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1.SystematicPositionofPentoxylales:

Sporne(1965)hasrightlystatedthat“thecorrectphylogeneticplacingofthe
Pentoxylalesisamostfascinatingproblem”.BirbalSahni(1948)hadalreadyexpressed
almostsimilarviews:

Wearefacedwitharealdifficultywhenwetrytoascertaintheplaceofthe
Pentoxyleae”…….”Whileintheirseedattachmenttheyareclearlystachyosperms
(Coniferophytes),andtheyalsohaveaconiferoustypeofsecondarywood,their
stomatalstructureisfundamentallybennettitalean,thevascularanatomyoftheirleaves
istrulycycadean,andthegeneralanatomyofthestem isunique”(Sahni,1948).

Accordingtohim,Pentoxyleae“occupyauniqueandratherisolatedposition”.

Vishnu-Mittre(1957)opinedthatifcharactersofstems,leaves,andmaleandfemale
reproductiveorgansarecompared,PentoxyleaeexhibitscloseaffinitieswithCycadales.
Thegroup(Pentoxylales)“shouldthusbegivenanequalrankamongsttheBennettitales
andtheCycadales”.

Rao(1974)hasalsoexpressedalmostsimilarly.Becausedefiniteorganicconnections
betweenthediscoveredorgangeneraofPentoxylaleshasnotsofarbeenestablished
orcompletelyproved,thisfascinatingtopicshouldbekeptpending“tillmorestructural
dataaboutthem andtheirmutualorganicconnectionsarediscovered”.



2.DiscoveryofPentoxylales:

Thisgrouphasbeendiscoveredandnamedas“Pentoxyleae”bywell-knownIndian
PalaeobotanistProfessorBirbalSahni(1948).Thisisagroupofsomefossilplants
describedfrom RajmahalHillsinAmraparaDistrict(SanthalParganas)ofEasternBihar
(India)revealingtheirexistenceinJurassicPeriod.

Sahni(1948),whileintroducingthisgroup,remarked:“………Somediscoveriesinsize
helporappeartohelpinsolutionoftheoldstandingproblems,othersandtheseare
perhapsthemostinteresting,seemstocreatenewdifficultiesinourpath.”

Truetohiswords,ProfessorSahni’sdiscoveryofPentoxyleaehascreatedmanynew
problemstothetaxonomyofgymnosperms,aswellashasbecomeathreattoour
understandingoftheevolutionofgymnosperms.

WhilePentoxyleaeexhibitscertaincharacteristics,notshownbymembersofanyother
groupofgymnosperms,thisalsoshowsacombinationoffeaturescharacteristicofthe
Bennettitales,CycadalesandConiferales.

Lam (1952)suggestedthatPentoxylaeshouldbegivenarankequivalentto
BennettitalesandCycadalesintheGymnospermousclassifications.Sporne(1965)has
treatedthisgroupasanorderunderthename“Pentoxylales”.

Harris(1962)alsodiscoveredsomemembers(Carnoconitescranwelli)ofthisgroup
from NewZealand.BP.Srivastava(1946)andVishnu-Mittre(1953,1957)aresomeof
themajorIndiancontributorsonPentoxylales.

Stems,leavesandmaleandfemalereproductiveorgansofthisgrouphavebeen
describedunderfollowingnames:

Stems:PentoxylonandNipanioxylon

Leaves:Nipaniophyllum

Pollen-bearingorgans:Sahnia

Seed-bearingorgans:Carnoconites.

3.DistinguishingFeaturesofPentoxylales:

1.ExtinctMesozoicplantsfoundinJurassicperiod.



2.Althoughtheexacthabitoftheseplantsisnotclearlyestablished,thesewere
probablyshrubsorverysmalltrees.

3.Longandshortshootswerepresentontheseplants.

4.Shortshootshadspirallyarrangedleavesandterminallylocatedreproductiveorgans.

5.Leaveswerethick,simple,lanceolate,andhaddiploxylicleaftrace.

6.Stomatawereformerlythoughttobesyndetocheilic,butnowtheyareconsideredto
behaplocheilic.7.Leavespossessedopenvenation.

8.Stemswerepolystelic.Basingeretal.(1974)opinedthat“itmaybemoreappropriate
tocalleachsteleasvascularsegmentorsympodium”.

9.WoodofPentoxylonwaspycnoxylicandresembledAraucaria.

10.Ovulesweresessile.

11.Femalereproductiveorganswerelikestalkedmulberry,consistingofabout20
sessileseedsattachedtocentralreceptacleandsurroundedbystonylayerandthen
fleshyouterlayerofintegumentunitingthem.

12.Malereproductiveorgansormicrosporophyll’sform whorlofbranchedmicro-
sporangiophores.

13.Themicro-sporangiophoreswerefusedbasallyintoadisc-likestructure.

4.Stem GeneraofPentoxyleae:

(i)PentoxylonSahnii:

PentoxylonsahniiandNipanioxylonguptaiarethestem generaof“Pentoxyleae”.The
stemsofPentoxylonsahniiattainedadiameterfrom 3mm to2cm.Thestem has
alwaysbeenreportedinassociationwiththeleavescalledNipaniophyllum.

Presenceoffivestelesinacross-sectionofthestem hasbeenthemainreasonfor
givingthenamePentoxylontothegenus.Manyshortlateralshootsordwarfshoots
werealsopresentonthestem.

Fivesteles(Fig.7.1)occupiedgreaterpartofthestem inacross-section.Eachstele
haditsowncambium.Thecambium wasuniformlyactiveintheyoungstems,butat



maturitymoresecondarytissuedevelopedtowardsthecentre,andthusthesecondary
woodappearedeccentric.

Primaryphloem andprimaryxylem werepresenttowardsouterandinnersidesofthe
cambium,respectively.SixsteleshavealsobeenobservedbySahni(1948),although
rarely.AccordingtoVishnu-Mittre(1953)thenumberofstelesvariedalongthelengthof
thestem.

Therewerepresentfivemuchsmallerbundlesjustalternatingwiththemainbundlesof
thestem i.e.fivesteles.Eachsuchbundlehadalargeamountofsecondarywood.
Thesewereprobablytheleaftracebundles.

Medullaryraysofthemainsteleswereuniseriate,andtheylackedraytracheids,wood
parenchymaandresincanals.Thesecondarywoodresembledgreatlywiththatof
Araucaria.Uniseriateorbi-seriateborderedpitswerepresentontheradialwallof
tracheids.

(ii)Nipanioxylon:

Thisstem genusofPentoxyleaewasdiscoveredfrom thevillageNipaniaandhence
namedNipanioxylon.VillageNipaniaisinRajmahalHills,nearDumarchirinthe
Amraparadistrict(SanthalParganas)inBihar(India).Nipanioxylondifferedfrom
Pentoxyloninpossessinglargernumberofbundles(steles)andlessdeveloped
secondarygrowthinthestem.NipanioxylonresembledPentoxyloninotherdetails.

5.LeavesofPentoxyleae:

Nipaniophyllum:

TheleaveshavebeendescribedunderthenameNipaniophyllum raoi.Theywerefound
attachedwiththeshootsorPentoxylonsahnii.Theywereoriginallydescribedunderthe
nameTaeniopteris.Theywerepresentontheshortlateralshoots(Fig.7.2).Eachleaf
wassimple,petiolate,strap-shaped,andpossessedawell-developedmidribwithmany



parallellateralveins.Branchinghasnotbeenobservedinlateralveins.

Similartocycads,theleaftraceshadcentripetalandcentrifugalxylems,thusexhibiting
diploxyliccondition.Sahni(1948)reportedthepresenceofsyndetocheilicstomatain
Nipaniophyllum butVishnu-Mittre(1953)alsoobservedthepresenceofCycadalean
typeofhaplocheilicstomata.

Lateron,Sharma(1969)andBoseetal.(1985)observedthatarrangementofstomata
wasanomocyticasinCycadsandmostothergymnosperms.Vascularbundlesin
Nipaniophyllum weremesarch.

6.Seed-BearingOrganofPentoxyleae:

(i)Carnoconites:

Thefemaleconesorseed-bearingorganshavebeendescribedunderthename
Carnoconites.Twospecies(C.compactum andC.laxum)havebeendescribed.Both
thesespecieshave,however,notbeenreportedinorganicconnectionwiththestem
genusPentoxylonbutfrom thesamerocks.

Seed-bearingorgans(Fig.7.3)wereforkedandfoundattachedterminallyonthelateral
dwarfshoots.Theyweremulberry-like,andattainedalengthofabout1.8cm in
Carnoconitescompactum and3cm inC.laxum.Theywere,however,narrowerinC.
laxum.

About20sessileovuleswereseenattachedonthereceptacle,andtherewerenointer-
seminalscales.Anysporophyll-likestructurewasalsonotreported.In-spiteofthese
factsSahni(1948)usedtheword‘cone’forthesestructures.Theovuleswerecovered
byasingleintegument.Thenucelluswasfreefrom theintegument.



(ii)SahniaNipaniensis:

TheprobablemicrosporangiateormaleorgansofPentoxyleaewerenamedasSahnia
nipaniensisbyVishnu-Mittre(1953).Theywerepresentterminallyontheshoot,and
fusedbasallyinashallowdisc(Fig.7.4).Vishnu-Mittre(1953)reportedasmanyas24
suchpollen-bearingorgans.

Eachmicrosporophyllpossessedmanypear-shaped,unilocularsporangia.Theterminal
positionofthesporophyllwasalsooccupiedbyasporangium (Fig.7.5).Several
monocolpateandboat-shapedpollengrainswerepresentineachmicrosporangium.

Thesexineofthepollenwallishomogeneouswhileitsnexineispresentintheform of
thindarkzone.Intheregionofaperture,thesporoderm ishighlyfolded.Taylor&Taylor
(1987)observedafewlamellaeintheregionofaperture.Otherdetailsofthemale
flowersarenotyetfullyknown.



7.AffinitiesofPentoxylales:

Someoftheirpossibleaffinitiesarediscussedbelow:

AffinitieswithCycadales:

Thetwogroups(PentoxyleaeandCycadophytes)resembleeachotherin:

(i)possessionofdirectleaftraceinPentoxyleaeandseedlingsofsomecycads,

(ii)leaftracesanatomyinshowingdiploxylicnatureoftheirvascularbundles,

(iii)haplocheilicstomata,

(iv)vestigialpolystelyintheseedlingstagesofsomemoderncycads,

(v)natureofwoodandpittings,

(vi)possessingmoreorlesssimilarkindofpollengrains,and

(vii)structureoftheirseedsandpeduncles.

However,vascularbundlesinPentoxylonarenotarrangedintheCycadeanmanner.
ThereisalsonosimilaritybetweenthepolystelicconditionofPentoxylonandmature
moderncycads.

AffinitieswithConifers:

Someofthecharacteristics,inwhichPentoxylalesresemblewithconifers,includethe
presenceof:



(i)Pycnoxylicwood,

(ii)Tracheidswithcircularborderedpitsarrangedinuniseriateorbi-senatemanner,

(iii)Uniseriatewoodrays,and

(iv)dimorphism inthestemsofPentoxylonsahniiandseveralconifers.

However,thegeneralanatomyofthestem ofPentoxylalesisnotatallconiferousas
mentionedalsobySahni(1948).Pentoxylalesaretotallystachyospermous(i.e.boththe
maleandfemaleorganswereborneonstems,ratherthanonleaves)whileconiferales
arepartlyphyllospermousandpartystachyospermous.

AffinitieswithMedullosaceae:

PentoxylalesalsoresemblewithmembersoffamilyMedullosaceaeofPalaeozoic
Pteridospermales(e.g.Medullosa)inpossessingapolystelicprimaryvasculaturein
theirstems.ThesecondarywoodofPentoxylonwaspycnoxylic,characteralso
encounteredinsomespeciesofMedullosa.

Thetwogroupsalsoresembleeachotherintheirmodeofbranchingaswellasnature
oftheirsteles.ConiferoustypeofpittingswerepresentinthestemsofPentoxylonand
somespeciesofMedullosa.

AffinitieswithBennettitales:

UndermentionedaresomeoftheresemblancesbetweenPentoxylalesand
Bennettitales:

1.Presenceofsyndetocheilicstomata,inadditiontohaplocheihcones.

2.Diploxylicnatureofthevascularbundles.

3.Whorledmicro-sporangiophores.

4.Superficialresemblancesbetweenmaleflowersofboththegroups.

5.ThemannerinwhichtheovuleswereborneinPentoxylaleswassimilartothatof
Bennettitales.However,theinter-seminalscales,foundinmembersofBennettitales,
wereabsentinPentoxylales.

6.Stachysporousnatureoftheirmaleandfemaleorgans,i.e.insteadofleaves,these
organswereborneonthestems.

7.Boththegroupsshareseveralcommoncharactersintheirdwarfshoots.



8.Presenceofdirectleaftracealsobringsthetwogroupsquiteclosetoeachother.

However,thepolystelicconditionofthestemsofPentoxylonandNipanioxylonhasno
similaritywiththatfoundinBennettitales.InPentoxyleae,thesporangiophoreswere
erect,radialstructureswithoutanysterilepart.

Theywerespirallybranchedandpossessedsac-likeunilocularmicrosporangia.Onthe
otherhand,inBennettitalesthesestructureswerecompletelydifferent.Theyhad
circinatedorsiventralpinnatesporophyllwithasterileandsynangium-bearingportion.

AffinitieswithSomeOtherGroups:

Whilestem dimorphism ofPentoxylonsahniiisaGinkgoaleanfeatureasalsoa
coniferousone,thediploxylicvascularbundlesofPentoxylalesarealsoseenin
CordaitalesasalsoinBennettitales.Meeuse(1961)observedseveralresemblances
betweenPentoxylalesandPandanus(amemberoffamilyPandanaceaeof
Monocotyledons)andopinedthat“Pandanaceaeandsomerelatedmonocotyledons”
havedescendeddirectly“from Pentoxylales”.

FeaturesUniquetoPentoxylales:

Themulberry-likefemaleconesorinfructescencesofPentoxylales(Carnoconites
compactum)withovertwentysessileovulesattachedtoacentralreceptacleisa
uniquefeatureofthisgroup.

Furthermore,theseinfructescenceshadneitheranyinter-seminalscales,noranything
thatcouldbecalledasporophyll,auniquefeatureagain.Thesporangiophoresof
Pentoxylaleshadspirallyarrangedbranchesandthesporangiawereunilocularaswell
asterminal.

8.ConclusionofPentoxylales:

Inviewoftheabovementioneduniquefeatures,(e.g.woodsimilartothatofaconifer,
leafandpollengrainslikethatofcycadsandcycadeoids,andovulateconesnot
reportedinanyothergymnosperms)aswellasresemblancesofPentoxylaleswith
severalgroupsofplantkingdom,Sahni’s(1948)remarksthatPentoxyleae“occupya
uniqueandratherisolatedposition”,orPentoxyleae“isagroupofplantsthatdefies
classification”,stillholdgood.

Thisgroup,ofcourse,belongstogymnosperms,buttoestablishitsphylogenetic
relationshipsalotmoreisstilltobedone.




