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IRTRODUCTION

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 Necontaining pigments, the
betalaina)and p=type sieve elemsnt plastids. Due to their
morphological peculiarities such as free central or basal
placentation and curved emoryo, the Caryophyllales are
known as Centrospermae (iichler, 1876) or Curvembryae

{Bentham and Hooker, 1865) respectively.

The order Caryophyllales as visualized by Cronquist
(1981) included 10 betalain contasining families,
Phytolaccaceae, Achatocarpaceae, Nyctaginaceae, aAlzoaceae,
Uidiereaceae, Cactaceae, Chenopodiaceae, amaranthaceae,
Portulacaceae, Q;E%Basellacene,and two anthocyanin-containing
iamilieéﬁéaryophyllaeeae and lMolluginaceae. Th1a45rder forms
a major taxon of the subclass Caryophyllidase which also
contains two monotypic orders, the Polygonales and
Flumbaginaless

The coﬁcept of Caryophyllales is not recent. Braﬁn
(1864) created*hrdung Caryophyllineaé’céntaining eight



families, the i%yctagina&eae, Chenopodiaceae, Anaranthaceae,
Caryophyllaceae, Fhytolaccaceao, Portulacaceae, Aizosceae
and Opuntiaceae. EKven now thesge eight families are
considered to be the 'core' fazilles of thls order, Of the
four additionsl familles incorporated in the present syten
¢ classification, the Achatocarpaceae were & segregation
of the rhytolaccaceae, the Holluginaceae of the sizoaceae
and the Basellaccae of the Chenopodiacese, The family
Didiereaceae was brought into this grouplng by Hallier (1912)
along with the Crassulaceae and Polygonaceae., alter the
diacovery of betalains in the family Didicreaceae, Croaquist
(1968} and Takhtajan (1959) supported the placement of
Didierezceae in Caryophyllales. The placement of
Cragsulaceae and Folygonaceae in this order was opposed by
Cronguist {1981) and Takhtajan (1580). aasaey’{1915) and
Thorne (1568) Zfavoured keeping ithe Folygonaczae in the

order Caryophylialeg, but they did not agree with placement
of Crassulaceae in the Caryophyllales.

The tera Caryophyllelea,as underatood by Bentham
and Hooker £i865},is very. differvent Lrom the above concept
and containeé onky two fazilies, the Caryophyllacesze and
Pertulacaceacs Hogt of the other fandlise were disiributed

in the seriesz Curvemnbryae and one in the aseries Calyciflorae.

Takhtajan {1»80) and pahl gren {1963) added two more
faniiies, the Stegnospermaceas and Hectorellaceae to the
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Caryophyllales, increasing the number of faéiliea‘to e

Hutchinson (1964} distributed the Lemilies 6f
Caryophyllales (Cronguist, 1981) in orders éixalaasi
{achatocarpaceae), Thymelacles (Nyctaginacaaé}, Piﬁ%eapbwales
iategncspermaceée}, Cactales (Cactaccae) in the division
Lignosae and Caryophyllales (Elatinaceae, Mdllugﬁnaceae,
Caryaphy}laceae, Alzoacese, Portulacdceae), Polygonales
(Polygonaceas, Illicebracese) and Chenopodiales (Barbouie
aceae, Phytolaccacsae, Gyhuatemcnacaae, Agdestidaceane,
Petiveriaceae, Chenopodiaceas, anaianthaceae, (ynocrachacese,

Batidascenre, Basellaceae) in the division lierbaceae,

Habry g&bég.(1963) as well as Rehnke and Turner {1571)
ingisted on grouping the betalain-containing familles in
suboyrder Chenopodinese, while keeping the anthocyanin
facllies in snother suborder Caryophyllinese, The muborder
Chenopodineae included the ten betalaln familics and
suborder Caryophyllinese consiated of the caryophyllaceas

ad Hollugitaceac. Though Thorrie 11568} agrces with this
concept, he merges the nembere of Mollugineceae in the
aAlzoecene along with the betzlaineproducing taxa within

the suborder Chenopodinesas,

The Cactaceae were first included in this order
Caryophylizles by 3raun i1864), But Eichler v1%78)
excluded Cectacese from Caryophyllales in his final systex



of classification, Engler {196&) placed the Cactaceae in a
separate order Cactales. oo (1967) also supported this
exclusion, But the ciscovery of betalains in Cactaceae
establisghed the Centrogpermous alffinity of'Cactaceag, and a
majority of taxonomists (Cronquist, 19813 Takhtajen, 1980;
Dahiéran, 1986) strongly favour the idea of keeplug Cactacese
in Caryophyllales.

The Theligonaceae, once piaced in the order faryoshy=
llales by Sichler (1878) and Crongulst \1565), are now to be
found in the gubclass Asteridae under the order lutales
(Cronquist, 1981), This taza fit well in ‘utales then in the
Caryophyllales,

ihe varicus scheusss of clagsification pyoposed for the
families included in the present work are suumarised in
Table-22 (presented in appendixy 1,)

Meabers of the order Caryophyllales are herba ox less
commonly sirubs or small trees. Leaves altzymate, opposite
or rarely wiorled, simple and commonly entire, some times
reduced to spines, often with'kranz anatomy, Stipules usually

abgent, il present very small and yeduced.

Flowers in various kinds of infloreascence; most
commonly entomophilous, perfect but Iin some Cases unisexual.
hegular or less commonly irregulsr, bhypogyoous o perlzynous

to eplgynous. Sepals (1) 2«5 («10; distinct or connate below
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)4to fora aagglyz tube, calyx tube now and then coroiloid in
appearance. Fetals usually absent, 1f present two to many,
distinct or connate sometimes of staminodsl origin, occasiocn=-
ally phyletically transformed sepals. Stexens one to pany
often as many or twice as many as the sepals or petsls, when

s numerous originating 1a,%gntr1£ugal sequence, anthers moptly
tetrasporangiate and dithecal, but bisporangiste and asonothecal
are not veryr rare, usually opening by lLongitudinal slits.
Gynoceium of 1« many cargéls, these distinct or more often
united to form & compound, superior or inferior ovary with
distinet etyles or wlth a single, ususlly lobed or cleit style,
the locules as many as the carpels or very often the ovary

‘ unil.ocular, through failure of partitions, placentation
variously axile, basal, fres-central or parietal. Ovules one
to many more or less distinctly campylotropous or ampﬁitrnpcua

%o seldom hamitropous or even anatropous, crassimucellar,
bitegmic or rarely uniteguic. The micropyle commoniy formed
by the inner integument, endoaﬁer& development nuclear,
Fruit of verious typei; dry or fleshy, dehiscent or indeiige
cent, seeds often arilate, embryo large, neurly always

- dicotyledenous peripheral, straight, quite often curved or

©annular, boydering @ or gurrounding the more of less
abunéant, atarchy perisperm. or the perisperm soie times

scanty or even absenit, truge endozpern lacking of very scaudy.
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Embryological features of the Caggaghzllg;eg

Une of the unique peculiarities of the Caryophyllales
is their peculiar eabryological ieatures partioulesly the
- gtructure of ovules and seeds iéé%%n. 1927; Schaarf, 1933;
%auritzén, 1939)s Faheswari critic&ily evaluvaied the
aahryolagiaal pecul larities oi Caryophyllalea &md ligted
the&Aas 1) glendular anther tapetunm 2} divisicn of microspore
mother ccell simultancous instese of successive (3) trinucleate
pollen grains &) Campylotropous ovules, with strongly curved
enbryo {amphitropous, seldom anatropous e.ge Lisonia,
adzoaceas; 5) micropyle formed by the swollen ampex of the
' inner integument, which protrude and approches the funiculus
$) a hypodermel archegporial cell which cut off & cell wall
7) forsation of a nuclear cap arising frow periclinal
divisions of the cells of the nucsliar epiéarmis 8) function~
ing of the cholazal megaspore of the tetrad 9) formation of
a sonopporic eight-aucleate embryo sac and 10) functioning
of tﬁa perispernm as the chief storage r&gien; Each of these
characters way be found in other orders, and some times
saveral of then occur together, 3But the occurrence of all
these features collectively ic not noticed any where else
except 3n the Caryophyllales (rFaheswari, 1954; Lavie, 1956;
Le Buhr 1975),



Palynolnaical festures of the Caryophvilsles

Fajority of the Caryophyllales have a cuaracteristic,
sphericol , panioporate type of pollen graing, that has been
compared to & "goLf ball® in apgpearence. This type of pollen
is rare emong angiosgergs.'though not wholly unknown (Nowlcke,
19755 skvarla and ﬁowié&&, 1576} « Nawiégé (1975} fpund{three
common pollen types all with spinulose and tudul ifercus/punctiate
ektexine asong the betalain families as also in the
Caryophyllaceae and Molluginaceas. Two more related minor
tyres were slzo detected in the Nyctaginacene. The typical
pantoporate type of pollen is not observed in schatocarpeceae,

Bataceae, Gyrostemopacese and Polygonaceacs

tolo features of the Caryophyllale

The basic chiromtsgome number in a aajority of phemetlew
glly primitive and closely related Caryophyllazlean faxilies
is x = 9, which form a central stock, Ifrem which various
lines of evolution occurred and more advances tuxa derived,

& trend oif dysploid reduction seeme t0 ve opsrative iu bage
nusbar in pembers of Caryophyllacese (Illiceacene, Lychiniome,
end Sileneze), Chenopogiacese and Portulacaceaes. In another
evolutionary line, particikarly in progressive perennial or
even woody groups a dysploid (and polyploid) imcremee of
ahroqosame bagse number is observed. The trend of chromosome

bage number increase through disploidy and polyploidy iz
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iz common both in betalain producing and anthocyanin
producing families (:hrendorfer, 1976),

Anatomical features of Caryophvllales

Members of this order often are characterized by
anomalous secondary growth, producing alternate concetric

rings of aylbem and phlosns

A wnique feature of the Caryophylliales ia the presence
of Petype sleve elexent plastids. These plastids cantainﬁ;
protein as iacluslions as against the normal engéyhich elaborate
starch (Setypele The common type of Petype plastids in
Caryophyllales contaiﬁs peripheral ring:ahaped bundles of
protein filaments and a central pratein/cryataloiﬁ. The outer
ring-shaped protein bundles é&gpanaisﬁent in shape)i) and
‘occurrence in almost all the members. The central protein
ﬁryataléid is very variavle or even absentin different plang
groups within,

Based on the nature of the centigl protein crystaloid,
three diiferent type of Petype plastids are recognised in the
Caryophyllaless The most common type of sieve element
plastids 4s with a globuler protein crystalold (Cactaceae,
phytolaccaceae, Didiereaceae, ilzoaceae, Molluglnaceae,
Basellaceae, rortulacaceae, and Xyctaginacese)., Flastids with
?blygcnal cryataloids are reported from all the investigated
mempers of caryophyllaccae, Stegnosperma {(Phytolaccaceae)
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and Limeum (Molluginaceae). Central protein crystslolids
are lacking in plastids of the amaranthaceae and Chenopodi=
aceae (Behnke, 1471, 1972, 19§6)- '

After the investigation oi sleve glement plastids of
14 familles,Behnike {1976) proposed a diagfam indicative of the
phylogenetic relationship existing among mesbers of the
Caryophyllales, He placed phytolaccaceme which possess
plastids containing pfateiné as well as starch, and all the
families containing different type ofﬂ?rtyge plastids are
traced back to this family..

Pigments of Caryophvllales

Betalalnsg, & unique type of plent plgmentas, are reatri-
cted to the ten famllies, the Phytolaccaceas, achatocarpaceae,
Wyctaginaceas, Alzoaceae, Didiereacess, Cactaceas, Chenopodi=-
aceae, Aparanthacese, Fortulacaceae and dagellaceae belonging
to the order Caryophyllales., The Carycphyllaceae and
iolluginaceae do not possess the blosynthetic mechanism to
produce these compounds bgt contain anthocyaning which are

cozmon flower pigments of the rest of the gpgiosperms.

Betalainsg is a coliective term for belasyandins and
betaxzsntiuins, & ciass of red, violet and yellow nitrogen—
cantadning §Lgments. Betagyaning contala both dihyérolndole
and dinydropyridine rings and a polymethylene chromophore

\
and are rad in solour (wyler gt ai. 11983), whareas
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betaxanthins which are yeilow in colour cuntain Leproline

and 4-methylpyridine«2,6=dicarvoxylic écid {Fiattelll gt al,
1964}, These pigments occur as glycosides and are water
soluble, The oéiour will be destroyed on heating with HCl

at 100°¢, Betalains exhibit an absorption spectrum in the
visible region in the range of | )\ I%‘?g « 532554 nm and 459
471 nm, Their chromatographic mobility is very low and the

R value in n-butancl : scetic acid & water (4:1:5) is between
0403=0400.

5;:11:?:903&:&1.&5 )wtzi.ch are palyphennla:g {flavonolds),possess
the sare colour, almost similar absorption maxlimum ()\ﬁggﬁzﬁﬁl
52C=545 nm) end serve as flower colour pigments., Both these
groups of compounds, betaelains and a;;thacyminﬁ are mutually
exclugive in the plant Kingdom (Mabry, 19€4; wylér and
Dreiding 1557)e ‘

teiatzry‘ &t Q.,. {1963) divided the order caryeophyllales
inte subbrder chenopodinese contalning the betalaineproducing
fapdliey and guborder Caryephyllinese with anthocyanine
producing femilies, Yhe presence of betalains was a sigoifie
cant evidence in favour of grouping Cactaceae ang Lidiereacese
wiich were Otherwise of dubi?ms syntematic pogition. The
sbgence of - . betalalre was the criterion for removal of the
Bataceae, Polypgonaceac a:jzsd Thgligcnéceae Lrom the

Ve

caryophylloles,
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On the bagis of morphological characters, the
shytolaceaceae are cénsidered as the most primitive anmong the
families of the Caryophyllales (Cronquigﬁ, 19813 Takhtajan,
1980; bhrendorfer, 1576; Sehnke, 1976.) Data from ultrastructure
of sleve olement plastids and cytel oyy also guppert this
conclusion and Behnke {13?6) derives all other fowdlies of

this order directly or indirectly from PFhytolaccaceae,

2ut the concept of the apocaipoug conciitlen, present in
the subgenus Pircunia of thytolagea and in Glsekia, es Gerived
from & primitive Syncarpous pistil anc therefors is-édVanceé
iﬂmhweﬁér,’iﬁéﬁ, a,03 Hefmanﬁ. 15973), is gaining support these
days and this cﬁat{éﬁsaricus.doubgipn the postulated primitive-

e

negs of the Fhytolaccuceae.

an array of relatively prismitive characters such as
 alternating leaves, sleve clement plastids with round protein
crystalsids, thyrscdid infloresence, hersophrodite pentamerous
flovers with simgle perianth, two (or three) whorls of stauens
and tricolpete pollen grains, {ive free or partly fused carpels
with axzilary placentation, numerous ovules and & basic
chromogome number A = Y shared by the dolluginageas, Alzoaceae
and Fhytolaccacese prompted Ebrenuorfér {1976 to consicer
these three familics as a group closser to the ancestral stock,
from which all other families are deriveds

The anaranthacene and Chenopediaceae share a number of

characters llie salynolegleal (Pantoporate type of pollen with
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glmilarly thdckened tecta and aperture structure ete.)

~QSkvarln and hWowicks, 1970) and @iéve element plastids with

cut protein Crysta@éids (Behnlie, 1978), These two families

are predosinantly épecialized towards anemophily with progressive
reduction of flowers and to the development of Gk one zeeded
fruit. 7he Amarsnthecenc are considered slightiy advanced over
Chenopodiaceaes 4 direct evolution of the amaranthacese from
Chenopodiaceae Ls‘not favoured by Thakhtajan, who considers the
tribe Csloalese of amaranthaceae is more primitive than all the’
meaders of Chenopodiacene in having Zeseveral ovules fnustead

of a solitarysovules A common ancestory £agi2maranthacaaa and '
Chenopodiscense near vayiolaccaceae is visualized by Cronquist
{1281)s In the past, a direct evolutionary line was proposed
from the Fhytolaccaceae to Chenopodieceae and anaranthaceae
througk Microtea and Loghioeasrpus (two phytolaccaceae genera).
But svidence Lfrom palynology (Skvaria and @awicke, 1976) and
ultrastrueturs of sieve element plastids (dennke, 1974),
however, preve that Lophiocarpus is not at all related to the
Chenopodinceae oy amaranthaceas. 1In the cass of pdcrotes the

affinity iz not yet clearly establisheds

The cactacese snd sizoaceae share & number of characters guch
as succulent nature of the plant vody, C&ﬁ,ghatasgn%hetic path=
way and tyricolpate pollen grains. The Phytelaccacene and
Ryctaginaceae contalng starch grains elong with proteins in
thelr sieve element plastids (Behnke, 1976¢). The lack of
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Z.
anomalous secondery growth bring Fortulacacese and Besclleceae
together, Production of anthocyaning instead of betalains is
the binding character of Melluginaceae and Caryophyllaceae,

The monophyletic origin of Caryophyllales ls evident
irom morphological, esbryoclogical, palynclogical, Qytalagxcal and
features of ultrastructure of sieve element plastids,characters
and the data cbtained from rRiA-DNA hybridization also suppcrtg
this concepte The 165 rilNa=Lla homology ﬁércentfége within :
betalain fopdlies are within the ronge of 100-3j whereas in
between betalainas and anthocyanin families it Lo 90-B31. But
in the case of gome other fmmilies such eg Pntacese (a none
plgmented femlly which was foreerly included in Caryophyllalos)
the peprcentage of homelepgy was less than ?ﬁ% {Chanéf;nd Fabey,
1973} éér&logical data elzso exhibit ¢ more or less similay

pattern {(Jenzen, 1965).

The origin of Caryophyllales from Magmolisles of the
gsubclass Magnolidae is proposed by cronquist {1568} and
Baxbaum (1961). within,the ¥agnoliales the Zamily llliceaceae
{now in the order Illiceales (crmnquiét, 1%&{9 withh a single
genua illlceun possess the apocarpous piatil»exyected of an
ancestral groups of Caryophyllales, But the spsclalized
embryclogicnl and chemical characters of Caryophyllales make
it difficdt to consider Illiceaceee or any other relatod
group of Magnolldse as an ancestrel group to Caryophyllales

{Ehrendorier, 1975}.
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The Centrifugsl development of stamens exd the apocarpous
pistil in bots piliindaae and Coryophylleles is often cited as
an evidence of élose—alliance existing between tﬁaae two groups
of plants, {slismatales is the only group otheyr than these
two taxa with centrifugal development of stamensin Anglosperms).

The presence of apdcarpous plstil in Hemunculales prompted
Hallier (1912) and ?akhtdban {1986) to prapasgaﬁanunculales ag.
a possible ancesiral group of the Caryophyllales. The presence
of sameggg»simﬁlarities between the pollens of some Caryoe
phyllalss aid HRanunculaceae (Crbnquist;paraenal communication)
is significent in this context.

HMabry (19745 1977) suggested a common ancestral line
originating from the proangiosperms wihich subsequently gdve
rise to two lines prior to the origin of floral pigments.

H

Though the Caryophyllales are considered s naturel
zonophyletic order, differences of oplonion exdst about the
Placement evolutionary tendencles and intrafemilial classifie
cation cfm; number of familiese. Lot of work is necessary %o
set the controversiea at rest and to add a touch of finessec
to the taxonomic treatments of these taxa. Soze of the issues

which were taken up in the present project arese

¢ The placenent of Linekisie Qigggiaexhe mont aberrant
genus of the thtalaccﬁeeae)ia transitional to the

-
&
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Molluginaceae sud has often been referred to éhat famdlye

It resesbles the Molluglnaceae in habit and Anflorescence
characters ané in some charscters of Fellen and ovules, but
is highly ancmalous in that family in having sepereate carpels
and betalaina;

Ze Tﬁe concent of primitivenesg of the Phytolaccagemes~ The

uniovulate carpele of Phytolaccaceae make it difficult to
consider them ancestral t0 the multiowvilate Alzoacore,

Cactacens and Caryophyllaceac.

3+ ZIhe relationship of the Algonceae to Qggtaggge » The _
relationships of these two families (wiiich are mostiy leaf

succulents) which are similar in ecological specislirzations

and distribution are assessede

4, bosition of the Cactaceae in the Caryophyllaleg and the
Primitiveaqgg!of Lealy Faregkiaie The valldity o the

position of the Cactaceae in Caryophyllales and the

primitiveness of leafy Peregkis are evaluated. The origin
of Cactaceae from Phytolaccacese (which is accepted in the

absence of any other alternative) also is verified.

5« EPrimitiveness of Celosieaes~ FPrimitiveneas of -the Celosleae
which: prevents deriving the Asnranthaceae from the
Chenopodiaceac,

e The sbtatus of the Basellaceeei- The sintus of the Basellaw
ceac as & sgeparate family evnivad from the Chenopodiacceae.The

unusual —nature of the Basellacesae and Frotulacaceae in Ca{ggfhyu
es
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due to the absence of anomalous gecondary growth and the
intor-reletionships between thege two familles,
7« Crigin of Caryophyllales from Illice Ranunculaless =

The validity of the assumptions of the Jliicesles/Giw-
Ranunculales to be the procarycpbylialean group. ST

Be The Flacexent of Polygons t= The placement of
Polygonaceae, which some authora (Hallier, 1912) kept in
Caryophyllales,

9. Fosition of retiverias~ <he position of Fgti eria, wiich
wae placed in Phytolaccaceae,

10, Ihe identity of the Illecebraceae:- The identity of

Illecebraceae which was considered @s a subfamily of

Caryophyilaceag.

1o The Flacement and relationships of Sphenoclesnte The pe
placement and relationships of Sphenoclea which is kept
in Fhytolaccaceae by ALry shaw{i948)

12+ [Ihe tribal and fauilisl ¢lassification of familiess~
In eddition the tribel and subfanilial classification of
fanilies such as Acaranthacese (3 tribes, 3/2 subfamilics),
Chenopodiaceae (11 trives, 3/2 subfamilies), Phytolaccacese
(3/5 tribes, 4/5 subfamilies), Caryophyllaceae (3 tribes,
2/3 subfamilies), Cactacese (2 tribes, 3 subfamilies) and
Polygonaceae (6 tribes, 3 subfazilies).

The Caryophyllales arc a large group with world wide
distribution@éhehical work already available pertain mogtly



o
~i

to thg European Specles, very few of the sAsian gyeoies are
studled Chemotaxonomically. This work it is belleved, would
supplement the already avajleble deta andwwould help in the
understanding of the group. |

In the present study leaf phenolics (flavones, flavonols,
glycoflavones and Phenolic acide) o£r98 plants ,belonging to
the Amaranthaceas {23), Chenopodiacease \13), Cactaceae (9},
Fortulacaccae (3}, Hyctaéinaceae {4), Phytolaccacene (4),
sasellaceae (1), Caryophyllaceae (24) and Polygonacese (17),
have been studied in detail, The presence or absence of
tannina, proanthocyaniding, iridoids, steroids, alkalolds and

quinones are other chemicel markers useds

The work on Carycphyllaiean taxa iz presented family
wise, The assessment of the interrelationsliips of the
families 1s done at the ends In addition.a Cladistic enalysis
involving the m&fphalogical and chemical characters is
. attempted to consgtruct a %hylngenetic tree of the
Caryophyllales.



