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INTRODUCTION

The Caryophyllales represent one of the largest 
orders of Angiosperms. This group, containing 12 families* 
has been cited as one of the few natural orders of 
Dicotyledons (Cronquist* 1981). The plants belonging to 
this order possess unique N•containing pigments* the 
betalains^and p»type sieve element piastide* Due to their 
morphological peculiarities such as free central or basal 
placentation and curved eofcryo, the Caryophyllales are 
known as Centrospermae (iilchler, 1876) or Curvesabryae 
(Bentham and Hooker* 1865) respectively*

i

The order Caryophyllales as visualized by cronquist 
(1581) included 10 betalain containing families* 
rhytolaccaceae * Actaatocarpaceae * Ryctaginaceae * Aizoaceae, 
Didiereaceae, Cactaceae, Chenopodiaceae* Assaran thaceae*
Portulacaceae, C'SE)Basellaceae.and two anthocyanin-containing

fa
families^Caryophyllaceae and Molluginaceae* This order forms 
a asa^or taxon of the subclass CaryophyllIdas which also 
contains two monotypic orders* the Polygonales and 
Flumbaginales*

The concept of Caryophyllales is not recent. Braun 
(1864) created "ordung Caryophyllineae containing eight
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families' the Hyctaginaceae, Chenopodiaceae, Amaranthaceae, 

Caryophyllaceae , Phytolaecaceae, Portulacaceae, Alzoaceae 
and Qpunttaceae* Even now these eight, families are 
considered to be the ‘core* families of this order* Of the 

four additional families incorporated in the present sytera 
of classification* the Achatocarpaceae were a segregation 
of the Phytolaccaceae, the Molluginaceae of the Aizoaceae 
and the Basellaceae of the Chenopodiaceae* The family 
Didiereaceae was brought into this grouping by Hallier 0912) 

along with the Crassulaceae and Polygonaceae# After the 

discovery of betalains in the family Didiercaceaa, Cronquiat 
(1968) and Takhtacan (1958) supported the placement of 

iiidiare&ceae in Caryophyllales* The placement of 
Crassulaceae and Polygonaceae in this order was opposed by 

Cronquiat (1981) and fakhtajan ClvSG)* Bessey (1915) and 
Thorne (1968) favoured keeping the Poiygoaacea© in the 

order Caryophyllales, but they did not agree with placement 

of crassulaceae in the Caryophyllales*

The term Caryophyllales, as understood by Sentham 
and Hooker (1665),, is very; different from the above concept 

and contained only two families, the Cary ophyllaceae and 
Pcrtulasaceae. Most of the other families were distributed 

in the series Curvembryae and one in the series Calyciflorae.
V ,

Takhta^an (1>80) and Dahlgren (1$3$) added two more 

families, the Stegnospermaceae and Hectorellaceae to the
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Caryophyllales, increasing the number of families to 14*

Hutchinson (1964) distributed the families of 

Caryophyllales (cronquist, 1931) in orders Bixales ,
(Aehatocarpaceae) , Thyraelaele® (ftyctaginaceae), Pitiosporaiea 
( Stegaosperoaeeae), Cactaies (Cactaceee) in the division 

Hignosae and Caryophyllales (Eiatinaceae, Moiiuginaceae,
Caryophyilaceae, Aizoaceae, Portulac&ceae), Polygonaies 
(Polygonaceae, Xilicebraceae) and chenopodialee (Barbeui- 

aceae* Phytolaccacsae, Cyfcostemonacese » Agdestid&ceae, 
Petiveriaceae, Chenopodiaceae, Amarnithaceae, Cynocrambaeeae* 

Batidaceae, Saseiiaeeae) in the division iierbaceae*

i'iabry jgt al,(lS63) as well as Behnke and Turner (1971) 

insisted on grouping the betalain-containing families in 

suborder Ghenopodineae, while keeping the anthooyanin 
families in another suborder C&ryophyillncae* The suborder 

Chenopodineae included the ten betalain families and 
suborder Caryophyllineae consisted of the Caryophyliaoeae 
and Koilugiuaceae • Though Thorrie k 1968) agrees with this 

concept, he merges the members of .Moliuginaceae in the 

Aizoaceae along with the betalain-producing taxa within 
the suborder Chenopodlneae,

The Cactaceae were first included in this order 
Caryophyllales by Braun (1864), But Elchier '■1978) 
excluded Cectaceae from Caryophyllales in bis final system
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of classification. Engier (1964) placed the Cactaeeae in a 
separata order Cactales. Soo (1967) also supported this 

exclusion. But the discovery of betalains in Cactaeeae 
established the Centrospermous affinity of Cactaeeae , and a 
majority of taxonomists (Croaquist, 1981} Takhta,)an» 1380} 
Pahlgrsa, 1980) strongly favour the idea of keeping Cactaeeae 
in Caryophyllales.

fhe I’heligonaceae, once placed in the order Caryophy- 
llales by Eichler (1878) and cronquist (1965), are now to be 

found in the subclass Asteridae under the order iiutales 
(Cronquist, 1381), fhis taxa fit well in Ratal es than in 

Caryophyllales.

Out various scheme of classification proposed for the 
families included in the present work are summarised in 
fable-22.(presented in Appendix?!.}

Members of the order Caryophyllolcs are herbs or less 
commonly shrubs or small trees. Leaves alternate, opposite 
or rarely whorled, simple and commonly entire, some times 
reduced to spines, often with' kranz'anatomy. Stipules usually 

absent, if present very small and reduced.

Flowers in various kinds of inflorescence} most 
commonly entomophilous, perfect but In some coses unisexual. 
Regular or less commonly irregular, bypogynous to oerigynouo 
to epigynous. Sepals (1) 2-5 (-10) distinct or connate below
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y to fores a Calyx tuba, calyx tube now and then coroilold in 
appearance* Petals usually absent* if present two to many, 
distinct or connate sometimes of staainodoi origin* occasion
ally phyletically transformed sepals* Stamens one to many 
often as many or twice as many as the sepals or petals* when

e/ numerous originating in Centrifugal sequence# /rnthera mostly 
tetrasporangiate and dithecal* but biaporangiate and monothecal 
are not veryr rare* usually opening by longitudiiuil slits* 
Cynoceiua of 1- many carpels* these distinct or more often 
united to form a compound* superior or inferior ovary with 
distinct styles or with a single, usually l©bed or cleft style* 
the iocules as many as the carpels or very often the ovary 
unilocular* through failure of partitions* placentation 
variously exile, basal» free-central or parietal* Ovules one 
to many more or leas distinctly carapylstropous or amphitropoua 
to seldom hasuitropous or even anatropous, erasslnucellar* 
bitegmic or rarely unitegraic# The micropyle commonly formed 
by the inner integumentr endosperm development nuclear*
Fruit of various types, dry or fleshy, dehiscent or indehis- 
cent, seeds often arilate, embryo large, nearly always 
dicotyledonous peripheral* straight, quite often curved or 
annular* bordering - or surrounding the more or less 
abundant* starchy perispera* or the perisper® some times 
scanty or even absent, true endosperm lacking or very scanty*
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Embryologies! features of the Caryophvllalea

Qm of the unique peculiarities of the Caryophyllalea
is their peculiar embryologies! features particularly the

hstructure of ovules and seeds inocen* 1^27$ Seimarf# 1532*
■ A

tiauritzon, 1539). Maheswari critically evaiuvatad the 
eabryoicgieal peculiarities of C&ryophyllalea and listed

A

the® as 1) glandular anther tapetua 2} division of aicrospore 
mother cell simultaneous instead of successive (2) triaudeate 
pollen grains 4) Campy!otropous ovules* with strongly curved 
embryo iasphitropcua, seldom anatropous e,g* i isonia. 
Aizoacsac) 2) ciicropyie formed by the swollen apex of the 
inner integument* which protrude and approches the funiculus 
6} a hypodermal archesporial cell which cut off a cell wall
7) formation of a nuclear cap arising from pericllnal

\

divisions of the cells of the nucell&r epidermis 8) function* 
ing of the clialazai taegaspere of the tetrad 9) formation of 
a aonosporic eight-nucleate embryo sac and 10) functioning 
of the perifpera as the chief storage region* Each of these 
characters may be found in other orders, and some times 
several of them occur together* But the occurrence of all 
these features collectively is not noticed any where else 
except in the caryophyllales (Kaheswari* 1964$ Bavin* 1966j 
he auhr 1975).
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..ffaft. P3£XMlMh&M

Majority of the Csryaphyila5.ee have a characteristic* 
spherical, jantoporate type of pollen grains* that has been 

compared to a Bgolf hail* in appearance# This type of pollen 
is rare among angiosperss* though not wholly unknown (howieke* 
1975: sltvarla and Nowicke, 1976)* Nowicks (1975) found three 

common pollen types ail with splnulose and tuoullf©rous/punctate 

ektexine among the betaleln families as also in the 

Caryophyllacea© and Molluginaceae. Two more related minor 
types were also detected in the Nyctaginaceae* fhe typical 

pantoporate type of pollen is not observed in Achatocerpace&e» 

Bataceae* Gyrostemomceae and Polygonaceae#

C^oLoptoLfeatures-Qfth

The basic chromosome number in a majority of phenetic- 
ally primitive and closely related Caryophyllalcan families 

is x m 9* which form & central stock* from which various 
lines of evolution occurred and more advanced torn derived*

A trend of dyopioid reduction seems to be operative in base 
number in members of caryophyllaceae (lllieeaccae* Lychiniaae* 
and iiiloneae) * Cfcenopo&iaceae and Portulacaceae* In another 

evolutionary line* pstrtict&sriy in progressive perennial or 

even woody groups a dysploid (and polyploid) increase of 

chromosome base number is observed* The trend of chromosome 

base number increase through diaploidy and polyploidy is
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is common both in betalain producing and anthocyanin 
producing families (lihrendorfer, 1976) •

Anatomical features of Caryophvllaies ■

Members of this order often are characterized by 
anomalous secondary growth, producing alternate concetric 
rings of xyiem and phloem*

A unique feature of the Caryophyllales is the presence 
of P-type sieve element plastids* These plastids contain, ■ 
protein as inclusions as against the normal one& which elaborate 
starch ^S-type). The common type of p-type plastids in 
Caryophyllales contains peripheral ring-shaped bundles of

•4^

protein filaments and a central protein crystal old* The outer 
ring-shaped protein bundles consistent in shaped and 
occurrence in almost all the members* The central protein 
crystaloid is very variable or even absentia different plant 
groups within*

Based on the nature of the central protein crystalold, 
three different type of P»type plastids are recognised in the 
Caryophyllales* The most common type of sieve element 
plastids is with a globular protein crystalold (Cactaceae, 
phytolaccaceae, Didlereaceae, Aizoaceae, Molluginaceae,
Basellaceae, Portulacaceae, and Kyctaginaceae)* Plastids with 
Polygonal crystaloids are reported from all the investigated 
members of caryophyl1aceae, stegnoaoerca {Phytolaccaceae)



and Lignum (Molluglnaceao). Central protein crystalolds 

are lacking in plastids of the Amaranthaceae and Chenopodi- 
aceae iBehnke, 1971, 1972, 1976}*

After the investigation of slave element plastids of 
14 famllles,B@hnke (,1976) proposed a diagram indicative of time 
phylogenetic relationship existing among members of the 

Caryophyllales* He placed phytolaccace&e which possess 
plastids containing proteins as well as starch, and all the 

families containing different type of p-type plastids are 

traced back to this family.

Pigments of Caryoohvllalea

Betalaias, a unique type of plant pigments, are restri
cted to the ten families, the i?hy tolaccaeeaa, aehatocarpaceoe, 
kyctaginace&e, Aizc&ceae, Bidiex'eaceae, Caotaesae, Checopodi- 

aceae, Amaranthaceae, Portuiacaceae and Basellaceae belonging 
to the order Caryophyllaios. The Caryophyllaceae and 

Holluginaeeae do not possess the biosynthetic mechanism to 

produce these compounds but contain anthocyanina which are 

common flower pigmencs of the rest of the gujgiasperae.

Bsstalalns is a collective term for betacyanins and 
oetaxanthins, a class of red, violet and yellow nitrogen— 

containing pigments. Betacyanina contain both dihydroiadole
and dihydropyridine rings and a poiymethyiene chramophore

v ‘and are rod in colour (vylsr £t a|,* 1963), whereas



betaxanthins which arc yellow in colour contain L-proline 
and 4»ffiethyi pyridine-2 ,6-dicarooxylic add (Tlatteili 
19640)* These pigments occur as glycosides and are water 

soluble. The colour will be destroyed on heating with K& 

at 100®e* Betalains exhibit an absorption spectrum in the

visible region in the range oi X §®& - 532-554 rrn and 459-" 420
471 nm. Their chromatographic mobility is very low and the 
Hi value in n-butanol i acetic acid * water (4*1*5) is beiuteen 

0,03-0.06.
/inthocyanins^which are poly phenol sg (flavonoids)^possess 

the same colour, almost similar absorption maximum (XS§feicx 

520-546 cm) and serve as flower colour pigments* Both these 

groups of compounds, betalains and anthoeyanina are mutually 
exclusive in the plant Kingdom U*tabry, 1504} byler and 
Drelding 1957),

Mabry e& gi * (1963) divided the order caryophyllalos 

into suborder chenopodtaeee containing the betalain-producing 
families and suborder Caryophyllineae with anthocyanin- 
producing families, The presence of betalains was a signifi

cant evidence in favour of grouping Caotaeeae and Oidiereaceae 
wnich were otherwise of dubious systematic position. The 

absence of j betalains was the criterion for removal of the 

Bat&ceae, Polygonsceae and Theligonaceae fro© the 
Caryophyllsl e a.
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On the basis of morphological characters> the 
rhytolaccaceae are considered as the most primitive among the 
families of the Caryophyllalea (Cronquist, 1981 j Srakht&dan,
1980} iihreuidorfer, lv?6} Behnke, 1976*^ Data from ultrastructure 

of sieve element pinstlds and cytology also support this
V

conclusion and Sehnke k1976) derives all other families of 
this order directly or indirectly from Pbytolaccaeeae,

But the concept of the apocarpous condition, present in 
the subgenus Plrcunia of Ifcvtolacca and in Giaskia. ^aa derived 
from a primitive syncarpous pistil and therefore is advanced
, , " v

(Rohwcder, 1965> a,bj Hofmann, 1972)# is gaining support these
->

days and this eaatsW serious doubtson the postulated primitive- 

ness of the Phytolaccacsae,

an array of relatively primitive characters such as 
alternating leaves, sieve element plastids with round protein 
crystaloids, thyreoid infloresence, hermaphrodite pentamerous 
flowers with single perianth, two (or three) whorls of stamens 
and tried pate pollen grains, five free or partly fused carpels 
with axillary placsntation, numerous ovules and a basic 
chroraoaefflc number X « 9 shared by the Mollugiaaceae, Aizoaceae 
and Phytolaccace&e prompted EhrCsidorfer (1976) to consider 
these three families as a group closer to the ancestral stock# 
Xros which all other families are derived,

iHdkrjaranthaceae and Chenopooiaeeae share a number of 

characters like ralynological iPantoporate type of pollen with
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similarly thickened tecta and aperture atructuxe etc*)
(Skvarla and ii ©wicks, 1976) and sieve element plastids with

out protein Crystalloids (aehnke, 1976)* these two families

are predominantly specialised towards anemophily with progressive

reduction of flowers and to the development of an cm seeded
fruit* The Ajuaranthaecae are considered slightly advanced over

Chenopodiaceae* a direct evolution of the /uaaraathacea© from

Chenopodiaceae is not favoured Oy Thakhta^an, who considers the
tribe Celoaiene of Asaraathacese is more primitive than all the

asa&ers of Chenopodiaceae in having 2-several ovules instead
•the

of a wutatjN****. A coaeoa **•*•», and
Chenopodiaceae near Phytoiaccaceae ia visualised by Cronquist 

(1981)• In the past* a direct evolutionary lint was proposed 

from the t-hytolaccaceae to Chenopodiaceae and Aiaaranthaceae 
through Mferstea and Leohlocarsua (two phytolaccaceae genera)*

But evidence from palynology (Skvarla and howicfce, 1976) and 

ultrastructure of sieve element plastics (Behnke# 1974), 

however, prove that Lophiocarous ie not at all related to the 
Chenopodiaceae or Amaranthaceae* In the case of Microtea the 

affinity is not yet clearly established*

Tu? Cacfcaceae and Airoaceae share a number'of characters such 

as succulent nature of the plant body, CAM photcsynthetlc path

way and trieoipate pollen grains* The Phytolaccaceae and 
Nyctaginaceae contain;!, starch grains along with proteins in 
their sieve element pi as tide iBehnke, 1976)* The lack of
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anomalous secondary growth bring fortulacaceae and Baeeliaeeae 
together* Production of anthocyaoin© instead of detaining la 
the binding character of Moiluginaceae and caryophyilaceae.

The monophyletic origin of Caryophyilales la evident 
from morphological, embryologies!, palynological, cytologies! and 
feature© of utltrastructure of sieve element plastids.characters , 
and the data obtained from rf£MA~£IU hybridization also support^' 
this concept, The 16s rKNA-DNA homology percentage within 
betalain famine© are within the range of 1G0-9£^ whereas in 
between Octalains and anthocyanln families it is 9083^* But 
in the case of oosae other families such a© bntaceoe (a non- 
pigmented family which was formerly included in Cnryophyitalo©) 
the percentage of homology was less than 7*>?s (Chan^snd Mabry, 

1973)* Serological data also exhibit a more or less similar 
pattern (Jensen, 1963)*

The origin of Caryophyllales from Magnolisles of the 
subclass Magnoiidae is proposed by Cronquiet (1968) and 
Baxbaum (1961). within the Magnolia! es the family lilieeuceae 
(now in the order Illiceale© (cronquist, 1981}) with a single 

genus Illlceura possess the apocarpous pistil expected of an 
ancestral group of Caryophyllaiee« But the specialized 
embryo!ogical and chemical characters of caryophyllales make 
it difficult to consider Iliiceaceee or any other related 
group of Magnolidae as an ancestral group to Coryophyilales 
(Ehrendorfer, 1976).
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'fhe Centrifugal ac.volopne.nt of stamens end the apocarpous 
pistil in both Diiilne-dae and Caryophyllales is often cited as 

an evidence of dose alliance existing betmm these two groups 
of plants* (Alismatales is the only group other than these 
two taxa with centrifugal development of etamensin Aagiosperas) •

The presence of apocarpous pistil in Banunculales prompted
,■ *1 -^g,

Hallier (1912) and fakhta^aa (1»$6) to propose Ranunculeles as 
& possible ancestral group of the Caryophyllales. the presence 
of some ,.ael' similarities between the pollens of some Caryo- 
phyllales add Ranunculaceae (Cronquist;personal communication) 
is significant in this context*

Mabry (1974# 1977) suggested a common ancestral line 
originating from the proangioaperms which subsequently gave 
rise to two lines prior to the origin of floral pigments.

though the Caryophyllales are considered & natural 
monophyletic order* differences of opinion exist about the 
Placement ; evolutionary tendencies and intrafamilieil classifi
cation of a number of families* Lot of work is necessary to 
set the controversies at rest and to add a touch of finesse 
to the taxonomic treatments of these taxa* some of the issues 
which were taken up in the present project ares-

1* The placement of Glaekias- Glsekla .the most aberrant 
genus of the Fbytolaccaeeae^is transitional to the



15

Molluginaceae end has often been referred to that family*
It resembles the Moliuginaceae in habit and inflorescence 
characters and in some characters of Pollen and ovules* but , 
ie highly anomalous in that family in having separate carpels 
and betalains*

2* The concept of orlialtiveneB* of the Pfavtolaecaceaes- The 
uniovuiata carpels of Phytolaccaceae make it difficult to 
consider them ancestral to the multiovulate Aizoaceae, 
Cactacfiftfe and Caryophyilaceae*

3* The relationship of the Alzoaceae to Cactaceaea- The
relationships of these two families (which arc mostly leaf 
succulents) which are similar in ecological specializations 
and distribution are assessed*

4* Position of the Cactaceae in the Caryophvllal es and the 
Priaitiveness of leafy Pareakiat* The validity of the 
position of the Cactaceae in Caryophyllaies and the 
priaitiveness of leafy Poreakla are evaluated* The origin 
of cactaceae from Phytolaccaceae (which is accepted in the 
absence of any ether alternative) also is verified*

5* Priaitiveneas of Celosleaea* Prioitiveneas of the Celosieae 
which; prevents deriving the Acinranthaeeae from the 
Chenopodiaceae*

6* The status of the Saaellaceees- The status of the flasella- 
ceao as a separate family evolved from the Chenopodiaceae*The

unusual^nature of the Sasellaesae and Protulacaceae in caryophy-
Hales

\



due to the absence of anomalous secondary growth and the 
interrelationships between these two families*

?* Origin of Carvochvilalefi frog llliceales/Ranunculalesi- 
the validity of the assumptions of the Sliiceaies/C^W 

R&auncuiales to be the procaryophyllaLean group.

8* The Placement of Polygonaceaet- The placement of
Polygcnaceae, which some authors (Malller* 1912) kept in 

Caryophyllalea*

9. Position of Pgtlyex^&*- The position of Petiyeria* which 
was placed in Pkytolaccaceae*

10* The identity of the Xllecebr&ceaes** The identity of 
lilecebraceae which was considered as a subfamily of 

Caryophyllaceae*

11* The Placement and relationships of Sphenocl^t- The pa 
placement and relationships of Sohenoclea which is kept 
in Phytoiaccaceae by Airy *haw/js>48}

12* The tribal and subfatallial classification of families* *
In addition the tribal and subfstailiai classification of 
families such as Acaranthaceac (3 tribes* 3/2 subfamilies)* 

Chenopodiaceae (11 tribes* 3/2 subfamilies)* Phytoiaccaceae 
(3/5 tribes* 4/3 subfamilies)* Caryophyllaceae (3 tribes* 
2/3 subfamilies)* Cactaceae (2 tribes* 3 subfamilies) and 
Polygonaceae (6 tribes* 3 subfamilies)*

The Caryophyllales arc a large group with world wide 
distribution>6heisical work already available pertain mostly



to the European species, very few of the Asian Species are 
studied Chemotaxonamlcaliy * This work it is believed, would 
supplement the already available data andv< would help in the 
understanding of the group*

In the present study leaf phenolica (flavones, flavonols 
glycoflavones and Phenolic acids) of 9§ plants ^belonging to 
the Amaranthaceae (23), Chenopodiaceae <13)» Cactaceae (9), 
Portulacaceae (3), Nyctaginaceae (4), Phytolaccaceae (4), 
Sasellacea® (1), Caryophyllaceae (24) and Polygonaceae (17)? 
have been studied in detail* The presence or absence of 
tannins, proanthocyanidins, iridoids, steroids, alkaloids and 
quinones are other chemical markers used*

The work on Caryophyllalean taxa is presented family 
wise* The assessment of the interrelationships of the 
families is done at the end* In addition,** dadieiic analysis 
involving the morphological and chemical characters is 
attempted to construct a Phylogenetic tree of the 
Caryophyilales*


