth. Test 

Spiraeoid. + + 

Pomoideae + + 

Rosoideae + + 

Prunoideae + + 

Chr!sobal. + + 

HCN 
Test 

+ 

+ 

+ 

+ 

Gluci
tol 

+ 

+ 

+ 

Lican.& 
Par. acids 

+ 

Comparison of the characters of the Rosaceae (excluding 

the Chrysobalanoideae~ with those of the Hamamelidaceae sug

gests that these two families are probably not so closely re-
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lated as to be placed in the same order. The two families 

are compared in regard to six characters in the table below! 

Hamamel. 

Rosaceae 

HCl/ 
Meth. 

+ 

+ 

1.-A. 
Test 

+ 

+ 

Syring. HCN 

R 

R + 

Gluci
tol 

+ 

Fluor. 

+ 

However, it does seem likely that the Hamamelidaceae and 

the Rosaceae are related, and there is no chemical evidence 

which would indicate that the Hamamelidaceae could not have 

been derived from rosalian ancestors. 

In discussing the families which have been included in 

an order Hamamelidales, seven of the families which are in

cluded in the Rosales in the llth "Syllabus" have been men

tioned. As material of a member of yet another family which 

Engler and Diels (1936) place in the Rosales was available, 

this was also tested. 

The little family Crossosomataceae (Engler, 1897) includes 

only Crossosoma Nutt. with two or three species. Good mater

ial of~ californicum Nutt. was available at McGill and a 

complete series of tests was carried out. 

Results from c. bigelovii s. Wats. amd c. californicum 

Nutt. indicate that the family is negative to the HCl/methanol 

and leuco-anthocyanin test. c. californicum is negative to 

the HCN and "juglone" tests and shows no fluorescence. It 
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does not contain detectable amounts of glucitol and gives a 

rather weak reaction (III) to the cigarette and hot-water 

tests. The most striking feature of both species is that 

they are strongly positive to the "syringin" test. In the 

case of ~. californicum, syringin was identified chromate~ · 

graphically. 

These results offer no support for placing the Crosso

somataceae near the Rosaceae. However, they do support 

those who feel that the Crossosomataceae are related to the 

Paeoniaceae. Three species of Paeonia are negative to the 

HCl/methanol test and these same three species have been re

corded as being questionably positive to the "syringin" test. 

This is not conclusive evidence, but it does suggest that 

Crossosoma does not belong in the Rosales. 

Of the seventeen families included in the Resales of 

the llth "Syllabus", nine, that is, Saxifragaceae, Pitto

sporaceae, Cunoniaceae, Myrothamnaceae, Hamamelidaceae, 

Eucommiaceae, Platanaceae, Crossosomataceae and Rosaceae, 

have been discussed. 

These families show no degree of homogeneity, six being 

positive to the HCL/methanol test, and three, negative. 

They are equally mixed in regard t o other characters. The 

Pittosporaceae, Eucommiaceae and Crossosomataceae in particu

lar, seem to be out of place in the Resales. 

Thus it seems that the Resal es are a r ather unnatüral" 

group, and that a rearrangement of these families should 

be made. 



(iv) The "Amentiferaen 



Family HCl/Meth. Leuco-anthocyan. Ehrlich Test Syring. (1:1 H2SO~) Test HCN Test Jugl. Tests Fluor. Ra ph. Glue itol Sedohept. Gig. & H.-W. Tests + ? .. + ? + M + ? • R + ? + .. + .. + - + - I II III IV OR 

Ga.r:ryac. 1/7 1/~Bl 1/1 l/3Gr 1/2 1/lf.P 1/5 1/~ 1/5 c 1/1 
1/13 l/2G 

11/1 Leitner. 1/1 1/1 1/1 p 1/1 1/1 1/1 1/1 c 1/1 1/1 1/1 

11/1 Casuar. 1/2 1/3 1/1 1/2 1/1 1/2 1/1 1/1 
1/35 1/1 p 

Salicac. 2/8 2/9 2/2 1/1 1/2 2/2 2/2 2/2 C? 1/1 2/2 2/lt 2/2 2/2 2/180 1/1 p 

Jugland. 5/23 1/2 1/2 ~/11 1/lBl 1/2 2/2 1/2 ~/7 lt/13 ~/17 3/8 2/2 3/13 C? 3/9 3/9 3/9 2/2 1/6 1/1 6Ao 3/7 p 1/lP 1/1 R 

2/9 1/2 2/3 p 
1/1 "' 1/1 Myricac. 1/2 1/1 

2/lt5 l/2P 1/2 1/lR 1/2 2/2 C? 
1/lf.G 

Betulac. 5/32 5/2~ 2/2 1/1 y 2/2 M -----,-;--

5/17 1/lf. 5/17 2/3 3/3 3/5 6/100 ~/19 p )/t 5i-28 fi;s - 3-;-7- 51-l-T- œ 
2/2 R 1/lP l/2RO 

219 -- 1/lf.G 
5/35 1/2 2/16 2/3 1/5 

1I3 218- 2113- 216 Fagac. y;ro 6/4-oO 3/16 p 
3/lSP 5/2~ 3/20 1/7 3/16 C? 

1/1 2/6 2/5 2/2 1/3 1/lf. G 1/1 2/5G 
3/lf. 

Ulmac. 5/13 i ~/5 ~/5 2/5 13/130 2/lf. p 
2/6 2/5 1/2 1/3 5/8 6/9 2)f2 ~/5 Gy 

1/1 ~A 1/1 1/1 1/lGG 1/1 -l '"" 2/2P 
2/2 1/2 

Urticae. 
1 

lJ.o/500 2/2 p 
1/1 1/1 5/6 2/2 1/1 Gy 

~oraceae 1/5 5/7 3/7 8/13 ~/6 1/2 
1/2 ~/5 1/1 2/lf. 2/2 1/1 

j 55/000 3/3 p 
5/5 1/1 6/llt 6/12 2/7 1/5 

Bl=black, C=calci 1.m1 oxalate c:rystals other than 
raphides 

Cy'=cystoli ths, G=green, GG=grey-green, M=magenta 
Pa:pink, R=red, RO=red-orange, Y=yellow-green 
OR."Oxalis reaction" , Gr=grey 



Genus and 
number of spp. 

Populus (20) 

Sali x (160) 

HCl/ L.-A. Ehr
l\~eth. Test li ch 

+ 5 + 3 M 1 

+ 3 + 6 M 1 
p 1 

TABLE X 

Chemical characters of the Salicaceae 

Syrin- HCN 
gin Tèst 

- 1 

R 1 + 2 
- 1 

Jugl. Fluor. Raph-
Tests ides 

- 1 - 1 C? 

- 1 - 1 C? 

Gluci- Sado- Cig.& 
tol hep. H.-w. 

- 1 - 1 I 3 
II 1 
III 1 

- 1 I 1 
II 1 
III 1 

f!.1=magenta; R=red; P=pink; C =calcium oxalate crystals other th an raphides 

TABLE XI 

Chemical characters of the Myricaceae 

Genus and HCl/ L.-A. Ehr- Syrin- HCN Jugl. Fluor. Raph- Gluci- Sedo- Cig.& 
number of spp. Meth. Test li ch gin Test Tests ides tol hep . H.-w. 

--
Comptonia (1) + 1 p 1 R 1 R 1 - 1 C? 

Myrica {40+) + 8 + 2 p 2 p 2 - 2 G 4 - 1 c - 1 - 1 IVl 
- 2 + 2 

P=pink; R=red; G=green; C=calcium oxalate crystals other than raphides 



TABLE XII 

Chemical characters of the Jug1andaceae 

Genus and HC1/ 1.-A. Ehr- Syrin- HCN Jugl. Fluor. Ra- G1uci- Sedo- Cig.& 
number of spp. Meth. Test li ch gin Test Tests phides to1 hep. H.-w. 

A1faroa ( 1) -? 

Carva (12) + 9 + 6 M 1 R 3 - 7 - 6 - 6 -? - 5 - 6 IV 6 
p 4 + 2 + 2 OR 1 
R 1 

Enge1hardtia (10) + 1 + 1 M 1 R 1 - 1 - 1 - 1 -? III 1 

Jug1ans (12) + 9 + 3 p 2 p 1 - 4 + 11 - 6 -? - 3 - 2 I I 6 
? 2 B1 1 - 2 - 2 III 1 
- 2 

P1atvcarva (2) + 1 R 1 + 1 + 1 -? II 1 

Pterocarva (4) + 3 + 1 p 1 R 2 - 1 + 3 -? - 1 - 1 II 2 
- 1 

M=magenta· R=red· P=pink· B1=b1ack· OR="Oxa1is reaction!' 
' ' ' ' 



TABLE XIII 

Chemical char~cters of the Betulaceae 

Genus and HC1/ 1.-A. Ehr- Syrin- HCN Jug1. Fluor. Ra- Gluci- Sedo- Cig.& 
number of sppl Meth. Test li ch gin Test Tests phides to1 hep. H.-w. 

Alnus (25) + 6 + 5 M 1 R 3 - 6 - 3 + 2 -? - 4 - 4 I 2 
- 1 p 4 RO 2 - 3 II 1 

(40) 
III 3 

Betu1a + là + 13 p 12 R 13 - 15 - 9 - 9 -? - 9 - 9 I-IV 
R 1 G 4 + 4 + 4 
y 1 

C arpirnls (21) + 3 + 1 p 2 p 1 - 3 - 2 - 1 -? - 2 - 2 I 1 
- 1 + 1 III 1 

Cory1us (à) + 4 + 4 M 1 R 2 - 3 - 3 - 3 -? - 1 - 1 II 1 
. p 1 III 1 

Ostrya {4) + 1 + 1 R 1 - 1 - 1 - 1 -? - 1 - 1 II 1 

Ostryopsis {2) -? 

M=magenta; R=red; P=pink; RO=red-orange; Y=yellow-green; G=green 



TABLE XIV 

Chemical characters of the Fagaceae 

Genus and HCl/ 1.-A. Ehr- Syrin- HCN Jugl. Fluor. Ra- Gluci- Sedo- Cig.& 
number of spp. Meth. Test li ch gin Test Tests phi des tol hep. H.-w. 

-
Castanea (40) - 2 - 3 p 2 p 2 - 2 - 1 - 3 C? - 3 - 3 III 1 

+ 1 - 1 G 2 IV 2 

Castanopsis (35) + 1 p 1 - 1 C? 

Fagus (4) + 1 + 2 p 1 - 1 - 1 - 1 C? - 1 - 1 II 2 

Lithocarpus (lOO) + 1 C? 

Nothofa.e:us (12) - 1 C? 

Quercus (300) + 31 + 14 M 5 p 15 - 19 - là - 12 c - 6 - 9 II 6 
- 6 p 13 G 3 + 7 III 12 

- 2 IV 4 

M=magenta; P=pink; G=green; C=calcium oxalate crystals other 
than raphides 



TABLE XV 

Chemical characters of the Urticaceae 

Genus and HCl/ L.-A. Ehr- Syrin- HCN Jugl. Fluor. Ra- Gluci- Sedo- Cig.& 
number of spp. Me th. Test 1ich gin Test Tests phides to1 hep. H.-w. 

-
Boehmeria (60) ? 1 Cy 

Gesnouinia (1} + 1 + 1 M 1 R 1 - 1 - 1 Cy 

Laportea (40) - 2 + 
Cy 

Pari et aria (7) + 1 - 1 Cy I 1 

Pi1ea (140) + 1 p 1 - 1 Cy 

Pro cris ( 5) + 1 GG 1 - 1 - 1 + 1 Cy 

Urtica (JO) - 1 p 1 - 1 Cy I 1 
II 1 

M=magenta; R=red; P=pink; GG=grey-green; Cy=cysto1iths 



TABLE XVI 

Chemical characters of the Ulmaceae 

Genus and HCl/ L.-A. Ehr- Syrin- HCN Jugl. Fluor. Ra- Gluci- Sedo- Cig.& 
number of spp. Meth. Test li ch gin Test Tests phi des tol hep. H.-w. 

-
Aphananthe ( 5 ) c 

Celtis (75} - 5 - 3 Gr 4 - 5 - 1 - 2 - 2 Cy - 2 - 2 II 2 
? 1 ? 1 ? 3 

Hemiptelea (1} + 1 ? 1 p 1 p 1 - 1 - 1 - 1 C? - 1 - 1 I 1 

Planera (1) + 1 p 1 - 1 - 1 - 1 c 

Trema (30) + 1 - 1 + 2 - i + 1 Cy 
- 1 

Ulmus (18} + 8 + 4 p 3 R 3 - 3 - 3 + 1 c - 1 - 1 I 4 
II 1 

Zelkova (4) + 2 + 1 M 1 R 2 - 2 - 1 - 1 c - 1 - 1 II 1 

M=magenta; P=pink; R=red; Gr=grey; C=calcium oxalate crystals other 
Cy=cystoliths than raphides 



TABLE XVII 

Chemical characters of t he 1<1oraceae 

Genus and HCl/ 1.-A. Ehr- Syrin- HCN Jugl. Fluor. Ra- Gluci- Sedo- Cig.& 
number of spp. Meth. Test li ch gin Test Tests phides tol hep. H.-w. 

-
Artocarpus (60) + 1 c 

Brosimum (10) - 1 - 1 p 1 - 1 - 1 - 1 + 1 c 

Broussonetia ( 3) - 1 - 1 Cy - 1 

Cannabis (1) - 1 - 1 -? I II 1 

Cudrania (4) - 2 c 

Dorstenia (120) - 2 p 1 - 1 - 1 - 1 c 

Ficus (800) + 5 + 5 M 2 R 1 - 7 - 6 + 6 Cy - 2 - 2 I II 1 
- 3 p 1 - 1 I V 1 

- 2 
Humulus (2) + 1 -? I 1 

Maclura ( 1) - 1 - 1 - 1 - 1 - 1 c - 1 II 2 

Malaisia (2) - 2 Cy 

Morus (12) - 3 - 2 - 2 - 2 - 2 - 2 Cy - 1 II 2 

Pseudolmedia ( 5 ) - 1 - 1 - 1 - 1 - 1 - 1 - 1 ~? 

M=magenta; P=pink; R=red; C= calcium oxalate crystals other than r aphides 
Cy=cystoliths 
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(iv) The "Amentiferae" 

In this discussion, the "Amentiferaen include eleven of the 

first thirteen orders of dicotyledons according to the llth 

"Syllabus"; that is, Verticillatae, Salicales, Garryales, 

Myricales, Balanopsidales, Leitneriales, Juglandales, Juliani

ales, Batidales, Fagales and Urticales. 

Sorne authors consider these orders to form a natural 

group, while ethers feel that they have had varied origins, 

showing sirnilar features as the result of convergent evolu-

tien. 

The nAmentiferae" are a group of plants, generally woody, 

which have simple flowers, naked or haplochlamydeous, gathered 

into catkins or aments in most cases. Sorne taxonomists, 

notably Engler, have felt that these plants have primitively 

simple flowers and have therefore placed them at the beginning 

of the dicot.yledons. Others feel that the apparently prirni~ 

tive characters are the result of reduction, many believing 

that a number of the amentiferous orders have been derived 

from hamamelidalian ancestors. 

The families which have been investigated form, with 

two striking exceptions, a chemically homogeneous series. 

The families Garryaceae and Leitneriaceae are negative to 

the HCl/methanol test, \'lhile members of the other nine fami

lies tested are generally positive. 

(a) Garryaceae 

The family Garryaceae includes only Garrya Dougl. with 
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about thirteen species. Those species tested (7) are nega

tive to the HCl/methanol test, although two of them, G. 

fadyenii Hook. and G. fremontii Torr., shovled development 

of a pink colour in the cortex when nsyringin" tests were 

done. 

Leuco-anthocyanin tests done on four species gave ques

tionable results, being obscured by rapid darkening of the 

leaf material •• This is probably caused by aucubin which has 

been reported from six species. Ehrlich tests on G. Lind

heimeri Torr. and ~. f adyenii Hook. were positive, although 

G. elliptica Dougl. ex Lindl. and G. rigida gave grey spots. 

All species tested hage been negative to the HCN and 

"juglone" tests. When tljuglone" tests were done on bark of 

G. fremontii and G. veatchii Kellogg , a deep green colour 

slowly developed in the aqueous (lower) layer. A similar 

phenomenon has been seen in species of Quercus, Castanea, 

Betula and fviyrica, but it is not known what substance or 

substances are responsible for t his greening . 

A number of interestin diterpenoi d alkaloids have been 

reported from Garrya, among them, garryine, veatchine, garry

foline and cuauchichici ne (Wiesner et al, 1952; Djer assi et 

al, 1955). 

These results suggest that Garrya does not belong among 

the amentiferous famili es (see t able IX) and certa inly has no 
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close connection with the Hamamelidaceae. It therefore seems 

that the family is best placed near the Cornaceae, a position 

to which Moseley and Beeks (1955) have assigned it, or even in 

the Cornaceae. 

The presence of aucubin in Garrya strengthens this view, 

for aucubin was first found in the genus Aucuba which is usual

ly included in the Cornaceae. However, aucubin in Garrya does 

not constitute evidence against relating it to the Rubiales, 

as suggested by Gundersen (1950),for aucubin has been found in 

Ru bi a. 

(b) Leitneriaceae 

Leitneria floridana Chapm., the only member of the family, 

is negative to the HCl/methanol and leuco-anthocyanin tests, 

facts which suggest that it belongs neither among the "Amenti

ferae" nor near the Hamamelidaceae. 

(c) Casuarinaceae 

Results from three of the approximately thirty-five 

species of Casuarina, that is, Q. eguisetifolia L., Q. glauca 

Sieb. and c. torulosa ( Dryand. i~ Ait., indicate that the 

family is positive to the HCl/methanol and leuco-anthocyanin 

tests (see table IX). 

This evidence is not inconsistent with inclusion of the 

Casuarinaceae among the amentiferous orders. 

(d) Salicaceae 

Those members of the Salicaceae which have been tested 

are generally positive to the HCl/methanol and leuco-antbo-
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cyanin tests, and show development of a red colour in aqueous 

sulphuric acid. Sorne characters of the family are shown in 

table x. 

Cyanogenetic compounds have been reported to occur 

in Salix amygdalina 1. and s. triandra L. (synonymous with s. 
amygdalina according to the Index Kewensis] by Henry (1906), 

but these reports couod not be checked and should perhaps, 

be regarded with doubt. 

The Salicaceae are particularly rich in phenolic and 

flavonoid glycosides. One phenolic glycoside, salicin, is 

tnown to occur in both Salix and Populus, while the closel y 

related compound populin, has been reported from six species 

of Populus and one species of Salix. The report of populin 

from S. purpurea L. should, pe rhaps, be questioned. 

6-o--
sal icin populi n 

Picein, the glucoside of p-hydroxyacetophenone, has 

been reported from species of both Salix and Popul us and 

chr ysin (5,7-dihydroxyflavone ) is known f r om s everal species 

of Populus. 

The di stribution of salicin a nd populin sugge sts t hat 

Salix and Populus a r e closely r elat ed . Rosent haler (1948) 

points out that salicin occurs in Salix, the ol der genus 
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of the two, while the more complex substance, populin, 

which is benzoyl salicin, occurs in the younger genus 

Populus. 

Populin is known only from this family, although sali

cin has been reported to occur in such diverse species as 

Viburnum prunifolium, Genista monosperma, and Filipendula 

ulmaria. 

The fact that either salicin or populin has been re

ported from every species of the Salicaceae investigated, 

but from no ether amentiferous family, rather supports the 

suggestion o~ Hjelmqvist (1948) that the Salicaceae may 

stand somewhat apart from the rest of the "Amentiferae". 

However, there is no chemical evidence which suggests that 

the fami1y should be removed from the "Amentiferae". 

Four families, ~trricaceae, Juglandaceae, Betulaceae 

and Fagaceae, may now be convehien-t_ly" treated together. . 

The Myricaceae and Juglandaceae have been joined in an order 

Juglandales by Rendle (1938) and Gundersen (1950), while the 

Betulaceae and Fagaceae are usually placed together in the 

order Fagales. 

(e) Myricaceae 

The family Myricaceae belongs to the HCl/methanol posi

tive series ( see table XI). The: most distinctive feature seen 

in the chemistry of this family is the development in the 

aqueous layer of "juglone" tests of a deep green colour. 

The colour appears gradually over a period of days, and seem

ingly is caused by the slow diffusion downward of some corn-
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pound originally dissolved in the ethereal phase. It was 

noted in tests done on Myrica cerifera (bark), M. Gale (bark) 

and M· Harwegii (bark). The same, or a very similar phenome

non, has been observed in species of Betula, Quercus, Castanea 

and Garrya. 

It was first thought that a flavonoid might be responsi

ble for this greening, an idea based on the fact that alkaline 
of myricitrin 

solutions~are green. Furthermore, species of Myrica, Betula, 

and Quercus are known to contain flavonoids, myricitrin having 

been reported from~. Gale, M. Nagi and M· rubra, while 

quercitrin is known to occur in species of both Betula and 

Quercus. 

Accordingly, four flavonoids, chrysin, hesperidin, quer

cetin and quercitrin, as well as chlorogenic acid, caffeic 

acid and quinic acid, were subjected t o the conditions of the 

"juglone" test. :n no ca se was greening observed. So at this 

time, the identity of the compound or compounds responsible 

for development of this green colour remains unknown. 

The taxonomy of the ~zyricaceae is r ather confused, sorne 

authors including all species in the genus Myrica L., while 

others have spread the forty-five or fifty species over as 

many as nine genera. The most widely ac cepted split is the 

segregation of Comptonia L. from Myrica. 

In the eighth edi tion of Gray' s rtManual of Botanyn (1950 ) 

these genera a re separ a t ed, in part, on t he basis of leaf 

characters. In r-1yrica, the leaves are entire or incised and 
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are not subtended by stipules, while Comptonia has leaves 

which are pinnatifid and stipulate. The present evidence 

shows that Myrica and Comptonia agree in regard to all char

acters except reaction to the "juglone" tests. As mentioned 

before, three species of Myrica have shown development of a 

green colour, but leaves and bark of Comptonia peregrina Goult. 

var. asplenifolia both gave a red reaction. 

(f) Juglandaceae 

The chemica l information available for the Juglandaceae 

is based on testing of representatives of five genera (see 

table XII). 

Most of the species of the Juglandaceae tested have been 

positive to the HCl/methanol test, although several species 

of Juglans are only weakly positive. J. Lindsii (Jepson) Jep

son, ~major Heller, J. nigra L., J. regia L. and~. steno

carpa Maxim. have been recorded as negative or "purple 1". 

However, leuco-anthocyanin tests on three species have been 

clearly positive. 

A feature apparently unique to the Juglandaceae is the 

presence of the naphthoquinone juglone, \tJhich probably occurs 

in the plant as the glucoside of hydrojuglone (1,4,5-trihy

droxynaphthalene). It has been found in every species of 

Juglans tested, as well as in species of Carya, Pterocarya 

and Platycarya. The distribution of this compound through

out the family is shown in Appendix III. 
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Heimsch and Wetmore (1939) who investigated the wood 

anatomy of the Juglandaceae, conc1uded that Jug1ans and 

Pterocarya are very much alike. Chemical1y, they seem to 

be more c1osely re1ated that other members of the fami1y. 

They are similar in reaction to the HCl/methanol test, species 

of both genera giving rather weakly positive resu1ts (none 

recorded as "purp1e 4"). They are also a1ike in that juglone 

is generally distributèd throughout a11 parts of the plant. 

Heimsch and Wetmore also reported that Carya shows many 

specialized characters. Chemically, Carya differs from 

Jug1an~ and Pterocarya in several respects. There is a quan

titative difference in regard to the HC1/methanol test, 

Carya giving a more intense reaction. Juglone is much less 

widely distributed in Carya than in Jug1ans and Pterocarya, 

having been found only in leaves of ~· i1linoensis Wang. 

and bark of ~· ovata (Miller) Koch. 

Results of cigarette and hot-vtater tests also show that 

Carya stands apart. Six species of Carya are negative to 

these tests, while six species of Jug1ans and one of Ptero

carya have been recorded as "II". 

There is still more chemical evidence which indicates 

that Carya differs from Jug1ans and Pterocarya. Gibbs (1958b) 

has shown that in regard to seasonal variation in water con

tent of wood, Juglans and Pterocarya behave very much alike, 

while Carya gives consistently lower values. There is also 
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variation in regard to seed fats, those of Juglans and Ptero

carya containing much 1ino1eic or linolenic acid, but very 

little oleic acid; Carya, however, has much oleic acid but 

only small amounts of linoleic and linolenic acid. 

Thus, there seems to be very strong chemical evidence 

that Carya differs from Juglans and Pterocarya. 

Various authors, such as Gundersen (1950), Rend1e (1938) 

and Bessey (1915), have suggested t hat the Jug1andaceae are 

c1osely related to the Myricaceae, Rendle and Gundersen both 

including the Myricaceae in an order Juglandales. There is 

no strong chemical evidence against this, the families 

agreeing in several characters. 

However, neither juglone nor any simi1ar compound has 

been reported from the Myricaceae. It is not known what com

pound causes the appearance of the red colour in "juglone" 

tests done on 1eaves and bark of Comptonia peregrina var. 

asp1enifolia, but Thomson (private communication to Gibbs, 

1959) has said that naphthoquinones with hydroxyl groups 

in the quinone ring give red alkaline solutions. Identifi

cation of this compound as a naphthoquinone would greatly 

strengthen the argument for relating the Myricaceae and the 

Jugl andaceae. 

(g) Betulaceae 

Of the six genera usually placed in the Betulaceae, re

presentatives of a1l except Ostryopsis have been tested. 

The Betulaceae belong to the group positive to the HCl/ 
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methanol test. Carpinus japonica Bl. and Alnus rugosa 

(DuRoi) Spreng. have given negative reactions to the leuco

anthocyanin test, but both are strongly positive to the 

HCl/methanol test. The characters of those members tested 

are shawn in table XIII. 

In the case of five species of Betula, namely, B. atrata 

Domin (bark), ~. fontinalis Sarg. (bark), ~· glandulosa Michx. 

(bark), B. pendula Roth (bark) and~. populifolia Marsh (bark), 

a deep green colour developed in the lower layer of the 

"juglone" tests. The nature of the substance responsible is not 

known. 

Except for the five species of Betula mentioned above, 

and two species of Alnus, the Betulaceae tested showed only 

a yellow reaction to the "juglone" tests. 

When "juglone" tests were done on leaves of Alnus crispa 

(Ait} Pursh and A. maximowiczii Callier, a red-orange colour, 

similar to that recorded for Comptonia, developed in the 

aqueous layer. No compound has been recorded in Alnus which 

would seem likely to give such a colour under the condi

tions of the test. 

Severa! flavonoid compounds, including myricitrin, have 

been reported from members of the Betulaceae. The chemical 

relations between these compounds may be shawn in the fol-

lowing manner: 
+ rhamnose 

quercitrin~-----------------------quercetin 
! -OH i+ galactose 

myricitrin hyperoside 
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Several authors, including Hutchinson (1926, 1959), 

have split the Betulaceae into the Betulaceae (s.s.)(Alnus 

and Betula) .and the Corylaceae (Carpinus, Ostrya, Corylus 

and Ostryopsis). 

In regard to the major chemical characters, Alnus, 

Betula, Carpinus, Corylus and Ostrya seem to form a homo

geneous group. Distribution of hyperoside, quercitrin and 

myricitrin was compared, but this gave no evidence that the 

îamily should be split. Distribution of these flavonoids 

is shown in Appendix IV and in the small table below~ 

hyperosl.de querc1.tr1.n myric1.tr1.n 

A ln us + + 

Be tula + + + 

Carpinus + + + 

Corylus + + + 

Ostrya + + 

Similarly, distribution of certain cyclic acids was 

considered; again no evidence for a split was found (see 

Appendix V). Six species of Alnus contain large amounts of 

protocatechuic acid, but six species of Betula lack it. 

Thus, while there may be cytological and morphologi

cal grounds for splitting the Betulaceae, our present evi

dence indicates that the family is chemically homogeneous. 
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(h) Fagaceae 

Sorne chemical information is available for representa

tives of six genera of the Fagaceae; i.e., Castanea, Castan

opsis, Fagus, Lithocarpus, Nothofagus and Quercus. 

The Fagaceae are quite similar to the Betulaceae, being 

generally positive to the HCl/methanol test, although three 

species of Castanea, c. crenata s.& z., c. dentata (Marsh) 

Burkh. and~. mollissima Bl., have given negative reactions 

to the leuco-anthocyanin test (see table XIV). Isenberg and 

Buchanan (1945) recorded a positive HCl/methanol test done 

on Castanea ashei Sudw. ex Ashe and wood of Castanea crenata 

was recorded as "purple 2" when tested in December; when 

material from the same tree was tested in June, it was nega

tive. 

Material from ~uercus acutissima Carruth., ~. cerris 1., 

~. dentata Thunb., Q. liaotungensis Koidz., ~· prinus 1. and 

g. rubra 1. has given only negative reactions to the leuco

anthocyanin test, although all species of Quercus tested have 

been positive to the HCl/methanol test. These results suggest 

that the distribution of the compounds which are responsible 

for positive reactions to the HCl/methanol and leuco-antho

cyanin tests may be limited in Castanea and Quercus. It is 

possible that these substances could occur only in the leaves, 

and not in the wood,of a given plant (see page 62). 

Development of a green colour in the aqueous layer of 

"juglone" tests, similar to that seen in species of Betula 
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and Myrica, was noted in Castanea dentata Thunb.(bark), c. 
sativa Mill. (bark), Quercus muehlenbergii Engelm. (bark), 

g. robur L. (bark} and Q. rubra L.(bark). Again, the sub-

stance responsible for this greening is not kno~m. 

The Fagaceae are known to contain flavonoids, a fact 

which supports their relation to the Betulaceae. Quercitrin 

has been reported from several species of Quercus, and, by 

chromatographie methods, quercetin has been detected in leaves 

of Castanea crenata, c. dentata, and c. mollissima. 

Bark or wood of species of Quercus, Castanea and Litho

carpus has long been used in the tanning of hides, as sorne 

members of these genera are very rich in tannins. It is 

interesting to note that Mayer and Kurz (1959) have reported 

the occurrence of hamameli-tannin in bark of Castanea sativa. 

Previously, it had been found only in Hamamelis virginiana. 

On hydrolysis, hamameli-tannin yields two molecules of gallic 

acid and one of the branched-chain sugar,hamamelose: 

HO - CHOH 

HO-o~ -R-O-CH2--~0H 
---- 0 ' HO- HCOH 

' HCO - OH 

~Hzo--8--Q~ -OH 
--OH 

hamameli-tannin 

Representatives of the subgenera Lepidobalanus (white 
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oaks) and Erythrobalanus (red and black oaks) of the genus 

Quercus were compared. These groups differ in regard to var

ious morphological, anatomical and physiological characters, 

but in regard to the tests used in this work, there are no 

apparent differences, except a quantitative one in reaction 

to the HCl/methanol test, those species in the sub-genus Lepi

dobalanus giving rather stronger reactions. 

After having discussed the available information con-

cerning the chemistry of the Myricaceae, Juglandaceae, Betula

~ and Fagaceae, it seems apparent that if the Juglandaceae 

be excluded, these families form a quite closely-knit group 

(see table below). 

HCl/ L.-A. Jugl. Fla von- Cig.& 
Meth. Test Tests oids H.-w. 

Myri6aceae + + G + 4 

Betulaceae + + G + 1-4 

Fagaceae + + ~ + l-4 

Juglandaceae + + + 2-4 

G=green 

The present evidence indicates that the Myricaceae and 

Juglandaceae are not so closely relateà so as to be included 

in the same order. However, it does suggest that the Betula-

~' Fagaceae and Myricaceae form a homogeneous group. 
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In this work, the order Urticales, including the Mora

~' Ulamceae and Urticaceae, has been included among the 

"Amentiferae". 

(i) Urticaceae 

The small amount of information available on the chemis

try of the Urticaceae indicates that the family belongs to 

the series positive to the HCl/methanol test. The informa

tion is summarized in table XV. 

Several genera of the Urticaceae possess stinging hairs 

on leaves and stems; among these may be mentioned Fleurya, 

Girardina, Hesperocnide, Laportea, Urera and Urtica, Laportea 

and Urtica being the common nettles of North America. Emmelin 

and Feldberg (1949) report the occurrence of histamine and 

acetylcholine in leaf hairs of Urtica dioica 1. and u. urens 1., 

and suggest that these are the substances which cause the 

characteristic re~ctions to nettle stings. 

Various types of crystals have been reported to occur 

in members of the Urticaceae, cystoliths being among the most 

common. These are formed by the deposition of calcium carbon

ate on outgrowths of the cell wall, and particularly common 

in epidermal cells. Raphides have been reported from six 

species of Laportea. 

( j) Ulmaceae 

The chemical information used in this work is based on 

tests made on representatives of six genera (see table XVI). 

Chemically, the Ulmaceae form a mixed group, divided along 

the lines of the division of the family into the sub-families 
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Ulmoideae and Celtidoideae as given in the llth nsyllabus". 

Of the Ulmoideae, representatives of Ulmus and Planera 

have been tested, all being positive to the HCl/methanol 

test. Among the Celtidoideae, members of Celtis, Trema, Zel

kova and Hemiptelea (sometimes included in Zelkova) have been 

tested; Celtis and Trema are negative to the HCl/methanol test, 

but Hemiptelea and Zelkova are strongly positive. 

Recently Plouvier (1958) has reported that quebrachitol 

(~-inositol methyl ether) occurs in nine species of Cel

tis and in Pteroceltis tatarinowii ~fuxim., the only species 

of the genus. However, he could not find it in five species 

of Ulmus, and even more interesting, Plouvier was unable to 

detect quebrachitol in Zelkova crenata Spach or in Hemiptelea 

Davidii Planch. This indicates that a further search for this 

compound among members of the Ulmaceae would be of great 

interest. 

Examination of the principal fatty acids of the seed 

fats of the Ulmaceae indicates that the sub-families differ 

in regard to this character. Data from Eckey (1954) and 

from S~rensen and S,ltoft (1958) show that oils of tan species 

of Ulmus contain capric~id in l a r gest amount, while those 

of two species of Celtis are richest in +inoleic acid. How

ever, seed oil of Zelkova serrata (Thunb.) Makino bas been 

reported by Hopkins and Chisholm (1959) to contain capric 

acid to the extent of 73 percent of the total fatty acids, 

the highest percentage yet found in a natural fat. 

Thus the present chemical evidence indicates that t he 
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Ulmoideae and Celtidoideae do differ, perhaps enough so that 

the Celtidoideae should be separated as a distinct family. 

In this case, it seems that Zelkova should be removed 

to the Ulmaceae (s.s.), although a search of the literature 

has revealed no suggestions that Zelkova does not belong in 

the Celtidoideae, and it shows no striking morphological 

differences from the other members of the sub-family. 

(k) Moraceae 

Of the four sub-families into \Afhich the family Moraceae 

is divided in the llth "Syllabus", namely the Moroideae, 

ArtocarEoideae, Cannaboideae and Conocephaloideae, representa

tives of the first three have been tested. 

The present evidence suggests that the family is general

ly negative to the leuco-anthocyanin and HCl/methanol tests, 

although Bate-Smith and Lerner (1954) record a positive 

leuco~anthocyanin test dome on Artocarpus incisa Linn. f. 

and five species of Ficus have been positive to the HCl/methan

ol test. 

It is indicated tha t the gene.ra most often placed in a 

distinct family Artocarpaceae {Brown, 1818b) (Artocarpus, 

Brosimum, Broussonetia, Cudrania and Pseudolmedia of those 

tested) are negative to the leuco-anthocyanin test. Further 

work should be done on Artocarpus to determine if the single 

positive result represents the "rule" or an exception to it. 

If Tippo's idea that the Urticaceae form the climax 

of the Urticales, while the Ulmaceae and Moraceae represent 

branches from the main line of development is corredt, it is 
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apparent that the Moraceae and the sub-family Celtidoideae 

of the Ulmaceae have undergone rather drastic chemical changes. 

(1) Other families 

In the llth "Syllabus" there are included among the 

"Amentiferae" four small families, the Batidaceae, Balanopsida

~' Julianiaceae (each made the type of a family), and the 

Rhoipteleaceae (included in the Urticales), concerning vlhich, 

there is no chemical information available. 

On the basis of the present chemical evidence, it may 

be concluded that, if the Garryaceae and the Leitneriaceae 

be excluded, the "Amentiferae" form a natural group, being, 

in the main, positive to the HCl/methanol and leuco-anthocyan

in tests. Three families, the Myricaceae, Betulaceae and 

Fagaceae, form a particularly closely-knit group. 

There is no evidence i"rhich indicates that the ~1yrica

ceae and the Juglandaceae are closely related; in fact, it 

is possible that resemblances of this latter family to the 

other members of the 11 Amentiferaen are the result of 

parallel evolution and that if it is desired to make the 

"Amentiferae" a natural group, the Juglandaceae should be 

excluded. 

There is no evidence vlhich suggests that the "Amentiferae" 

cannat be regarded as derivatives of hamamelidalian ancestors. 
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SUII.'lMARY 

(i) Chemical characters have been used in investigating 

the relationships of the Hamamelidaceae and those families 

which have been included in an arder "Hamamelidales", as 

well as those of the Rosaceae and the "Amentiferae". 

The chemical characters (founded on results of a series 

of standard tests} of the Hamamelidaceae, based on testing 

of twenty-five species representing twelve genera, have 

been established. The characters of the species tested are 

the following: (a) they are positive to the HCl/methanol 

test; (b) they are positive to the leuco-anthocyanin test; 

(c) they give a red reaction to the "syringin" test; (d) 

they give a magenta spot with Ehrlich's reagent; (e) they 

are negative to the HCN test; (f) they are negative to the 

"juglone" test; (g) they show no fluorescence in "juglone" 

tests; (h) they lack raphides; (i) they lack detectable 

amounts of glucitol and sedoheptulose; (j) they give the 

"0xalis reaction" to the cigarette and hot-water tests. 

These characters have been compared with those of the 

other families dealt with in this work. Other things 

being equal, it is assumed that those families which show 

the closest correspondances in chemical characters are the 

most closely related, 

(ii) The chemical evidence indicates that the Platanaceae 

and Myrothamnaceae can be included in an arder Hamamelidales. 

The families Cunoniaceae and Eupteleaceae have not been 
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thoroughly enough tested, but, at the present time, there 

is no chemical evidence against the inclusion of these 

families in the Hamamelidales. 

{iii) Of the other families which have been included in an 

order Hamamelidales, namely, the Stachyuraceae, Buxaceae, 

Eucommiaceae, Daphniphyllaceae, Trochodendraceae, Pitto

sporaceae, Hydrangeaceae, Saxifragaceae {s.s.), Coriaria

~' Tetracentraceae, Byblidaceae, Podostemaceae, Hydro

stachyaceae and Bruniaceae, there is available no chemical 

evidence concerning the last five named. None of the re

maining nine families shovr enough correspondences \'Jith the 

Hamamelidaceae in regard to chemical and morphological 

characters, to warrant inclusion in an order Hamamelidales. 

{iv) The chemistry of the Rosaceae has also been investi

gated. If the Chrysobalanoidege be excluded, the family 

is quite homogeneous. The Rosaceae are particularly dis

tinguished by the occurrence of glucitol and cyanogenetic 

compounds. 

The present chemical evidence indicates that the ~

~ and the Hamamelidaceae differ sufficiently to make 

it unlikely that these families should be placed in the 

same order. 

Representatives of the family Crossosomataceae were 

also tested; the evidence shows that this family should 

be excluded from the Resales. 
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The families discussed in this work represent nine 

of the seventeen included in the Resales in the llth 

"Syllabus". In regard to chemical characters, these fami

lies do not form a homogeneous group. Six familias, 

Rosaceae, Hamamelidaceae, Cunoniaceae, Saxifragaceae (s.l.), 

Myrothamnaceae and Platanaceae, are HCl/methanol positive, 

while the Pittosporaceae, Eucommiacege and Crossosomata~eae 

are negative. 

(v) The chemistry of the "Amentiferaerr, tha t is, eleven 

of the first thirteen orders of dicotyledons according 

to the llth "Syllabus", has been studied. Material of 

four families, Julianiaceae, Rhoipteleaceae, Batidaceae 

and Balanopsidaceae, was not available for testing. 

The chemical evidence indicates that, if the Garryaceae, 

Leitneriaceae, and perhaps the Juglandaceae, be excluded, 

the "Amentiferae" form a natural group, 

It is suggested that the sub-family Celtidoideae of 

the Ulmaceae should be raised to familial rank, although, 

if this be done, Zelkova (including Hemiptelea) should be 

removed to the Ulmaceae (s.s.). 

There is no chemical evidence against the view that 

the "Amentiferae" have be en Œri ved from hamamelidalian 

ancestors. 

(vi) On the basis of chemical evidence, one may conclude 
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that the families Hamamelidaceae, mPlatanaceae and Myro

thamnaceae can be included in an order Hamamelidales, 

which should be excluded from the Resales of the llth 

"Syllabus". The present information gives no evidence 

against the view that these families have been derived 

from rosalian ancestors. 



APPENDIX I 

Distribution of Cyanogenetic Compounds and of D-Glucitol 

among Representatives of five Sub-families 

of the Rosaceae 

Sub-family 
Tri be HCN Glucitol 

Genus 

SJ2iraeoideae 
Spiraeeae 

Aruncus 

Neillia 

PhysocarJ2US 

SJ2iraea + 

Stephandra 

Quillajeae 

Exochorda + 

Kageneckia + 

Quillaja 

Pomodrdeae 

Amelanchier + 

Aronia + 

Chaenomeles + + 

Chamaerneles + 

Cotoneaster + + 

Crataegus + + 

Cydonia + 

Docynia + 



APPENDIX I (continued) 

Sub-family 
Tri be HCN Glucitol 

Genus 

Pomoideae (cont'd) 

Eriobotrya + + 

Heteromeles + 

Malus + + 

Me spi lus + 

Osteomeles + + 

Peraphyllum + 

Photinia + 

Pyracantha + + 

Pyrus + + 

Rhaphiolepis 

Sor bus + + 

Stranvaesia + 

Rosoideae 
Kerrieae 

Kerria + 

Neviusia + 

Rhodotypus + 

Potentilleae 

Dry as 

Geum + -
Potentilla 

Ru bus 



APPENDIX I (continueè) 

Sub-family 
Tri be HCN Glucitol 

Genus 

Rosoideae {cont'd) 
Cercocarpeae 

Cercocarpus + 

Sanguisorbeae 

Acaena + 

Agrimonia 

Al chemilla 

Poterium 

Sanguisorba 

Roseae 

Rosa 

Prunoideae 

Emplectocladus ? 

Nuttallia + 

Prinsepia + 

Prunus + + 

P;y:geum + 

Chrysobalanoideae 

Chrysobalanus 



APPENDIX II 

Principal Fatty Acids of the Seed Oils of sorne Members 

of the Rosaceae 

sub-family and 
species 

Pomoideae 

Crataegus oxyacantha L. 

Cydonia vulgaris Pers. 

Prunoideae 

Prinsepia utilis Royle 

Prunus amygdalus L. 

.E• armeniaca L. 

.E. cerasus L. 

.E• domestica L. 

.E• laurocerasus L. 

P. lusitanica L. 

Rosoideae 

Rosa canina L. 

R. rubiginosa L. 

Rubus caesius L. 

principal 
fatty 

a cid 

oleic 

oleic 
lino leie 

linoleic 
oleic 

oleic 

oleic 

oleic 
lino leie 

oleic 

oleic 

oleic 
lino leie 

linoleic 

linoleic 

linoleic 

% 
total 

fatty acids 

44 
33 

77 

60-79 

49 
42 

72 

73 

58 
32 

54 

74 

76 

au
thori
ty 

H 

E 

E 

E 

E 

E 

E 

H 

H 

E 

H 



APPENDIX II ( continued} 

sub-famiëLy . and 
species 

Chrysobalanoideae 

principal 
fatty 

a cid 

Couepia grandiflora Benth. licanic 

Licania arborea Seem. 

~. crassifolia Benth. 

1. rigida Benth. 

Parinarium campestre 
Aubl. 

P. corymbosum :Miq. 

P. glaberrinium Hassk. 

P. laurinum A. Gray 

E· macrophyllum Teipm.& 
Benn. 

P. sherbroense 

K •••••• Karrer (1958) 
E •••••• Eckey (1954} 
H •••••• Hilditch (1940) 

licanic 

licanic 

licanic 

elaeostearic 

licanic 

parinaric 

parinaric 

elaeostearic 

licanic 

% 
total 

fatty acids 

74 

70+ 

74-82 

49 

62 

70 

53 

31 

44 

au
thor
ity 

K 

E 

K 

E 

E 

E 

E 

E 

E 



APPENDIX III 

Distribution of Juglone among sorne Members of 

the Juglandaceae 

species present absent 

Juglans cinerea L. stems ( B) 
leaves (S) 

i· cordiformis Maxim. wood (G) 
bark (G) 
leaves {G) 

J. intermedia Carr. 
-var. vilmoreana Carr. wood {G) 

bark (G) 
leaves (G) 

J. Lindsii (Jepson) wood (G) 
Jepson bark (G) 

leaves (G) 

J. major Heller wood (G) 
bark (S) 
leaves (S) 

l· mandshurica Maxim. wood (G) 
bark (G) 
leaves (G) 

!!_. nit;!ira L. bark (G) wood (G) 
fruit ( B) leaves (G) 

J. regi a L. leaves (B) 
bark ( B) 
fruit (B) 
root s ( B) 

l· ru12estris Engelm. wood {G) 
bark ( G) 
leaves (G) 

J. Sieboldiana Maxim. wood (G) 
bark {G) 
leaves ( G) 

!l_. stenocarpa Maxim. wood (G) 
bark {G) 
leaves (G) 



APPENDIX III (continued) 

species 

Carya cordiformis (Wang.} 
K. Koch 

Carya glabra (Mill.) 
Sweet 

c. illinoiensis Wang. 

c. laciniosa (Michx. f.} 
Loud. 

c. ovalis Sarg. 

~. ovata (Mill.) 
K. Koch 

~. pallida (Ashe) 
Engl.& Graebn. 

c. tomentosa 

Engelhardtia pterocarpa 
(Oerst.) Standley 

Platycarya strobilacea 
s.& z. 

Pterocarya caucasica Mey 

Pt. Rehderiana 

present 

leaves (S) 

bark (S) 
leaves (S) 

bark (G) 
leaves (G) 

stems (B) 
leaves (B) 

wood (G) 
bark (G) 
leaves (G) 

absent 

bark (G) 
leaves (G} 
fruit 

stem (B) 
leaves (B) 
fruit (B) 

stem (B) 

wood (G) 
bark (S) 
leaves (G) 

wood (G) 
bark (G) 
leaves (G) 

leaves (S) 
bark (S) 

bark (S) 

fruit (S) 
leaves (S) 
bark (S) 
wood (S) 

wood (G) 



APPENDIX III (ctintinued) 

species 

Pt. rhoifolia S•& z. 

fi. ~enoptera C. DC 

present 

wood (G) 
bark (G) 
leaves (G) 

(B~ •••• Brissemoret and Combes (1905) 
(G) •••• Gibbs, unpublished data 
(S) •••• results of author 

absent 

Wood (G) 
bark (G) 



APPENDIX IV 

Distribution of Hyperoside, Quercitrin and Myricitrin 

among Representatives of five Genera of 

the Betulaceae (H~nsel and H8rhammer, 1954) 

speciea 

Alnus glutinosa Gaertn. 

A· hirsuta Turcz. 

!• incana Moench. 

~· i. var. orbicularis 

A. Ja2onica S.& z. 
A. rugosa (DuRci) Spreng. 

!· serrulata Willd. 

A. subcordata C.A. Mey 

A. tinctoria Sarg. 

Betula albo-sinensia Burk. 

B. andrews11 Nelson 

B. coerula-grandia Blanch. 

~ • erman1 Cham • 

B. fontinalia Sarg. 

B. insignia Franch. 

~· koehnei Schneid. 

~· ~ L. 

B. Eagyrifera Marah 

B. pendula Roth 

B • .l2. var. purpurea 

.Hyper. 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Quercit. Myricit • 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x (a) 

(a) 

x 



species 

~· pubescens Ehrh. 

B. utilis Don var. prattii 

Oarpinus betulus L. 

O • .2.• var. pYrimidalis 

o. caroliniana Walt. 

O. orientalis Mill 

o. turczaninovii Hance 

o. yedoMnsis Maxim. 

Oorylus americana Walt. 

O. avellana L. 

.Q • _!:. var. nendula 

o. colurna L. 

0 • maxima Mill • 

Ostrya japonica Sarg. 

~tYper. 

x 

x 

x-

x 

x 

x 

x 

x 

(a)--- myricetin-3-digalactoside 
(b)--- quercetin 

Quercit. Myricit. 

x (a) 

x 

x x 

x x 

x 

x {b) 

x 

x 

x x 

x x 

x x 

x x 

x 



APPENDIX V 

Distribution of certain cyclic Acids among Representa

tives of four Genera of the Betulaceae 

(Horh~er and Scherm, 1955) 

species 

Alnus rugosa Spreng. 

!· firma s.& z. 
A. cordata Desf. 

!· incan~ Moench. 

A. rubra Bong. 

!• pubescens Tausch 

Betula lutea Michx. 

B. pubescens Ehrh. 

B. lenta L. 

B. fruticosa Pall. 

B. excelsa Ait 

~. pumila L. 

Carpinus aschonowski 
Maxim. 

c. caroliniana Walt. 

Q.. cordata Bl • 

~. orientale Mill 

Q.. yedo!nsis Maxim. 

Corylus colurna L. 

c. mandshurica Maxim. 

c. sieboldiana Bl. 

caffeic 

(+) 

++ 

+ 

(+) 

+ 

+ 

(+) 

( +) 

+ 

( +) 

chlor-
6genic 

++ 

++ 

++ 

++ 

+ 

+ 

+++ 
+++ 

+++ 

+++ 

+++ 

+++ 

++ 

++ 

gallic 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

+ 

+++ 
+++ 

+++ 

+++ 

+++ 

+ 

+ 

(+)=uncertain reaction; +=clear reaction 
++=stronger reaction; +++=very strong reaction 

proto
cate
chuic 

+++ 

+++ 

+++ 

++ 

+++ 

+++ 

+ 
+ 

+ 

+ 



species 

Ce1tis integrifo1ia Lam. 

c. occident~1is L. 

Trema guinensis Priemer 

U1mus americana L. 

u. ~ampestri..§ L. 

~. carpinifo1ia Borkh. 
var. cornubiensis 

~. carpinifo1ia var. 
pro pend ens 

![. fu1va Michx. 

u. gJ..g.J:>ra M:i11. 

u. glgpr~ var. cgrnuta 

u. g1abra var. pendula 

APPENDIX VI 

Composition of Seed Oils of sorne Members of the U1maceae (expressed as % 
total fatty acids) 

capry1ic ca prie laurie myris- palmi- ste ar- o1eic lin- au thor-
Cg c1o c12 tic tic ic o1eic ity 

c14 C16 CH~ 

14 13 74 E 

6 18 77 E 

12 6 E 

5 61 6 5 3 11 9 E 

50 E 

6 69 5 3 5 12 ss 

2 54 3 3 7 31 ss 

4 64 6 4 7 15 ss 
6 72 5 3 5 8 ss 

3 58 4 4 8 23 ss 

5 69 4 3 5 14 ss 

(continued on next page) 



APPENDIX VI (continued) 

species caprylic capric laurie myris- palmi- ste ar- oleic lin- au thor-
Cg c1o C12 tic tic ic oleic ity 

cl4 cl6 cl8 
--

u. laevi_s Pall. 1 66 5 3 6 20 ss 

U. manshurica Nakai 2-11 55-59 2-8 1-3 12-21 5-8 ss 

U. procera Balisb. var. 
ourourea 3 6$ 5 4 7 12 ss 

u. pumila L. 3 66 4 4 8 16 ss 

Zelkova serrata {Thunb.) 
Mak. 8 73 3 1 2 1 3 3 HC 

E ••..••• Eckey (1954) 
ss •....• S~rensen and S~toft (1958) 
HC ••.•.• Hopkins and Chisho1m (1959) 
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