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INTRODUCTION 

A. History of taxonoJ'II1 

Botany is an old science, one branch of which, taxonoJ'II1, antedates 

recorded history. In tact, the early Chinese, Egyptian, and Asayrian 

cultures were based, to a degree, on cultivated plants (Porter, 1959). The 

early developers of systematic bota:ey- included Theophrastus (370 • 287 B.C. )i, 

Pliny the Elder (23 - 79 A.D.), and Dioscorides (lst century, A.D.). Theo-

phrastus, the "father of botany," classif'ied plants according to the growth 

habit. Thus he had f'our groups: barbs, undershrubs, shrubs, and trees. 

Af'ter their deaths, a lapse of more than 14 centuries-followed in which 
little 

there was .::,./) recorded botanical his tory. The next surge of' interest came 

with the herbalists. These herbalists were many, and auch names as Brun:fels, 

Fuchs, Bock, Lobelius, Gerard, and Cordus, stand out. They wrote herbels, 

books which contained figures and descriptions from actual plant specimens. 

Gradually terminology appeared, and groupings resu1ted. 

Andre Caesalpino belonged to a transition period, for the Renaissance 

with its ensuing changes was descending upon civilization. Botany broke aw~ 

from tradition, as did the other arts and sciences, and developed a new 

system of classification, terminology of descriptions, a nd a system of nomen-

clature. This was the period of' artificial classification, when plants were 

grouped according to their habit or number of a certain organ. 

Eventually, there was a graduai break away from this artif'icial system to 

a more na tural one, in which authors used what knowledge was known about the 

plants to devise a system. Among the men who broke away from the old tradition 

were John Ray (1627 - 1705), Joseph Pitton de Tournefort (1656 - 1708), Pierre 

Magnol (1638 - 1715), and Rudolf' Camerarius (1665 - 1721). 
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The beat known botanist of this period is Carolus Linnaeus (1707 -

1778), the father of modern botany. He is beat known for his binary system, 

his close study of the plant world, and his definition of genera and species. 

His Sp::cies Plantarum (1753) marks the starting point of the binomial system 

of nomenclature. He initiated the use of a sexual system in classification, 

thus recognizing 24 classes based on the number of stamens, or sorne obvious 

character of it; this system was set forth in Systema Naturae (1735). In 

spite of its artificiality, this method was adopted because of the ease of 

classifjing plants, and it was responsible for the period of relative stagna

tion which resulted in botany. 

Systematic botany was revived in France by Bernard de Jussieu and his 

nephew Antoine Laurent. The birth of a natural system came with the memoir 

on Ranunculaceae, with the realization that characters should be weighed, not 

counted. 

Other major works included those of A. P. de Candolle, Robert Brown, 

A .. Brongniart, and Hofmeister. 

Later systematists were G. Bentham and J. Hooker, van Tieghem, s. 

Endlicher, A. Eichler, and Adolf Engler. Others included c. Bessey, H. 

Hallier, R. von Wettstein, and J. Hutchinson. 

Although there are many classification systems, no two are exactly-alike. 

Thus chaos in systematic botany still prevails. For example, Engler, Endlicher, 

Eichler, and Wettstein believe' that the Gnetalian or conifer-like line gave 

rise to woody dicotyledons, wi~h unisexual, petal-~tU:~ing;. ·, wind-pollinated 

flowers of a few parts. Catkins ~are considered primitive. Bentham and 

Hooker, Bessey, Hallier, Arber and Parkin, and Hutchinson, on the other hand, 

believed in the 11Ranalian theocy, 11 ' in which the c~mlet:b.tale~ ,. "'· , ·n 

gave rise to the Ranales, the primitive fiowers being bisexual, many-parted, 
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and apirally-arranced. Sillple flowera e-rolved troa :mù.ti-parted oœs • 

This general chaos in taxonoJQ" is .turtber e:mmplitied by collpllriDg tba 

classification ot the Tubitlorae ot lagler aad. Diels (1936) and Hutchi.Jl8on 

(19S9). .A.ccordi.Dg to EDgler and Diela' ache•, tba Tubitlorae cODSists ot 

22 f..Uiea. HutchiDacm, bove:Yer, aplits seYeral ot tbese fud.lies, and 

thu creates 28 f&llilies out of tœ origiMl 22. To turther complicate 

•ttera, be distributes tbeae 28 taailies as HYeral e:ad-liaes o:l evolution. 

Furtberaore, he places the orders Verbenales and BignoRialaa on the "wo~ 

sida, and Solanalea, PersoD&les 1 Polemoniales 1 the Boraginales 1 and the 

La•ialas, on the ltbarbaceous111 sida. 

!he goal ot taxonomiste is to :.~i~, : a pbylogeae\tc 878tea iD which 

orgaaisu are placed togetœr accordi.Dg to aa e-rolutionar;y ache•· !hU8 

organiau regarded as the JllOSt primiti Ye are segrepted from the ·JIOre adftnced • 

Since all plant parts do not evolve at the s&JB rate, an organisa would re

tain so• primitive traits along with the advaaced. Ot course probleu vill 

ba encountered, auch as convergent, divergent, and parallel evolution. , o.t1ian 

sJall .utations can cause a aultittlde ot challpa. 

Reaearch is being doœ to solve this problea of pbylogenetic relatioll

ships betveen tua. Paleobotan:;y, emb17ology 1 cytology • ud ganetics are just 

a few of the fields. As Crcmquist (l9S7) stated: 11Eve17 taxonomie cbaracter 

1s po~lltially içortant, and 110 character bas iRberent, fi:md importanceJ 

aach character is only important as i t proYes to be in an:;y part-icular ia

ataace in d.efini.Dg a group vhich bas bean percei Yed on the basie of all the 

available evidence. Experience shows us that soe cbaracters are llllCh liON 

stable and thus 110re lilœly to be i.Jiportant thaD otbers, and that there are 

~ essentially unidirectional evolution&17 trends •••• • 

Morphology ia the outward. expression ot genes. Since genes or chromo-



• 

• 

• 

4 

so119s are biocbead.cal in nature, the stu<V" ot the chead.stey ot pla.Dts is just 

another 119thod ot investigation. But b7 110 119&118 sbould this line ot re

search be empbasized to the exc1usioD ot the others. This thought is echoed 

b7 the vords ot Kclfair (1935) who stated tbat 11pla11ts can be c1assitied chemi

cally in accordance vith tœ substances •de b7 tb!n1. Such a cbaad.cal clusi

ticatioD •7 be compared vi th and used as a suppleliBnt to morphological classi-

ticatioD and My be ot some i.Jiportallce ill the developDBnt ot the true :aatural 

system ot ugiosperm pD,rlogellJ1'. "' 

There 1s a great illpetus iD this field or research, but the developDBat 

ot the use ot biochellistry iD ta.xoBOJIIT bas been a gradual cme. 

Chemotaxon~ is assent~ the investigatioD ot cbamical compound& or 

groups df biOSJBtbatically•related COÇOUD.ds, ill a series or related, Or 

supposedl7-related plants (Erdtman, 1963). 

Nehemiah Grew vas perhaps the rirst to state tbat plants bave things ill 

coaon in •An idea or a pb;yto1ogical history propoundedtt .(1673). J&Des 
(1699) . . .. ·· ·. . : 

Petiveg'wrote ·~ attempts !!!!!_ .!:2, ;erove ~Herba !!!.. !!!!, .!!!!. MA.D.!!: 

CLA.SS tor the S!nerali ty, 1!!!!. ·the. lilœ Virtue and Tendency to vork !!'!!, . .!!!! 

Etrects.• 

de Caadolle believed Rudolph Jacob Camerarius to be .the tirst tulaarl:w'libo 

expn~ss tœ coDIIIIction between torms ot plants and their properties (Gibbs, 

1963). Hegauer (1958), in tura, aoted that de Candolle paid JIU.Ch attentioa 

tn the chellical properties ot plaats as correla ted to the ir 110rphological 

cbaracters. For example, ftall Convolnlaceae vere laxative" and all Pinus 

species produced terpenes • 

hother pioneer ia this tield, Helem c. dadl.. Abbott proposed iJl •certain 

Chemical Constituants ot Plants coui.dered in Relation to Their Horphology aad 
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Evolution• that plut chellistry be utUized in establishing pb;ylogenetic 

rttlationships. She i;~~':!'aidt_ .•: "'l'bara bas been coll}llrativel.y' little stw:iy 

of cheaical priD.ciplea of plants from a purely botamcal new. It promises 

to beco• a new field or research.• 'l'hia was in papers written rro• 1886 to 

1887. 

As earq as 1891, Greshotf suggested tbe use of challi.str;y iJl taxonoDtT• 

Be (1909) auggested that a •chemical description•' be part of a fornal des-

criptioa of a new geaus. He also fouad the alkaloid lauroteta•1 ne to be 

comm.on ia tbe Lauraceae. .l t lev, he looked for tamd.ns, . alkaloids 1 cyaao

geaetic substaaces, &B.d. sapolliu, ill plants. 

'9'&Jl Roaburgh (1899) studied tba occurrence of HCI1 •tb;yl saliqlate, 

and acetoM in plants, wbile 'l'l'eub (1907) atudiad the HCJl-role. Greshort 

(1909) empbasiaed the presence of HCN in pl.aats, ~ rlrldl.T described it in 

Plata.Bus: 

D!Juieed, 1B tba ordinary' plsne .. tree of· the London street& (P. aceri
tolia) 1 there is ao ID1Ch 'tqdrocyaaic acid present that tba )âaouJlt h'oa 
every London plaae-leat would be èaough to 1d.ll a Londoa aparrow~" . 

A achool vas set up at the tura ot tba century, when luttall published 

his sigl4ricant paper oa tba. use .. ot essentially serological ll8thods in .esta

blis bU,~ relatioaships. It gaiœd 110mentua in the 1920•s. Mez vas a d~JdD&Dt 

figure iB this area. He set llP a group at DJirl.gsbarg, Ge~~·· 'l'ba wœ"'lc 

reaulted in "Serodiagnoatiohe St.•baUJil11
1 a Ph1"logenetic tree derived &lJilOat 

iR entirety b7 compara ti va serological •thods (Mez and Ziegeaapeck, 1926). 

'l'bis is the basis of tba serological methoda: wben antigel.'S or foreip 

bodies are ilajected into the host, they e.~ the fornation or antibodiea 

whicll agglutin&te or otherwiae affect the foreiga object. Anials auch as 

rabbits &ad sheep are used. ID tba precipitin reactiou, aliquote' ot antigea 

are llilœd ia var;ybg dilutioas vith antibodT preparations (anti-serwa)~ thua 
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produciDg a •uurable precipitate correspondiDg to tbl •st.reagth" or the 

reactioa. 

!be validit7 or eerolog depends on its reliabUit7. Seeda are uaed. aa 

the source ot antige:a. Tba7 are groUDd(:. l and extracted with petroleum-etber 

to :reaove lipids. !be prote ill coDCentratioa 1a bportaa:t. 

Cblater (1937) ahould be couulted tor turtber intoratioa on aerolo17 • 

...,. coastiwente are looked tor in plante toda7. · Tbe tea-plu methoda 

used · b7 the author and othera are uaetul tor preli -.i.D81'7 BurYeJ'S or the bio

chematrT ot plata. 

Oae method wideq-used 1.8 tla t ot paper chro.otograpb;r. Tbe:re ia a vaste 

aaouat ot literature oa this. The pioaeera or thia tield veN Jla7 and !swtt. 

Otbera provided the impetus. !oda7 this mthod ia extenaiftq uaed. Uatoa 

and Tamer (1963) un it tor &lliao aèid separation, while the author used it 

tor the aeparatioa and aubHqueat identification or pbanolic COJIPOUDds ot 

leawa. Sbaw (1961) ueed it to id.èntifT aedoheptuloae aad d-glucitol. 

Gu cbromotograpl\J ia alao beiDg expanded in i ta use. 

!ba outlook tor chemotaxollOJV" appeara brig"·· More a.t .ore COJI.POuad.a 

are beiDg loeked tor, u more retiœd tecb.Diqœa are being emplo,.ed, &Bd as 

iJII.terest ia beillg arOUMd. 



REVIEW OF LI!ERATURE 

A. Tbe ordar 11Qeranial.es111 

Tbere h&Te beea any d.Uterent claaaiticatiou ot the •aeraa1alea•. The 

BWIIber ot tamU1es wbich bave beea included in it tave varied troa aa little 

as four to more thu tvent;r. Thus one can see t'bat there ia ach diaa@U8nt 

u to vhich ta.S.U.a this orcier should coataia.. Ia additioa, there 1a the 

problea ot raiaing genera to the familial rank a!ld taUiea to the ordbal 

ruk. 

Accordillg to the lltti'S7llabus11 ot Englar and Diela (19.36), the •Ger&D1alea• 

1a claaaitied as follovs: 

Suborder Geraniiaeae: Oxalidace• 

GeraDi&ceae 

Tropaeolaceae 

Li.aceu (iacl udil!g Bu111.r1aoeae) 

Er7tbroxylaceae 

Z;rgopJlTllaceae 

Cœoraceae 

b:taceae 

SiarubaceM 

!htraeraceae 

Hlliaceae 

Akaniaceae 

Suborder. JllalpighiiDau: Jlalpighiaceae 

!rigoaiaceu 

Voch711iaoeae 
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Subord.er Poqgali•u: Tremandraoeae 

PolTgalaceu 

Suborder Dicbapetaliœae: Dicbapetalaceae 

Suborder Triooccae: Euphorbiaceae 

Dapluû.pb,yllaceae 

Subord.er CallitrichiDeae: Callitrichaceae 

The l2tl1'87llabua11 (1964) ap11te tt. 11Geranial.ea• iato tvo priaciple 

ordera, thB •Geraaialea11 aean stricto and the Rutalea. other taaUiea &l"'e 

diatributed iD dit te rent ordars. The "Geraniales'' .! •.!.t 1s di vided as tollowa: 

Suborder Lillllaath:I.Mae: Limnanthaoeae (2/8) 

Subord.er Geraniilleae: Oxal.idaceae ( 8/950) 

Geraniaceu (11/780) 

Tropuolaoeae {1/80) 

Zygoph.Tllaceae (30/250) 

U:aaoeae ( iJicludiBg HUJIIirJ.aaaat} {4/200) 

El"J"tbro:ll'laceae {illcludiag leotaropetalaceae) 
(4/200) 

Suborder .luphorbii»ae: Euphorbiaceae (290/7500) 

Dapluliptv'llaceae (1/35) 

Tt. Ru:t.alea, on the otber bad, includea the tollowiag:: 

Subordar RutiDeae: Rutaceae (150/1600) 

Cœoraceae {2/3) 

Siarubaceae {24/100) 

Picrodandraceae {trom Siarubaceae) (1/3) 

Buraeraoeae {20/600) 

Meliaceae (50/1400) 

Akani.aceae {1/l) 
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Suborder Malpigbiiœae: IIIJ.pigbiaceae (63/800) 

TrigoDiaceae (4/35) 

Vocb;rsiaceae (6/200) 

Suborder Po1;ygalilwae: !reJBndraceae (3/30) 

Pol.;ygalaceae (13/800) 

Dicbapetalaceae (Cbail.l.etiaceu) (4/850) las beea p1aced betwea Peuea

ceae aad Tb;yJielaeaceae in Ttv-laeal.es, wbile Callitriclaceu (1/44) hu beea 

placed ill tba euborder VerbeDiMae ot orcier 8 ot tbe S;y.çetalae 1 tt. Tub1-

t1oru 1 be t'Rea Verbeaaceu &Bd. Labia tae. 

The llWibers in pareatbesis stalld tor the DWiber ot geMra owr the llUilber 

ot apecies. Thu.s, just iD tbese 21 taa:lliea, there are over 686 ge.n.era and 

1$,760 species. 

Hutcbinaoa (1959) 1D.c1uded Geru.iaceae1 Liuaut.baceae, Oxalidaceu, ud 

Tropuolaceu iD the •Geraaialea11 • Tbia order was placed oa the •berbaceous• 

aide. ID. ad.ditioa, ba ad.ded Ba1•mnaceae to tbie order. He couidered 

these plants as adv'anced troa tlB C&r10pb;rllales or direct from tba Ra:aa1ea. 

He couidered tbat there was a •considerable gap• between these groups, tt.D4 

I.:t JIMDtbaceae was the 1illk betwea tbaa. 

Hutcbinsoa placed the otbar tam:lliea ot tbt "Oeraaialea11 ..1-.J.• ot the 12th 

'"Syllabwi' on the wooc:V' side. Be placed Bumiriaceae1 Linaceae, Er;ytbrox;ylaceae, 

and Z;ygopb;rllaceae in the Malpigbialea. He placed theM tud.lies ill the orcier 

vith Malpighiaceae 1 Irvingiaceae (trom Si.marnbaceae), Huaceae 1 Ledocarpaceae 

(illc1uciinc Ledocarpoa, Wendtia, ut.d Rlqnchotheca ot the GeraDiaceae), Cteao-

1ophonaceae (troa Linaceai),Bal.anitaceae (troll Znopb;rllaceae), and Lepidobo

tr;raceu (troa Oxalidaceae). 

luphorbiaceae vas raiaed to the ordiaal ruak, vith roota deriwd troa 

aeveral stocka: Bixales, fi11a1ea, Malvales, Celaatralea, &J1d. perbape 
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Sapindalea. He couidered i'l; 1io be olOHq allied wi'l;h Tiliaceae u.d. especi

all.7 Sterculiaceu. He caU. 'l;bis t&:JI:l4r a 11ru.bbiah beap• ot apeœlous 

novera vhich neftr arose troa 'tbe Oeraaiales. 

Huiiobiuoa plaoed Dapbaipb7llaceae in the H•••lidales, near Bwraceae 

and BruDi.aceae. 

Both Eupborbiaceae ud Daphld.p}V'llaoeae are on the Ligaosae sida. 

Hutchinson 'l;ook Viviani& trom 'l;be Geraniaceae and raised it to the t&Jd.

lial rank and placed it ia the Pittosporalea. .A.verrhoa ot the Oxalidaceae 

vas lilœwise raiaed tc the tuilial rank and placed in the Rutales. 
/ 

The otber tam:Uies ot the llth"Syllabuï111(l936) vere placed iD 'l;be 

Polygalales, Ru tales, Meliales, lapindales, and Rosales, on the. •vooc:JT' 

aide, and Lytbral.es, on the 11herbaceous" aide. !beee ordera will be 

diseussed turther iD the next aectioa. 

The diagraa on the toll01d.Bg page giTes the distributioD&l. pattera ot 

the tamilies ot tbe 11Geranial.ea" !•.!• as deviaed b7 HutchiluJon. 

Another ayste•tiat, GUDQ.ersen (19.$0), divided the dicot7ledons into 

different groups or complexas wbicb vere subdivided into orders. He t~d 

a Geranium group, placed betwen tlB Mal va group aad tœ Dianthitlorae. 

!be orders, in sequence, ot the Oerudwa group conaiat ot the Rutalea 1 Juc

landaJes, Sapi.ndales, Celastralea, and Geraniales. Iacluded ill the Geruiales 

are ZnoJ)}V'llaceae, Oxalidaceae, Geraniaceae, !ropaeolaceae, LiJIID8lltbaceae, 

Balsa.mi.Raceae, and Linaceu. lrJ1;broqlaceae was made into a subtami.l.y 

lrytbroJQTloideae ot the Liaaceae. 

luphorbiaceae (bcludilag DapbniplqllWI) as raiaed to the ordinal rank 

and plaeed in the Halva complex. 

Pulle (19.$0) devilled this lbe ot evolutioa: Reeks Resales~ Pudales 

~ Malvales~!ricoceae~>Geraniales ~ (Malpighi.ales) -):(Poqgalaes) 

_.....,.Ru tales~· Sapiladales --+···(BalsaaiBales)--.::,. Rbamn.alea 
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Malpighialea: Ledocarpae~ae 

Erythroqlaceae ( 7) Ctenolophonaceae 
Rutales: Averrhoaceae4 Z,..gop~llaoer (.5) Ixonanthaoe~3 

\ 
Balanitaceae ~Humiriaceae 

· Linaoeae ( 6) 
Olaoalea -

\ 

Euphorbiales: Euphorbiaoeae ( 8) 

~ 

Haaamelidalea: 
Pittoaporal~a: 1 Viviald.aceae 

~hatraà~ /ù•• 
TUiales 

(9) ~ Daphnipb;yllaceae 

\ 
Rosalee 

Distribution of the 9 Fami1ies 
inc1ud.ed in the "Geraniales" !.•!!• 
b7 Engler and Melchior (1964) 
(From Hutohinson, 1959) 

*Included in Sapindales b;r Engler 

1
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Tbrt Geranialea CODSisted or lrytbroxylaceae ~ HUJiiriac~~·ae 1 

Dicbapetalaceae 1 O:xalidaceae ~ Geral!liaceaa- l..S.•ntbaceae ~ Tropaeolaceae 1 

Zygop~llaceae and Dapbnip1T,yllaceae. 

J.gain luphorbiaceae vu raiaed to the ordiu.l rank. The order waa thus 

eal.led Tricoccae. 

The Oeranialea ia order 9 of Rendle • a (19.$2) classiticatioB. He coui

dered it to be allied to the Malvalea, and placed in it seven tamiliea: 

Geruiaceae 1 Oxalidaceae 1 Balsamim.aceae 1 Tropaeolaeeae 1 Linaeeae 1 Z;ygoplT,ylla-

ceae 1 ad Malpigbiaceae • 

.Euphorbiaceae (i1'1cludiag the kiWFJlàNmllplT,ylleae) waa placed ill the 

Tricoccae. 

Croaquist (19.57) placed tour t&Dd.lies ia the Gerrud..alAtsa Oxaliclaceae 1 

Ger&Biaceu 1 Li.Jmaatbaceae 1 &Bd Tropaeolaceaa. He raised Liaceaa to the 

ordiBal r8Dk1 and. plaeed Bwdriaceae, .Erytbro.x~'laceae, 8lld Liaaceae~ iB it. 
'. 

Tbe Euphorbialea CODSisted of Buphorbiaceae and Jlaphnipql.laceae 1 Ûl addition 

to Bux:aceae, Aexto:xicaceae, Pandaceae, and Didieraceae. ZJgopb;rllaceae •• 

placed iJl the Sapimdales. 

This waa hu arrangement or the relationabipa between theae ordera: 

GeraD.ialea+-- Sapilldalea ~ Polygalalea 

____ - - Liœl.ea 

- -· ~ - Celastrales 
~ Euphorbialea 

Roaalea - Haloragalea 

He believed tbat the Geral!liales WUt:aa:.MisbO&af tbe SapindalBa, vith a 

telldency towards ailaple leavea. h addition, the luphorbiales ia probabl7 

related to aJJd deri'ftd trom tt. CelaatralBa. The poaaibilit;r ot an UD• 

atural polyph;rletio Buphorbiaceae 1 he belie'ftd1 •• ,_t to be deJBOutrated. 



• 
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Cbade.faud &l'Id. EJIIberpr (1960) d.ivided their orders into ph;yla.. One 

phylùm, or lwage couiata o.f two ordera, the Gerudal.ea (Gruiwes) am 

Hal:nlea. Tbeae two ordera 1 accord.iJ:Ig t;o tbe authora, bave atrikiag resem

blaneea to each other, thua r; 

•n est doac impoaaibl.e c» séparer Gruiaal.es et MalY&lesJ leur 
aoucbe est, selon toute nai .. Diblance, COII'IUM, et, reaom:tallt plua 
haut daDa le paeaé, cea 2 e~s oat la ~ .. aaceDdancea que les autres 
ph7luu du groupe IV 1 not.ullant ceu dea Terebinthalea - Ollbelli.florea, 
etc. et des Tricoques.• ...-..... 

'lœirGérudalea couiata o.f tbe tollowiag familias: Znop}V'llaceae, 

Geraniaceae 1 Tropaeolaceae 1 Oxalidaceae, Liaceae, Lepidobotryaceae 1 BUid.ria

ceae, lr;ythro~laceae, Malpigbiaeeae, am Liaentbaceae. G'raDiaceae, Tropae

olaceae, and ODl.idaceae .fom a complex, with LiDmalltbaceae a little more 

evolved. LiDaceae1 Lepidobotr;p.ceae, H'WIIiriaceae, and Eeythroor;,ylaceae tom 

aaother complex, vith Halpighiaceae standing apart. Zygop}V'llaeeae ia a 

little more iaolated from tbe rest ot the tamilies. 

Chaudetaud u.d .Emberger placed l•phorbiaceae ud. DapbJliptv'llaceae iJl the 

Tricoqœs. They stated tbat thllre apparentq is an attiDit7 betwen thi• 

orcier aad tbs Géruiales-Jialva.JJts coaplex. 

Besse;y (1915) placed the Geraaiales near thil Malvales B:Dd placed 22 

.familias ill 1 tt Geraniaceae, Oxalidaceae, Tropaeolaceae, Balsamnaceae • Lia-

a&D.tbaceae.. Linaceae, BUlldriaceae 1 lr;ythroqlaceae 1 Z;ygoptv'llaceae 1 Cneoraceae 1 

Rutaceae, Siarubaceae 1 ~seraceae 1 Keliaceae, Halpighiaceae, 1!rigoniaceae, 

Vocbpiaceae, Pol7galaceae• !reJIIJ1draceae1 Dichapetalaceae, Buphorbiaceae1 and 

Callitrichaceae. 

vu. fiegbea and Co:nstalltia (1918) •• the Geraaialas alli&llee 8 ot the 

RanunculiJleae, vith Geraaiaceae as tbe transition tovards the .Kalvales. the 

orcier iRcluded 31 tuilies: Peganaceae, litrariaceae, Strasburgeriaceae, 

BlatiJiaceae, Cunoniaceae, A•cardiaceae, Buraeraceae, Sapi.Ddaceae, .A.esculaceae .. 
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Maliaattaoeu, Aceraceae, Fraacoaceae, Stacb.yuraceae, Koeberl.iniaceae, Buxa

ceae 1 Heliaceae, Corynooarpaceae, Malpighiaceae, Pol7gal.aceae 1 Car7opb1'11a

oaae 1 Portulacaceu, Rutaceae 1 Coriariaceae, Cruaulaceae, Siarubaceae 1 

Irvillgia.ceae, LegumiDoaae, Collll&raceae, Rosaceae, and Crossosomaoeae. 

Skottsberg (19401 1955) clasaified the Gruiœles as followsr 

Suborder GeruiiDaae: Oxalidaceae 

Lillaceae 

Erytbroqlaceae 

Geraniacea.e 

Tropaeolaceu 

Z7gopeyllaceae 

Suborder Malpighiiœae: Kalpighiaceae 

!rigoniacea.e 

Vocb7siaeeae 

!remaadraceae 

Be:uoa (1957) ( has'~';(; aa orcier Geruiales. It belo:aga;' to the •Thal.ui.

tlorae•, utd iBCludes: Lianaatbaceae, Liœceae, Oxalidaceae, !ropaeolaceae 1 

Bals&Dd.aceae, llatiaaceae, Ger&ldaceae, Er;ythroxylaceae, Z7gopb7llaceae, and 

Malpighiaceae. 

Perhaps ome of t'hl ear1ieat orders for'J8d tdth Geraniaceae as tt. type 

t&11il.7 vas the Gruiales of Jla.rtiua (18).$). Gruiaales vas cohors 281 alld 

illcluded Bals&llineae A. Rich., Oxal.ideae DC. 1 Gerani&ceae Juas ., . and Lineae 

DC. 

.A:aotber SJ'8teU.tist, Wettateill (193.5} 1 iacluded the followiag fud.lies 

in tbe Grui.Mlea: Liœceae, B1Uiiriaceae, O:x:alidaceae, Geraniaceae, LiDmall

tbaceae, Tropaeolaceae, Erythroq-laceae 1 Malpighiaceae, Z7gopb;yllaceae 1 and. 

Oneoraceae. 
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Boirtn (1956) ade the Geru.ia1es ordar $ (XXX) ot the Discit1orae1 aad 

plaeed ill i t LU.ceae, Hum:t.riaceae 1 LepidobotJ7&ceae, Erytbroos;ylaoeae 1 Z;rgo

pb;rllaceae 1 Cneoraceae 1 Oxal.idaceae 1 ~ramaceae 1 Tropaeolaceae 1 Balsaminaceae 1 

and Lj'INntbaceae. 

Hallier (1912) pl&oed tba tollowing tudlies in the Oninales: Oxalida

oeae, Gera:niaceae 1 Balaamina.oeae1 and Zygoph;y llaceae. Li.Jmantheae, Tropaeoleae 1 

and · Balsud.neae are in Ba1sam1Jlaceae. In a previous olassitioation1 the order 

also included Linaoeae and Humil'iaceae (Hallier 1 1906). 

B. la:adlies ot the "Geraniales" 

1. Gera:aiaceae. Geraaium ( 'l'ourn. ) L. is the type gemuJ ot this f&llil7. 'l'ba 

members ot this tamily are mostly herbaceoua, ooourring chietly in the tellper

ate region. Some are aucoulent and shrubby. The genera are homoge:œoœit.n 

structure. Acoordi.ng to Metoalf and Cbalk (19$0), they torJil a homogeneons 

group except tor Sarcocaulon which bas moditied structures adapted to arid 

condi ti ou. 

Chaude taud and Emberger { 1960) have placed 12 genera and more than 600 

species in this tamily, the type tud.l7 of i»heir.•:Géraniales. 

Hftimsch {1942) pointed out the si.milarit;y of the wood with that of Oxa

lidaceae, particularl;y in the tendency towards the eli.Dd.nation of the rays, 

scanty paratracbeal parenc~, and the common occurrence af septate fibres. 

Bentham and Hooker (1662 - 1863) included I!patiens a:nd Limnanthes in this 

tud.l7. LiDanthaceae and Geraniaoeae both have members vith widely-spaced 

vascular bundles, but there is no trace ot the characteristic Echanical 

riDg in the pericycle ot Li.Dmantbaceae. Thus a separation wœ1d be warranted. 

Beatbaa and Hooker &lao includ.ed members ot the Ox.alidaceae ill this 

tamil7. 'l'he well-deve1oped sclereachymous ring in the pericyc1e and the ri:ng 

ot separate collateral bundles in the stem and petiole unite the two taaUies. 
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Also included in the Geraniaceae by these authors was Tropaeolum, 

the only similarity between it and the Geraniaceae being the arrangement of 

vascular bundles in the stem and petiole .. 

Hutchinson (1948) tried to show that perhaps the Geraniaceae was descended 

from the Caryophyllaceae; however, he felt that there was a greater possibi-

lity that it arose directly from Ranalian stock with internediate connections 

having disappeared. The general habit and leaf character of the Geraniaceae 

are largely like the Ranunculaceae and not of the Caryophyllaceae. Hutchinson 

(1959) :made it the type of the Geraniales in the Herbaceae. He argued that 

some feel the Geraniaceae should be allied with the Malvaceae, but he thought 
' 

the fibrous stems supported the origin of the Malvaceae on the woody sida. 

Chadefaud and Emberger (1960) were two syste:matists who felt that the Gera-

niales, therefore Geraniaceae, should be allied with the Malvales. 

Hutchinson (1959) removed Balbisia (Ledocarpon), Wendtia, and Rhyncho

theca from the Geraniaceae of Bentham and Hooker (1862-1883) and also Harms 

(1931) and created the family Ledocarpaceae, placed near the Huaceae and 

Erythrmcylaceae in the Malpighiales. Furtherrîlore Viviania Cav. was raised 

to the familial rank by him and placed in the Pittosporales on the woody 

side. 

Many other authors have created an order Geraniales or Gruinales; in 

addition, they have placed the Geraniaceae near the following families: 

Oxalidi.eeae,, Tropaeolaceae, Lina.ceae, Erythroxylaceae, and Zygophyllaceae. 

(Martius, 1835; Bessey, 1915; Skottsberg, 1940, 1955; Chadefaud and Ember

ger, 1960; and otrers) In the 12th "Syllabuslll (Engler and Melchior, 1964), 

this family is placed in the suborder Geraniineae between Oxalidaceae and 

Tropaeolaceae. 

The last complete classification of the Geraniaceae was done by Harms 

in 1931: 
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Subfamily Geranieae:. Geranium L. 

Erodium L'Hér. 

Monsonia L. Mant. 

Sarcocaulon (DC.) Sweet 

Pelargonium L1Hér. 

Subfamily Biebersteineae: Biebersteinia Steph. ex Fischer 

Subfamily Wendtieae :: R}lynchotheca Ruiz et Pa v. 

Wendtia Meyen 

Balbiaia Cav. 

Subfamily Vivianieae: Viviania Cav. 

Subfamily Dirachlœae:: Dirachma Schweinf. 

2. Oxalidaceae. Oxalis L. is the type of this family which most authors place 

in the Geraniales near Geraniaceae (Warming, 1895; SmaJ.l., 1907; Gundersen, 

1950; Pulle, 1950; Rendle, 1952; Cronquist, 1957; Engler and Melchior, 

1964). The family differa from the Geraniaceae in the ten stamens united at 

the base and the five free styles (Rendle, 1952). 

Oxalidaceae was placed in the Geraniaceae by Bentham and Hooker (1862--

1883). Heimsch (1942), however, says this is a homogeheous~o~, and thus 

should be delimited as a family. In addition, on the basis of wood anatomy, 

Sarcotheca should be placed he re rather than in Linaceae. 

Hutchinson (1959) raised Averrhoa L. to the familial rank. Then the 

newly-created family Averrhoaceae Hutch. was placed by him in the Rutales on 

the woody aide. The two species, !• bilimbi L. and !• carambola L., are thus 

in the Lignosae. 

Lepidobotrys staudtii, placed by Engler and Melchior (1964) in this 

family, is sometimes placed in the Linaceae (Chadefaud and Emberger, 1960). 

Hutchinson (1959) removed this genus, and along with Sarcotheca and Dapania, 
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created a familJ Lepidobotr,aceae which he placed iD the Malpighialea. 

Cbaldè.ti:m:t: and Eaberger (1960) d.etached this genus LeJ!idobotœ from both 

the L~ce• and Oxa1id.aceae. They stated tbat the move .. Jraa jutified, for 

LeJ!idobotm dUfers from both familias by t'be jointed wû.f'oliate leaves1 the 

catld.D-like inflorescences, the unisexual fiowers, the tri-carpellate tri-

1oculate ovary, aad. the t'bree styles united e:xcept for the stigma. Thia 

family vas thu placed ia the Geranialea 1 intermedia te between Linaceae, 

lrythro::ll"1aceae 1 and. O:x:alidaceu. 

3. Tropaeo1aceae. Tropaeolum L. is the type genua for this famUy which waa 

placed in t.l'a GeraJliaceae by Bentham and Hoolœr (1862-188)). Most au thors 

•intaia auch a f&Dd1y (WarmiJ&g, 1895; Small, 1907; Gundersen, 1950; 

Pulle, 19.50; Rendl.e, 1952; Cronquist, 1957; Hutchinson, 1959; Cbadélûdd. 

and Eaberger, 1960). While the stem and wtio1e anatom,y is similar to that 

of the Geraniaeeae, they differ in tlat.t:)frop&eo1um eontaiœ myrosift eells 

(lllttcalf and Chalk, 19.50). 

This fami.ly bas been placed :aear Lbmanthaceae 1 ZygophJ'llaceae 1 Gerani

aceae., or Balsaminaeeae (Wa.rmillg, 1895; Pulle 1 1950; Cronquist 1 1951). 

Buehenau (1902) stated that the 8 form of laaves of the ovary 1 also the embryo 

development11 justify familial rank near the Geraniaceae, perhaps near Hippo

eastanaeeae. Farenho1tz (1931), on the otber band, stated that the fami1y 

is highly-specialized and iao1ated; the stamens and carpe1s suggest Sapin

daceae. 

4. ZygoplJ.rllaceae. Zygopbz11UII1 L. and the other members of the Zygoph,yllaceae 

were plaeed in the Geraniales hy Eng1er and Die1s (1936) aad. Bemdle (1952). 

This family vas retaiad in the Oeraniales in the l2tl:l- Syllabus'' (1964). 

Chadefaud and Eaberger (1960) 1 Small (1907) 1 and Pulle (1950), a:l;oag vith 

Gundersen (1950), are other SJStematists whe .illclJulft:.5bl.s family in the Gera-
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niales. 

Hutchinson (1959) placed this family in the Ma1pighiales near Ba1anita

ceae. Warming (1895) has this farni1y in the Terebinthinae œar Burseraceae 

and Simarubaceae, while Cronquist (1957) included this family in the Sapin

dales. 

This is some !.cilisagreement between authors as to which genera should be 

included in this family. Sorne authors have removed Peganum L. from Zygophyl

laceae. van Tieghem and Constantin (1918) set up a family Peganaceae that 

contained two genera, Malacocarpus and Peganum. Peganum is different from 

the other members of the family in its embryology, and in this respect, is 

said to be close to Helianthemum guttatum, Radiola linoides and ~ graveolens 

(Chadefaud and Emberger, 1960). 

Balanites Delile has also been raised to the familial rank.(Hutchinson, 

1959). Hutchinson places this family near Lepidobotryaceae and Zygophyllaceae 

in the Malpighiales. Bentham and Hooker (1862-1883) placed Balanites in the 

Simarubaceae. Scholz (1964), in the 12th ••Syllabus tt, lœpt i t in the Zygophyl

laceae. It is, according to Hutchinson (1959), perhaps better to place it in 

neither family. Heimsch (1942) studied the wood of several members of the 

Zygophyllaceae and found the r~s of this genus to differ from those of the 

others. Record (1921) added that the wood structure of this ge nus differa from 

Guaiacum, Porlieria, and Bulnesia, but if the other xy1em characters are studied, 

this genus is nearer to the Zygophyllaceae than to the Sirnarubaceae. 

van Tieghem and Constantin (1918) removed Nitraria from this family and 

raised the genus to the familial rank. Then they placed it, along with Poly

galaceae, in the Geraniales; most authors include it in the Zygophyllaceae. 

Heimsch (1942), on the basis of the tracheids in·the xylem, believes that 

Zygophyllaceae should be placed with Polygalaceae, Trigoniaceae, Tremandra

ceae, Malpighiaceae, and Vochysiaceae, ratœr than with familias which are 
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prillaril;r com.poaed of blrbaceous tallilies. Hei118ch concludes tl:a t the voodll 

of this faai1;r form a distinct and natural group tbat is highly-specialized. 

'· Li.Daceae. llany authcrs bave placed Lill'WII.- {Tourn.) L. and the other •m
bers of the LiDaceae iB the Geraniales {Wand.ag1 18~J 8all, 1907; Emgler 

and Diels, 1936; GUilderHn, 19,0; Pulle, 19,0; Rendle, 19,2; Chad.efaud 

and Embe:rger, 1960; Engler and Melchior, 1964). 

According to Metcalte and Chalk {19'0), tbl arked differeaces ill the 

wood anatomy suggest tha.t this group is unsOUDd. The folloving discussion 

supports this state•nt. 

GUJldersen (19,0) assigœd Humiriaceae and Er;rthrox;.vlaceae to tbl sub

tam:l.q leval and thus created. tbl HUJdrioideae U1d El"Jthrox;.vloideu. Jfost 

authors bave a faail;r Erythroxylaceae; thus turther discussion on its N• 

latiouhip to Liaaceae vill be foumd iB that section. It is t~utficient to 

sa;r bere tbat its wood aaato117 differa considerabl;r from tœ Linaceae. 

Hwairiaceae will also be discussed under a separate title. 

lfara;y other ge:œra ot the Linaceae bave been raised to the familial 

razüc. Chadefaud and Emberger {1960) stated tha.t this famil;r bas recentl;r 

been di vided into the Hugoniaceae, Necta.ropetalaceae, Ctenolophonaceae 1 alld. 
two-

Ixonantbaceae. Onl.7 the latte~ be discussed. 

Ctem.olophonaceae bas been coœidered b;r several authors to be a Mlllber 

of the Olacales (Chadetaud aJld lmberger, 1960). Ridle;r (1922) placed the 

genus in the Olacaceae. 

WiRkl.er {19.3ll) retaiaed this genus in tbt Linaceae. Metcalte and Chalk 

(19,0), however, coJlsider Ctenolophon Oliv. to be anatollicall;r-prbd.tive to 

the otber members of the Linaceae. 

Hallier (1921) JIOftd this gellU8 troa Liaaceae to Celastraceae 1 tbeB to 

Ixon&llthaceae. EDll aad MeDd.onca (19~) placed this f81lil;y betweea Liaaceae 
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and Erythroxylaceae, while Hutchinson (19.59) placed it in the Malpighiales 

between Erythroxylaceae and Malpighiaceae. Morphologically, anatomically, 

and palynologically, Ctenolophonaceae is reJa ted more to the Ma.lpighiaceae 

than to any other family (Chadefaud and Emberger, 1960). 

Heimsch (1942) concluded tha.t the xylem structure of Linaceae and 

Ctenolophon is similar, but he notes that in this respect, it is closer to 

Humiriaceae. The llth "Syllabus" (Engler and Diels, 1936) and the ltth "Sylla

bus" (Engler and Melchior, 1964) assign Ctenolophon to the subfamily Cteno

lophonoideae of the Linaceae. 

Hutchinson (19.59), who split this family into many little familias, 

raised Ixonanthes to the familial rank and placed it with Ochthocosmus 

(Phyllocosmus) in tœ Malpighiales. He also made Linaceae a member of the 

Malpighiales. 

Cronquist (19.57) raised Linaceae to the ordinal rank; in addition, he 

placed Humiriaceae and Erythroxylaceae, as familias, in that order. 

Hutchinson (19.59), as stated earlier, placed Linaceae in the Malpig

hiales. Thus this family is located in the Lignosae. In 1948, he s.tated 

that Liraceae is a small but wide-spread and heterogenous group; he be

lieved Linum to be descended from woody ancestars and should therefore be 

placed next to the Erythroxylaceae, following the Tiliales alliance of 

familias. He had earlier considered it to be part of the Geraniales. The 

majority of Linum species, he added, are herbaceous, but sone have woody 

woodstocks, and at least one species ~· arboreum L. is a true shrub with a 

single woody and much-branched stem. Heimsch (1942) stated that there is no 

justification that non-wooqy mambers of the Linaceae were derived from woody 

members. 

6. Humiriaceae. Bessey (1915) placed this fami.ly in the Geraniales. Pulle 
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(19$0) alao did tbiiJ, as did Cbadefaud. ud. Eliberger (1960). Warm:I.Dg (189$) 

pl.aced this .f.\lmil7 in tœ Gl"lliales •ar Limnanthaceae. Cronquist (19$7), 

oa the otblr band, placed it 1a the Liiii.J.es. 

As mentiolled previ~sl,-1 aewral autbora conaidered this group as a aub

tamil.,- ot tt. LtMna (Eagler aad. Diels, 19.36; Engl.er and. Melchior, 1964; 

Gund.ersen, 19$0). ButcbiDson (19S9) placed this tamU,- ia tbll Kalpighialea. 

Beimacb (1942) 1 band. oa wood anatomy 1 stated that this :ta a bomogenous 

fud.l7• On the basis ot secolldary :ç-lem (tracbeida), be added tbat it bas the 

closest tamil;r attinit;r vi th Liaaoeae. Chadetaud nd Bmberger (1960) stated 

t~t this f&Jiily is diati:nguisbed from Liu.ceae b,- tbe M.D.T .. a1iamBne· (~ to 

JIII.JQ') 1Ja aeveral wborls and the intrastam:Lnal disc,'e wbicb ia cup-like or 

abell-11ke. In addition, they aaid that tbere •Y also be an aftinity witb. 

Buraeraceae, this based on the tl"llit structure. Metcalte u.d Chalk (19$0) 

noted that the idioblaata of Saccoglottis l.illlœ the famil;r vith Tbeaceu. 

7. Erytbroxylaceae. Er,-tbrox;yl11ll L. ia t'lW type genua of this tamil,-, the :; , 

•libera ot wbicb are said to be closel,- allied to Linaceae. Tbia tamil.;y wu 

placed ia the Linacea.e b7 Bentlml and Hooker (1862-1883) 1 BailJ.on:. (1878), 

and Ballier (1908, 1912, 1921). Gund.ersea (19SO) also placed it in the sub

f'am:U,- Er,-throJr;Yloideae ot Liaaceae. Croaquiat (1957), on tt. otter band, 

iaelud.ed tbia tu:Uy in the Li;na.les, between Humiriaceae and Li.Daceae. 

Heimscb (1942) aaid. tba t Erytbroxylaceae and Liœceae dif'f'er greatly ill 

tbeir wood. Er,-tbroxylaceae bas members vith scalaritorm. vessel perforatiou. 

Wood t7P9s are more unitorm in lr;ytbro:x;ylaceae. However, be coacluded, ita 

~f.tinity with' tinaceae" ls~. &reatèr tban w1 th an7 other famil7. 

Engler aDd Diela (19.36) iBcluded this tail7 in the Geraaiales. It 1a 

retai:aed there iD the 12th11Syllabus11 (Engler and Melcbier, 1964). Pulle (1950) 

likevise placed this .famil7 in the Geranialea, as did Smal.l (1907) and. Cbade

taud and Emberger (1960). 
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Hutchiuon (1959) placed this famil7 near Ledooarpaceae and Ctenolopho

naceae ia the Malpighiales. Warming (1895) has this fanily in Aesculinae, 

near Malpighiaceae and Voc~siaceae. 

8. Li.Jiutantbaceae. This famil7 contains tvo genera Limnanthes R. Br. and 

Floerkea Willd. Because of the ascendi.ag apotropous ovules and the bi

mucleate pollen, the7 are often placed near the Sapindaceae; so•1;i.JIIIs t.he7 

are placed with tœ old •gamopétales" because or the uni-tegument and tenui

nucellate ovule and the onobasie st7le. ( Chadefaud and lllberaezl ID~O) 

Chadefaud:,:an.d Emberger (1960) stawd that 1D1J17 characters of the 

Geraniaceu are present ill this famil7. Thus Bentham and Hook.er {1862-

188)) placed this famil7 ia the Geraniaceae be cause of the anatomical simi

larit7 betveen FloerkBa and Geraniaceae. Most people place this famil.y: ill 

1ihe Geraniales {Warllliag, 1895; Small, 1907; Gundersen, 1950; Pulle, 1950; 

Hutchinsoa, 1959; lngler and Melchior, 1964). The .tam11;y resemb1es \he 

Geraniaceu, in one respect, ia the presence or wide1y-spaced vascular 

bundles {Ketcalfe and Chalk, 1950). 

9. Euphorbiaceae. Euphorbia L. is the type genus of the Euphorbiaceae 1 a 

famil:r which vas first adequawl;y delimited as a natural. group of plants b:r 

A.. L. de Jussieu in 1789 (Per17 1 19.f43). Since then, there bave 'been ma117 

contributions, pb7logeneticall.71 aorphologicall71 and ..,'blllid:eàl.J71 9oLtt8 

classification. 

This fallil1' consista mostly of tropical plants, each varied in habit. 

Even within a genus, tblre are varied habits. Eupllor1»la, for e:x:amp1e1 is 

a h.erbaceous plant ia Britain; those of tropical A..trica are cactus-lin. 
' 

The •mbera of this famil1' have been pla.cad in different orders b7 

di.tterent authora. Several have raiaed this fami1;y to the ordia1 rank 

~Jl, 19.3.3; Gundersen, 1950; Cronquist, 1957; Hutchinaon, 1959). 



24 

It has also been placed in the Geraaiales (Englar and Diels, 19.36; EnglJir 

and Jlelchior, 1964). Still otbers bave placed it in the Tricoccae or 

Tricoques (Warming 1 189$ J Pulle 1 19$0; Re ruile 1 1952; . Chadetaud and 

Emberger 1 1960). 

Buxaceae and Daphrliphyllaceae bave beeD ade subfamilies of this 

tamil.,-. These tamUies should. be consulted tor turtber discussioa. Aextox

~ bas also been included in this f8Jili.l.T. The tamiq is disoussed ia 

anotber section. 

Pe1T7 (19~3) i.Bvestigated a small par cent of ienera ot thiâ tam.U,

and concl'!lded tbat the,- fora a rather œtural group although ahowing JIILI11' 

liœs of evolution. Cytologically, he added, certain tribes, or otber 

taxonomical groups 1 appear to be natural in tba t one basic chromosome 

Dmlber is tound in each, wbile in another group, nearl,- ali tbe basic D.Wil• 

bers present ia the fam:il.7 are fouad, suggestiDg that the 'W'lit is mere:q 

descriptive and artificial and not pbyletic. Be found tbat within each et 

the genera studied there was considerable unitormity in the shape and sise ot 

tb&.;~ soMtic ohromoso•, with the exception of the Euphorbia. Bere the 

cytological coaplexi t7 parallels the wall-kDown morphological ud taxonomi

cal coaplexity. 

Euphorbiaceae is a heterogenous famil7 1 more or lesa artiticial (6bade

taud and Emberger, 1960). Chadefaud and Emberger agree with Perry tbat there 

is evidence of a polyphyletta· ozokia. Agai:a they cite the extrema diverait,

ia aorpholog;y. Ketcalte nd Cbalk (19$0) also reached the conclusion that 

1ihia tamil7 is polypb;yletio 1a origi:a. They fouad ao anatomical hoaogenei ty. 

The7 add that the petiolar structure supports an attinity vith Jfalvaceae aDd 

TUiaoeu. Tbere is also some support tor ita atfiait7 with Buxaceu. 

Janssoaius (19o6-19.36) concluded froa his studies of the woods of Acalzyha, 

htidesa, Bisehotia1 Bridelia, and Gloehidion, tbat there is some relation-
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ship to Bursaraceae. Mltcalte aDi Cbalk (1950) also round some resemblance 

betweea Euphorbiaceae al!ld Apocynaceae. 

On this matter or pol:yph7letic origin1 Hutchinson (1959) adda tbat this 

tamily bas some relationships vith Rbamnales 1 Celastrales, Starculiaceae1 

and Malvaceae. Willis (1960) reurked tbat this tamU;r is closel;r relatad 

to the Geraniales in the structure or the 11Jnoecium, although separated a 

good deal from other familias or this order by' the amoUllt or raductioR in 

m.ost or the !lovera. 

This order 1 the Euphorbiales, has otten bean placed ne ar the Qeraniales 

and Malvales (Oundersen, 1950; Pulle, 1950). But Hutchinso• (1959) believes 

"bat it ~~ever arose from tba Oeraniales. Oundersen (1950), on the other band1 

coacluded tbat the Euphorbiaceu consista or Jlembers reduced ia torm, probabl;r 

derived from the Oeranialea aad Malvales; 1n addit.ioa, the tamil;r is not very 

near to the Sapindalea. 

Euphorbia is ( ··· : !JC.êeptional ., in the tamil;r. Thus something will be 

said about it. It is a large aad widèly-spread genus vith an advanced in

norescence composed or an involucre or comnate bracts, between which are 

glanda si.Jmlating small petala. WithiD tœ involucre are male and reale 

nowers, tba ale novera usually numerous and lookiag like atamens, the 

reale tlowers aolitar;r and placed ia the center, llllCh reselllbling tb! ovaey 

ot tbe bisexual tlower. (HutchiDsoa, 1959) 

10. Daphldphyllaceae. This tamil.y bas otten been associated with Euphorbia

ceae. In 18691 Daphldpby'llum BlU118 was raised to the familial rank. In the 

llth11S;yllabus" (Engl.er and Diels, 19.36) and 12th11 Syllabus11 (Engler &1ld Melchior, 

1964), thl.a tamil.y is placed Mar the Euphorbiaceu. Rosentbal (1931) placed 

thil genus near the Eltphorlli&ceae oa account or the ovary, but aeparated 

on the bUis ot the saall apical elllbeyo a:nd. tœ ventral raphe. She was 

opposed to Hallier•s view tbat Dapbnipbzllwa should be near tœ H...,lidaceae. 
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Gundersen (1950) included this genus in the Euphorbiaceae, while Chade

faud and Emberger (1960} placed this family in the Tricoques between Euphorbia-

ceae and Dichapetalaceae. Daphniphyllaceae is included in the Geraniales of 

Pulle's (1950)), near Zygophyllaceae. Metcâl!.te' and Chalk (1950) placed this 

family after Buxaceae, stating that the wood is different from Euphorbiaceae•s. 

Hutchinson (1959) placed this family near the family Bruniaceae and 

Buxaceae in the Hamamelidales. Takhtajan (1954) also did this. 

Whether or not it should be included in the Geraniales, Euphorbiales, or 

Hamamelidales, Janssonius (1929) stated that there ~as sufficient evidence 

from a study of the wood anatomy to f:orm a new farnily. He added that it would 

have wide affinities with Theaceae {s.l.} and Hamamelidaceae. 

11. Rutaceae. Ruta L. is the type of this i'amily.. A. L. de Jussieu, in 1789, 

delimited auch a family. Rutaceae was included in the Geraniales in the llth 

"\Syllabus111 (Engler and Diels, 1936), bnt it was made the type family of an 

order Rutales in the 12th11Syllabustt· (Engler and Melchior, 1964). While Small ( 

(1907); included this family in the Geraniales, many authors (Gundersen, 1950; 

Pulle, 1950;. Rendle, 1952; Hutchinson, 1959) include this family in the 

Rutales. It has also been nade a member of the Sapindlles (Cronquist, 1957), 

the Terebinthinae (Warming, 1895)!, and the Terebinthales sensu stricto (Chade

faud and Emberger, 1960~. 

Members of the Rutaceae are found in both temperate and warm regions. 

The Rutaceae offers a diversity in morphological characteristics, auch 

as the staminal corolla of Xanthoxylum, the polymorphie flower of Fagara, the 

pseudogynophore of Boenninghausia, the inflorescence of Diplolaena, the hypo

phyllic Ilowers of EfYthrochiton, the calyx with very unequal sepals in ~-

~~ the stipulate stamens of DictY;oloma, and the androecia, nature of spines, 
the 

and origin o!fsimp]e leaves of Citrus (Chadefaud and Emberger, 1960). 
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()a the wh ole 1 the wood &Dat0J17 ia V8r'7 UDitorll and higbly-specialised 

(Hatcalte and ···Cbalk, 19.50). He1118ch (1942) oouiders the Rutaceae, Simaru.

baceae, Meliaoeae, Sapind.aoeae, Burseraceae, aJld Anacardiaoeae a œtural. 

group, vith Rutaoeae apart àua to the lack ot septate libres, but nearest to 

Si.u.rubaoeae. 

fiilldersia R. Br., vith 20 species, has sœœtt.s been couiàred a 

•m'ber ot the Me11aceae (Cbadetaud. and Emberger, 1960). Becaue ot the àoao

genoua raya ud the no:a-septate libres, Dad.nell (193.5) and, HarrarJl937) 

belieye i t to be out ot place ill Meliaceae. The gemas 1 however, is variable. 

Harrar suggesta a separa te tud.l;r allodd be tonaed.. Dadswell agrees. But 

Metcalte and Cbalk (19.50) believe that it should re•in vith Rutaceae becauae 

ot the secretor;r cavitiea and cella in the tissues otblr than the secondar;r 

x;rl ... 

ICribs (1930) atudied Ptàero:x;r1on and Chloro:x;r1on and coaclll.ded that tblt;r 

ahould re•in in Rutaceae. Chloro:x;rlon bas been placed in M11iaceae, wh1le 

.A.itolida and Pt.aeroq1on have bèea placed in Me1iaceae and Sapind.&eeae (Mat

calte and Cb&lk, 19.50). Heiuch (1942)1 on the baais of wood uatoDIT, c•n

c1uded tba t Rbabdode:adron à& not be long 1R this t•i1;r. 

12. Cneoraceae. Cneoraceu, vi tla Cœorwa L. as the type, ia a tamil;r ot 

doubttul position. Acoordi.Dg to the llth11S;rllaW11 (Engler aad Diels, 19)6)1 

it is a part ot the Geraa.iales. ,.,But in the 12th"Syllabus"(Engler aad 

lt:llch101", 1964), it vas mowd to tbl newl;r-created Rutales. 

Besse;r (1915) made this tuil.;r a •aber of tbe Gera:n.iales. The nucle

ated albWII:In, tba trincleate PQllen, and the ovar;r 1 are li.ke the Geruial.es 

(Cbadefaud aad. Emberger, 1960) •. EDgler (1931) stated that the carpels are 

sODIBwhat 1ilœ Zygop~llaceae, bu.t distinguiabld. b7 tbl single stamen whor1, 

tbe absence ot stipule a, 8Jld. the presence or oi1 cella. This, he added, is 
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sODIIIWbat distinct froa the other •mbers of tba Geranial.ea. 

GuDderH:a (19.50) placed this fallil.y near G:oriariaceu and Siurubaaeae 

in tba order Rutales, while Bentham. and Hooker (1862-1883) 1Dcluded it in tba 

famil.7 Simarubaceu. 

Glllad.efaud and Ellberger (1960) paiaed this famil.7 to the ordi:aal rank, 

and ade it the onl;r fam:ily of the Cneorales. Hutchinaon (1959) assigœd 

this fudly to the Celaatrales 1 near Koeberliniaceae and Cardiopteridaceae. 

Pulle (1950) and Cronquist (19.57) both placed this taxon in the SapiJ:ldales. 

13. Siarubaceae. Simaruba L. and the otœr :members of this ramily are found 

in warmer regions of the world. They are usually trees or shrubs with bitter 

principles in the bark and wood (Rendle, 1952). 

Engler and Diels (1936) placed this family in the Geraniales 1 as did 

SJUJ.l (1907). In the 12th"Syllabu811 (Engler and M81chior, 1964), it was moved 

to the Ru tales 1 near Cneoraeeae and Picrodenàraceae. 

lfa.l'Q' authors have also assigœd this tamily to the Rutales (Gundersen, 

1950; Pulle, 19$0; Rendle, 1952J Hutchinson, 1959). Cronquist iBcluded 

this faily in the Sapindales 1 along with A.kaniaceae 1 Burseraceae 1 Cneoraceae 1 

Rutaceae, Meliaceae, and ZygopbTllaceae. 

!his fudl.y bas also been aasigned to the Terebinthinaa œar Zygo

pey11aceae and. Oclmaceae :• (W8.1"llling1 1895) 1 and Tere binthales ( Cbad.etaud and 

Eaberger, 1960). 'l'bese are essential.ly rutaceous orders. Chadef'aud and 

Emberger (1960) atated tbat the simple leaves ot this tamily hue the saa 

pb1'1ogenetic origiD as the Rutaceae-Aurantioideae. 

The fud.ly is di vided into six aubfamilies: Surianoideae 1 Simarouboideae 1 

Kirldoideae, Irvingioideae1 Picramnioideae,and Alvaraq~ideae, iD the 12th 

Syllabus (Engler am Melchior, 1964). Metcalte and Chalk (1950), iD an 

ear1ier publication, stated tbat tbare are few anatoJiical charactera coiROn 
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to the group. Thus Jadin (1912) had ear1ier separated Irvingia from the 

fami1y. In addition, he be1ieved Suriana shou1d be made into a fami1y with 

affinities with Geraniaceae. 

Metca1fe and Cha1k (1950) stated that three subfami1ies, Kirkioideae, 

Irvingioideae,and A1varadoideae,~ distinct homogeneous groups. Suria

noideae shows some divergence, whi1e Simarouboideae is varied. Jadin (1912) 

removed Ho1acantha from Simarouboideae and created the family Ho1acanthaceae. 

Webber (1936), however, said that the wood structure of Kirkioideae, 

Irvingioideae, Picramnoideae, and A1varadoideae, show the group to be a 

natura1 one. In addition, the wood of Surianoideae is simi1ar, but more heter

ogenous. Simarouboideae is the more diversified group, especially in the 

xy1em structure. Holacantha and Caste1a are widely-divergent from the other 

genera, and thus shou1d be separated from Simaroubaceae. She also noted that 

the wood of Picrodendron, which Engler and Die1s (1936) placed in the Simarou

baceae, also resembJe s the wood of Irvingioideae. 

Hutchinson (1959) removed Irvingioideae Engl. from Simaroubaceae, and formed 

a fami1y Irvingiaaeae, which he pàaced in the Malpighiales, near Linaceae 

and Huaceae. van Tieghem and Constantin, as ear1y as 1918, assigœd a fami1y 

Irvingiaceae to the Geraniales, near Simaroubaceae and Leguminosae. Small 

(1907) formed a family Surianaceae, which he p1aced near Rutaceae and Simarou

baceae in the Geraniales. 

Thus, this family, obviolisly al1ied to Rutaceae and other members of 

that alliance, suffers from interna1 chaos. 

14. Picrodendraceae. Picrodendron Planch. was raised to the familial rank 

in the 12th 11 Syllabus 11' (Engler and Melchior, 1964) and placed in the Rutales, 

near Simaroubaceae. It was formerly assigned to the Geraniales.as part of 
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Simarubaceae. Metcalfe and Chalk (19.50), in Anatonv of the Dicotyledone, 

stated that, anatomically, Picrodendron resembles Simarouboideae. 

Record and Hess (1943) had a family Picrodendraceae. Hutchinson {19.59) 

plaé~d '•:i this family near Juglandaceae, in the Juglandales. 

1.5. Burseraceae. Engler and Diels (19.36) assigned this family to the Gera

niales, but in the 12th "Syllabus" (Engler and Melchior, 1964), it was moved 

to the Rutales. 

Other autho~s have also made this family part of the Rutales, amongst 

them: Gundersen (1950), Pulle (19.50), Rendle (19.52), and Hutchinson (19.59). 

Chadefaud and Emberger (1960) assigned it to their equivalent of the Rutales, 

that is, the Terebinthales. 

Small (1907) placed this family between Si.marubaceae and Meliaceae in 

the Geraniales, while Cronquist (19.57) assigned it to the Sapindales, along 

with Simarubaceae, Akaniaceae, Cneoraceae, Rutaceae, Meliaceae, and Zygophy

llaceae. 

Guillaumin (1909-1910) stated that Burseraceae has affinities with Rutaceae, 

Anacardiaceae, Siœrubaceae, Cneoraceae, Meliaceae, Coriariaceae, Sapindaceae, 

and Hippocastanaceae, but the most marked affinities are with Anacardiaceae, 

Meliaceae, Rutaceae, and Simarugaceae. Be cause of the wood structure, Webber 

(1941) and Heimsch (1942) also conclude that Rutaceae, Simarubaceae, Melia-

ceae, Sapindaceae, Burseraceae, and Anacardiaceae, form a natural group. 

Heimsch (1942) stated that from a study of the wood anatonv of 1000 species in 

31 familias including Burseraceae, Meliaceae, Sapindaceae, Rutaceae, Simaru

baeeae, and Anacardiaceae, he coneludes that the se familias are better elassi

fied by Wettstein, Hutchinson, and especially Hallier • 

Thus Hutchinson (19.59) has placed Burseraceae and several of those 

familias in different but related orders. Hallier (1908) united Burseraceae, 
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Anacardiaceae, and other familias in the Terebinthaceae. Jadin (1894) also " 

uni:_...d.·: the se tvo :f'amilies on the buis of' the longi tudina1 secretory canals 

tOllDd. iB the phloem. 

As atated earlier, Chadetaud and Bnberger (1960) plaeed this tamil;y in 

the terebinthalas, wita a:f'tinities wità Rutaceae and Simaru.baceae, but dis

tiDp.iahed by certain &l'l&tomical teaturea, sueh as the seeretor;r sehizogenous 

cortical canals, and the radical or :f'undall8ntal phloem whieb 18 SOilBtt.s 110re 

16. Meliaceae. S-.11 (1907) 1 Bessey (191.$), and E:ngler and Diels (1936) 

assig11ed this tuily to tb! Geraniales. In the 12tJllttSyllabus" (Engler and 

Mtlchior, 1964), it was tra:uterred to the Rutalea. 

This :f'ud.ly bas been placed in the Ratales by several au thors ( Gund.ersen, 

1950; Pulle, 19.$0; Remdle, 19.$2). Warmillg (189.$) placed this fami.ly •ar 

Connaraeeae and Rutaeeae iB the Terebinthinae, whUe C~faud aDd Ellbergar 

(1960) asaigned it to the TerebiDthales. 

Hutchinson (19.$9) raised the family to the ordinal leval (Meliales), 

and included Cedrela and Flinderaia in tb.e fud.ly. (See Rutacea for more 

diacuasion on tbis.) 

Cronquist (1957) assig•d this tall1.17 to the Sapinda1as. Heimsck (1942) 

stated that a1though Meliaceae, Rutaceae, Siarubaceae, Sapiadaceae, Bursera

ceae, and Anacardiace8 1 fora a aore or less natural group, the occurrence of 

aeptate fibres linlœ Sapi~ceae vith He1iaceae rather than with Rutaceae. 

There is so• disagree•at. as to wbich genera sàould be inc1uded in 

tllis falll.iq. As stated in tbl diaousion on Rutaceae, Chlormlon, Flinder

aia, Ptaeroxzlon, and Aitorrla, ·an sometillBs placed in this tamily. Iribs 

(1930) feels the tirst IJhree geMra should re•i• iD Rutaceae, but argues \hat 

Swietenio~ ia an..anomaJ;ous subfamily and should thus be raised to the fami-
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lial r&Jùc: oa the basie of ita anatom;y and aorphology. JanasOid.ua (1906-

19.36) atated that arked differences between the woods of Cedrela and ,!!!!!: 

aù tllose of the otber genera auggest that theae genera, Cedrela and Mali&, 

should be p1aced in separate familias. 

17. Akaniaceae. Stapf (1912) first proposed that this famil;y should be for:md 

and placed in the Sapinda.las. This genus bad previousl;y been placed in the 

Sapindaceae. According to Metcalfe and Chalk (1950), Akania lrlllii Book. 

vas described imperfeetl;y b;y J. D. Hooker and vas thus assigned to Sapindaceae. 

4kaniaeeae bas been p1aced in tbe Sapindales b;y •DT authors (Gundersen, 

1950; Pulle 1 1950; Cronquist, 1957; Hutchinson, 1959). Radlkofer 4à690) 

and Solereder (1908} placed it in Staph;yleaceae. Hutchinson (1959), in 

,!!!. Families ,2! F1oweri.Dg Plants, placed this famil;y Staphy1eaceae near 

Akaniaceae • 

Chadefaud and Emberger (1960} 1 although p1acttng:· this fami.l;y in the 

Terebinthal.es, consider the attinities of this taxon unclear. Anatomcall71 

b7 the very large rqs and the absence of uniseriate rays in the secondar;r 

wood, the faJ!Ii.l1' differa c1earl;y .trom Sapind.aceae. 

bgler and Diela (19.36} placed this famil;y in the Geraniales, this 

EiJù7 because of thil ovule. ID tbt l2th11Syllabus"(1964), it is assigœd 

to tbe Rutales. 

18. Malpighiaceae. Malpighiaceae is a wel1-distributed tropical famil;y. 

It vas placed in the Oeru.iales b;y ERgler and Die la (19.36), but Engler and 

Melchior (1964) assigned it to tM Rutales, in tbe subfamil.T Mal.pighiineae, 

near 1'ri.goniaceae and Vochysiaceae. 

Small (1907) placed tài.a famil;y in the Geranialas, near Zygophyllaceae 

and Rutaeeae. Bessey (1915), Be:uon (1957) 1 aad Chadetaud and Emberger (1960} 

also placed this faU;r in the Geranial.es. 
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Heimsch (1942) described the wood of Malpighiaceae and stated that the 

more highly specialized wood dissociates this family from Linaceae, Humiri

aceae, and Erythroxylaceae, familias often placed in the Geraniales. 

Many authors have raised this family to the ordinal rank (Pulle, 1950; 

Hutchinson, 1959). It has also been assigned to the Polygalales near Trigo

niaceae (Cronquist, 1957), Aesculinae. near Aceraceae and Erythroxylaceae 

(i-Jarming, 1895), and the Sapindales (Gundersen, 1950). Gundersen noted that 

the twisted seed of the Sapindaceae and other characters make Malpighiaceae 

distinct from that family. 

van Tieghem and Constantin (1918) described the Malpighiaceae as 

une famille tr~ homog~ne.~~' 

Il! ... 

19. Trigoniaceae. The systematic position of Trigonia Aubl. and the other 

members of this family is still uncertain. Bentham and Hooker (1862-1883) 

assigned the genera to Vochysiaceae. Engler and Die1s (1936) formed a 

family and placed it in the Gerania1es. In the 12th "Syllabus"', this family Is 

included in the order Rutales. 

Hutchinson (1959) made this gBfàfutly of the Polyga1ales and p1aced it 

near Krameriaceae and Vochysiaceae, whi1e Gundersen (1950} assigned Trigonia 

to Tremandraceae. Pulle (1950) assigned this :family to the Malpighiales ne ar 

Vochysiaceae. Like Hutchinson,.Cronquist (1957) placed the family near Vochy

siaceae in the Po1ygalales. Warming (1895) assigned this family to Aescu1inae, 

again near Vochysiaceae and Tremândraceae. 

Thus, as one can see, the many aubhors assign this family to a position 

near Vochysiaceae. Metcalfe and Chalk (1950) described this family as being 

conspicuously different from Vochysiaceae in the absence of intraxy]ary phloem 

and in the presence of bordered pits in the ground tissue elements of the 

xy1em. 
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Â.n:1' position tbustar discussed •Y be correct, tor Heimsch (1942) s&àtes 

that. tba wod anatom;r suggests a relatioœhip vith Polygalaceae, Tremandra

ceae, ZygoplJTllaceae, Malpighiaceae, am Voch7siaceae. 

20. Vocbysiaceae. Voc&sia Poir. is the type of this taxon. HeiiiiSch (1942) 

states tba t this fami.ly is re la ted to Pol)rgalaceae, ~igoniaceae 1 Trema:a

draceae 1 ZygoplJTllaceae 1 and Malpighiaceae, but ditfers from them in the 

aore pronounced davelopmnt of bandad parenchyma and the occurrence of inter

cellular canals. 

Bugler and Diels (1936) assigned this f&Diily to the Geraaiales. In 

Szllabus _!!!!: Pnanzen.tamUiea (Engler and Melchior, 1964), 1 t wu assigned 

to the Rutal.es, and thus placed near Malpighiaceae and ~igoniacea.e. 

PW.le (1950) made this family a member of the Malpighialesf Warmi.Dg 

(1895) placed this .taUy œar Erythroqlaceae and Trigoniaceae a the Aescu

linae. Chadetaud and EJIIberger (1960) d.escribed this famil;r as one near A.na

oardiaceae a tbe Terebintbales. 

Many authors pre.ter placiag this fami.ly œarer to Polygalaceae. ':rhus 

Sœll {~92i) assigned it to tbe Po1ygalales near Polygalaceae. CroBquist 

(1957) did likewise, but p1aced it near Trigoniaceae and BalsamiBaceae. 

Hutcb.iDaon (19$9) assigned this famU7 to a position :œar ~igoniaceu ia 

the Po1ygala1es. 

Guadsrsen (1950) placed tb18 family near Ma1pighiaceae and Treandraoeae

in the Sapindales. 

21. Tremandraceae. ':rhis is a fami1y of doubt.tul position. Treandra R. Br. 

and thel other genera aeem iso1ated. A.ccording to Chadefàud. ud Emberger 

(1960), the family is presentJ..:r placed ne ar Polygalaceae 1 Pittosporaceae 1 

Byblidaceae, or Sterculiaceae. 
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Eng:J.r and Diela (19.36) aasigœd tbi8 tamil,- to the Geraaiales, but 

it vas subsequentl.T moved to tilt Rutales, subf'uil7 Pol.7galiaeae (Engler 

and Melchior, 1964). Pulle (19$0) and CroJquist (19.57) placed this f'amil7 

in tb8 Pol.7galales. 

Pritzel (1930) believed this f'am1l7 to be related to Pittosporaceae, as 

ua perbaps VocJ:traiaceae and Polnalaceae. Thus Hutchinson (19.59) plaoed thù 

taail.T 1n the Pittosporales, near Vivianiaceae which •Jl)". autbors aasiga to 

the Geraniaceae •. 

Chadef'aud and Emberger (1960) assig•d this !ail)" Mar Cor'J'D.ooarpaceae 

and Bal.saminaceae in the Terebinthales. Warai.Dg (189.5) ade this f'amilT part 

ot· · _tlle Aesculiae 1 and placed i t betwen Trigoniaceae and Polnalaceae. 

Metcalte and Chal.k (19.$0}, atter investigating thù famiq, d.escribed 

it as oBe in which aœtomica1 structures are unitora and tlms do not aid in 

establishiag attinities. Thus the :relationships of t'lais so•what isolated 

group re•ia unestablished. 

22. Pol7galaceae. Pol.zgala (Tourn.) L. is the type o! this_ .f'amU;r which 

Eng)Ar and Diels (19.36) assigned to a position near Treandraceae in the sub

f'amil7 Po1;rgaliDeae of' the Oeraniales. This fsmil;r wu subsequentq moved 

to 1;ba Ru tales (Engle r and Melchior 1 1964). 

Chad.e.f'aud and EDlberger (l~) Ede this famil;r a JBilber of' tàa .Terebin

~s, wb.ila W&l'Jii.Jig (189.5) pl.aeed this !8Jii.l7 near TreDBndraceae in tœ 

Mazq autbors baTa raised this f'81li.l7 to the ordi:Dal rank and bave thu 

aa.d the ordar Pol;rgalale1 (Small, 1924J Pulle, 19.50; CroDquist, 19.57; 

Hutëbinson, 1959). 

Othlr au thors link this faiq vith the sapindaceous type J subsequen~ 

"'this faai.l;r bas been placed in tbt SapiD.d&les (Gundersen, 19.50; Rendle, 19$2). 
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But Rendle calla the PoJ.7galaceae a tam.il7 or doubttul positio:a, the JIII!Jmbers 

of wàich differ from. other members of the Sapindales b7 the prese110e of 

pend.ulous ovules vith ventral raphes, as in the Geraniales. 

Heimsch (1942) investigated soma JIII!Jmbers or this tam.il.T a:ad found tb&t 

the wood anat0111,1 showd atfinities vith that or Tr1goniaoeae1 Treu.ndraceae, 

Malpighiaceae, and Voch7Biaceae. Although aore specialized i~ wood structure, 

he foUDI the fud.l7 to have SOJIII!J relat1onahip to Linaceae, HUlliriaceae, ali.Cl 

Erythrox;y1aceae. 

Chod.at (1891-1893) d.escribes this fudl.y as •a very natura1 faail71 not 

closely- allied with arr:r others.• The herba, shrubs, and sul1 trees, he adds, 

bave distinct pollen grains. He rema:rks that this is the 11surest mark of di•
tinctioD in the tam.ily-." The graina are ellipsoidal vith coarse pitti:ag at 

~· poles and longitudiul. baD.ds broken in tbe center by an equatorial riDg. 

Tlwre are so• genera whicb. bave been doubttull7 placed bere. Chodat 

noted tbat Ira.Jeria is not a JIII!Jllber of Poly'galaceae 1 but the type of a familr 

•ar Leguminosae-caesalpiniaceae (Krameriaceae). Le Maout and Decaia• (1873) 

assig!l8d Krameria to Poly-galaae. 

Gagœpain (in Cbadefaud and lmberger, 1960) raised Iantb.op&llua Ro:x:b. 

to the familial raDk (Ianthophyllaceae :tu. nov. 1908, Gagnepain}. Wettstein 

({935) and Croaquist; (1957) &lao •1Dtaiaed a fud.l7. Engler ~d. Melchior 
. s.· 

(1964) left it in Polygalaoeae. 

According to Jauch (1918), Ianthopl!yllu differa in its wood. parench,_ 

troa the othar Jll9llbers of Poqgalàceae 1 but should reain in the family' be· 

cause of the floral anatoJV and pollen grain structure. He also suggests a 

link betwen this sall fam.ill" and Anacardiaceae 1 this based on the occurrencl 

ot lyaigenoua canals. 

Moutabea .Aubl. differa froa the classic •libers of Pol.Jrgalaceae j}n,- the 

anato-.y and appearuce ot the flowers 1 but the androecia1 ·~::.~ and pollen 
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structure are like those ot PoJ.nalaceu ( Cbad.etaud. aDd Emberger 1 1960). 

Diclidanthera Hart. bas a doubttul. position in this t&llilJ'. Hallier 

(1921) couidera this genus to be the t;ype ot a~sepàra:te:: tamil.y. 0 1Donell 

(1941), on tlw basis ot wood aaato.,. aad pollen grain morphology, bas retained 

the genua iD Pol7galaceae. 

23. Dich&petalaceu. Dicbapetalua tàoa. (Cbailletia .00.) and the otber ••

bers ot tbia taail7 vere included in tbe Geraniales bJ" Engler and Diels (19.36); 

Pulle (1950) alao included it iD this order, ud placed it Mar Linaceae and 

Oxalidaceae. 

Engler and Melchior (1964) placed this tamil.y in tbe ~laealea. 

Hutchinson (1959) aasigDBd it to a poaitioa Mar Roaaceae and CalJ"C&ftthaceae 

of the Rosales. Cronquist (1957) included this tamU7 iD the Euphorbialea, ; 

œar Euphorbiaceae and Aexto:rlcaceae. Sal.l (1924) 1 on the other bani, in

cluded this famil7 in the PolJ'gal.alea. 

While the attinitiea ot Dicbapetalaceae re•iD uneata.blia'bad, Heiasch 

(1942) links this .f'amil7 vith Malpighiaceu, Vooh,.aiaceae., !reJIIU'ldraceae, 

PoJ.nal.aoeae 1 and Trigoniaceae; he considera this preferable to the 

Euphorbiaceae or Rosaceae link of Wettstein (1935) and Butchinaon (1926). 

24. Callitricbaceae. This is a tamU7 of very doubttul position. Willis 

(1960) 8&)'8 this is not unusual iD water plants. In addition., he states 

that Callitrichaceae bas been placed œar C&I7opbJ'llaceae, Verbenaceae, and 

Boraginaceae, but clQSest to Eupb.orbiaceae. 

Engler and Dieb (1936) aaaigœd this fami17 to the Geranialea. Besse,

(1915) also did this. Eng1er aad Melchior {1964) later moTed the tamilJ' to 

the &7J1P8talous 'l'ubifiorae. 

Rendle (1952) placed it in the Tricoccae vith Euphorbiaceae and Bwcaceae; 

WarmiDg (1895) alao b.aa it here. The affinit7 vith Euphorbiaceae ia in the 
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muaber am position of the ovules, and in the reduction of the number of 

tlowera in Euphorbi&. 

Gund.ersen (1950} placed this family mar Labiatae in the Boraginalea. 

Schtlrhoff (1926} pà.id;this fudly should be assigned to WamirJt!soo:r'd.-r 

Nuculiterae 1 nearest to Labi&tae and Boraginaceae. 

WhUe Brown, de Candolle, Hegelmaier, and Bentham and Hoolœr assignsC. 

this genus to tœ Haloragaceae (Rendle, 1952), Cronquist (1957} places this 

famUy doubtfully in the Haloragales. Hutchinson (1959) made this f'am:ily 

a œmber of the Lythrales, alongside the Haloragidaceae. 

Chadefaud am Emberger (1960) placed this family in the anne:x: of the 

M;yrtales between Hippuridaceae and Dialypetalantbaceae. 

Pulle (1950} raised this f'ami.ly to the ordinal rank (Callitrichalea). 

25. Balaamjna.ceae. Impatiens Riv. ex L. vas placed in the Geraniaceae by 

Bentham and Hoolœr (1862-1888)'. Others bave 1111de it a family of the Gera

niales (Warming, 1895; Bessey, 1915; Benson, 1957; Hutchinson, 1959}. 

l!patiena differa from the mambers of' the Geraniaceae in the presence of 

ra phi de sacs, the absence of a ring of mechanical tissue in the pericycle 1 

and the èe, ~cbundl.es in the petiole (Metcalf'e and Chalk1 1950). Hutchill

BOD, J.a! .. l948, said tbat on morpbological grounds, this genua •aeeu to be 

witb the Geraniaceae.• Y!J>atiens representa a coaplex type of development in 

its own alliance, that is to say, tl:ere are no plants on a higbar plane which 

are related to it. 

The resemblance ·,tb':,:. Tropaeolaceae of the Geraniales 1s striking1 but 

important charact.eristics distinguish the two groups 1 auch as the tenui

nucellat.e ovulai; (Chadef'aud and lmberger, (1960). 

Engler and Melchior (1964} assigned this f'Utily to tbe Sapindales. 

Cààdfktà! and Emberger placed i t in the Terebintbales. 
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Cro:n.quut (1957) included this tamily in the Polygalalea œar Vochy

siaceae and Stackhousiaceae, while Pulle (1950) raised this tam:lly to tbe 

ordiul rank (Balsw nales). 

26. Buxaceae. Buxus L. and the ottar membera or tbia tamily vere previousl;r 

pla.ced in the Euphorbiaceae, from. which i t is separa ted be cause tHe rapbe 

of the pendulous ovule is turned away and not towards the axis of the ovarr 

(Steward, 1958). Bentham. and Hoolœr {1862-1883) coMidered this tamUy a 

triba of the Euphorbiaceae. 

Others l'ave plaeed this family in the Euphorbiales (Gundersen, 1950; 

Cronquist, 1957). This family vas first described as the Buxineae by Loise

leur. {1819). In 1853, P1ee sepirated th.u family trom. the Euphorbiaceae on 

the grounds that the former lacked latex and had parietal placentation. Tbe 

dehiscence of the tru1 t, the apotropous ovule 1 the absence of laticiters 1 and 

the embryology, separate the two f'am:l11es (Chadefaud and Emberger, 1960). 

Buxaceae bas been placed in the Tricoccae with Euphorbiaceae and Calli

trichaceae (Rendl.e, 1952) J tt bas alao been placed m.ear Hippocastaaaceae 

and Aextoxicaceae in the Terebinthales {Chadefaud and Ell.berger, 1960)1 near 

Icacinaceae in the Celastrales (Pulle, 1950), and in the Sapil'ldales (Engler 

alld D:i.el8 1 1936; Engler and Melchior, 1964). 

Although certain features are UJlitol"'ll throughout the f'udly, Buxus, 

Si.mmonc:taia, and Stzloceras ditter remarkali1y in vood anatoJV1 110re so tban 

uâü.:J. among genera of the s._ ta.U7 (Metcalte and Chalk, 1950). 

27. Aextoxicaceae. Aextoxicon ~t. Ruis. et Pavon of Chili is the only 

•liber of this fud.l.y. This genus as. previousl.y placed in the Euphorbiaceae 

(Bentllaa and Hooker 1 1862-1883). Tba xy1em. is 1ike the atructural1y-prilli

tive Euphorbiaceae (Heimsch, 1942). 
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Hutchinson (1959) stated that Euphorbiaceae can vell dispense of, this 

geDDB, for it possesses a combination of cbaracters not found in the Eu~horbia

ceae: alternate and densely 1epidate leaves and a racemose vith unisexua1 

fiowers enc1osed in tbe bud b7 a bracteo1e 1 well-deve1oped petals. Ill 

addition, it bas a ruminate endosperm. He be1ieved the re1ationship of 

Aextoxicaceae to be closer to Aquifoliaceae and Celastraceae. 

GUJ1dersen (1950) p1aced this famiq near Ma1ianthaceae and Did.iereaceae 

of the Sapindales. Pulle (1950) also pl.&ced it ia the Sapindales, but near 

&kaniaceae and Aceraceae. 



PURPOSE AND METHOOOLOGY OF STUDY 

Me Hair (193$) bas made the follGWing atatement: "Plants c:âll be c1aaai-

fied chemicall7 in accordaace vith· the substances made b7 them• Such a 
~ . .., 

~ chemical classification ma7 be compared vith and uaed as.·,a suppleEnt to 
!.~ 

morpho1ogical classification and .aybe or soue importance in the deve1op

ment or the true natura1 s;ystea of angioaperm ph;y1ogeDJ'.• 

The re are many classifie& ti ou or the 11Geraniales 11 , aoat or thea based 

on morpho1ogical evidence. Tb.ua the purpose or this reaearch vas to gatber 

aupp1emental evidence, tbat is, ebemical evidence, to differentia te betwea 

the syatelU, and te perbaps support one er anotler B)"&tea. This vas to be 

aecomp1iahed through 1) vork dom in the 1abora tory b7 the au thor, 2) a 

8urYe7 ot 1iterature, ani 3) iatormation carda of Dr. R. D. Gibbs. 

HaJV' questions arose in the course or this study. Soll8 anawers vUl be 

attempted. 

A.t the beginning or the study, ene or the questio• which arGse vas 

vhether Hutcbinsoa (19$9) vas. justitied in sp1itting the "Oerania1es" of 

Rngler and. Die1s (1936) into two lines of evolution, the Liposae 1a wb.ich 

••t or the tamili.es vere plaeed, and the Herbaeeae. Was Hutc~oa. ~uti

!ied l!fhen he raised •IV' genera te the raaUial rank and created from the 

mare tban t•nt7 tamilies <:si:Jt;··ôrderà? . (See :page 11.) 

While this does remain as o• ot the problema to be discussed, the pur

pose er this atucq haa beco• more complicated. When the work wu initiated, 

the elasaitication et the "Geraniales" aécording to the llth11Sylla.bus'ltwas 

tellewad. Since tben, the 12tl:f1 Syllabus111(Engler and Melchior, 1964) bas 

appeared. 

Tbere are -.q differences between the two classifications, the major 

ene bei.Bg the split or the •aer&Diales11 into two orders, namely' the •Geranialea" 
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s.a. and the Rutalea. 

The question of' whether the ao.raniales" ~t!· ean be justif'iabl:r split 

inte the Geranialea and Kalpighiales will be discussed. Are the differences 

great eneugh to justi!y the placUtg of the f'oraer in tbl Berbaeeae,Land the 

latter in tœ Lignosae? 

Sinoe the basic problea concerned wi th in this theais is not tha t of' the 

Rutalea1 the author llill not atte:mpt to anawer whether the Rutall:lls ia a 

J'l&tural group. Rather àhe will tr:r to diaeuas whether the split of' the 

original 21 !aailiea is justified. Should the Rutales and "Geraniales" !•!• 

be UDi ted or ll:llf't as is? 

Other classification systems will alao be discussed. 



CHEMO'l'AXONOMI 

A. Criteria considered in cbelllGtaxonomic etudies 

One of the first proble:ms the chemical systematist encounters is what 
., 

products sboulcl be included in his anal.y'sis. Genera]J.y pri:mary products 

are not included in his analysis. These fundamenta.l pathways, auch as those 

which are involved in energy transfer and in the spthesia of basis proto

plasmic constituants, are considered to bave been forrred from the beginning 

of lit•• However, some products, auch as d-glucitol and se~obeptulose, are 
sorne · · 

considered, fo!/more highly-evolved plants are thougbt to accumul.ate these 

in large amounts. 

Thus secondary prodncts, such as alkaloids, terpenes, and various va ter

soluble pigments, and other retabolites 1 are analyzed. It is be~ieved. that 

in the process of product-formation, specifie enzymes are necessary. Thus 

somet:tœs an unuaual.:·eo:mpoud is. restrictedJ at other tiD18s, its distribu

tion suggests sone phylogenetic relationship. For example, the distributiom 

ef isoquinolines i:a groups of ~lated familias ia additional evtdence far 

their rela tionship. But one JIIU.st be cautious when chemical constituent& are 

widely--distributed. The presence. of nicotine in Sol&naceae, so• œm.bers of 

the Rutaoeae, and also in Equisetua, is an e.xam.ple of the wide distribution 

of a product. It is bardly- likely that the angiosperme are related to ~

setwal1 Tbus it would be postulated that the~~- for the S)mthesis of 

nicotine probably evolved independently of each otœr. 

Priee (1963) states that the biogenetic pathway is peylogenetically- more 

signiticant, not the structure itself. Thus it is the series of gene-controlled 

reaétions which gi ve rise ~ the product tha.t is important. As noted · 

previously, similar products (e.g., nicotine) can lom:.:vfa.)md.ependently

evolved pathvays. 
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A classic example of an independently-evolved pathway is that of~

cyanin formation. With the exception of Caryophyllaceae, ~-cyanins are 

This suggests that compounds evolved once and found in all Centrospermae, 
in 

successfully replaced or substituted anthocyanins wit_!!/certain evolutionary 

lines, and these taxa in which~-cyanins are present are phylogenetically 

related. (Alston et al, 1963) 

The presence or absence of a product may be due to biochemical or 

genetic differences; a single gene difference may cause the inabili ty of an or.::-

organism to synthesize or accumulate a product in sizable amounts. (Priee, 

1963) 

In addition, complexity should be evaluated before making comparisons. 

Alkaloids which occur infreqt+ently or are present in trace amounts must be 

distinguished from those found in all members of a given group. Predictions 

about phylogeny can be made only if one restricts the groups of defined 

chemical substances to avoid interfering factors. Different populations of 

the same species may contain different combinations of products. 

The parts of the plant investigated must be recorded. Alkaloids of 

leaves and stems may differ. Also one product may be found in one organ and 

may be absent from another. Steroidal sapogenins of leaves and seeds of Agave, 

for example, differ (Wall and Fenske, 1961). 

Changes in the course of growth illustrate that there are chemical changes 

in the course of growth and development. In Theobroma ~' the distribution 

of flavonoids and other phenols differ. During leaf development and maturation, 

there are present anthocyanins and flavonols with traces of phenolic acids. 

Then the concentration of flavonoids decreases, and the concentration of phe-

nolic aciàsimncreases. (Griffiths, 1959) 

Thus, certain criteria must be known. The chemistry, biogenesis, and 

distribution, of the product must be known. The range of production must be 
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considered in comparing. As stated previously, caution must be taken, as 

groups of compounds produced via analogous and homologous pathways of meta-

bolism must be distinguished. 

B. Methods used in this study (including a discussion on the chemistry involved) 

In most cases, fresh leaf, stem, and root material was used in the in-

vestigation. The specimens were collected in Montreal from the McGill 

University Greenhouse and the Montreal Botanical Gardens. 

Additional specimens were obtained from botanical gardens in Europe, 

Africa, Asia, Australia, and Nort•h America. These plants were flown to 

Montreal, packed in polyethylene bags to ensure freshness~ 

1. Hot water and cigarette tests. Fresh matured leaves are used for these 

tests. The resulta of both tests are similar, but the reaction in the 

cigarette test is more rapid. 

In the cigarette test, allighted cigarette is pressed gently on the 

underside of the leaf for three seconds. The resulta are classified as 

follows: I •••• an immediate reaction (formation of a ring) 
II ••• a slower reaction 
III •• a very slight reaction 
IV ••• no reaction 
o.r. ,tto.xalis-reaction11 

In the hot water test, the leaf is dipped partway into hot water (85 -

90° c.) for five seconds. At the juncture, a d.a,ck line appears immediately 

in a strong reaction (I). After about one minute, if a line should appear, 

the result is classified as II. Any formation of a dark line after 30 minutes 

is classed as III, and if no reaction occurs within that time, it is reeorded 

as a IV reaction. Leaves of Hedera are used as controls. 

A yellow color in the dipped part is known as the 11 o:x:alis-reaction11 • 

It was first observed Oxalis. This particular result is perhaps due to 
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the highly acid cell sap; bowever, it bas al.so been obtainad in you.ng leaves • 

D,y~j-Sajfertova (1958) sta1ed tbat positive resulta indicate the presence 

of poly-phenols and their eaz)"lliSs, tblt poly-phenolases. This is supposedly in-

dicative of an advanced cbaracter. 

2. Syringin (~jl u
2
so

4
/H20) test and raphides. Freshly-cut cross-sections 

of stems, sometillles petio.les, are mouated on a cl.ean glass slide. On one 

seotioa, a drop of 50 per cent sulphuric acid is added, and on the other, a 

drop of water. The latter is u.sed as a control. The presence or absence et 

raphides and/or cr,yatals is noted in this section too. 

A blue color ia ths :x;ylem, lignitied fibres, and in otber parts of tbl 

section,_ is recorded as a positive result. It is said to be due to syringia, 

the glucoside of 5-metboxy-conitery-l alcohol. 

~==.====~- 0 - CH3 

HOHHC-HC==CH - - 0 - ~IIucose 

Syringin 

Other colora ay appear in the xylem and fibns. Tbese cOlora are 

eorrelated with negative reactions. J. yellowish color often appears. A red 

color in the lignitied tissue is closely-correlated witb positive B8l/Hethanol 

and leuco-anthocyanin reactions. Purpling, or darlœaing, eàpe cially in the 

cortex, is associated with the presence of aucubùt. or aucubin-like substances. 

Raphides are calcium oxalate ory-etals, "slender, needle-sbaped cryatals 

arraaged pa.rallel to eaob other in tight bundles occurring ùt. special raphide 

saes" (Gibbs, 1963). 

Perbaps the first published iLCOOUllt cf the u.se of raphides as a taxono

mical tool vas that ot Robert Brwn (in Gibbs, 1963). Brow remarked. iD a 

paper published around 1845 and eoncerning the parasitic Rafflesia: "Tbat 

the vhole of this oovering belongs to the stock, is proved by' its containing 

those raphides or acicular crystals vhich are so abundant in the rut of Vi tia 
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er Ciaaua, and whioh are al togetber wantinc i:n the parasite. • 

Gulli-nr {1866), aoticed. their reatricted distributioa, aad re•rked. 

abeut the ir possible iiaxo:aèmic iapertance. 

). Ehrlieh test {A - B). Appreximately' 0.5 gm. of fresh plant aterial 

(uswùl7 hat uterial) is plaeed illl a test tube and co"Mretl with 50 per 

eeat eth:yl alcohel. The ext.ract is thea coneentrated b:y evaperating it te 

a low level iD a boiliag water bath. Arry trothbg is recorad. The test 

tube ~ eceaaicmall1' shakea. 

UaiDg a apottiAg pipette, tbree spots of the extract are placed on a 

9 cm. til ter paper. The:y are alland te dr:yJ the f'irlt apet is used as a 

eontrol. 011 spot tvo is add.ed a drop of' acid alcohol (5 ml. conc. HCl: 

200 ml. 95;''per cent eth7l alcohol). Te the third spot is added a drep of' 

Ehrlich'• reagent {1 gm. ~-dimetbylaminobenzaldebyde:5 ml. coac. HC1:200 

JIÜ. 95 per cent etbyl alcohol). These spots are allowed to dr:y. Arry color 

ebange is receràed.. 

The tilter papers are then placed in a preheated O'YeD (lOO• c.) ter 

one llinute. The colora •Y beeo• intensif'ied. A blue reactioa in the 

third. spot is recoràd as a positive reaction, and ia caused. b7 the presence 

ot aucubin or aucubin-llb aubetLcee. H!X(H2 ? _ glucose 

Aucubin 

A •gent&l. oolor •Y appear iD tbat thtrd spot. This coler eba.Dge is 

eorrelated with a red color in the Syringi.Jl test, with a •genta color in the 

HCl/Hatballol test, and with ·a"c!&Pmi:ne"' color ill the leuco-nthocyanin test • 

Ill what:is càlJ_ed'.pa.rt'.B::of. this!1 test, a drop of aqueous (10 percent) 

&liDIOnia ia added to the f'irat spot {the control). So.tilaea a bright yellow 
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coler appears. lltb.ough thia haa aot been tested, thia color •T be iDcii-

~' · :'. A red or ott-

beat eolor il rare. More otten a pale yellow color is retained. 

4. BCl/Met.banol test. Using a pencil sharpener, shavings of weod, usUilly 

aapwood, are obtained. The se sha'Yings are subMrged in a few llillUi ters of 

HCl/HethaJlol solution (2' ml. HCl:l,OOO ml.. 111thanol) and lett overllight. 

The aext da;r 1 tba color ot the shartngs ia recorded. A J~~&genta ntaction 

ia recorded as positive, ud a pale-pllow te no color is recorded as ugative. 

Using Ridgeva;r (1912) as a guide 1 the specifie colora are recorded. The 

positive reactions are also rated: purple 1 •••• verr pale purple 
) •••• magenta 
4 •••• darker thal:l magenta 

The macenta color corresponds to the .agenta oa Plate 26. 

The color of the liquid in which the shaviags vent subMrged 1a also 

recorà.ed. 

X.enberg &Bd Buchaaa:a (191.6) described this test, and vere am.o:ag tàe first 

to aote the taxoaomical possibilities at this test. 

AcUer (19,1) 1 L.from his etudies, concluded that catechol taDnias .ma;r be 

rea~nsible for the magenta celer. TheM condensed. tannins ;rield. polJPheBela 

ert }Q'droqais and. •T be coDdenaatioa prod.ucts of such compounds as oatechia 

or gallocatechin. Tberefore a positive reaction is due to the presence of 

fla•nols. 

HO- -OH 

Ca te chin Gallocatechin 
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$. LaucMnthocya:nin test (A). Ill this test, o.S to 1.0 ga. of f'resbly 

chopped 1eaf' Jill. terial is p1aced ill a test tube. Fi ve al. of' 21 H01 

(186 ml. conc. HCl per liter of aolutioa) is added to the leat Dll.terial. 

'l'o f'aoUitate •1i1lel'J1 that is, to avoid havilag to •asure 5 ml. so1utioa 

each tille it is needed, the test tubes are etcbed vith a di.allond.-markillg 

penoi1 at the S and 10 ml. pointe. 

The test tube is then illmarsed in boi1ing water for 20 m:i.Jm.tes, af'ter 

whioh it is reaoved and cooled. Five ml. ot &JV1-alcoho1 is added to the 

10 ml. mark on the test tube. The solution is vigorous1y-shaken. 
in the amy1 alcohol 

A red co1oyia a positive reaction. Usually iD a negative reaction, the 

upper la:rer of' liquid is a ;rellowish-green oo1or. The next day, the co1or of 

the upper layer is matched vith the eo1or charts in Ridgeway (1912). A 

positiTa reaction has a 11carmtnijttcolor (Plate I) • 

In this test, leucoanthoeyanins (leucoaathocyanidin g1ueosides) 1 which 

are co1orless and water-so1ub1e1 are hydro1yzed and oxidized to ~1-alcoho1-

soluble 1.<' ~ ·anthocyanidins (the sugar-f'ree · phenolic substan.ces) (Bate

Smith, 1954; Clark-Lewis, 1962). 

Catechins, on heatiDg in d11ute HC1, •Y torm red-brown pol;ymers 

loose1y-knowa as pblobaphenes or tannin-red&. The eatechi.ns under these 

conditions also f'orm. bDown polymers. Tbese pblobaphenes are &IQ'1-alcbhol

solub1e. 

Glycosides ot aueubiu may iaterf'ere vith reaotions. 

J.ll :aaturally-occurrimg ant,hocyanina have 4' 1 31 S 1 and 71 occupied by -OH 

er aubatituted groups. They usually occur as glycosides wi.th sugars attached 

to positions 3 or 3 and S. The se sugars may be glucose, galactose 1 rhamnose, 

arabinose 1 diaaccharid.es 1 or trisaecbarides • 
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7 4' 

6 

Leucoanthocyanin 

The aglycones of the anthocyanins include the follmdng: 

Pelargonidin 

OH 
Delphinidin 

OH 

Cyanidin 

Mal vidin 

Bate-Smith (1954), who investigated many st:ecies, found anthocyanins to 

be more prevalent in woody plante. Thus it is believed that the ability to 

synthesize anthocyanins has been lost by many herbaceous plants. Therefore 

the absence of anthocyanins is considered a more highly-evolved characteristic. 

6. HCN test A. About one gm. of fresh leaf material, preferably young leaves 

and tips, is ground .with a speck of emulsin, a few drops of water, and 1 to 

2 drops of chloroform. Emulsin is an enzyme which hydrolyzes the cyanogenetic 

glucosides and releases HCN. 

The mixture is placed in a special glass test tube. This is stoppered 

with a glass stopper to which has been attached with wax an almost triangular 

piece of picric acid paper freshly dipped in 10 per cent Na2co
3 

and blotted. 

A strongly positive reaction is one in which a red-brown color forms 

almost at once on the picric acid paper. The test tubes are left in a raék 

for at least a week, at which time the resulta are read • 
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Bohm (1803) first reported the presence of HCN or prussic acid in plants • 

He found it in Prunus ~gdalus Stokes var. amara. But Lindley in 1830 

probably made the ear1iest reference to the taxonomical use of the presence 

or absence of HCN in plants (Gibbs, 1963). He used it to separate the 

Amygdaleae (-laceae) from Rosaceae and Pomaceae, and a1so from Leguminosae 

and Chrysobalaneae (-lanaceae). 

Cyanogenetic glycosides are rare1y found in the entire plant; the 

leaves are more constantly found to contain them. However, seeds and 

racemes may also be cyanogenetic. 

Di1lemann (1958) wrote a rather comprehensive paper on cyanogenetic 

glycosides. Cyanogenetic substances are found in severa! families of the 

11Geraniales11 • Linamarin, found in Linum usitatissimum, Phaseolus luna tus 

(Leguminosae), Manihot usitatissimum (cassava), and~ brasiliensis, 

yields glucose, HCN, and acetone, upon hydrolysis. Hiptage madablota and 

Corynocarpus laevigata (Corynocarpaceae) contain hiptagin which yields 

glucose, tartronic acid, ammonia, and HCN, upon hydrolysis by an acid. 

Phyllanthin, in leaves of Phyllanthus gastroemii, yields glucose andf

hydroxy mandelonitrile. Zierin, found in Ziera laevigata, yields glucose, 

'\ -hydroxy benzaldehyde, and HCN. 

These cyanogenetic substances in higher plants form a re1atively small 

and somewhat heterogeneous group of glycosides of the cell sap. The test 

used by the author, however, mere1y shcws the presence of prussic acid in 

the plant, not the chemical nature of the glycoside yie1ding it. 

As noted, linamarin and the other cyanogenetic substances consist of 

one or more sugars, cyanhydric acid, and a third variable substance. 

The origin of the cyanogenetic substances is unknown, as is the role they 

play. (Dillemann, 1958) 
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The concentration varies with the environment. Trione (1960) found that 

the concentration of HCN increased with light and also diurnal variation in 

flax seedlings. Ermakov (1960) also found the concentration of linamarin 

was higher under controlled conditions of lower soil moisture, low temper

ature, after mechanical injury1 and in young growing organs. 

McNair (1941) stated tta t there are four times as many herP;s as trees 

with cyanogenetic glycosides. Thus the presence of them must be character

istic of more highly-evolved plants. 

7.·Juglone tests A-c. This test is thus named because it was first des

cribed for Juglans. Only part A, however, is a test for juglone and its 

related compounds. Parts Band C are tests for~compounds and are con

veniently included here. 

In part A, a small amount of finely-chopped bark material (from the root 

or stem, but preferably the root) is placed in a test tube. It is them covered 

with chloroform and left overnight. 

The next day, the liquid is filtered off, and this is evaporated to dryness 

in a boiling water bath. About 10 ml. of ether is added to the cooled test 

tube; this is shaken. An equal volume of 10 per cent NH4oH is added to the 

test tube. The solution in the test tube is shaken. 

A brilliant purple color in the ammonia layer (the lower layer) is a 

positive reaction and is due to the presence of juglone, a naphthoquinone, or 

to related compounds. An orgnge or wine color may be indicative of naphthoqui

nones also. 

In test B, the color of the aqueous layer is recorded in a few days. A 

yellow color may be indicative of flavonoids. 

Using a short wave ultraviolet lamp, any fluorescence in either layer is 

recorded. A brilliant blue fluorescence in the ammonia layer is sa.id to be 

indicative of coumarins. This is part C of the Juglone test. 



• 

• 

• 

53 

Jugloœ, the naphthoq1ÙJ1one, has the !orBIU.la c1o~~6o3, aDd. hu been ·.· 

kaon te be present in the walnut !or over a century {Tho11Son, 1957). 
0 
1 

Naphthoquinone 

8. Tannin test A. A !reah solution o! 2.5 per cent aqueous terrie a.maoDiWil 

eitrate is prepared and plaeed in a petrie diah. Using a pair o! s.U 

pliera, a hal! aheet of 11 cm. Whatman1s No. l filter paper is dipped. into 

the solution and then blot.ta~U. A.:1#f.;o.ee of elean lea.ty aterial is laid on 

the paper, the paper is fold.ed1 and the entire thing is squeesed. vith the 

pair of pliera. 
to purpley 

A positiTe reaction is one vith a gre1f. color on the fil ter paper. 

The eolors •Y T&ry troa purple 1 blue 1 brown, to green. So•tiœ a a green 

color •Y be due to the presenee ot chlorophyll vhicb masks a reaction. A 

purple color 1 perhaps due to anthocyaniu 1 •Y likevise Mîlk a reaction. 

A negative -reaction is one in vhieh no grey color is present, or il 

fouad, is present only on the edges ot the t1lter paper. 

Young }eaYes ot a giTen plant contain more tannin than older lea.Tes 

{Bates, 1953; Bates and Heuon, 1955). In addition, the concentration ot 

tannin varies vithin a single plant exposed to different erwiromaental 

cooditions. Ogden (1936) reperted. tbat the tiae of year, tbe of day, and 

âhA a110unt and cbaracter of light, af'fected tannin content. Thua Stitt and 
lespedeza11 

Clarke {1941) round tannin eonceatrationa in 'àerio!/leaves to inerease until 

the 30th of June and graà.uall7 cieerease until the 22nd of September. Stitt, 

ll7land, and Helee {1946) reporteci that tannin content varied significantly vith 

soU type. 
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Stitt (1942) also found that hereditary factors also controlled tannin 

content. The number of pairs of genes involved with tannin inheritance of 

Lesped.eza cumeata Don. is 20 - 2$ (Bates 11 19.53). 

Tannins are best regarded as phenolic substances. Non-hydrolyzable 

condensed tannins are flavonoid derivatives. These are co~ex polymers 

which may form insoluble products. These condensed tannins which yield 

no sugars on hydrolysis are considered condensation products of substances 

similar in nature to catechin or gallocatechin. (See page 48 for configurations 

of catechin and gallocatechin.) 

Hydrolyzable tannins occur as glycosides, the aglycone often being a 

phenolic acid11 e.g., gallic acid or ellagic acid. 

9. Chromatography for phenolic constituants. Approximately 10 gram weight of 

pieces of fresh leafy mteria.l is covered with 80 per cent ethanol and heated 

on a steam bath for a half hour. The mixture is then blended in a Wareing 

blender and filtered through a Buchner funnel. The leaf-particles are re

extracted with alcohol on ~he steam bath, and the filtrate is added to the 

original filtra te. This process is repeated until the leaf material is color

less or almost so. The combined filtrates are evaporated to dryness under an 

air jet in a 2.50 ml. beaker. 

The beaker in which the f_iltrate has been evaporated to dryness is half

filled with distilled water, and approximately 2 grams of celite is added. 

The beaker is then heated on the steam bath for 20 to JO minutes. 

The extract.is divided into two parts 11 and to each part .5 ml. distilled 

water is added. One part is subjected to ~ hydrolysis by adding one

fourth the volume present of cane. HCl and heating for one hour on the steam 

bath with a cold water bath resting on top. It is then cooled, and placed in 

a liquid/liquid extractor (Quickfit upwards displacement typè) with ether and 
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heated either for six hours or overnight. The ether extract is then 

evaporated in a 250 ml. beaker under an air jet. 

The ether part of the water extract is subjected to alkaline hydro

lysis. It is placed in a 250 .ml. flask and 4ü per cent NaOH equal to one

fourth the volume is added. Nitrogen gas is bufubled into the solution for 

about 30 seconds. The flask is then covered and left for 5 hours at room 

temperature, or 15 - 16 hours overnight in the refrigerator. The solution 

is then acidified with cane. HCl to approximately pH 2, cooled, and placed in 

a liquid/liquid extractor with ether for six hours ·or overnight. As with the 

acid hydrolysis, the ether extract is e~poaated to dryness under an air-jet 

in a 250 ml. beaker. 

Each residue ia now taken up with a few drops of absolute ethanol, and 

the resulting solutions are chromatogrammed as follows: Two chromatograms of 

each solution (therefore four for each plant, two for the acid hydrolysis and 

two for the alkali hydrolysis) are prepared. The solutions are spotted at 

the origin of prepared Whatman' s #1 fil ter paper (18 l/4•t x 22 1/2") 1 and 

the papers are placed in well-saturated chambers for 5 hours, using benzene

acetic acid-water (6:7:3) as the solvent.. The chromatograms are then re

moved and allowed to dry in a well-ventilated place. They are then turned 

90° and run in 2 per cent formic acid for 3 - 3 1/2 hours. They are again 

removed from the saturated chambers and dried as before. 

The resulting chromatograms are first read under long-wave ultraviolet 

light. Certain compounds fluoresce giving distinct colors. Reference com

pounds had been run by earlier workers, and a chart had been prepared giving 

the color and position of each known compound. The spots on the chromatograms 

are thus identified • 

For further identification, one each of the acid and alkali chromatog~ams 

is sprayed with 3 per cent ~~Qè~~ Fec13• Again the spots are identified by 
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their color and position on the chromatogra"!'ls. The other se~ of chromatograms 

is sprayed with a diazotized sulfariilic acid mi:x:ture which is freshly made 

as follows: 4.5 gram weight of sulfanilic acid is added to 45 ml. of conc. 

HCl in a liter flask and 500 ml. of distilled water is added. This is then 

mixed with 5 per cent NaN02 and 20 per cent NaOH in the proportions of 2:1:2. 

As before, the spots are identified by their color and position on the chroma-

tograms. 

Acid and alkali hydrolysates generally yield a large number of known 
-

phenolic acids. Many are unidentifiable. This suggests that phenolic acids 

in plants are in the bound form. 'Acids which do not move in the benzene 

solvant are undetected. 

Acid-hydrolysable compounds occur, most likely, as glycosides, while 

alkaline-hydro1yzab1e compounds occur mostly as esters or a1ka1i-sensitive 

glycosides. (Bohm and Towers, 1962) 

Over twenty pheno1ic compounds were identified in this work. They 

occur in the different classes of phenolic compounds. The literature 

avai1able on this is vast. Therefore not much will be said about them here, 

and one is referred to Neish (1960), Whalley (1961), Seikel (1962), Robinson 

(1963), and others, for more detailed discussions. 

Phenolic compounds present in tissues are characteristic of the species; 

this is based on the view tha t they are rnetabolically inert (Bate-5mi th, 1958). 

Thus their taxonomie value is cited. Caution, however, is necessary, for 

phenolic acids may differ due to environmental conditions, age, physiological 

state of the material, and type of tissue used. Griffith (1959) studied 

the distribution of phenolic acids and found them to be more prevalent in the 

Lignosae of Hutchinson (1959) • 

Phenolios may be taxonomica1ly-important because of the many different 

types, many of them restricted. The most common phenolio substances are members 

of the cinnamic acid series (C6-c3) and the benzoic acid series (C6-Cl)• The 
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cinnamic acid series is as follows (El-Basyouni, 1964): 

di-hydroxy-cinnamic acid 

Cinnarnkc acid E-coumaric acid 

r .. l.r 
~caffeic acid --.ferulic 

1 l 
acid --+sinapic 

a cid 

ester ester 
~ 

ester 

(-)-phenyllactic acid 
t 

phenylpyruvic acid 
t: 

~-phenylalanine 

There &s. sorne indirect evidence of phenolic substances as intermediate meta-

bolites in higher plants. It is almost all based on observed disappearances 

and reduction of certain compounds in certain organs during certain stages of 

growth and development (Towers, 1964). 

Griffith (1959) found gentisic acid to be widespread amongst dicotyledons. 

Tomaszewski (1960) foundE-coumaric acid1 E-hydroxy benzoic acid, and gentisic 

acid in 97 per cent, caffeic in 80 per cent, and ferulic in 63 per cent, of 

122 species he studied chromatographically. Date-Smith (1956) and Hillis 

and Clark (1960) found ellagic acid to be widely distributed in higher 

plants and an important constituent of tanning material. Syringic acid 

was found in 35 per cent· of the species investigated by Ibrahim (1961) and 

was more frequently found in monocots. In contrast, gentisic acid appears 

to be associated with woody habits; it is perhaps associated witb lignifi

cation or sorne associated process (Griffith, 1959). 

Coumarins are lactones of ~-hydroxy-cinnamic acid. They are widely 

distributed, scopoletingbeing the most common in the higher plants. Much 

rarer are iso-coumarins or 3,4-benzopyrones. (Robinson, 1963) 
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~==~-OH 

-COOH 

Gentisic Acid 

-CH=CHCOOH 

_E-coumaric Acid 

OH 

';c::=~ 
-co OH 

Gallic Acid 

Coumarin 
( o-hydro:xycinnamic Acid 

Tcoumarins are lactones 
of' this acid)) 
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Caf'f'eic Acid 

Ferulic Acid 

OH 
1 

-CH ==CHCOOH 

-CH=CHCOOH 

Ellagic Acid 

Some of' the More Common 

Phenolic Constituants 
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10. Saponin tests A - B.. Test A. Saponins froth when boiled and shaken. 

Following Amarasingham and his co-workers (1964), finely-chopped fresh leaves 

are placed in a 15 x 1.5 cm. test tube marked at 5 ml. and 10 ml. volumes 

until the bottom is covered. Distilled water is added to the 5 ml. mark. The 

tube is heated until the liquid boils, after which it is boiled continuously far 

one minute. It is then cooled and vigorously shaken, and le ft standing for 

five minutes. Then the amount of foam is noted. Amarasingham ~ !!• recorded 

as having saponins those species which gave 2 cm. depth or more of froth under 

these conditions. We record our results as follows: 

1.5 or more cm. froth •••• ~.positive 
1.0-1.5 cm. froth •••••••••• posit.iYe? 
0.5-1.0 cm. froth •••••••••• negative? 
0.0-0.5 cm. froth •••••••••• negative 

The next day, any persistent froth is again recorded. 

Paris (1963) reported saponins in 70 families; he added that the dis-

tribution is incompletely-known. Steroid saponins are less common, and apart 

from sorne families, e.g., Scrophulariaceae, they are found mostly in monocots. 

The triterpenes, on the other band, are rare in monocots, but are present in 

Linaceae, Rutaceae, Sapindaceae, Polygalaceae, and other familias. Paris 

concluded that this widespread character limits their use in taxonomy. 

Test B. This is not, of course, a test for saponins but is conveniently 

included here. 10 per cent NH4 OH is added to the test tube to tœ 10 ml. 
the color recorded, 

mark. This is done the following day. The test tube is shakeB/and left to 

stand. Any deepening in color is recorded after one d~ and again after three 

days. At present, it is not known why aqueous ammonia causes darkening of the 

jolution. The deepening of the color begins at the top, thus indicating that 

oxygen is necessary far the reaction. Therefore the test tubes are unstoppered 

and shaken slightly at various intervals. This test has been little used so 

far but it is evident that it has sorne taxonmmic value (Gibbs, unpub'd). 
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c. Other chemical constituants which are known to occur. in or which are 

thought to be absent from the taxa under consideration 

1. AJ.kaloids. Alkaloids are not chemically-homogeneous. AJ.l contain nitro-

gen, frequently in a heterocyclic ring, and are thus basic in nature. Alka-

loids often exist in plants in combination with various organic acids. Most 

are solids: a few are liquid. The molecular structure is complex, and there 

is often recognizable pharmaceutical activity. Classification is based on 

the ring system present. 
1 

There is a tendency far higher plants to contain more alkaloida than 

lower plants, but a few are known in clubmosses and horsetails, also fungi. 

None are thusfar known in bryophytes. (Robinson, 1963) 

The alkaloids foumd in the same plant have generally the closest chem-

ical relationship. Frequently they form a homologous series; often they are 

isomers, and sometimes sterioisomers. The same alkaloids are seldom found 

in different families, and often alkaloids are characteristic of a family. 

One kind may be confined to a single genus. 

There are more than 1,000 alkaloids, most of them in vascular plants 

(Alston and Turner, 1963). As stated previously, they do not constitute a 

chemically-natural group, nor do they constitute a natural biological group, 

functionally, phylogenetically, or biosynthetically. McNair (1935) and 

Hegnauer (1963) reported that 15 - 20 per cent of all vascular plants contain 

alkaloids in one part or another. 

Boas (1927) and Couch (1931) reported that alkaloids are found in 57 

families of gymnosperms and angiosperms, the majority of which are found in 

warmer regions. This confirma what McNair (1935) stated, namely, that alka-

loids are more frequent in tropical families than in temperate ones • 
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The taxonomie value of alkaloids is not restricted to distribution, but 

also to biosynthesis and enzyme and genetic mechanisms (Alston and Tur~er, 1963). 

The chemical, botanical, and pharmaceutical properties of alkaloids must be 

considered, as there is no sharp distinction between alkaloids and many nitro

gen-containing compounds. On the other hand, the heterocyclic base, thiamine, 

which is widely-distributed, is not an alkaloid. (Hegnauer, 1963) 

For taxonomie purposes, they can be defined as ttmore or less toxic 

substances which act primarily on the central nervous system. They have 

a basic character, contain heterocyclic nitrogen, and are ~nthesized in 

plants from amino acids or their intermediate derivativestt1 (Hegnauer, 1963). 

Mothes (1964) did chemical studies on the Rhoeadales and used the re

stricted distributions of alkaloids in her discussion. 

Alkaloids are found in sorne familias of the 11Gerani<iles11 , namly, 

Erythro.xylaceae and Rutaceae. A summary of the alkaloidal distribution of 

this arder is presented in Appendix v. 

2. Aliphatic polyols and cyclitols. Plouvier (1963) exarnined the distribution 

of polyalcohols in order to determine the relationship between distribution 

and plant systematics. He noted that "tas long ago as 18931 Monteverde ex.a

mined 797 species in 199 genera of Scrophulariaceae with the aid of a simple 

test for the presence of mannitol and glucitol.w Monteverde subsequently 

was able to divide the members of the family according to the presence or 

absence of these two substances. 

Chromatography is the method used to isolate and identify these compounds. 

Aliphatic polyols consist of straight chain carbons, while cyclitols are 

derivatives of cyclohexanes. These classes can be furtber subdivided accord

ing to the number of alcoholic hydroxylgroups present • 
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Aliphatic polyols have been found in Cryptogamae (algae, lichens, 

yeasts, molds, other fungi) and the higher plants. D-polygalitol (1,5~ànhy

drosorbitol) has been isolated from two families: Polygalaceae and Aceraceaer 

A. cyclitol, a hexol named 1-inositol, has been round in two angiosperm 

families, Euphorbiaceae and Compositae. Its configuration has been worked out 

by Pasternak (19.36): 

<
·~~H HO u-OH 

1 
OH 

1 - inositol 

Another cyclitol is 1-quercitol. It has only been foumd in Eucalyptus 

populnea (Plou vier, 1961), al though sought for in familias of the 11Geraniales 11 • 

D-pinitol (3-Q-methyl-D-inositol) has been found in ~ gymnosperm 

familias and 13 angiosperm familias. In the angiosperms, it has been isolated 

from Olacaceae, Aristolochiaceae, Loranthaceae, Nyctaginaceae, Phytolaccaceae, 

Aizoaceae, Caryophyllaceae, Magnoliaceae, 1eguminosae, Cistaceae, and Apo-

cyaaceae. In addition, it has been found in two families of the ttGeraniales 11 , 

Zygophyllaceae and Euphorbiaceae. 

Another cyclitol, 1-quebrachitol, has been isolated from 11 angiosperm 

families: Ulmaceae, Moraceae, PToteaceae, Loranthaceae, Aceraceae, Hippo-

castanaceae, Sapindaceae, Elaeagnaceae, Apocynaceae, Compositae, and Euphorbia-

eeae. 

). Fatty acids of seeds. Extensive ~~~,ge of the distribution of fatty acide 

in seeds and the possible relationship of this to systematics has been done 

by Eckey (1954) and Hilditch (1956) • 

Shorland n96.9) stated that the fatty acid composd.tion differed in 

different parts of the same plant. Fatty acids are found in the lower 
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plants as well as in the angiosperms. Sorne of them are widespread, e.g., 

palmitic, oleic, linoleic, and to a lasser degree, l~nolenic acid. Others, 

however, may be confined to one family, e.g., the chaulmoogric fatty acid 

series in Flacourtiaceae, and the fluoroacetic acid series in Dichapetalaceae. 

Hilditch (1956) stated that fatty (glyceride) components of seeds are 

specifie ~and closely-rela ted to the family in which parent plants have been 

grouped. It is therefore possible to classify according to the fatty acid 

content of aeeds. 

Chandra (1964) found the fatty acid composition to change in seeds. In 

Ricinus communia of the Euphorbiaceae, the concentration of ricinoleic, lino

leie, and stearic acids increased with ripening, while the concentration of 

oleic and palmitic, after an initial increase up to 28 days, gradually decreased 

towards la ter stages of growth. 

A, summa.ry of the fatty acids found in some members of the ttGeraniales"' 

can be found in Appendix IV. 

4. Cardiac glycosides. Cardiac glycosides are related to the steroids, 

consisting of an additional lactone ring and a sugar (often a tetrasaccharide) 

attached to C - 3 of the cyclopentanophenanthrene skeleton. The aglycones are'· 

rarely found in the free state, and the sugar moiety varies in composition. 

The two subgroups differ according to the size of- the lactone ring: a) carde

nolides (5-membered ring) and b) bufanolides (6-membered ring). 

Since there is no mention in the literature of the occurrence of cardiac 

glycosides in ;œ members of the "Geraniales"r, they are presuma.bly absent from 

the order. 

5. Sulphur-compounds - thioglucosides. Sulphur is one of the major elements 

which all plants need. Kjaer (1963) calls the isothiocyanate-producing 
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glucosides 11a uniform but far fr0m universally distributed group of plant 

constituents composed of thioglucosides, possessing the property of under-

going hydrolysis to glucose, sulphuric acid, and isothiocyanates induced 

by the enzyme ~osinase, which usually accompanies the thioglucosides in 

plant tissues."' The classic exa.mples of thioglucosides are sinigrin and 

sinalbin, both isolated from bark and mustard seeds over 100 years ago. 

Guignard (18901 1893) found the enzyme to be widely-distributed in 

members of the Cruciferae. It is also present in Capparidaceae and Reseda

ceae. Two familias of the "Geraniales" contain the enzyme:: Tropa.eolaceae and 

Limnanthaceae. 

The basic formula for all isothiocyanate-producing glucosides is as 

follows: 

R-

Thioglucosides have also been isolated from.Euphorbiaceae, but Kjaer 

(1963) adds tha.t it is not a. typical constituent of the family and is 

spora.dically-distributed. 

6. Quinones. Quinone pigments are the largest class of natural coloring 

matt:ex;; but make little contribution to natural coloring. They are found 

mainly in the bark or lmlièrg;r,:-c>un<l regions. They are easily oxidized and 

reduced, thus suggesting their probably importance in redox reactions. 
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There are three ajor classes of' quinones: benzoquinones 1 naphthoqui-,,. . 

nones, and anthraquinones. The f'irst group is conf'ined ai.nly to the tungi. 

However it is f'ound in sol'I'J! angiosperms: 

1. Adonis vernalis - Ranunculaceae 

2. Myrsine, Embelia, Rapanea, Maesa - Myrsinaceae 

3. Oxalis-purpurata var. jacquinii - Oxalidaceae 

4. Perezia1 Trixis - Compositae 

Most likely independent evolution was responsible f'or the presence of' benzo-

quinones in diverse f'amilies. 

Naphthoquinones are also rare. A discussion of' these pigments is 

presented in the section on methods used in this study (under Juglone test). 

Anthraquinones are widely-distributed, especially in RubiaceaeJ Poly-

gonaeeaeJ and Rhamnaceae. Bate-Smith (1957) :f'ound these pigments to be con-

f'ined to the Rutaceae in the 11Geraniales 11 • 

Anthraquinone 

HO-

Rapan one 
-OH 
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7. Crystals. Crystals are usually ttvariously-shaped deposits of calcium 

oxalate", but gypsum may also occur. Some types are widespread, occurring as 

solitary pris·ms or clusters. However, the kinds secreted are relatively 

fixed in each species. If more than one kind occurs, its concentration varies 

with the time of the year and the nutrients available (Metcalfe and Chalk, 1950) 

Raphides and crystal-sand are more restricted in distribution, therefore 

are taxonomically more important. 

Calcium oxalate crystals are commonly found in vacuoles. At other times, 

they are found in specialized cells called crystal idioblasts. Still ethers 

are found in cell wl}lls. They may completely fill the cell. (Esau, 1960) 

B. Flavonols. There are three flavonols common to angiosperme: myricetin, 

quercetin, and kaempferol. Quercetin is one of the most common phenolic 

compounds of vascular plants, with kaempferol as a close second. These 

flavonols are commonly 3 - glycosides, the sugars being glucose, galactose, 

or rhamnose. 

The works of Bate-5mith (1957, 1958, 1962) should be consulted for 

detailed information. 

The configuration of flavonol is: 

(\ -f====:B =:) 
"'/"'-../-OH 

Il 

0 



• 

• 

• 

RESULTS 

The following tables represent the data collected through 1) work done 

in the laboratory, 2) a survey of literature, and J) information cards of 

Dr. R. D. Gibbs. For the author's summary of her resulta, consult the 

Appendix • 
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·-"-" 

Family H.W. Syr. Ra ph. HCl/M. L.A. Ehr. l!CN Jug./fl. Tann. Sap. Al k. P.C. Al Tart. Gard. Cyc. 
Cig. A/B A/B/C glyc. 

Geraniaceae IV, or ·- - - (:!:) (- )1 - - -/+ !( +) -/+ + (+)/(±)/(-) - low to -'? 
f none 

Oxalidaceae (or) - - (+) (±) - - -/(+) 1(-) -/(-) (+)/(-)/- - - -? 
Tropaeolaceae IV - - - - - --/+ 1+ (+)/(+)/- tr -? 
ZygophyllaceaeiV - (-) - - - (-) -/+ c=) -/- + (;)/(+)/(-) - -? + 
Linaceae I,II (+) -/+ (-) -1- (±)/(:!;)/- -? -- - - - -
Erythroxylaceae - - + (+) - c=) -/± ± ++ (+)/(+)/- - -? 
Limnanthaceae IV - - ± - ± -/+ (+)/(:)/- -? 
Euphorbiaceae (IV) (-) - (-) (-) - (-) -/(+) (+) (-)/- + (+)/(±)/(-)(-) tr -? (-) 
Daphniphyllac. - - + ? -/ 

Rutaceae (IV) (-) (-) (-) ( +) - (-) -/+ (±) (.:.)h ,.., (+)/(+)/(-)(-) -? 
Cneoraceae ? - - - - - - -/+ + ~ + ) /+/- -? 
Simarubaceae (IV) - - (+) (-) - - -/+ + + (+)/(-)/(-) - -? 
Picrodendraceae IV - - + - - -/+ t? -? 
Burseraceae ? - - ± + - ± -/+ ? + (±)/(±)/- - -? 
Meliaceae (IV) - - (+) (±) - (-) -/+ (+) -/+ (+)/(+)/(-) - -? 
Akaniaceae II - - + + - ? -/+ + + ?/-1- . -? • \. / 1 

Malpighiaceae (IV) - - (+) (+) - (-) - /+ (±) -/+ + (±)/(-)/- - -? 
Trigoniaceae 

·~: ·~·-~,;~_:~· .,:., ;.;;-·· ,.tc -~ Vochysiaceae + 
TremandracElae IV - - (+) - - (-) -/+ ? (-)/(+)/(-) -? 
Polygalaceae (IV) - - (-) + - (-) (-)/C:t) ± +?/- + ( +,) 1 (:!:) 1 ( -) (-) -? .,. 

Dichapetalaceae - - - + - - -/-, + + -? 
Callitrichaceae ? + . . -/-/- -? 
Balsaminaceae IV - + '? + - (-) -/+ (+) -/? (+)./_(±)/(-) - -? 
Buxaceae IV - - - (-) - - --/(+) (:t) -/- + (+)/(+)/(-) -? 

Key to symbols : ~+) = majority are positive H.W. = hot water test HCN = HCN test A 
(-) = majority are negative Cig. = cigarette test Jug./fl. ~ Juglone test and fluores-C:t) = fe\v ·more negative/positive than positive/negative Syr. = syringin test ce nee + = half positive, half negative Raph. = raphides Tann. = tannin test + = all positive HCl/M. = HCl/Methanol test Sap. A/B = saponin test A - B - = all negative L.A. = leucoanthocyanin test Alk. = alkaloids 
? = questionable results Ehr. = Ehrlich test P.C. A/B/C = phenolic constituents 

Al = Al accumulators groups A,B,C 
Comments!' This is merely a summary chart. It is subjective in part. Tar. = tartaric acid Cyc. = cyclitols 

Thus for more accurate results, the tables on the following Card. gly. = cardiac glyco-
pages and in the Appendix should be consulted. sides 

'• 
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:Fami1y H.vr..~cTg. tests 
I II III IV or ? 

Syringin test 
+ - ? 

Raphides 
+ ? 

Ehrlich 
+ 

HCN 
+ ? 

HC17Meth. 
+ ? 

Ger an. 

Oxa1id. 

Trop. 

Zygophy. 

Linac. 

Eryth. 

Limnan. 

Euphor. 

Daphn. 

Rutac. 

Cne or. 
Simar. 

Picrod. 
Burs. 

Me1iac. 

Akaniac. 
Ma1pigh. 

Trig. 
Vochy. 
Treman. 

Poly. 

1/1 

2/2 

4/5 

Key -to symbo1s î 

2/2 

1/1 

3/8 1/7 

1/2 1/12 

1/2 

3/5 

1/1 

1/3 

1/1 

3/3 

1/2 

3/6NR 
1/2R 
1/1PK 
1/2NR 1/3R 
2/3R 

1/1 

4/5NR. 

2/2NR 1/lR 

1/1NR 
1/1R 
1/1NR 

3/9 

3/5 1/3 

1/1 

1/l . 5/6 -2/3 

2/3 1/1 

1/2 

2/2 

J/8ot 3/15 
1/3M 

1/3ot 3/14 
J/4M 
1/1PK 
1/2ot 1/1 

1/3sd 
3/4ot 1/1 J/5 
1/1PK 2/2ot 
1/1ot 1/2 3/5 

1/4ot 1/lot 
1/4sd 

1/1M 1/1 1/J 

1/1ot 1/1 1/1 
1/lM 

1/1 1/3 

2/3 

1/1 

1/2 

S/6 

2/3 

'• 

1/1 

1/2 

3/3 5/5 15/23 1/1 1Ü/18 1/1 
1/lR 
20/28NR2/3 
8/9R 2/2R 
1/1PK 1/1NR 
1/1PK-B 
1/1NR 

33Y43 212 18/2lot 16/22 23/41 
12/12M 5/5ot 6/8ot 
2/2PU 

10/10 13/16 22/37 5/5 
2/2ot 

l/1 

1/1 

1/l 

22/26 

1/1 

1/1 

2/2 

3/3 

13/15 1/1 

1/1 
1/1 

2/2 

1/1 

2/2 

2f3';tJ9NR2/~mt 3/3 
5/SR gj2R 

1/1NR 
3/3NR 
l/lR 
1/lPK 
1/lR 
2/2NR 
1/lR 
2/2NR 
3/4R 
1/1R 
3/3NR 1/lR 
6/ 9R 

1/1 
1 

33/50 

1/1 
6/6 

1/1 
. 2/3 

5/6 

1/1 
'8/13 

2/2PK 
l/1PK 

· ~- - - 1 ; • 

16/18ot 2/7ot 5/Sot 2/2 
16/20M 4/11 32/42 
1/1PK-B 
1/1ot 1/l 
1/lot 3/3 
1/lM l/1sd 
1/1PK 
1/lM 1/l 

1/1 l/1 
1/1ot 

2/2ot l/1 7/9 1/1 
3/4M 
1/1M 1/l 
5/6M 1/1 5/8 1/1 

1/3 1/2NR 1/lR 2/S 1/1ot 2/2 2/4 
l/2R l/2M 

1/4 2/2 1/4NR 1/1 2/7 1/2 1/Jot 1/1 3/ 5 
1/lPK 1/1B-M 2/Jot 

N1C= no r~d; R-'=recf; -PIC= pink; -PI(-B--= pink-brown; ot(in Ehr.) = color other than magenta or blue ; 
M = magenta; PU = purple; OM = orange-magenta; ot (in HCN) = part other than leaves and/or tips used 
in investigation; sd = seeds; B-M = brmm-magenta 

1/1 

6/8 

1/1 

1/1 

2/2 
5/7 

l/1 
6/9 

1/& 

1/1 

31/45 1/8 

1/l 
8,.63 

2/2 
2/2 

2/2 1/2 

1/1 

1/3 

L • .A: 
+ - ? 

1/1 3/14 

3/7 1/6 

1/2 

3/4 

2/8 

2/3 

1/1 1/1 

1/1 1/1 

15/18 22/31 8/8 

9/i2 

/-! 

l/1 
'314 

1/1 
3/3 

1/l 

1/1 

19/24 3/3 

1/l 
3/3 1/l 

1 

1/l 

4/4 

1/l 

l/1 

l/2 

Juglone 
+ 

fL 
+ 

3/9 3/9 

3/14 3/13 1/l 

1/1 

1/1 1/1 

3/4 3/4 

2/3 2/3 

1/2 1/1 1/l 

1/1 1/1 

26/33 25/28 2/3 

1/1 

12/41 11/40 
1/1 1/1 
(1eaves used) 
1/1 . . ' 
5/5 5/5 

1/1 1/1 
3/4 3/4 

6/7 6/7 

1/1 ·' 1/1 
5/6 5/6 

1/1 

1/3 

1/1 

1/1 l/1 

? 

l/1 

1/1 

Tanriiri 
+ 

1/4 

3/8 l/13 

1/1 1/1 

l/1 4/4 

1/3 

1/1 1/1 

22/26 3/3 

? 

3/10 

1/1 

1/1 

8/9 

15/21 13/16 4/4 
1/1 (inflorescence) 

1/1 
1/1 1/1 

1/1 

4/9 l/1 1/1 
1/l(bark) 

1/l 
4/4 2/3 1/1 

2/2 

Saponin 
A+ - - ? + __:__ ____ ~ 

1/l 1/1 

2/4 1/1 1/1 1/4 

1/1sdl/1 1/1 

2/3 2/3 

lfXsct2/3 2/3 

1/1 

1/1 

1/1(bark) 
1/1 

2/2 

1/1 

1/l 

1/1 

2/2 

1/1 1/1 1/1(root) 1/l 
1/z;<- 1/1 

-;<saponin found in plant; 
part investigated unknown 
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Family H.1.J. & Cig. tests Syringin test Raph:ldeS · 1
. Ehrlich HCN HCl/Meth. I II III IV or ? + - ? + - 1 ? + - + - ? + -

Dichap. 

Cal1it. 

Bals am. 

Buxac. 

1/2 

3/3 

1/1 

1/4 

2/2 

1/lNR 

1/lR 1/lR'i' 2/9 

3/9NR 1/l 
1/lPK 

1/1 

4/ll 

1/3f3KB 
1/lM 1/lot 1/1 

l/1 
1/l(part used 

unknown) 
1/2M 1/1 l/3 

1/lPKY 4/11 
2/Sot 1/lsd 

Key to symbols: NR =no red; R =red; PK= pink; PKB =pink-brown; M =magenta; IPKY = pink-ye11ow; ot (in ·Ehr.;-= co1ors other than those symbolized obtained; ot (in HCN~ = parts ether than leaves or tips used; 
sd = seed 

1 

1 

l/1 

1/l 

4/9 

L.A~ 
? + 

1/1 

1/1 l/5 

2/2 

Juglone fl. Tannin Saponin 
- ? + - + - ? + - ? A+ - ? + 

1/1 1/1 1/1 

1/2 

l/4 l/3 1/1 1/1 1/1? 

3/10 1/1 4/8 4/S l/1 2/3 2/4 1/1 1/1 1/1 

.ti 



Geraniaceae 

Oxalidaceae 

Tropaeolaceae 

Zygophyllaceae 

Linaceae 

Erythroxylaceae 

Limnanthaceae 

Euphorbiaceae 
Phyllanthoideae 

Crotonoideae 

Porantheroideae 

Daphniphyllaceae 

Rutaceae 
Xanthoxyleae 

gent. 

+3/7 
-2/2 
?2/2 
+2/2 
-3/4 
?l/1 

-1/1 

+2/2 

-2/3 
..,1/1 

-2/2 

+3/4 
-4/4 
?1/1 
+7/10 
-13/20 
?l/1 
+1/1 

+6/8 
-11/12 
?2/3 

Dictyolornatoideae 
Flindersioideae + 1/~ 

Spa thelioideae 
Toddalio-ideae 

Aurantioideae 

Cneoraceae 

Akaniaceae 
Picrodendraceae 

+3/3 
-1/1 
?2/2 
+2/2 
-2/2 
?6/6 

-1/1 
+1/1 

fer. 

+3/10 
-2/4 
?l/1 
+1/4 
-3/8 
?l/1 

-1/2 

+2/2 

+2/3 
-1/2 
+1/1 
-1/1 
+2/2 
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caff. ell. 

+3/14 +~/11 
-1/1 -3/4 
?l/1 
+2/6 +3/6 
-2/6 -2/6 
?1/1 
-trl/2 +1/2 

+2/2 +1/1 
-1/1 

+2/3 +2/2 
-2/3 -2/4 
+-1/2 +1/1 

-1/1 
+2/2 +-2/2 

+6/6 +7/11 +3/4 
-2/6 -1/1 -5/7 

+19/26 +15/27 +15/27 
-3/6 -5/7 -6/7 
?2/3 ?2/2 ?1/1 

+1/1 
-1/1 -1/1 

+1/1 
-1/l -1/1 

+17/24 ~10/13 +13/18 
-4/5 -7/11 -10/11 
?2/2 ?2/2 

+1/1 
-1/1 

+4/5 
-1/2 
?1/1 
+8/9 
-1/1 

+1/1 

?1/1 

+1/2 

+5/8 

+6/6 
-3/3 

+1/1 

?l/1 

+1/1 
-1/1 

+3/4 
-4/4 

+6/7 
-1/1 
?2/2 
+1/1 

?1/1 

sin. p-c 

-~+l/2 +3/7 .1 
-3/13 -3/8 

+2/2 +2/2 
-3/9 -3/11 
?1/2 

+1/2 
-1/2 

+1/1 +2/2 
-1/1 
+2/2 +2/3 
-2/4 -l /3 
+1/1 +1/1 
-1/1 -l/1 

+1/1 
-2/2 -1/1 

+6/10 
-7/12 -2/2 

+4/5 +15/19 
-16/29 -8/16 
?1/1 ?l/1 

+1/1 
-1/1 

+1/1 
-1/1 

+10/17 +15/22 
-9/11 -5/7 
?3/3 

+1/1 +1/2 
-1/1 

+3/3 +5/8 
-3/5 

+6/7 +7/9 
-1/1 

+1/1 +l/1 

-l/1 +l/1 

gall. umb. 

+3/10 
-1/1 

-2/7 
?2/2 

-1/2 

+1/1 
-1/1 
+l /1 
-1/2 

-1/1 

-2/2 

+2/3 

-3/110 

-3/9 

-1/1 

-2/2 

·-2/3 

-1/1 

-2/2 

-5/5 -7/8 

+10/18 
-10/12 1 -19/30 

-1/1 -1/1 

+2/2 +3/3 
-15/19 -18/20 

-1/1 

-4/5 
?1/1 

-6/7 
?l/1 
+1/1 

-1/1 

-1/1 

+1/3 
-4/4 
?1/1 
+1/1 
-6/7 
?l/1 

-1/1 
-1/1 

van. syr. rutin p-OH-B p-cat. scop. aesc. melil. P/L phlor. H-G 

-3/9 -; 
?l/1 

-3/9 

-l/1 

+1/1 
-1/1 

-2/3 

-1/1 

-2/2 

+2/2 
-6/7 

-3/~0 

-3/9 

-1/1 

+1/1 
-1/1 

-2/3 

-1/1 

-2/2 

+2/2 
-6/ 7 

+2/2 +1/1 

-3/9 
?l/1 

-3/9 

-1/1 

-2/2 

-1/2 

-1/1 

-1/1 

-2/2 

-16/29 -16/30 -7/7 
?1/l 

-1/1 -1/1 -1/1 

+7/8 +3/3 +4/4 
-12/15 -13/19 -9/13 

?1/1 

+1/1 

+1/1 
-4/5 

+5/6 
-2/2 

-1/1 
?l/1 

-1/1 

+2 / 2 
-3/4 

-7/8 

-1/1 
-1/1 

-1/1 

-5/6 

-7/8 

-1/1 

+2/2 
-3/4 
?2/3 

-3/9 

?l/1 

-2/2 

-2/3 

-1/1 

-2/2 

+1/1 
-5/7 
?1/1 
+1/1 
-17/30 

-1/1 

+1/1 
-3/9 

-3/9 

?1/1 

-2/2 

-2/3 

-1/1 

-2/2 

+2/2" 
-6/7 

-~+1/1 
-3/9 

-3/9 

-1/1 

-2/2 

-2/3 

-1/1 

-2/2 

+1/1 
-6/7 

-3/10 

-3/9 

-1/1 

-2/2 

-2/3 

?l/1 

-2/2 

+1/1 
-1/1 

+2/3 +2/2 +1/1 
-16/28 -13/26 -7/7 

-1/1 -1/1 -1/1 

-3/10 

-.3/9 

-1/1 

-2/2 

-2/3 

-1/1 

-2/2 

+1/1 
::.()17 

-17/31 

-1/1 

+ 1/1 +6/7 + 1/1 + 1/1 
-17/20 -17/22 -11/15 -16/19 -17/22 
?2/2 ?1/1 ?1/1 ?1/1 

-1/1 

-5/6 

-7/8 

-1/1 
?1/1 

-1/1 

-5/6 

-7/8 

-1/1 
-1/1 

-1/1 -1/1 

+1/2 
-3/3 -5/6 

-5/5 -7/8 
?2/3 

-1/1 
-1/1 -1/1 

-1/1 

-5/6 

-6/7 
?1,/:f s 

-1/1 

-1/1 

-3/10 -3/10 

-3/9 -3/9 

-1/1 -1/1 

-2/2 -2/2 

-2/3 -2/3 

-1/1 -1/1 

-2/2 -2/2 

"+3/3 +1/1 
-4/5 -6/7 

+1/1 
-16/30 -17/31 

-1/1 -1/1 

-17/23 -17/23 

-1/1 

+1/1 
-4/5 

-7/8 

-1/l 
-1/1 

-1/1 

-5/6 

-7/8 

-1/1 
-1/1 

-3/10 

-3/9 

-1/1 

-2/2 

-2/3 

-1/1 

-2/2 

+1/1 
-6/7 

+1/1 
-16/30 

-1/1 

-17/23 

-1/1 

-5/6 

-7/8 

-1/1 
-1/1 



Simarubaceae 
Surianoideae 

Simaruboideae 

Kirkioideae 
Burseraceae 

Me1iaceae 
Cedre1oideae 

Swietenoideae 

Me1ioideae 

Ma1pighiaceae 

Trigoniaceae 
Vochysiaceae 
Tremandraceae 

Po1ygà1aceae 

Dichapeta1aceae 
Ca11itrichaceae 
Ba1saminaceae 

Buxaceae 
Buxeae 

S~y1ocereae 
Sirnmondsieae 

gent. 

-1/1 
+2/3 
-1/1 

?1/1 
+1/1 
-1/1 

-1/1 

+1/1 

?l/1 
+1/1 
-2/2 
?l/1 
+1/1 
-2/2 
?1/1 

-2/2 

+1/1 
-1/1 

-1/1 
+1/11 
-1/5 
?l/2 

+2/2 
-1/2 
?2/2 

-1/1 

fer. 

-1/1 
+1/2 
-2/2 
?l/1 
... 1/1 
+1/1 
-1/2 

+1/1 
-1/2 

+2/2 

+4/4 

?2/2 
+1/2 
-2/2 
?l/1 

-2/3 

+1/5 
-1/1 

-1/1 
+1/7 

?l/1 

+3/6 
-1/1 
?l/1 

+1/1 
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caff. e11. 

+1/1 
-1/1 

+1/4 +2/4 
-2/2 

?l/1 
+1/1 +1/1 
+2/2 +1/1 
-1/1 -1/2 

+2/2 +1/1 
-1/1 

+2/2 +2/2 

+J/5 +3/4 
-1/1 

+2/2 +1/2 
-3/3 -1/1 

+2/2 
-2/3 

+1/2 +1/1 
-1/3 -1/1 
?l/1 

+1/1 -1/1 
+1/10 +1/2 
-1/6 -1/3 
?l/3 

+1/1 +3/4 
-3/5 -3/4 
?l/1 

+1/1 +1/1 

sin. p-c 

-1/1 -l/1 

-2/4 -l/2 
?l/1 
... 1/1 -1/1 

+1/2 
-2/J -l/1 

+2/3 
-1/2 
?l/1 

+2/2 
-2/2 

+3/3 +2/2 
-2/2 -3/3 
?l/1 ?1/1 
+1/1 +2/2 
-3/3 -3/3 
?1/1 

+1/1 
-2/3 -1/1 

?l/1 
+1/4 +1/3 
-1/2 -1/3 

-1/1 -1/1 
+1/5 +l/12 
-1/14 -1/2 

+2/4 +3/4 
-2/3 - ,2/3 

?1/1 

+1/1 +1/1 

gall. 

-1/ 1 
+1/1 
-1/1 

+1/1 
+1/1 

-1/1 

+1/1 

?l/1 
+-1/1 
-3/3 

-2/2 
?l/1 

+2/2 

-1/Z 

-1/1 

-1/2 

-3/5 

-1/1 

umb. 

-1/1 

-1/2 

-1/1 

-1/1 

-1/1 

-2/2 

-3/4 

-2/3 

-2/2 

-1/2 

-1/1 

-1/2 

-3/5 

-1/1 

van. 

-1/1 

-1/2 

-1/1 

-1/1 

-1/1 

+1/1 
-1/1 

-2/2 
?2/2 

-2/3 

+1/1 
-1/1 

+1/1 
-1/1 

-1/1 
+1/7 
-1/11 

+1/1 
-3/4 

+1/1 

syr. 

-1/1 

-1/2 

?l/1 

-1/1 

-1/1 

-2/2 

+1/1 
-2 / 2 
?l/1 

-2/3 

-1/1 
?1/1 

-1/2 

-1/1 
+1/1 
-1/17 

-3/5 

+1/1 

rutin p-OH-B ~-cat. scop. aesc. 

+1/1 
-1/1 

+1/1 

-1/1 

-1/1 

+1/1 
-1/1 

-3/3 
?1/1 

-2/3 

-2/2 

-1/2 

-1/1 
?l/1 

-2/3 

-1/1 

-1/1 

-l/2 

-1/1 

-1/1 

-1/1 

+1/1 
-1/1 

-3/4 

-2/3 

-2/2 

-1/2 

-1/1 
+1/12 
-1/5 
?1/1 

+1/2 
-3 /i+ 

?1/1 

-1/1 
+1/1 
-1/1 

-1/1 

-1/1 

-1/1 

-'1./2 

-3/3 
?l/1 

-2/3 

-2/2 

-1/2 

-1/1 
+1/3 
-1/14 
?l/1 

+1/1 
-2 /3 
?l/1 

-1/1 

-1/1 
+1/1 

?l/1 
-1/1 

-1/1 

-1/1 

-2/2 

-3/4 

-2/3 

-2/2 

-1/2 

-1/1 
+1/13 
-1/4 
?l/1 

-3/4 
?1/1 

-1/1 

-1/2 

-1/1 

-1/1 

?l/1 

-2/2 

-3/4 

-2/3 

-2/2 

-1/2 

-1/2 

-2/2 
?1/1 

-1/1 

me1il. P/L ph1or. H-G 

... 

-1/1 -1/1 -1/l 

-1/2 -1/2 -1/2 

-1/1 -~/1 -1/1 

-1/1 -1/1 -1/1 

-1/1 -1/1 -1/1 

-2/2 -2/2 -2/2 . 

- J /4 -3/4 -3/4 

-2/3 -2/3 -2/3 

-2/2 -2/2 -2/2 

-1/2 -1/2 -1/2 

-1/1 

-1/2 

-3/4 
??I/1 

-1/1 

-1/1 

-1/2 

-4/5 
?l/1 

-1/l 

-1/l 

-1/2 

-3/6 

-1/1 

-1/1 

-1/2 

-1/1 

-1/1 

-1/1 

-2/2 

-3/4 

-2/3 

-2/2 

-1/2 

-1/1 

-1/2 

+1/1 
-3/5 

-1/1 



DISCUSSION OF RESULTS 

A. Analysis of the "Geraniales11 s.s .. 
individual - -

1. T~/fam:ilies included in the arder (according to the 12th 11Syllabus") 

a. Geraniaceae. Metcàlfe and Chalk (1950) stated that except for Sarcocaulon, 

anatomically, the Geraniaceae forms a homogemaous group. Thus if their state-

ment is correct, then chemically, this family should consist of species which 

react similarly to various chemical tests. 

Unfortunately, it was impossible to obtain material of species other than 

those belonging to the following genera: Geranium, Erodium, and Pelargonium. 

These genera all belong to the subfamily Geranieae. Thus it will be impossible 

to discuss whether Hutchinson 1s (1959) splitting of the Geraniaceae into Ledo-

carpaceae, Vivianiaceae; and Geraniaceae !•!•' is merited. The subsequent 

placing of these familias into two lines of evolution, that is, Lignosae and 

Herbacea.e, likewise cannat be discussed. 

According to the results obtained, there is no evidence of the presence of 

polyphenolases in members of this family. Geranium and Erodium gave negative 

reactions, while many Pelargonium species gave an ttoxalis-reaction11 , thus in-

dicating high aêid content in the cell sap and a close affinity with Oxalidaceae. 

The nine species investigated in the Syringin test were negative; one 

Erodium species gave a pink color reaction, while two Pelargonium species gave 

a red color in the cross-sections of the stem. 

As in the two previous tests, all results from the Ehrlich test were nega-

tive, thus indicating the absence of aucubin or aucubin-like substances in the 

leaves. Most specimens gave a pale yellow color, or hardly darkened at all 

upon heating.. The magenta color reaction in Pelargonium correlated with the 

presence of a red color in the Syringin test. 

The vast majority of this family are herbaceous; therefore it was impossi-
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ble to do the HCl/Methanol test on the three genera. However Pelargonium did 

have sorne members sufficiently woody to be tested. Strips of wood were used, 

not shavings. As would be expected from the resulta obtained in the Syringin 

and Ehrlich tests, there were several species which gave a positive result. 

Thus, in reference to Pelargonium, the reactions were mixed. 

Mostly negative resulta were obtained from the leucoanthocyanin test. 

Again Pelargonium gave mixed resulta. Although most species were negative in 

respect to this test, one species, !• peltatum, was doubtfully negative. There 

are many horticultural varieties of this species, and they seemed to differ in 

the Syringin-Ehrlich-HCl/Methanol-Leucoanthocyanin correlation. Often three 

correlated but the fourth differed. These experimenta were repeated using the 

same horticultural variety, but the resulta obtained were the same. 

Raphides are absent in this family. According to Metcalfe and Chalk (1950) 1 

solitary and cluster crystals which are widespread in the plant kingdom charact

erize this family. To a lasser degree, styloids and crystalline masses are pre

sent. Crystalline masses are also present to a small extent in Zygophyllaceae, 

a family often placed near Geraniaceae; but Euphorbiaceae, Rutaceae, Simaruba

ceae, and especially Malpighiaceae, contain them too. The solitary or clustered 

crystals are sometimes si tuated in idioblasts in Erodium. Styloids are present 

in RbynCOtheca, while sphaerocrystalline masses ar-e found in Erodium and Monsonia. 

Short rows of cells containing cluster crystals characterize Wendtia. 

As in all the familias (expept Polygalaceae), members of the Geraniaceae 

do not contain naphthoquinones. Fluorescence was observed in all species tested. 

There were many species which were doubtfully positive in the tannin test. 

Thes~ gave a purple color on the filter paper; because of this masking effect, 

it was impossible to say with any degree of accuracy whether the resulta were 

positive. This color may have been due to anthocyanins. Milogradova and Mak-
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hama.dzhanov (1961) investigated two species of Geranium., ~· collinum and G. 

rectum, and found the leaves and stems to contain tannins of the pyrogallol 

group. In addition, Baytop and Tarcan (1962) found the stalk of Pelargonium 

endlieherianum to contain tannin. Thus, in all probability, Geraniaeeae is 

a tanniniferous family. 

Just one speeies was tested in the saponin tests A and B; a positive 

result was obtained for part B. The leaves did nor.contain saponin. Baytop 

and Tarean (1962) found the stalk of Pelargonium endlieherianum to con tain 

no saponin. 

Stafford (1961) investigated this family and found the leaves to be very 

low or non-accumulators of tartaric acid. Aluminum is not accumulated. 

A1though one Pelargonium gave a questionable reaction in the HCN test, 

the rest of the species tested of this genus and others were negative. 

Group C pheno1ic constituants were 1imited in distribution. Group B 

compounds, especia11y ga11ic acid, were present, while members of group A 

phenolic compounds were widespread in this fami1y. 

The widely-distributed flavonols, kaempfero1 and querc•tiD, are present, 

while myricètin is absent (Bate-Smi th, 1962). 

Alka1oids have been recorded in Erodium, but there are no records of them 

in Pelargonium and Geranium (Gstirner, 1963; Gecgi1, 1964). Willaman and 

Schubert (1961), in their compilation of alkaloids found in plants, have 

records of unknown alkaloids being present in Geranium and Biebersteinia. 

b. Oxalidaceae. Oxalidaceae bas been associated wi th Geraniaceae by many 

authors, although van Tieghem and Constantin (1918) created an order Oxalidales 

and placed in it Oxalidaceae, Zygophyllaceae, Linaceae, Erythro:x;ylaceae, Trop

aeolaceae, Trigoniaceae, Tremandraceae, Cruciferae, and Frankeniaceae. If most 

authors are correct in their assumption, that is, that Oxalidaeeae is closely-
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allied to Geraniaceae, then nembers of this family should be cheniically closely 

related to the Geraniaceae. 

Only three genera were investigated: Oxalis, Averrhoa, and Biophytum. 

Oxalis either gave a negative or 11oxalis-reaction11 in the hot water or 

eigarette tests, while species of the other two genera differed in gi ving 

11III11 reactions. Thus Biophytum and Averrhoa differed from members of the 

Geraniaceae. 

Closely-correlated with members of the Geraniaceae, Oxalis gave negative

non-red reactions in the Syringin test. Again Biophytum and Averrhoa differed, 

both giving negative reactions, but a red color in the xylem and/or fibres. 

In the Ehrlich test, all resulta werè neg. Brown colora, as well as a 

pink and a magenta one, were noted in Oxalis; many members of this ge nus have 

pink pigments in the petioles and parts of the leaves. Bata-smith (J.962) 

recorded the presence of delphinidin and cyanidin in the leaves of Oxalis and 

Averrhoa. Thus this may be the cause of the deviation of Oxalis from the 

Syringin-Ehrlich correlation. Averrhoa and Biopgytum deviated from the norm 

in that both gave magenta reactions. 

As in the Geraniaceae, most species are herbaceous. Thus it was impossi

ble to employ the HCl/Methanol test to. any extent. The Oxalis species tested 

had very little wood, so it was impossible to say with any degree of certainty 

whethe~ the reactions were negative or positive. Averrhoa and Biophytum ga~ 

decidedly positive resulta. 

Oxalis gave mixed re.actions in the Ieucoanthocyanin test. As mentioned 

previously, Oxalis species have anthocyanin-containing leaves. Thus this is 

probably responsible for the positive resulta. As expected, Averrhoa and 'Bio

ehytum both gave positive resulta. 

Thusfar Averrhoa and Biophytum have differed from the type of this family. 

Hutchinson (1959) removed Averrhoa from this family and raised it to the familial 
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rank. His move seems justified. 

All species tested were negative to the HCN test, thus indicating the 

absence of cyanogenetic glycosides. 

Raphides are likewise absent; however other calcium oxalate crystals 

have been noted by tœ author and others. Metcalfe and Chalk (1950) found 
' .. 

solitary crystals to be present, and to a lesser degree, crystal sand. 

No naphthoquinones were recorded; éfluoreaœnoe1 waa observed. Thus a 

consistency with the resulta obtained in the Geraniaceae. 

The resulta in the tannin test were rather mixed. Oxalis speeies were 

predominantly negative, while the other two genera gave positive reactions. 

Negative resulta were obtained from the Saponin A test. However, a 

negative reaction was obtained inOxalis and a positive reaction was obtained 

in Averrhoa in part B. 

Stafford (1959) examined the leaves of Oxalis, and found it (Oxalis) 

to be a very low or non-accumulator of' tartaric acid. In this respect, it 

is similar to Geraniaceae. In addition, both f'amilies do not contain cyclitols 

(Plouvier, 1963). 

No group C phenolic constituants were f'ound; members of' group B phenolic 

compounds were sparse, wh ile group A compounds were f'ound in the three g~nera• . 

Gallic acid of' group B must be a familial characteristic in Geraniaceae, for as 

noted in Oxalidaceae, and as will be noted in other geranialean f'amilies, this 

phenolic substance is absent. 

Except for a trace of' quercèt~n in Oxalis dispar, the three f'lav~l 

compounds are absent from this f'amily. 

c. Tropaeolaceae. Members of' this f'amily agreed with the Geraniaceae in the 

hot water and cigarette tests, syringin, leu~oanthocyanin, and HCN tests. 

They also gave negative resulta in the Juglone test and positive fluorescence. 

Bate-Smith (1962) recorded no ~hocyanins in this family, and this agrees 



78 

with the resulta obtained. 

Hutchinson (1959) placed this family in the Herbaceae. Therefore none 

could be tested for the HCl/Methanol test. But since negative resulta were 

obtained in the leucoanthocyanin test, it can be assumed that the resulta 

from the HCl/Methanol test would have been negative also. 

Raphides are absent from this family. Calcium oxalate crystals other 

than raphides have been recorded in this family (Metcalfé and Chalk, 1950). 

Metcalfe and Chalk also recorded the presence of myrosin cella in the 

sub-epidermal region. as weil as in the phloem of the stem. Myrosin cella 

have also been reported in the primary cortex and phloem of the root. Thus 

this characteristic separates this family from the Geraniaceae in which it 

was placed by Bentham and Hooker (1862-1883). Myrosin also characterizes 

Cruciferae, Resedaceae, and Capparidaceae. This is probably â·8 case of 

parallel evolution. 

Peter (1964) investigated the familias Cruciferae and Tropaeolaceae, 

and found the familias to contain mustard oil glucosides. Leucoanthocyanins, 

tannins, and polyphenolases were àbsent. In addition, it is significant that 

erucic and eicosenoic acids are the major fatty acids in Cruciferae and Tropae

olaceae. It is amazing that through parallel evolution, these two families 

should have a multitude of things in common. 

Group C compounds are absent. Group B constituants are absent except for 

_2-couma.ric acid. Members of group A phenolic compounds are present. 

Kaempferol, myricetin, and quercettn are absent. 

d,. Zygophyllaceae. Zygophyllaceae has been allied wi th Geraniaceae by many 

authors. Hutchinson (1959), however, removed this fan ily from the "Geraniales" 

and placed this family in the Malpighiales in the Lignosae. Thus, if his 
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scheme is correct, Zygophyllaceae should differ greatly from Geraniaceae. 

Heimsch (1942) also stated that this family should be placed with less-heràa-

ceoua families. 

This family agreed with Geraniaceae in the hot water and cigarette tests, 

the syringin, Ehrlich, leucoanthocyanin, and HCl/Methanol tests. Although a 

trace of HCN was observed in one species, the consensus was that ail members 

are negative or show mere traces of cyanogenetic glycosides. The Juglone 

test was negative, and fluorescence was noted. Four out of five species con-

tained no tamnin in the leaves. Thus Hutchinson 1s placement of this family 

in the Malpighiales is challenged. 

Raphides were not observed in the subfamilies othe r thari Peganoideae. 

Metcalfe and Chalk (1950) recorded raphides in Peganum. This is one piece of 

evidence for raising this genus to the familial level as van Tieghem and 

Constantin (1918) did. They also included Malacocarpus in this family. It 

is now included in the genus Peganum. 

Calcium oxalate crystala, other than raphides, have been recorded in 

Zygophyllaceae. Solitary and ciuster cryatals are dominant, but atyloids, 

acicu.lar crystals, and crystàllline masses are found to a lesser extent. 

Crystals, however, are absent in Balanites, which Hutchinson (1959), for 

example, raised to the familial rm k. 

D-pinitol was recorded in Zzgophyllum, but it is absent in Peganum. 

This is another argument for excluding Reganum from Zygophyllaceae; Of 

course one cannot exclude a genus from a family on the basis of one character, 

but on the basis of a multitude of characteristica. 
~,, 

Peganum is recorded as containgng a host of alkaloids, most belonging to 

the indole group: harmine, harmalol, harmaline, and vasicine or peganine • 

Siddiqui et al. (1964) investigated f• harmala and found it to contain additional 
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alkaloids in the seeds: harmidine and pegaline. These alkaloids have not 

been reported in other members of the Zygophyllaceae. Therefore this is 

additional evidence for excludiog this genus from the family. 

Syringie and vanillic acids have been recorded in Zygophyllaeeae, there-

fore differentia ting this family from Geraniaceae. Group A compounds are 

present, and group B, but to a lasser degree. 

No records of the chemistry of Nitraria were found. Thus the question 

of whether this genus should be raised to the familial rank rema.ins unsolved. 

e. Linaceae. This family is considered by some to be highly-unnatural. 

It has been divided into many familias, tpr example, Hugoniaceae, Nectaropeta

laeeae, Ctenolophonaceae, and Ixonanthaceae. Unfortunately, except for 

Ixonantbes, none of the other genera were investigated for their chemical 

components • 

Negative resulta were obtained for the syringin (no red was observed), 

Ehrlich, HCl/Methanol, raphide, leucoanthocyanin, and Juglonè tests. These 

resulta agree with those obtained:1for Geraniaceae. 

Cyanogenetic glycosides were present in Linum. Many people have re

corded the presence of linamarin in L~ usitatissimum. Butler (1965) found 

that plants previously reported to contain either linamarin or lotaustralin 

were found to contain both cyanoglucosides. This chemical characteristic 

separates Linum from the Geraniaceae. However, Dillemann (1953) reported 

that in Linaria, the presence of cyanogenetic glycosides is determined by 

one gene, this acting independently of those controlling morphological 

characters. Thus through independant evolution, this chemical characteristic 

could have arisen many times. Therefore unrelated familias could possess 

cyanogenetic substances. 

The majority gave negative reactions in the tannin test. Negative 
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resulta were also obtained from the saponin A - B test. Amarasingham (1964) 

also obtained negative results from the saponin test. 

Bate-Smith (1963) has no records of rowricetin, quercetin, and kaempferol 

in the family. 

Group C phenolic compounds were absent, while groups A and B were found 

in various species. 

f. Erythroxylaceae. Two species of Erythrox:ylum were tested. 

This family bas been placed in Linaceae by several authors {see Review 

of Literature). However, as will be seen, this family differa significantly 

from Linaceae. Thus its exclusion from that family is supported. 

This family bas also been placed in the Malpighiales by Hutchinson (1959). 

Thus it should possess characteristics chemically different from Geraniaceae. 

The two species of Erythroxylum differed in their reactions to the various 

tests. For ex.ample, in the syringin test, both were negative, but a red color 

was observed in one species only. The Ehrlich and HCl/Methanol resulta corres

ponded with these findings. However, the species which gave a positive HCl/

Methanol reaction gave a negative leucoanthocyanin reaction. The first test 

is of course on wood, the second on leaves. Leucoanthocyanins, often associated 

with a positive HCl/Methanol reaction,must be absent from the leaves. 

Cyanogenetic glycosides were absent, as well as naphthoquinones. Fluores

cence was observed in one species. 

Bate-Smith (1958) · found this ~to be tanniniferous. However tannin 

was found in trace amounts in one species only. 

Rowson {1958) studied the alkaloids of this family, and found it to contain 

alkaloids of the tropane series. He said this group of alkaloids is highly 

specifie, being thusfar isolated in Erythroxylum ~ and !• truxillense. 

If for this reason only, this family should be separated from Linaceae. 
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Group C products were absent, while group A and B phenolics,wwith the 

exception of gallic acid, were present. 

g. Limnanthaceae. Floerkia and Limnanthea were both tested by the author. 

Both gave negative syringin reactions; however, a red color was observed in 

Limnanthes. The presence and absence of the red color in the syringin test 

correlated with the data obtained in the Ehrlich.ott leucoanthocyanin tests~ 

Raphides are absent. 
no 

Consistent wi th the Geraniaceae t.foaphthoquinones were record.ed. Fluores-

cence was observed. One genus showed a trace of HCN. 

Tannin cella have been reported by Metcalfe and Chalk (1950), and thèse 

are found on the lower si de of tœ leaves in Limnanthes. None have been 

found in Floerkia. 

Maclay et al (1963) reported that Limnanthes douglasii is tœ richest 

source of glycerides with C2o and c22 straight chain acids. The chief fatty 

acid is eicosenoic. 

Members of this family contained no group C phenolic ccnstituents. Group 

B compounds were absent except for E-coumaric acid. Exoept for gentisic acid, 

group A compounds were present. 

Although this group is a sound group anatomically, the two genera seemed 

to differ in their chemical reactions. Thus further investigations should be 

done on this family. 

h. ~uphorbiaceae. This is an extrenely large family with diverse chemical 

characteristics. It is thought to be of polyphyletic origin. 

There are two sections in this family, each with two subfamilies. Plant 

material was obtained from all subfamilies, and as would be ex:pected if this 

family "·i~ of polyphyletic origin, the resulta were mixed. 
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The subfamily Phyllantheae gave mixed reactions for the hot water and 

cigarette tests. The other three taxa were more consistent. While the first 

subfamily showed sorne evidence of the presence of polyphenolases, the other sub

families were negative. However, sorne doubtful ~6xalis-reactions" were obtained 

in Crotonoideae. 

Several genera in the first two subfamilies gave questionable resulta in 

the syringin test. These were doubtfully positive. Most, howevèr, were nega-

tive and contained no red color. 

As would be expected, the reactions from the Ehrlich tests were mixed. 

Many of the species which were tested gave a pink, magenta, or purple spot. This 

is inconsistant with the data obtained in the syringin test. If the vast majori

ty gave no red color in the latter test, then they should likewise give no pink, 

magenta, or pupple spot in tœ Ehrlich test. Again this must be due to the 

abseneè of leucoanthocyanins in the le~, and the presence of tbem in the 

leaves. 

Mixed reactions were obtained for the HCl/Methanol test. However, more 

were negative. Since the sa:me section of the plant was used here as for the 

syringin test, the resulta agree. Similar resulta were also obtained foD the 

leucoanthocyanin test. 

Phyllanthus paniculatus Oliv. is said to have raphides in the wood. How

ever, rapbides were not observed in any of our sections. Soli tary and cluster 

crystals are present, but styloids and sphaero-crystals are found in a few 

species. (Metcalfe and Chalk1 19.50). 

As would be expected in a family of polyphyletic origin, mixed resulta 

were obtained for the HCN test. 

The resulta for the Juglone test and for the fluorescence were consistent 

with those obtained from the Geraniaceae. 

Tannin was present in nearly all the species tested. This is inconsistant 

with Bate-Smith's (19.57) remark that this family can be considered non-tanninifer-
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ous. Tanniniferous cells have been recor~ (Metcalfe and Chalk, 1950). 

Amarasingham and his co-workers (1964) found saponin to be absent in 41 out 

of 46 species tested, but it was recorded in Glochidion, Cleistanthus, ~-

petes, and Galearia. 

Many of the members of this family are positive for one or another 

phenolic compound of the group C series. The three subfamilies investigated 

for phenolic compounds differed in the distribution of groups A and B phenolic 

constituents. Crotonoideae, for example, w~ positive for gallic acid, as 

Geraniaceae, but the other two subfamilies were generally negative. 

The major fatty acids in the seeds are linoleic, oleic, and conjugated po~-

ethenoic acids. These conjugated polyethenoic acids are found in various species: 

Aleurites cordata -oC-elaeostearic 
Ricinus communia - ricinoleic 
Cephalocroton cordofanus - vernolic 
Mallotus philippinensis -,G-kamlolenic 
Sapium sebiferum - deca-trans - 2,cis 4 - ~ienoic 
Sebastiana ligustrina - dodeca - trans - dienoic 

This would support the polyphyletic origin of the Euphorbiaceae. 

In general, the polyphyletic origin of this family is supported. 

i. Daphniphyllaceae. This family has been included in Euphorbiaceae. However 

that family is so chaotic that it is doubtful whether one can really say from 

the chemical tests empolyed whether the exclusion of this genus Daphniphyllum 

from Euphorbiaceae is justified. 

Unfornunately, no fresh material was available· during the author•s tenure 

of research. Thus information on the chemistry of this family is incomplete. 

These results can be seen in the tables. Negative non-red reactions were 
was obtained 

J 

obtained in the syringin test. No resul~/for the hot water and cigarette tests. 

A positive HCl/Methanol reaction and a questionable leucoa~thocyanin result were 

obtained. 

No rpphides were observed. Cluster crysâàls have been reported in this 

family. 



• 

• 

8.5 

Bate..Smith (19.57) investigated and t , considered this family tannif'li-

ferous. 

No resulta were obtained for the group C phenolics. The data on groups 

A and B were incomplete. 

2. The familias as an order 11Geranialestt s.s. 

Generally speaking, except for Euphorbiaceae, the familias seem to form 

a natural group. Except for Linaceae which gave a "I" or "II" reaction in the 

hot water and cigarette tests, most gave a "IV" or "o.r.n reaction. All 

syringin tests were negative, and the presence or absence of a red color was 

mixed, although more were negative. 

Many plants were herbaceous. Thus, in these, the HCl/Methanol tests 

were not performed. The reactions were mixed, especially in Euphorbiaceae • 

However, again, the majority of the species were megative in their response. 

The resulta were closely correlated with the leucoanthocyanin test. 

All species were negative for the Ehrlich test, and if a magenta spot 

appeared, it was correlated with the ether tests. A· few members of the Euphorb

iaceae, however, gave no red eolor in the syringin test and a negative result 

for the HCl/Methanol test, while giving positive resulta in the leucoanthocy

anin test and magenta spots in the Ehrlich test. 

HCN was absent in most familias. If present, it is a familial eharacter, 

and probably arose through independant evolution. 

Naphthoquinones were a~sent from all the familias. Sorne fluorescence was 

observed in all the familias m~stigated. None of the fluorescences was bright 

enough to be indicative of coumarins. 

Mixed resultsLwererobtained for the tannin test. Many were positive, 

especially in the Euphorbiaceae. 
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Saponins were generally absent, being present only in several members of 

the Euphorbiaceae. The~ B test resulta were mixed, but many were nega-

tive. These tests must be earried out more extensively and intensively before 

anything more conclusive can be said. 

Group C phenolic constituants were rarely round in the familias. In 

Euphorbiaceae, they were more frequently round than in the other familias. 

The other compounds of groups A and B were round in varying degrees. Sorne 

compounds, for example, gallic acid in Geraniaceae, were familial characteris-

tics. 

Except for raphides in Peganum of Zygophyllaeeae, these calcium oxalate 

crystals were absent. Other calcium oxalate crystals, for example, the widely

distributed solitary and cluster crystals, were present. The other types varied 

in their distribution, and are therefore familial rather than ordinal character-

istics. 

Most of the familias are alkaloid-containing. T.here are no records of 

alkaloids in Limnanthaceae, Oxalidaceae; Tropaeolaceae, and Linaceae. Thus 

in all probability, these familias do not contain them. 

Cyclitols are absent, except in Euphorbiaceae th-wbiêh D-inositol has been 

record.ed am Zygophyllaceae in which D-pinlito ll has be en reported. 

The fatty acid composition of the seeds vary, but Linaceae, Zygophylla-

ceae, Euphorbiaceae, and Daphniphyllaceae bontain similar ones. Euphorbia-

ceae also conta ina sone unusual acids. 

As for aluminum accumulation, all the species were negative except 

Daphniphyllum species and several members of the Euphorb'ia. ceae. 

There is no evidence for Hutchinson's split of the "Geraniales" s.s.into 

the Geraniales and Malpighiales. In addition, there is no evidence for his 

placing. the two orders in two linas of evolution, narœly, the llé:~eae and . •' 
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Lignosae. Additionally there is no evidence to support the other authors 

who have included just a few of these nigè _f~ilies in their Geraniales. 

B. Analysis of the Rutales 

1. The familias included in the Rutales 

a. Rutaceae. This is obviously a very diverse and unnatural family. Thus the 

chemical reactions and other resulta obtained were mixed. There is so much 

confusion in this one family that a book in entirety could be devoted to this 

family. This will become more apparent as the chemical characteristics are 

discussed. 

The presence of polyphenolases is indicated only in the first subfamily 

Xanthoxyleae; the majority of the members of this family are characterized by 

t.neir~-aibseme. The first subfamily also had two questionable "o.r." reactions • 

This trend towards the absence of polyphenolases is consistent with the 

findings of the Geraniaceae. 

One member belonging again to tœ subfamily Xanthoxyleae was recorded as 

being positive for the syringin test. While other members were doubtfully 

positive, the majority were negative. Most of the plants did not have any red 

color in the cross sections. 

There was some inconsistency in the Ehrlich, HCl/Methanol, and leucoantho

cyanin correlations. This was also observed by Dr. R. D. Gibbs. Many species 

gave a pegâtive HCl/Methanol result, a magenta spot in the Ehrlich test, a 

positive leucoanthocyanin result, and-a non-red reaction in the syringin test. 

'l'hus it was that many plants gave a magenta color in the Ehrlich test, while 

as mentioned previously, the majority of the species contained no red color in 

the syringin test. Many of the leucoanthocyanin resulta were positive, while 

the resulta for the HCl/Methanol test were largely negative. 

Raphides were absent in all the genera investigated excepted members of the 
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Xanthoxyleae. Raphides were limited in their distribution and were present in 

one subtribe: Cuspariinae. These genera are listed on- the following page. 

Thus six out of sixteen genera in that subtribe are raphide-containing. They 

are also found in the same region of the world. This fact alene suggests that 

Rutaceae is an unnatural group. 

Tannins were found in many of the species. This is consistent with 

Bate-Smith 1s findings (1957). 

Naphthoquinones were absent, and all solutions fluoresced. The presence 

of coumarins was characterized by very brilliant fluorescences. Coumarins, 

found in this family, have not been reported in allied familias of the Rutaceae, 

including Meliaceae, Burseraceae, Simarubaceae, Zygophyllaceae, and Cneoraceae 

(Priee, 1963). 

Anthraquinones have been recorded in the Rutaceae, but are absent from 

other members of Engler and Diels• (1936) "Geraniales". 

Several genera of the Aurantioideae contain saponins. A positive result 

was obtained in the saponin B test. Thus in part A, there is sorne inconsistency. 

The family is highly-diverse in its alkaloids. Priee (1963) wrote a 

comprehensive paper on the distribution of alkaloids in this family. A summary 

of his findings can be found in the Appendix. As noted,furoquinolines are 

found in four of the subfamilies, and this perhaps link them together. Quina

zolines are found in five other familias including the Zygophyllaceae. 

Bate-5mith (1958} reported that barberine a1kaloid8 of the iso

quinoline group are found only in the Ranales, Rhoeadales, and Rutaceae. 

Hegnauer (1958) believed the presence of protoberberine, aporphine, and 

chelidonine a1ka1oids in this family is indicative of a closer relationship 

to the Ranalean 1ine. In 1963, Hegaauer added that this famil:y is related 

to Polycarpicae via benzylisoquinoline a1ka1oids. He presented the simi-
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• The Occurrence ot Raphides in Rutaceu 

I. Subtamily Rutoideae 
'l'ribe Cuaparieu 
Subtribe Cuaparii.Du 

pDÜ.; Ho. ~ iapbidea localit7 
apeoiea 

Spiraatbera A. St. HU. l -? BrazU 

.U.idea A. St. Hil. 4 -? BrazU 

E!!Ylophora Hubar l -? BrazU 

Adiacanthua Kucke 1 -? Amazon Valley 

LeptotSrrsa Book. t. 1 -? 1. Brazil 

Ticorea .Aubl. 3 -? French and Dutoh 
Guiana1 Amazon region 

• · Lukriâ. .,Bit:bier 1 -? Venezuela 

Rallia Mees et Hart. 2 +/styloids s. BrazU 

Galipea Aubl. 8 +/styloids Guiana1 Brazi1 

Raputia Aub1. 9 .... tropical Amerioa 

Decasonoca;pua Eng1. l -? Aas on 

:§rlthrochito• Bees et Hart. 5 +/styloicis tropical America. 

Cusparta Rumb. 25 cryatal-san.d tropical America, 
BrazU 

laudiaia Planch. l -? Colombia 

Ravenia Vell. 10 +/sty'1oids Antilles, BrazU 

Momd.eria L. 2 +-/styloida equatorial America, 
tropical S. America 

• 
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larities between Phellodendron amurense and Polycarpicae, and there is a close 

resemblance. This table is presented on the following page. 

Q.;uinazoline and harman alkaloids have been found in Peganum ha.rmala 

which was placed by Hutchinson in Rutaceae; he then transferred it to Zygophylla

ceae. Peganum species have several things in common with Rutaceae, including 

the alkaloids and the presence of raphides (Metcalfe and Chalk, 1950; Priee, 

1963). 

Hutchinson (1959) places Flindersia and Chloroxylon tn Meliaceae. Dads

well (1938) suggests a separate family Flindersiaceae. Referring to alka-

loids, one Chloroxylon species and 13 out of 14 Flindersia species (the except

ion is F. brayleana) contain furoquinolines. Furoquinolines are found only in 

Rutaceae. Secondly coumarins have been isolated from Chloroxylon and Flindersia, 

but none have been found in Meliaceae. Thus the subfamily Flindersioideae is 

chemically distinct from Meliaceae • 

No aluminum accumulators were found. 

In many w~s, this family is homogeneous. But the degree of deviations 

is sufficient to make this an unnatural group. Thus further investigation is 

necessary. Perhaps one order should be created to contain the families which 

will eventually be created out of this one family. The sporadic appearances 

of group C phenolic constituants also support this idea. 

b. Cneoraceae. This family is muàl like Geraniaceae in many respects. It 

gave a 11IV-III11 reaction for polyphenolases; most likely this is a negative 

reaction. In addition, it gave a negative-non-red syringin reaction that 

agreed with the negative leucoanthocyanin, Ehrlich, and HCl/Methanol tests. 

Raphides were absent, as well as naphthoquinones. Tannins were present, and 

saponins were absent. 

Group C compounds were absent, and groups A and B compounds were present. 
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A Cemparis on between Polycarpicae anti Phelloà.endron &J:IUl"enae 

(.from Hepauer, 196J) 

Substance 

Alkaloiù: berberine 
palma till 
jatrorrhiziœ 
magnof'lorine 

Eaaential oUa 

Ferulio acià. 

Iaopraaoid bitter 
priaciplea 

Pol,..arpicae 

wicleapreaci in woody 
•œben 

wideapreü 

common ·in wood.;r 
mambera (oU cella) 

dea-e-mathTlie&riia 
.from Epimediua bas 
sa. aiiico• 

columbi.M (c20) b. 
Meniapermaceu 

Pbellod.enà.ron 8llllll"eJJ8e 

+,; al.ao in otber :œmbera 
of' Rutaceae 

+ 

+,; common in Rutaceae 
lysigenic cella 

+ (lu:œcaerulic acid) 

+ 
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c. Simarubaceae. As discussed in the Review of Literature, this family seems 

to be very diverse, and many authors have raised the subfamilies to the fami

lial rank. 

From the data obtained in the laboratory and from other sources, this 

se ems to be a chemically-heterogeneous family. For example, Suriana. of Suria

noideae gave a nrrn reaction in the hot water and cigarette tests; Picraena 

of Si.maruboideae gave a n'rvn reaction, while Kirkia of Kirkioidea.e gave a 111III11 

reaction. No members of Irvingioideae were tested. Thus, in this respect, 

only_LPicraena agrees with the resulta of Geraniaceae .. 

All species investigated were negative to the syringin test; however, 

members of subfamilies two and three did not show any red color in_ the 

cross-sections, while Suriana gave a red color. These resulta were consistent 

with those obtained for the Ehrlich, HCl/Methanol, and leucoànthocyanin tests. 

No raphides were seen in the sections. The occurrence of solitary and 

cluster crystals have been reported. Styloids have been reported in one genus 

Alvara.doa. The aize and distribution of the cluster crystals in Castela, ~

cantha, and Picramnia are said to be of value in the identification of the 

genera. (Metcalfe and Chalk, 1950) 

Cyanogenetic substances as well as naphthoquinones were absent. Fluores

cence was noted. 

The plants tested were positive in the tannin test. Amarasirigham et .!!, 

(1964) obtained a negative Desult for the saponin A test. 

The fatty acid composition of the seeds is interesting. Shorland (1963) 

stated tha t 11 the :nembers of the family Si:ma.roubaceae thus show such wide varia

tion in the composition of their seed fats as to prompt further inquiry into 

their botanical cla.ssification.111 
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GE NUS CHIEF FATTY ACID(S) 

Ailanthus oleic, linoleic 

Picrasma petroselenic 

Picramnia tariric 

Irvingia myristic, ·.laurie 

These four genera are distributed among three subfamilies. Eaeh contains 

a different fatty acid. This would be one source of evidence for split ting 

this family as Hutchinson (1959) did. The presence of myristie and laurie 

acids in Irvingia and other genera links this family with Vochysiaceae. 

Resulta of the phenolic compound chromatography were mixed and comparable 

to Rutaceae 1s, but on a smaller scale. Group C eompounds were present in 

subfamilies two and three, but absent in the first one. Group B substances 

were present again in subfamilies two and three, but absent in one. Only 

gallic acid of this group was peesent. Group Â-phenolics were present. 

d. Picrodendraceae. The only genus in this family was formerly placed in the 

Simarubaceae. It gave a "IV"' reaction to tœ hot water and cigarette tests. 

However it diverged from both Picraena and Geranium's results in that it 

gave a negative but red color in the ~ringin test. This was consistent with 

the data obtained from the Ehrlich and HCl/Methanol tests. 

The absence of raphides, cyanogenetic glycosides, and naphthoquinones, and 

the presence of sorne fluorescence, are consistent with the resulta obtained for 

Geraniaceae. 

e. Burseraceae. This family has been assigned to the Geraniales, Rutales, 

and Sapindales. It is also said to have affinities with Anacardiaceae, Melia

ceae, Rutaceae, and Si.:marubaceae. 
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Very few members of this fam:i.ly were tested. The resulta for the hot 

water and cigarette tests were doubtful. All specimens were negative in the 

syringin test, and red was noted in one case only. The resulta were consistent 

with those obtained for the HCl/Methanol and leucoanthocyanin tests. 

No raphides were seen; Metcalfe and Chalk (1950 )J recorded elus ter. ànd 

solitar.y orystals in this family. 

Naphthoquinones were absent, and fluorescence was observed. Bursera 

has been reoorded as oyanogenetic, while Commiphora has not. Tannins are 

doubtfully present. In addition, Amarasingham et al (1964)! investigated four 
-group of 

genera and six speoies for saponinJ,and found thi_!/chemical substanoesto be 

absent. 

Group C phenolio constituants were absent; group A compounds were present, 

while E-coumaric and gallic acids of group œ were present • 

The presence of stearic acid as the major fatty acid of the seed links 

this family with Meliaceae. 

f. Meliaceae. There is general disagreement as to which genera should belong 

to this family, whioh familias it should be allied with, and which subfamilies 

shotJld be raised to the familial rank. Hutchinson (1959) further oomplioated • 

things by raising this fami.ly to the ordinal rank. 

Generally polyphenolases were absent from the species tested. In the syrin-
1 

gin test, negative resulta were obtained. Four out of six speoies contained 

some red color in the xylem and/or fibres. These resulta were consistent with 

those obtained f~omtthe Ehrlich, HCl/Methanol, and leucoanthocyanin tests. 

Raphides were absent. 

Except for members of the Melioideae, all species investigated contained 

no HCN. As in the ether families, the Juglone test resulta were negative. Flu-

orescence was observed. 
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AJ.l spe cies tested except one were tanniniferous .. 

Am~rasîngham et al (1964) tested about 19 species and found the majority 

to contain no saponins. Chisocheton and pzso;rlum of the subfamily Melioideae 

were positive. The s~ponin test B was positive. 

In general, group C compounds were absent; however Swietenioideae was 

simi.lar to Rutaceae and Simarubaceae, in that it contained ,e-hydro:x:ybenzoic 

acid, rutin, and vanillic acid. Gallic and sinapic acids of group B were 

absent. Group A compounds were present. 

As mentioned in a previous section, the chief fatty acid of the seed is 

stearic, and this is a cross-link with Burseraceae, a family with which it 

has often been associated. 

g. Akaniaceae. This family has been placed in the Geraniales, Rutales, and 

Sapindales. In contrast to Geraniaceae, it contains polyphenols and their 

enzymes, the polyphenolases. In addition, a negative result was obtained for 

the syringin test, but a red color was present. Correspondingly, it gave a 

magenta spot in the Ehrlich test, a positive HCl/Methanol reaction, and a posi

tive leucoanthocyanin result. 

This genus Akania contains no raphides. In addition, cluster crystals 

are present, and to a lesser extent, solitary crystals. 

A doubtfully positive reaction was obtained in the HCN test. In addition, 

naphthoquinones or related compounds are absent. Fluorescence was observed. 

Tannins were. present in the leaves tested. 

Group C phenolic constituants were absent from the leaves; only ~

coumaric ac id pf grpùp B was reoprded,.;' . The resul ts for group A were doubtful. 

h. Ma.lpighiaceae. As mentioned in tœ Review of Literature, man;, systemtists 

have raised this family to the ordinal level. Hutchinson (1959) ~ssampng them. 
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He raised this family to the ordinal level and placed it along with many 

geranialean familias in the Lignosae. Thus if it is allied with these faml.lies, 

it · should contain many chemical characteristics in comm.on wi th Geraniaceae. 

The absence of polyphenolases was noted in the species investigated. All 

resulta were negative in the syringin test, but in contrast to Geraniaceae, 

the majority of the species contained soma red color in the cross-sections. 

These resulta correlated with those obtaiœd in the leucoanthocyanin, Ehrlich, 

and HCl/Methanol tests. 

Rappides were absent from the spcies investigated. Solitary and cluster 

crystals, in addition to styloids, have been reported in this family by Metcalfe 

and Chalk (1950). 

The majority of the plants contained no cyanogenetic substances. Hetero

pterya vas tœ only positive genus • 

Naphthoquinones were absent. As before, nuorescence was observed under 

the ultraviolet light. Many of the few plants tested vere tanniniferous. 

While saponin test A was negative, part B was positive. 

Group C compounds were absent, as well as many of group B. The resulta 

obtained for group A were mixed. 

1. Trigoniaceae. No information was obtained for this family. 

j. Vochysiaceae. Very little information was available on the chemistry of 

this family. While no raphides have been reported, solitary ani cluster cry

stals have been recorded. 

The members of .this family are all aluminum accumul.ators. 

The major fatty acids of the seeds are mwristic and laurie acids. Many 

genera of Simarubaceae also contain these two acids • 

k. Tremandraceae. The three genera of this family are native to Australia. 

The relationship of this family to others remains unestablished. Thus it has 
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been placed near many different familias. 

Polyphenolases were not recorded in Tetratheca. In addition, negative 

resulta were obtained for the syringin test. However, the two genera tested 

differed in the color reaction. There was no evidence of red in Platytheca; 

the reverse was true for Tetratheca. These resulta corresponded with those 

obtained for the related tests. 

No raphides were seen in the cross-sections, although there have been 

reports on the occurrence of solitary and cluster crystals inthis family. 

Cyanogenetic glycosides were present in several species, but did not predomi

nate. Naphthoquinones were absent as in the other familias thusfar discussed. 

Fluorescence was observed. 

Negative resul~ were obtained for group C and most of group A phenolic 

compounds. However, most of group B compounds were present in the leaves • 

1. Polygalaceae. This bas been called a very natural family. However, many 

genera, for example, Krameria, Xanthophyllum, Moutabea, and Diclidanthera 

have been doubtfully placed in this family. Unfortuaately, material of these 

genera were unavailable for investigation. 

Polyphenolases were not recorded for most of the genera. However, Mundtia 

gave a »ri-III" reaction. In addition, while one species was doubtfully posi

tive, the other species were negative for the syringin test. The re was no evi

dence of red in the cross-sections. Mundtia differed agaih, as there was a 

pink color in parts of the treated section. These resulta correlated with those 

o:t the related tests. 

Polygala was negative in the Juglone test, and some fluorescence was obk- J:' • 

served. Mundtia again was the sole exception, for a positive Juglone test was 

obtained. The presence or arry fluorescence was uncertain. 

Polygala was non-tanniniferous, whUe Mundtia was doubtfully positive. 
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Amarasingham (1964) investigated two species of Xanthophyllum and found 

one of them to contain saponin. Saponins have been recorded in some species of 

Polygala. Part B was negative. 

No r~hides have been recorded, but calcium oxalate crystals are present. 

Mixed resulta were obtained for gBoùp B, while the majority of species con

tained group A substances. 

Polygala contains D-polygalitol. This aliphatic polyol has only been 

recorded in one other family, Aceraceae. It has been isolated fromAcer ginna

la. (Plouvier, 1963) 

Mundtia spinosa, on the basis of the chemical evidence,seems to be out of 

place in this family, but our material may possibly have been wrongly labelled 

Mundtia. 

2. The relationship of the Rutales to the "Geraniales"' s.s • 

Rutaceae, on the basis of chemical evidence, is a very unnatural family. 

For example, ma.ey of the group C phenolic constituants were present in the 

various subfamilies. This is substantiated by the alkaloidal, quinone, 

and otre r chemical distributions. Thus further investigation must be done on 

this fam:ily. A:t present, no conclusion can be reached as to its affinity with 

the "Geranialestt s.s. 

Sima.rubaceae is also a rather unnatural family. This is confinood by the 

rather unusual fatty acid distribution in the seeds. Thus it is separated from 

the 11Geraniales 11: s.s. Picrodendraceae in many ways is like the Geraniaceae. 

But the resulta from the Hel/Methanol and related tests are pieces of evidence 

against placing this family near Geraniaceae. More information should be ob

tained on the fatty acid composition of this family • 

Meliaceae does not seem to be closely allied to Geraniaceae. The phenolic 

acid distribution is similar to those of Rutaceae and Simarubaceae. However, 
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more evidence is necessary. 

Akaniaceae and Malpighiaceae, based largely on the HCl/Methanol corre-

lation, do not seem to belong with Geraniaceae. In addition, Akania contains 

polyphenolases, enzymes Jacking in most rœmbers of tœ "Geraniales" s.s. 

Polygalaceae seems very much like Geraniaceae; however it differa in 

that it contains aliphatic polyols. Upon further investigation, more differ-

ences will undoubted1y turn up. 

Tremandraceae is a family of doubtful position, and on the basis of chemi-

cal evidence, it remains as such. Few group A compounds were found in this 

family; group B compounds predominated. 

Cneoraceae gave results very much like those of Geraniaceae. So, on 

the basis of chemical constituants, it should be placed in the 11Geraniales11 

s.s. Burseraceae is also very much like Geraniaceae. However, very few 

specimens were examined. Thus further investigation is necessary before any-

thing conclusive is said. 

No information was available on Trigoniaceae and Vochysiaceae which would 

throw light on their systematic position. 

Thus it seems that the order Rutales is heterogenous and should be more 

intensely investigated. Furthermore this order should notbe reunited with 

the "Geraniales11 s.s. --
c. Analysis of other familias included in the 11Geraniales 11 

1. Dichapetalaoeae. This is a family of doubtful position. Beoause of the 

limited material available, all of the tests could not be done. The syringin 

was negative, and there was no evidence of red in the cross-sections. imbe 

HCl/Methanol test was likewise negative, while the leucoanthocyanin test was 

positive. Thus a non-correlation. 

This family is separated from the Geraniaceae in that it contains toxic 
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fatty acids which contain fluorine in tl:eir structure. Dear and Pattison 

(1963) found~-fluorooleic acid to be identical with the toxic principle in 

Dichapetalum taxicarium. Also isolated was ~-fluoro-elaidic acid. 

On the basis of this, Dichapetalaceae is not àllied with Geraniaceae. 

2. Callitrichaceae. Engler and Diels (1936) placed this family in the naera-

nialea", but it was subsequently m.oved to the Tubiflorae (Engler and Melchior, 

1964). Unfortunately no material of this aquatic plant was available for 

~vestigation by me. 

This was the only fam.ily in which the members gave a positive Ehrlich 

reaction (Gibbs, unpub 1d), thus indicating the presence of aucubin or aucubin-

like substances. This is in contrast to Geraniaceae, and in fact, all the fami~, 

lies surveyed. Thus there is strong evidence against placing this family near 

Geraniaceae • 

Gibbs (1962) did chemical work on the Tubiflorae and did find many 

members to be aucubin-containing, including thoae of the Verbenaceae, near which 

Callitrichaceae is placed in the 12th ''Syllabus 11 • 

Since blackening occurred in the leucoanthocyanin test~ it ia postulated 

that the aucubin substances interfered with the reactions. Gibbs remarked that 

doubful cases (in the Tubiflorae) "are mostly those in which darkening of the 

mixture occurs -- due to aucubin and aucubin-like substances -- or in which 

anthocyanin is already present in the untreated leaf .•tt 
Thus this family would be out of place in the 11GeraniaJ.esn s.s. 

3. Balsaminaceae. This family has been included in the Geraniales by many 

authors, among them, Hutchinson (1959). This family differed from Geraniaceae 

in that a red color was observed in the sections treated in the syringin test. 

The corresponding tests also correlated. In addition, numerous raphides were 

seen in the cross-sections. 

In addition, parinaric acid was the major acid in the seeds of seve~ 
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Isratiens. Furthermore, phenolic constituants of group C were found in many 

species. These included scopoletin and E-hydroxybenzoic acid. 

These differences are evidence against placing this family near Gerania-

ceae. 

4. Buxaceae. Members of the two subfamilies differed in their reactions to 

the various tests. Simmondsia gave a positive Reucoanthocyanin reaction, but 

a negative HCl/Methanol result. Thus perhaps anthocyanins were present in the 

leaves. The members of the othar subfamily gave all negative resulta. 

Group C compounds were generally absent, but Simmondsia contained vanillic 

and syringic acids. Gallic acid of group B was present, while group A com

pounds were present in ali species. 

Buxaceae contains many alkaloids, among them bebuxine, bu.x:piine, buxtau

ine, buxomegine, buxalphine, buxdeltine, buxetine, and cyclobuxine (Tomko et 

al, 1964). Kupchan ~ ,!! (1964) reported the presence of a stsroidàl alkaloid 

in this family: buxenine-G. Other alkaloids include bebeerine and D-iso

chondodendrine. Thus alkaloid-wise, this family is separated from Geraniaceae. 

Simmondàia californica (Link.) Schneider seems out of place in this family. 

The seeds have a high fatty acid content. An unusual Iidl'l!lj:d::wà.lt ia p:F.Elsènt. 

Daugherty, Sineath,. and -wastler (1958) investigated this plant of the Califor

ni~~. area, and found it was first mentioned by the Mexican historian Francisco 

J. Clavijero, who found that Indiana used its fruits as food, and the oil as a 

medicine and hair-restorer. The liquid wax is a light yellow unsaturated li

quid of unusual stability and is found in a relatively pure state. The chief 

fatty acid is eicosenoic • 
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CONCLUSIONS 

From the analysis of the data, the "Geranialestt !!•!• forms a natural 

group if Euphorbiaceae, obviously of polyphyletic origin, is excluded. Fur

thermore, the data supports the separation' of Averrhoa and Biophy'tum from 

Oxalidaceae, and Peganum from Zygophyllaceae. 

There is no evidenà.e for Hutchinson 's (1959) spli tting of the 11Gerania1es11 

!•!!• into two major orders, the Geraniales and Malpighiales, and the placing 

of these orders in two evolutionary lines, namely, the Lignosae and the 

Herbaceae. 

It is also concluded that the Rutales forma a heterogenous order. There

fore, more intense investigation should be done on Rutaceae, Simarubaceae, 

Meliaceae, and the other families. However, of all tœ familias, Cneoraceae 

and Burseraceae seemed most to approach the Geraniaceae. There is no evi

dence to support the reunification of this order with the 11Geraniales" s.s. 

Dichapetalaceae, Calli trichaceae 1 Balsaminaceae 1 and Buxaceae, should 

not be placed in the Geraniales, but the latter two should be assigned to 

allied orders • 
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SUM.MARY 

There is no systematia classification which is supported by all taxono

miste. Therefore, there is disagreement as to which system is the correct 

one and therefoœ. should be adopted. Most of these systems are based on mor

phological and anatomical evidence. Today, cytologica.l, embryologiaa.l., and 

geneticàl evidence is being increasingly used. 

Since morphology and anatomy are expressions of the biochemistry of the 

plant, another :roothod of investigation is to study the biochemistry of plants .. 

If i t can be assumed that re la ted plants have similar products, er go similar 

biosynthetic pathways, then plants can be grouped accordingly in an evolution

ary sche:roo. 

Thus, through work in the laboratory, a survey of lite_rature, and inform

ation cards of Dr. R. D. Gibbs, data was collected and analyzed, and tentative 

conclusions reached on the classification of the 11Geraniales11 • 

These tentative conclusions include: 1) the 11Gera.nia.les" s.s. form a 

natura.l group if Euphorbiaceae, a family of polyphyletic origin, is excluded; 

2) t.here is no evidence for Hutchinson1 s split of the ttGerania.lesn !•!•; J) 

the Rutales form a heterogeneous group and more work should be done on it; 

4) there is no evidence for the reunification of the 11Geraniales" s.s. and the 

Rutale5; 5) Dichapetalaceae, Ca.llitrichacea.e, Balsaminaceae, and Buxaceae, 

should not be placed near Gera.niaceae • 
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APPENDIX I 
Key: NR = no red M = magenta sd = seeds A list of plants (by genera) tested by the author, Gibbs 

and ethers R = red tr = trace oth. or ot = ether part s 
Pu = purple plt = p1aht 

Hot water & Syringin Raphide Ehrlich HCN HCl/Meth. L.A. Juglone Fluores. Tannin Sa penin 
cig·. te·sts + - + - + - + - + - A+ - B+ 
I II III IV or + - + - + 

GERANIACEAE 
I. Geranieae (5/646) 

Geranium (Tourn.) L. 1? 5 2? lNR -1 3 6 / 5 1 l 4? 1 1 
Erodium L1Hért. 2 2NR -2 1 2 3 1 1 2'? 
Pelargoni_~ L1Hért. 1 1 4NR -6 4 1? 7 3 2 1 6 7 7 4 

2R 3M 1? 4? 
II. Biebersteinieae (1/5) 
III. Wendtieae (3/10) 
IV. Vivianieae (1/30) 
V. Dirachmeae (1/1) 

OXALIDACEAE (8/950) 
Oxalis L. 2 12 3NR -2 4 il l 1? 1? 5 6 11 10 1 2 13 3 4 3?NR -3? lM 

! 
2? 3tr, 3tr? l? Biophytum DC. 1 lR -1 lM 1 l l l l 1 

Averrhoa L. 1 1? 2R -2 2M 2 2 l 2 2 l l 1 1? ltr 
TROPAEOLACEAE ( 2/80) 

Tropaeolum L. 2 lNR -1 2 1 2 l 1 l 1 
3(sd) 

ZYGOPHYLLACEAE* 
I. Peganoideae (1/6) 

PeganU!Il L. 1? lNR +1 1 1 ~ 1 1 : 1 1 
II. Chitoniodeae (3/4) -1 
III. Tetradiclidoideae (1/1) 
IV. Augeoideae (1/1) 
V. Zygophylloideae (11/194) 

Zygophylll.ll11 L. 3 2NR -2 3 4 
1 

2 2 2 2 1 1 1 1 III-IV-1 -1? 
Guaiacum Plum. ex L. 1 lNR -1 1 ltr. l 1 1 ~ 1 1 
Tribulus Tourn. ex L. 1 -2? 1 1 1 

1( oth.) 
Kallstroemia Scop. l? lNR -1 1 

VI. Nitrarioideae (1/4 ) Nà.tra:dasL. -1 
LINACEAE 
I. Hugonieae (14/278) 

Reinwardtia Dum. 1 1 lR? lNR -2 1 2 2 1? 1 1 -1? 1 
Linum Tourn. ex L. I-II-1 lNR -1 2 ...J],. l 6 1 J_1 3 2 2 - 4(sds)l(ot) 

3(oth.) 
ltr(oth.) 

II. Ctenolophoideae (1/4) 
III. Ixonanthoideae (2/23) 

Ixonanthes Jack. 2 2 2 2 
IV. Humirioideae (3/30) 

ERYTHROXYLACEAE (4/200) 
ErythroJt.Y:~um P. Br. lR -2 lM 1 3 l 1 l? 2 l ~-1 ltr 1 

lNR 

*the seventh subfami1y of Zygophy1laceae is Balanitoideae (l/2) 1 
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Ho~ water & Syringin Raphides Ehrlich HCN HCl/Meth. L.E. Juglone -.fluores. Tannin -----saponin 
cig. tests 
I II III IV or + - + - + - + - + - + - + - + - A+ - B+ 

.LrMNANTHACEAE (2/8) 
Floerkia Wil1d. lNR -1 1 1 1 
Limnanthes R. Br. 1 lR -1 l(M?)ltr 1 1 1 

EUPHORBIACEAE 
A. Platzlobeae 
I. Phyl1antheae (65/1731) 

Antidesma Burm. ex.L. II-III-1 lR -1 lM 1 l 1 1 1 1tr 
Breynia Forst. 1R -1 lM l 1 
Putranjiva Wall. I-II-1 lNR -1 1 1 1 1 1 1 1? 
Securinega Comm. ex Juss. 1R -1 1 1 l 1 1 
Phy11anthus L. 1 1?R 2R -3, 1? lM 3 3 

1? +1(wood) lPu 1(ot) 3 4· 2 1 l 
1 l(ot) 1? 

Andrachne L. III?-IV-1 1NR -1 lM 1 1 1 . 1 1 1 
Drypetes Vahl. I-II-1 
HemicycJAa Wight et Arm. 

1NR -1 lM 1 2 1? 1 1 1 

1 lNR- -1 1 1 
Bischofia Blurne 1 
Bride1ia Wil1d. 2 1 ' 

1(ot) 
II. Crotonoideae (209/4331) 

Croton L. l? 1? lNR- -1 l 1 3 2 1 1 l 1 1 1 
III-IV-1 l(ot) 1? 

Aleurites Forst. 1 lNR -1 ll1 1tr? 1 1 l 1 1 l(sd) 
Hevea Aub1. 1 1 1 l? 
C1aoxylon A. Juss. III-IV-1 1NR -1 1 1 1 1 
Melanolepis Reichb. f. & Zoll. 1 
Mal1otus Lour. 1 l? 1 2 2 1 

1? 
Alchornea Sw. l l?NR lR -2 lM 2 1 1 1 1 1 1 - -----------

l 
Mercurialis (Tourn.) L. 1 l(tuber) 1 
Cleidion Blume l 1NR -1 1 l 1 1 1 1 1 
11acaranga Thou. 1R -1 l N 1(rts)l 1 l 1 1 l? 
AcalYQl!a L. 3 mm. -3 2 1 6 l 2 1 2 4 1 2 2 1 

IV-III-1 l(p1t) 1? 1? 1? 
l(tuber) 

;,.c;,. Tragia P1um. ex L. -. 1 1 lNR -1 1 1 1 1 1 1 --
Homonoia Lour. / 

1 '· 
Ricinus (Tourn.) L. l lNR -1 1 1? 1 1 1 
Dalechampia Plum. ex L. 1 lNR -1 1 l 1 1 l l l 
BaloghiaËnd1. 1 1 
Codiaeum Rumph. ex A. Juss. 1 3l'Jlt -3 2 l ? l '? l? l 1 1 

(same species used for Syr., Raph , and Ehr. tests) 
Jatropha L. 2 2NR -2 lM 2 1 1 1 1 1 1 11 

1 1? 

Manihot Tourn. ex Adans. 1 lNR -1 1 
~(rhizj me) 

" 1 1 1 1 1tr 
l? 1 

1Cot) 
l?(ot) 
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Hot water & ... Syringin Raphides -Ehrl1-ch-HCN HC1]Meth.~- L-:A-;----Jliglone~ - 1TuoreS. -- Tannin ~-Saponin 
~· 

cig. tests + - + - + - + - + - A+ - B+ 
I II III IV or + - + ·-- + 

BaliosEermum Blume 1 1? 1 1 1 
Gelonium Roxb. 1 
OmEhalea L. III-IV-1 lR - 1 1 1 1 1? 1 1 1 
Homalanthus A. Juss. III-IV-1 lNR -1 1 1? l(ot) 1 1 1 1 1 
Gymnanthes Sw. 1 lR -1 lM ltr? 1 1 1 1 1? 
Excoecaria L. 1 livi 1 
Stillingia L. 1(ot) 
Sapium P. Br. 1 lNR -1 1 1 1? 1 1 1 
Colliguaja Molina 1 1? -1 1 1 1 2 1 

IV:!;:or-1 1? 
Hura L. II-III-1 lR? -1 1 ltr? 1 1 1 1 1? 
Euphorbia L. 1 1? 6 1 4NR -7 3 1 8 13 1 5 3 3 4 1 2 2 

IV:tor-1 1? 2? +11 lPu l?(ot) 1? ltr 1? 
1 ( ot) 

J(ot) 
l(sd) 

Synandenium Boiss. 1 lNR -1 1 1 1 1 1 1 ltr? 
Pedilanthus Neck. 1 lNR -1 1 1 : 1 1 1 1 1 

B. Stenolobeae 
I. Porantheroideae (4/23) 

Poranthera Rudge l(ot) 
ltr(ot) 

II . Ricinocarpoideae (5/63) 
Ricinocarpos Desf. 1 lM 1 
Beyeria Miq. 1 lNR -1 lM 1 1 1 
Ampera A. Juss. l(ot) 

DAPHNIPHYLLACEAE (1/35) 
Daphniphyllum Blume lNR -1 1 1 1? 1 
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, Hot water & Syringin Raphides Ehrlich i'HCN HCl/Meth. ' L.A. Juglone fluores. Tannin Saponin 
cig. tests 
I II III IV or + - + - + - + - + - + - + - + - A+ - B+ 

RUTACEAE 
I. Xanthoxyleae (86/1169) 

Xanthoxylurn L. 2 2NR -2 5 1 1 3 3 1 
Geijera Schott. 1 lNR -1 lM 2 1? 1 
Evodia Forst. 1 1 2NR -2 1 2 

I l 2 1 2 2 1 
Orixa Thunb. lNR -1 1 1 1 1 1 
Choisya H.B. et K. 1 
Ruta (Tourn.) L. 1 lNR -1 1 1 1 1 1 1 2 
Cneoridium Hook. r. 1 1? 
Dictamnus L. 1 lNR -1 1 1 1 1 1 1 1 1 

III-IV-1 
Boronia Sm. 1 2? .SNR -6 5M 3 3 2 2 4 4 4 3 

1? lR 1 3( ot) 1? 1? ltr 
l(inflorescence) 

Acrademia Kipp. 1 l?R -1 lM 1 1 1 
Zieria Sm. 1 lNR -1 lM 3 l?(ot) 1? 1 

III-IV-1? 3(ot) 
Eriostemon Sm. 1 2N"R -2 l M 1 2( ot) 2 1 1 1 1 
Crowea Smi t,h 1 l NR -1 lM 2 ~ .4) 1 
Phebalium Vent. 1? lM 1 ot) 1 l(leaves)l 
Correa Andr. 1? l?NR -1 lM 2 1 1 1 
Nematolepis Turcz. 1 lNR -1 lM 1 1 1 1 1 1 
Chorilaena Endl. 1 lNR -1 lM 1 1 1 1 1 1? 
D~plolaena R. Br. 1? l NR -1 1 1 1 1 1 1 1 
Calodendron Thunb. 1 lR -1 1 1 1 1 1 1 1 
Barosma Wi11d. 1 lNR -1 1 1 1 1,1? 1 1 
Coleonema Bartl. et Wendl. 1 2NR -2 2M 2 2 2~ 2 2' 2 
Pilocarpus Vahl. 1 lNR -1 1 1 1 1 1 1 1 
Galipea Aubl. +1 
Raputia Aubl. +1 
Erythrochiton Nees et Mart. III?-IV-1 1 +1 lN 1 1 1 1 1 1? 

II. Dictyolomatoideae (1/2) 
III. Flindersioideae (2/20) 

Flindersia R. Br. 1 lR -1 lM 2 1 1 1 1 1 1 1 
IV. Spathe1ioideae (.~10) 

/ v. Todda !j,k9:L<cte~e~ _os· ~8o) 
Phellodendron Rupr.3 II-III-1 1 ?NR: 2NR -4 2 1 2 1? 1 3 3 3 

lR 2? 
Ptelea L. 1 1NR -1 1 1 1 1 1, ltrl 
Casimiroa La L1ave II-III-1 lNR -1 1 1 1 1 1 1 1? 
Toddalia Jus s • lNR -1 1 1 
Acronychia Forst. II-III;;;]: ,_ '···1 lNR 2 ' 2 
Halfordia F. Muell. 1 .1 ~ .. f lM 1( ot) 1 
Skimrnia Thurib. 1 1? lNR -1 1 1 2 2 1 1 _J._ , , .. 2 
Amyris P. Br. 1 
Teclea Delile 1 lR -1 11'1 1 1 1? 1 1 ltr 

VI. Aurantioideae (28/193) 
Glycosmis Correa 1 lNR -1 1 1 1? 1 1 1 1 
Murraya Koen. ex L. I-II-1 1 l R -2 2 ~ 2 2 2 2 1 

lNR 1? 
Triphasia Lour. 1 lNR -1 1 ltr 1 1 1 1 
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Hot water & s;Yrfniin ·· -Ra:Pliides Ehrlich HCN HC1/1'1e th. L.A. - Juglone fluores:- · Tannfri ---Saponin 
cig. tests 
I II III IV or + - + ... + - + - + - + - + - + - A+ - B+ 

Atalantia Correa 1 1NR -1 1 1 1 1 1 l l 
Poncirus Rafin. 1NR -1 1 l 1 
Eremocitrus Sw. 1 
Citrus L. 5 3NR -5 1 4tr 1 1? 1 3 3 2 1 2 

1(ot) 
2tr(ot) 
1tr? 

l(ot) 
Limonia L. 

1 
1? 

Aeg1e Correa ltr? 1 
Feronia Correa II-III-1 lNR -1 lM .1 1 1 1 1 1 

CNEORACEAE (2/3) 
Cneorum L. IV-III-1 1NR -1 1 1 1 1 1 1 

SIMARUBACEAE 
I. Surianoideae (4/6) 

Suriana P1um. ex L. 1 lR -1 lM 1 1 1 1 
II. Simaruboideae (22/109) 

Hannoa P1anch. 1NR -1 
r 

1 1 1 l 1 
Picrasma B1ume 1 
Picraena Lindl. 1 lNR -1 1 1 1 1 
Ailanthus Desf • . 1? llffi -1 1 1 1 1? 1 1 

III. Kirkioideae (1/4) 
Kirkia 01iv. 1 1NR -1 1 1 1 1 1? 

IV. Irvingioideae (~/1J) ) 
Irvingia Hook. f. 1(sd) 

V. Picramnioideae (1/40) 
VI. A1varadoideae (1/5) 

PICRODENDRACEAE (1/3) 
Picrodendron P1anch. 1 lR -1 lM 1 1 1 1 1 

BURSERAeEAB (20/600) 
Bursera Jacq. 1? 1 1 1 1 1 
Commiphora Jacq. II-III-1 . lR -2 1 1 1 2 2 1? 

lNR 
Canarium (Rumph.) L. 1 

l(ot) 
Pachy1obus G. Don. 1NR -1 1 1 1 

MELIACEAE 
I. Cedre1oideae (4/118) 

CedreJ.a P. Br. 1 1 
lr.oona M. Roem. 1 lR -1 lM 1 1 1 1 1 1tr 
Ftaeroxy1on Eck1. et Zeyh. 

II. Swietenioideae (8/51) 
1NR -1 1 1 l 1 1 1 1 l(bark) 

Khaya A. Juss. 1 
Swietenia Jacq. 1 lR -1 lM 1 1 1 1 1 2 1 1 
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Hot water & Syr1ngin Raphides Ehrlich HCN -HCl/Meth. L.A. Juglone fluores. Tannin Saponin 
cig. tests 
I II III IV or + - + - + -· + - + - + - + - + - A+ - B+ 

III. Melioideae (JS/1092) 
Carapa Aubl. 2 2R -2 2M 2 2 2 2 2 2 

l(bark) 
Cipadessa Blume 1 1 1 1 1 
Melia L. III-IV-1 1NR -1 1 1? 1 1 1 1 l? 
Owenia F. Muel1. 2 
Dysoxy1um B1. 2 1tr 1 2 
Sandoricum Cav. 1 

AKANIACEAE (l/l) 
Akania Hook. f. 1 lR -l lM 1? 1 1 1 l l 

MALPIGHIACEAE 
I. Pyramidotorae (37/578) 

Tristellateia Thou. l? lNR -1 1 l 1 l ltr 
Gaudichaudia H. B. et K. I-II-1 lNR -1 U'I 1 l 
Acridocarpus Guillem et Perr. 1 lR -l lM 1 ·· 1 l 1 1 1 1 1 
Heteropteris H. B. et K. lR -2 l 1 1 

lNR 1? 
Thryallis Mart. lR -1 ]111 l 1 l l l 1? 

II. Planitorae (20/215) 
~ Ga1phimia Cav. 1 lR -1 2 2 1 l 

Malpighi~ P1um. ex L. 1 4R -5 2M 3 3 1? 2? 2 2 l 2 1 1 
III-IV-1 l?R 1? 

Byrsonima Rich. ex Juss. lR -1 1 1 . 1 

TRIGONIACEAE (4/35) 

VOCHYSIACEAE (6/200) 

TREMANDRACEAE (3/30) 
Platytheca Steltz 2NR -2 1 1 1 l 1 1 1 l? 
Tetratheca Sm. 3 2R -3 ZM 1 3 4 l? 

lR? 
POLYGALACEAE 
I. Po1ygaleae (8/685) 

Po1ygàla (Tourn.) L. 4 1? 4NR -6 3 1tr 3 3 l 3 l l l l? l 
IV-III-1 -2? 1(ot) l(root) 1 

l (ot)? 

Bredemeyera Wi11d. 2(plt ) 
Mundtia H. B. et K. II-III-1 lNR -1 lM 1 1 1 1 l? l? 

II. Xanthophy11eae (1/40) 
III. Moutabeae (1/1) 
Others: Comesperma Labill. 1 

2(ot) 
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Hot water &. 5yrfngin-Rap1ilde s --Ehrlich HCN HCl/Metn.-- t.A~-~- ---J1.iglone --~fluores. Tannin - --sa.ponin 
cig. tests 
I II III IV or + - + - + - + - + - + - + - + - A+ - B+ 

DICHAPETALACEAE 
Dichapetalum Thou. II-III-1 1NR -1 l(ot)l 1 1 1 1 1 

CALLITRICHACEAE 
Ca1litriche L. 1 1 2? (da,rkening) 

l(plt) 1~p1t) 

BALSAMINACEAE 
Hydrocera Blume + 
Impatiens Riv. ex L. 1? 2 2R +8 2M 1tr_3 1? 5 4 3 2 1 1 1? 

III-IV-3 lR? ltr? 1? 

BUXACEAE 
I. Buxeae (3/25) 

Sarcococca Lindl. 1 · 4NR -4 3 4 4 1 2 3 2 1 2tr 
III/IV-1? 1(sd) 1? 

Pachysandra Michx. - 1 3NR -3 3 2 2 3 3 1 1 1 
Buxus L. 1 1? 2NR -3 3 4 2 5 1 l 3 1 1 

II. S~y1ocereae (2/4) 
III. Simmondsieae (1/1) 

Simmondsia Nutt. III-IV-1 lNR -1 lM 1 1 1 1 1 1? 
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APPENDIX II 
Results of Miscellaneous Tests 
(done by author) 

H.W. Cig. Syi. Rap. Eflr. HCNHC1/ML.A.. Jug. fl. T.T. Sap. 
I II III IV or I II III or A 

GERANIACEAE 
I. Geranieae 

Geranium bicknelli + -NR - -Y - - ++? 
G. columbinum + -Y 
G. eriostem - - +? G. molle ++? 
G. psilostemon +? - - - ii· ++? 'G. sanguineum +? -Y 
~rodium chamaedryoides roseum 

florenspluis (?) -PK - - - + 
E. manescavii ?III-IV -NR - -Y - - ++? E. pelargoniflorum +? 
~. sp. 
Pelargonium burtoniae + + -NR - -BR - -? - - + +++? 
P. graveolens + + -R - -M - - +4 +++ - + + 
P. hortorum + - - - + + 
P. inquinans + + -NR -C -YB - - - - +· -il· 
P. peltatum + + -NR · -c -YB? - +4 - - + + 
P. peltatum var. "Chester Frank" -R -C -M? - +3 - - + +++? P. salmoneum + + -NR - -JCB - - - - + +? 

II.-Biebersteinieae 
III. 1'-Jendtieae 
IV. Vivianieae 
V. Dirachmeae 

OXALIDACEAE 
Oxalis bowiei + -B - - - + tr? o. cernua + 
Q• chrysantha + -YB 
2• deppei + - - - + 

' O. dillenii + -NR? -c - -? - + 
2• erioleEis ++ 
o. lasiandra +. -M - +. - + + 

--o. lobata + -NR -? -RPK - +? tr? Q• ort~iesii + + -NR -C - - + tr Q• peduncularis + + -NR -C o. piottae + + -NR - -B - - tr? ëi. sp. T-

BioEhytum sensitivum + -R - -1'1 - +4 + - + +++ 
Averrhoa bilimbi +? -R - -M - +l-2 +? - + tr 
k. carambola + III?-IV -R - -M - + ++ -? -

TROPAEOLACEAE 
Tropaeolum majus (?) -YB 
!• sp. + -NR -c -Y - - - + + 

ZYGOPHYLLACEAE 
I. Pe ganoideae 

Peganum harmala +? -NR - -0 - - - - + 
II. Chitonioideae 
III.Tetradiclidoideae 
IV. Augeoideae 
V. Zygophylloideae 

Zygophyllum fabago III-IV + -NR - -PK - - - - + 
~· mor~sana -NR - -Y - - - - + + 
Guaiacum officinale + tr - + 

LINACEAE 
I. Hugonieae 

Reinwardtia sp. I-II + -NR - -YB 
Linum austriacum +++ f• grandiflorum v. rubrum . 

++++ - - + 
L. usitatissimum I-II 

II.-Ctenolophonoideae 
III. Ixonanthoideae 

Ixonanthes icosandra (?) - - - + 
I. reticulata (?) - - ..;. + 

IV.-Humirioideae 

ERYTHROXYIACEAE 
Erythroxylum ~var. novo-granatense+? ~ -NR - - - - tr 

E. novo-granatense + -R - -M - +3-4? - - + 

B 

1-' 
1-' 
1-' 

+ 



APPENDIX II(cont 1 d) 

H.W. Cig. 
I II III IV or I II III IV 

LII"INANTHACEAE 
Floerkia QrOSQerEinacoides 
Limnanthes douglasii 

EUPHORBIACEAE 
A. Platllobeae 

Antidesma bunius II-III 
Putran,jiva roxburghii I-II 
Securinega suffructicosa 
Ph~llanthus eQiillh~llanthus 
Andrachne colchina III?-IV 
Dn::Qetes Gerrardii I-II 

II. Crotonoideae 
Aleurites moluccana IV-III 
Croton aQQendiculative III-IV 
Alchornea ilicifolia 
Cleidion Javanicus + 
Macaranga grandifOlia 
Acal~ha godseffiana 
~· hamiltonianà IV-III 
k. hispida 
A. wilkensiana 
A. wilkensiana v. musaica? 
Tragia involucrata 
Ricinus communis 
Dalechampia roezliana III-~ IV 
Jatropha curcas 
J. multifida 
ëodiaeum sp. 
c. sp. 
:Manihot palmata 
Baliospermum axillare 
Omphalea trichotoma III-IV 
Homalanthus polpulneus III-IV 
Gymnanthes luc ida 

~ cre;eitans 
Eu;ehorbia balsamifera 
E. characias 
Ë. melliforma 
Ë. monteiroi 
Synandenium grantii 
Pedilanthus tithimalioides 
Euphorbia pulcherrima 

B. Stenolobeae 
I. Porantheroideae 
II. Ricinocarpoideae 

Beyeria leschenaultii 

DAPHNIPHYLLACEAE 

Key t0 symbols : 
NFi. = no red 
R =red 

BR or B = brown 
Y = yellow 

PK = pink M = magenta 

+? 

+. 

+ 

C = crystals YB = yellow-brown 

+ 

+ 

IV-III 

+ 

+ 

-li· 

* 
T. 

+ 

+. 

+ 

+ 

III-IV 
+ 

III-IV 

+? 
+ 

+ 

* 
ii· 

+ 

RP = red-pink 
0 = orange 

+ 

* 

+· 

+ 

MP = magenta-pink 
tr = trace 

Syr. Rap. Ehr. HCN HCl/M L.A. Jug. fl. T.T. Sap. 
or A B 

~NR -Y 
-R tr ++ 

-M + * tr 
-YB ... + ++? 

-R +4 + 
-M -+t-1+11-

-NR -M -? + + * -NR -M +.? * ++ 

-NR -M f--' + + +++ f--' 

-B -? 
1'\) 

* -R -l\1 + + ++ 
+?NR -B ++ 
-R -M *3 -li· -li· -? 
-NR -C'? -B 
+?NR - + 
+?NR -C -B -? +++ 

+.? 

+ 
-NR +· ++ 
-NR -c -YB + 
-NR -YB -+t-1+· 

-NR -M + +-!++.-

-NR -B ++++- * -NR -B -? +? 
-NR -118 -++· * tr? 
-NR -BY +++ - + tr 

i+·? + + 
-R? -C -B +3 +? + * -NR -Y * ++? 

-M tr i+· + +? 

-R? -B * -? 
-BY ..,. ++ 
-MP + -+' -? 

* -NR -B tr 
+ -NR -Y -b· tr? 

-NR -B ++ * 

-NR -M "" * 

MA. = maroon 
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APPENDIX II(cont'd) 

H. i>J. 
I II III IV or 

RUTACEAE 
I. Xanthoxy leae 

Xanthoxylum simulans 
Evodia Danielli 
E. Henryi * 
Orixa japonica 
~ graveolens + 
Cneoridium dumosum 
Dictamnus albus var. turkestanicus III?-IV 
Boronia denticulata +? 

·.!?.· lanagrnusa? 
B. purdiana 
Ë. viminea +? 
Ëriostemon spicatum 
Nematolepis phebalioides + 
Chorilaena quercitotia + 
Diplolaena angustifolia +? 
Calodendrum capense + 
Barosma scoparia -++ 
Coleonema album 
2.• pulchrum 
Pilocarpus pennatifolins + 
Erythrochiton brasiliensis III?-IV 

II. Dictyolomatoideae 
III. Flindersioideae 

Flindersia australis 
IV. Spathelioideae 

Ptelea trifoliata 
V. Toddalieae 

Phellodendron amurense 
,!: • japonicum 
P. lavallei 
Casimiroa edulis 
Skirnrnia l'oremanü 
Teclea simplicifolia 

VI. Aurantioideae 
Glycosmis pentaphylla 
Murraya exotica 
M. koenigii ~ 
Triphasia~rifolia 
Atalantia ceylanica 
Poncirus trifoliata 
Citrus limetta 
C. limonia 
ë. sp. 
C. sp. "otaheite orange" 
Feronia limonia 

CNEORACEAE 

+ 

II-III 
II-III 

I-II 
IV-III 

+ 

Cneorum tricoccon IV-III-? 

SIMARUBACEAE 
I. Surianoideae 
II. Simaruboideae 

Hannoa klaineana 
Ailanthus altissima 

III. Kirkioideae 
Kirkia acuminata 

IV. Irvingioideae 
V. Picramnioideae 

BURSERACEAE 

II-III 

Commiphora merkeri II-III 
c. trothai 
Dacryodes (Pachylobus) klaineana 

AKANIACEAE 
Akania lucens 

PICRODENDRACEAE 

MELIACEAE 
I. Cedreloideae 

Toona ciliata 
Ptaeroxylon obliquum + 

+ 

+ 

. +. 

+ 

+ 
+ 

+ 

Sig. 
I II III IV or 

II-III 

+· 

+ 

+ 

Syr. Rap. Ehr. HCN HCl/M L.A. Jug. fl. T.T. Sap. 

-NR 
-NR 
-NR 
-NR 

-NR 
-NR 
-NR 
-R 
-NR 
-NR 
-NR 
-NR 
-NR 
-R 
-NR 
-NR 
-NR 
-NR 

-R 

-NR -C 

-R 
-NR 
-NR 
-NR 
-NR 
-R 

-NR 
-R? 

-NR 
-NR 
-NR 
-NR 
-NR 

-NR 

-PK 

-NR 

-}111. 
-R 
-NR 

-R 
-NR 

-Y 

-OB 
-M + -? 
-M -? 
-M +3 
-M * +3 
-M 
-M 
-M 
-G ,_ 

-Y -? 
-B 
-M 
-M 
-Y 
-M 

+.

+ 
+ 
-!+

+ 
+ 
-1+-

+ 

-M +2-3 ++ 

-? 

-Y 
-Y 
-Y 
-M +h 

-E -? 
-Y 
-YB 

r_B 

-YB 

tr 
-Y 

-M ++ 

-YB 

-BY 

+4 

-M 

-M +3 + 
-B 

-1+-

-11 

+ 
++ tr 

-t++? 
+-!+- -!+-

++ "' 
.... + 
++ tr 
++ tr 
+++. -Il++ 
+~- ++. 

+· +? 
-fdHt--

+ 
++.· 

+. +. 

+. -Il+ 
+. 

* ++? 

+++ 

* 
* 
++ ++ 
+++ -+'· 
+++ -
+ tr 

+.- ++ 
+ 

+ +. 

+. 

+ 

+ 

+++? 

* +++? 
+ 
-++· 

+++ 

++ tr 
+ 

A B 

-? 



APPENDIX II (cont 1d) 

H.W. Cig. Syr. Rap. Ehr. HCN HCl/M L.A. Jug. fl. T.T. Sap. 
I II III IV or I II III IV or A B II. Swietenioideae 

Swietenia mahogani + II-III -R -M + iHt- ......,. 
III. Melioideae 

Carapa guianensis + -R -M +4 + + it-+i+-c. procera + -NR -M + * +++ 
ëipadessa cineraseens * +-t il· 
Melia azedarach III-IV III-IV -NR -Y tr? + * 

MALPIGHIACEAE 
I. fyramidotorae 

Tristellateia australasiae +? +? -NR * tr 
Gaudichaudia cynanchoides I-II -NR -M 
Acridocarpus sp. + -R -M +4 il + il +++ 
Thryallis glauca -R -IV! -t4 + il· +++? 1-' 

!-' II. Planitorae +=-
Malpighia coccigera + -R -N +2-3 +? -tt· + 
M. cubensis +++ 'M. glabra III-IV -R -M -? +? + 

TRIGONIACEAE 

VOCHYSIACEAE 

TREMANDRACEAE 
Platytheca verticilliata -NR -Y + +? 
Tetratheca thymifolia -NR +++? 

POLYGALACEAE 
I. Polygaleae 

Polygala myrtifolia IV-III IV-III -NR -B tr 
H. · dalmaisiana -f· virgata + -? Mundtia spinosa II-III -BM + * tr? ++? 

II. Xanthophylleae 
III. IV!outabeae 

DICHAPETALACEAE 
Dichapetalum cymosum II-III -NR + ++ 

CALLITRICHACEAE 

BALSANINACEAE 
lmEatiens oliveri III-IV -N * +? 
Io sultanii III-IV -BM tr? ++ + 

BUXACEAE 
I. Buxeae 

Sarcococca confusa + -NR -PKB ++ tr? 
S. ruscifolia + * -PK ++ tr 
Pachysandra procumbens + + -!ffi. -B ++ 
Buxus microEhylla -B 

II. Simmondsieae 
Simmondsia chinensis III-IV III-IV -M +++ + +++? 



APPENDIX III 
Results of Chromatography 
of Phenolic Constituents (done 
b author) 

GERANIACEAE 
Geranium psilostemon 
G.. robertianum 
ErodiYffi pelargoniflorum 
Pelargonium burtoniae 
P. graveolens 
P. inquinans 
P. peltatum 
P. salmoneum 

OXALIDACEAE 
Oxalis bowiei 
Oxalis eriolepis 
.2· europaea 
0. lasiandra 
o. ortgiesii 
Averrhoa bilimbi 
Biophytum sensitivum 

TROPAEOLA.CEAE 
Tropaeolum majus 

ZYGOPHYLLA.CEAE 
Zygophyllum fabago 
Guaiacum officinale 

LINACEAE 
Linum extraaxilare 
1. usitatissimum 

ERYTHROXYLACEAE 
Erythroxylum novo-granate.nse 

LIMNANTHACEAE 
Limnanthes douglasii 

EUPHORBIACEAE 
Andrachne colchina 
Drypetes Gerrardii 
Croton appendiculative 
~le1~ibn Javanicus 

. Acalypha godseffiana 
Tra&ia involucrata 
Baliospermum axillare 
Omphalea trichotoma 
Euphorbia melliforma 
Pedilanthus tithimalioides 

DAPHNIPHYLLA.CEAE 

RUTACEAE 
Evodia Danielli 
Evodia Henryi 
~ japonica 
Ruta graveolens 
Diët'amnus albus 
Boronia dentiëülata 
~.? lanagmusa 
B. purdiana 
Ë. viminea 
Eriostemon spicatum 
Nematolepis phebalioides 
Diplolaena angustifolia 
Calodendrum capense 
Barosma scoparia 
Coleonema album 
c. pulchrum 
Diosma ericoides 
Pilocarpus pennatifolius 
Erythrochiton brasiliensis 
Phellodendron japonicum 
P. lavallei 
Ptelea trifoliata 
Casimiroa edulis 
Skimmia reevesiana 
Teclea simplicifolia 
Glycosmis pentaphylla 
I'1urraya exotica 
illriphasia trifolia 
Atalantia ceylanica 
Citrus limetta 
c. limonia 
Limonia trifolia 
Feronia limonia 

Group A 

+ 
+? 
+ 
+ 
+ 
+ 
+ 

. 
r-1 
r-1 
Q) 

tr? tr tr 
+ + 
+ + 
+ tr 

+ 

+ tr? ++ 
+ + + 
tr + tr 
+ + + 

• ? • • - tr 
+.? ++ 
tr + + 
+? + 

+? tr tr 
+ 

tr ii 

ii· 

+? + 

+ 

+.+- +.-

tr 
tr tr 

tr 

+. + 

+ + * 

Group B 

. 
s:: 0 

•ri 1 
Ul 0.. 

+ 

tr 

tr 

+ 

+? 
+ 

+? 

+ 

++ 

+ 

• 
r-1 
r-1 
Cl! 
QD 

+ 
+ 

++ 

+ 
+ 
+ 

tr 
tr? 

tr +. 

tr ++ 

+ ++ +.- +. 
+? + +. +.-
+ + tr? +? + 

+.+ ++- +. - +. +. 
+? + tr? + 
tr * tr+ +.-

* ii- ii tr 
+ * ++ +? 
+ ++ * ++ 

tr + + + + 

+. + ii· ii 

+ + ++ + 
+ + iii+-

+? tr 
tr + tr 
tr? + 

- + 

+ 
+ 
+. 

+ 
+ 

+ 
+++ 
+++ 

+? + + 
+ +. ++ 

+++ tr? +++ 
+. tr? + 
ii + 

+ +it 

+ tr tr? ii 

+? * 
• ? + 

+ +++ 
tr + 

* + + 
+++ ++- * 

+ + 
tr? + + 

tr? ++ ++ + 
tr? ++ + 
tr + tr 
+ if if 

+? tr 
+.? +++ it· 

+ tr 
+? + tr 
+? +++ + 

++ +. 

:br? ++ 
+? + + 

+. 

+ 

* 
ii· 

... 
+ 
lt

tr 
ii· 

+ + 
+ 
+. 

+.? * 
+ 

+ 
+ + 
+ ++ 
+ 

tr 

+ tr 
+++ -

+? tr 

+. 

+. 

+ 

+ir-

tr? 
+- tr 
+ + 
+++ -

+ 
+ 

ii 

++ 
tr 
+? 
-+t· 

+. 

tr 
++ 
... 

ii· 

il· 

+ +? 
+.-

+ 
+-
+ 
tr 
--lt· 

++ +- -

+++· 
ii 

+. •? 

Group C 

. 
~ 
;::l 

-? 

+· 
+? 

• 
~ 
Ul 

+++ tr 

+ 
+ 

tr 

+ 

tr tr 
tr 
ii· 

tr 

tr +? 
++ ++ 

++ 

~ 
1 

ô 
1 
0.. 

+ 

+? 
+? 

+++ - +++. -
+.· 

+ ~-

+? 

+ 
+ 

+ 

+? 

+? 

+ 

+ 

• 
0 
Ul 
Q) 
Cl! 

• 
-j.) 
Cl! 
0 
1 
0.. 

+ 

. 
0.. 
0 
0 
Ul 

+. 

tr 

+++ -
+ + 
+ 
+? 

+ 

+· 

-io ? 
+ 

+? 

+? 

s:: 
Q) 
QD 
1 ..c 

.. 
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APPENDIX III 
(cont 1d ) 

CNEORACEAE 
SIMARUBACEAE 

Ailanthus altissima 
Kirkia acurnina ta 

PICRODENDRACEAE 
BURSERACEAE 

Commiphora merkeri 
MELIACEAE 

Ptaeroxylon obliquum 
Khaya nyasica 
Swietenia macrophylla 
Carapa guianensis 
C. procera 
ëipadessa cinerascens 
Melia azedarach 

AKANîAëËA.E 
Akania lucens 

MALPIGHIACEAE 
Gaudichaudia cynanchoides 
Malpighia coccigera 
rvi. cubensis 

TRIGONIACEAE 
VOCHYSIACEAE 
TREHANDRACEAE 

Platytheca verticilliatru 
Tetratheca !C~)ymifolia 

POLYGALACEAE 
Pol;z:~ala m;z:rtifolia 

DICHAPETALACEAE 
CALLITRICHACEAE 
BALSAMINACEAE 

ImEatiens flaccida 

r. oliveri 
BUxACEAE 

Sarcococca confus a 
s. ruscifolia 
Pachysandra procumbens 
Simmondsia chinensis 

Key to phenolic constituents: 
gent. :;: gentisic 
fer. ferulic 
caff. = caffeic 
ell. = ellagic 
sin. 
p-c 
gall. 
umb. 
van. 
syr. 

sinapic 
:;: para-coumaric 
= gallic 
= umbelliferone 
= vanillic 
= syringic 

Group A crroup j3 . . . 
+' . Cr-! • . r-4 
1:: H Cr-! ri ~ 0 ri 
Q) Q) rn ri ·r-I 1 rn 
bD Cr-! 0 Il) UJ 0.. till 

++ +++ +++-- tr +.- +.-
+? tr +.++. +-Hr 

tr ++ ++- + + 

+++ + + +? + 
+? +.· + ++ + +? 
+ tr * ++ * tr? 
+ tr? + ++ * tr *-li+ +. tr tr 
+.? tr + tr +? + 

+ +.· tr + tr? -
+ + + +· ++· 

tr? - * tr + + 
tr? tr + + + +? 

tr? +? +++ +.? + +++ 
+ + + 

+ + tr? * + 

+ + + +.-

tr tr * 
+ + tr 
tr? - +-

+? + + ++ * * +- +.- +++ * + 

p-OH-B = para-hydrox:ybenzoic 
rutin = rutin 
aesc. = aesculetin 
p-cat. = protocatechuic 
scop. scopoletin 
melil. = melilotic 

Group C 

. . 
il § 
:::l :> 

+.-

tr? 

tr? 

+· 

+? 

tr 

P/1 = paraphenyl-hydroxylactic 
phlor. = phl oretic 
h-gent.= homogentisic 

. 
tb • a • "" 1 ~ . +' . r-4 H ~ . ::r:: •r-I 0 rn 0.. ·r-I 0 Q) 

~ 0 +' UJ 0 0 r-4 H ri bD 
1 :::l Q) 1 0 ~ ' .c 1 

UJ 0.. H rn 0.. UJ P-. 0.. .c 

<li 

tr? - +.-

-+Hrlt- -j!-? 

+.-
+? 

tr? - +.-? 
+.- f-J 

b-

- +? 

tr? -

" 
Q +? 

+? 

+? +? +? 
tr +.? 



Family 

Oeraniaceae 
Oxal.iclaeeae 
Tropaeelaceae 

Zygophyllaceae 

Lbaceae 
Er.rtbr0Jr1"l&ceae 
L:l.mBantU.eeae 
Eupborbiaceae 

Dapbnipeyll&ceae 

Rutaceae 

Cneoraceae 
Siarubaceae 

:Bureeraceae 
Maliaceae 
Alœniaeeae 
Malpighi&ceae 
Trigeniaceae 
Voch71Jiaceae 
Treaadraceae 
Poqgalaeeae 
Picrociendraoeae 

Dicbapetalaceae 
Callitrio~ae 
Balsud.JI&ceae 

Buxaceae 
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APPENDIX DT 

Fatty Acid Composition of Seeds 
(from Eckey, 1954; Hiiditch, 
1956; ud othere) 

Major 
Fatt;y Aciù 

erucic, eicosenoic 

palmitic1 oleio1 
linoleic 
linolenio 

eieonnoic 
linoleic1 oleic, 
conj'd polyetbenoic 
aciù 
palmitic1 oleic1 lino
leie 

pa1mi tic 1 oleic 1 lino
leie 

Picraama-petroselinic 
Picramnia-ta.riric 
ïrVi#iia-m,rtatic, 

laurie 
Ailanthua-olaic 1 lino

lëic 
stearic 
atearic 

myristic 1 laurie 

monofluoroacetic 

linoleic1 oleic; in 
2 Impatiens spp. 1 · 

pa.riR&J.Oic 
eicosenoic in 
SilmlGndsia 

Commenta 

llo Wormation 
No i:nteration 
Ver;y simil&r to 

Cruciterae 

No information 

Umusual conj'4 poly
ethenoic aeids 

No i:nter.uatioa 
Acids vary with 
genera 

No information 
No intormatiea 
Ho information 

llo informatioa 
lo intermation 
Ho intormation 

Ho intorution 
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APPENDIX V 

Alkaloidal Distribution 

(from Henry, 1949, and ' 
others) 

family alkaloids present absent 

Geraniaceae 
Oxalidaceae 
Tropaeol.à.ceae 
Zygophyllaceae 
Linaceae 
Erythro:x;ylaceae 
Limnanthaceae 
Euphorbiaceae 
Daphniphyllaceae 

Rutaceae 
Cneoraceae 
Simarubaceae 
Picrodendraceae 
Burseraceae 
Akaniaceae 
Meliaceae 
Trigoniaceae 
Vochysiaceae 
Ma1pighiaceae 
Trema.ndraceae 
Polygalaceae 

Dichapetal.à.ceae 
Callitrichaceae 
Ba1saminaceae 
Buxaceae 

*since no information is available, it is more 
than likely that alkaloids are absent. 

x 
x 

no information* 
x 
no information* 
xxx 
no information* 
xx 
xx 

xxx 
no information* 
xx 
x? 
x 
x 
x 
no infommation* 
no infornatioD* 
x 
no information* 
x 

x 
no infor.rœtion* 
no information* 
xxx 
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APPENDIX VI 

'l'he DiatributioB ot &p onins in the 11Geraniales" 

(troa AarasiDgbaa !! !±_, 1964) 

sa poilU 
present absent 

Lia .... 
Roueb.eria 
IxoDUltbea 

Euphorbiaceae 
Baooaurea t;troaa · 
An u.ua 
Glooilà.ioa · 
Piiiîllâilthua 
DI:7P!të• 
Bisehoftia 
Cleistaathus 
êrotoD 
Mâllotua 
CMcoceraa 
Coe1ociepu 
Muaraap 
.lcalypha 
Epipriaus 
-ra:onostem.on 
G aria 
îïl•roctesmis ., 
Maaihot . 
Elateriosper'IIUil 
Geloldua 
JeoscortechDinia 
Pialëodenciroa 
ptyeho~s 
BotixoJ>hora 

Rutaeeae 
X&nthoxy1ua 
Gl.yeosmi.8 
Hl.erome1um 
Lll!!lD&a 
AteJ.antia 

+2 

+1 

+1 

+1 

+1 

-1 
-1 

-4 
-5 
-2 

-1 

-1 
-1 
-4 
-4 
-1 
-1 
-2 
-1 
!"'1 
-2 

-1 
-1 
-1 
-.3 
-1 
-1 
-1 
-1 

-2 

-1 

-1 

-1 



Buraeraeeae 
Tri oliM 

C&nari11a 
Dacijôd.ës 
Saatiria 

Meliueae 
llal8ura 
Apb&D8.Jil:! a• 
.Aaoora? 

~beton 
fuôijiwa 

Malpigbiaeeae 
Hiptage 

Po1;ygal.ueu 
XaJlthopbzllUII 

Diehapetalaceae 
Diehapeta1wa 

120 

APPENDIX VI (eont•d) 

saPôïîlU 
present absent 

-1 
-2 
-2 
-1 

-1 
-2 
-1 
-6 

+2 -2 
+1 -4 

-1 

+1 -1 

-1 
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APPENDIX VII 

Alum:i..Bwa AccUlllll.ation in the •Geranialesn 

tâïîiiii I!waiDwa AccûD!ât.or• 
+ -

Oeraniaceu ;'/.}2 

Oxalidaceu .:t./1 

Tropaeolaceu 

Zygop~llaeeu 

Li:naeeu 

Eryt.broxylaceae l/2 

Eupbarbiaceu 4/7 26/51 

Daphnipb7llaoeu 1/l 

Rutaceaa l/l ,17/58 

Simarubaeeu 3/3 

Cneoraeeu 

Burseraeeu 1/2 

Hl1iaeeaa 10/18 

Alœniaceu 

Ka.1pigbiaceu 1/l 

Trigoniaceu 

Voceyaiaeeae 6/1 

Tre-..draceae 

Pol.Jgalaceu 2/? 5/l.S 
Picrode!ldraceae 

(No iaterMt.ioa knovn oa Dicbapetalaceae, C&llit.ricbaceae 
Balsauai aaceae • aBd Bu:xaceae.) 
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APPENDII VIII 

i'be Distribution of Polyola in the 11Gera.aialee• 

(from. P1ouvier, 196), and otbers) 

a •. âlipbâtic . b. eyelitol 
piiua D-polygalito1 L-inosito1 D-pirmito1 L-quebra-

chito1 

Gerud.aceae 
QeruiUJI -4 
ErHium -2 
Pelargonium -2 

Oxal.iàa .. u 
Oxal.u -2 

fropuolaceu 
fr!J)!!ct1UII -1 

Znopqllaeeae 
Z;mo;e![llua +1 
Pegu.um -1 

Liaaoeaa 
LirJ.ua -2 

Euphorbiaeeu 
Seeuriae&& -1 -1 
Aruirachne -1 -1 
Hevea +1 +1 
Mercuria11s -1 -1 
Acal;œha -1 +1 

-12 
Riei.Dus -1 -1 
EuJ!!orpi& +1 -6 -6 

+4 



123 

A.PPENDIX IX 

Diatribution of Leucoanthocyanins and Flavonols 

(from Bate-Smith, 1957, 1962) 

famil.y' 1eucoanthocyanins tlavonolJI 

~ 
~ 

!i ~ ê 
.. ~ +) r!l • • 'É 0 .(,) i' ~ i J.t 

'ri ~ ! J 0 a' 

Oeraniaeeae -'>f.2/7 -2/7 -2/5 
+1/2 

++2/7 +2/7 

Oxalidanu -2/5 -1/3 -2/7 -2/6 -2/7 
+1/2 +2/4 +1/1 

Tropaeolaceae -1/2 /-1/2 -1/2 ' -1/2 -1/2 

Li.Mceu -2/3 -2/3 -2/3 -2/3 -2/3 

Er;rt;hro:x;ylaoeae -1/1 +1/1 -1/1 ++1/1 +1/1 

Z;ygop}V'llaeeae -1/1 -1/1 -1/1 +1/1 +1/1 

I,iwa•tbaoeae +1/1 +1/1 +1/1 +1/1, +1/1 

Eupherbiaceae -7/10 
+1/1 

-6/9 
+2/2 

-7/11 -5/6 
+3/5 

-3/5 
+4/6 

Daphldptq'llaceae -1/1 -1/1 -1/1 +1/1 -1/1 

Rutaceu -1~ •9/10 -8/9 -414 -4/4 
+5 '5 +S/6 +5/5 +9/10 +8/8 

Cneoraceae -1/1 -1/1 -1/1 +1/1 +1/1 

Siarubaceae -2/4 -2/3 l-2/4 -1/1 -1/1 
+1/3 +1/3 

Buraer&Hu -1/2 +1/2 -1/2 +1/2 +1/2 

J.lcarrl.aceae +1/1 +1/1 -1/1 •1/1 +1/1 

Meliaceu -3/4 -2/2 -3/4 +3/4 -1/1 
+1/2 +2/3 
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APP.ENDIX IX (Cent' d) 

lud.l7 leueoanthoeyaaiu .flavonols 

.::1 ~ 
'Ô 

~ !1 0 

'" ~ 
,.. 

!1 .., .:: 
i '" .d l 2 i ,!t 

-1 ~ J 0 

Malpigbiaceae -4/4 -2/2 
+2/2 

-4/4 -3/3 
+1/1 

-2/2 
+2/2 

Treaad:raceu -2/2 -2/2 +2/2 +1/1 -2/2 

Poqgalaceae -1/4 -1/4 -1/4 -1/1 
+1/3 

-1/2 
+1/2 

Callitricbaceae -1/l -1/l -1/l -1/l -1/l 

Balaamiœceae -1/2 -1/l -1/3 -1/l +1/4 
+1/l +1/3 +1/3 

Bwraeeae -2/2 -2/2 -2/2 +3/J +3/3 
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APPENDIX X 

"Distribution of a1ka1oids in the Rutaceae" (from Priee> ~96S)· 

!! !! 11) 
11) 11) 8 11) 1 11) ., 
!! !1 ...... •M G) 01) s:.. 

! r-1 r-1 g r-1 ~;1 0 ...... •M o. 1 0 0 :a r-1 r-1 N 0 N •M N ~r-I l'Il ID 
1 0 g ~ 'ci~ ...c ~ N g !-8 l! 0 s::: 1: S:.. ·M ...... 'El 'g...-1 ·~ S:::•M ·s l () e& g. .,....g. "' .8& "' 0' () •M 

Rutoideae 
Zantho;!l1um x x x x x 
Fagara x x x 
Evodia x x x x 
Orixa x 
Mêiicepe x x 
Pentaceras x 
Lunasia x x 
Mêdicosma x 
Choisya x 
Plat~esma x x 
Boenn-n~hausenia x 
Ruta · x x 
itifi'o;e~11um x x 
Dictamnus x 
Boronia x x 
Eriostemon x 
Pheba1ium x 
Geleznowia x 
Pilocar;eus x 
Cus;earia x x 
Galipea x 

Dic;yo1omatoideae 
Dictyo1oma 

Flindersioidêae 
x 

Flindersia x 
Chloro3!lon x 

Spathe1ioideae 
Todda1ioideae 

Phe11odendron x x 
Ba1fourodendron x x x 
Casimiroa x x x x 
Ve;eris x 
Toddalia x 
Acronychia x x 
Hortia x x 
Skimmi.a x 
Tec1ea x x 

Aurantioideae 
G1ycosmis x x x 
Aeg1e x x x 
Citrus x x x 

Classified according to Eng1er and Harms, 1931 
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-.p 
APPENDIX XI ~~ ,,.... 

The OCcur.ND.ce of C& Oxalate ~$ ! (trem Mltoalte &D.d 

33 J.4~ ~ 
Ill 

~~ 
0~ i: Challe, 1950) 

J ' 
olt .S.!! J.40 0 

~~ J~ ~& ]& 'i1- ~~ &: +' l=l..rf c:llo oo c:ll ctlO OUI Cil'-"' ol 

Geruiaceae x X (X) {X) 
Oxalidaeeae X (X} 
ZnopJv'llaceae x x (X) {I) (X) (X) 
Li.Daceae x (X) 
HWIIiria-- x x 
lr;rtbro.Xvlàceaae x 
Euphorbiaceae x x (X) (X) 
Daplmiphyllaceae x 
B.utaeeae XI II (X) (X) (X) 
Caeoraeeae (X) 
Sillarubaceae x x (X) 
:Buraeraceae x x 
Ml11.aceae x x 
Alc:a.D.iaeeu (X) x 
Malpighiaceae x x x 
~olliaeeae x x 
Voehyaiaceae X X 
Tremandraceae x x 
Polygalaceae x x 
Balsaminaceae n: 
BuD.ceae x x (X) 

Key to symbol: ( } œ limited in distribution 
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