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onocotyledons constitute about 59,300 species
assigned to 112 familiescomprising about 25 %
of the angiosperms (Thorne, 2002). Anatomy of the
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ABSTRACT

Bonde SD 2009. Resolution of fossil monocotyledonousrootsto the natural taxa. The Palaeobotanist
58(1-3): 75-81.

Monocotyledons possess endogenously originated adventitious roots. Such permineralized roots
occur abundantly in the Cretaceous and onward horizons assigned to the artificial genera Rhizopalmoxylon
Gothan, Aerorhizos Chitaley, Vielamenorhizos Barlinge and Paradkar and Hygrorhizos Trivedi et al..
Fossil rootsreported so far have not been described with uniform terminologieswhich lack precision and
delimitations of the tissues. Considering a need to have uniform terminologies in the description of
permineralized roots, a system based upon Seubert’s work has been proposed to describe the
monocotyledonous roots.
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INTRODUCTION monocotyledons hasbeeninvestigated by largenumber
of workers. However, their rootsexcept those of pams
have been poorly addressed (Haberlandt, 1914;
D’Almeida & Ramaswamy, 1948; Surange, 1950;
Fahn, 1954; Metcafe, 1960, 1961, 1963, 1971; Cutler,
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1969; Tomlinson, 1969, 1970, 1982; Ayensu, 1972;
Ancibor, 1979; Tomlinson & Wilder, 1984 ; Keating,
2003).

ROOT ANATOMY OF EXTANT PALMS

Anatomy of rootsin pamshasbeen investigated
by many workers. Mohl (1845, 1849) wasthe pioneer
to describe the characteristic arrangement of the
vascular tissues and their connectionswith the stem
vascular bundles. He has al so noted the presence of
characteristic medullary bundlesthat occur in palms
only. Karsten (1847) noted asingle undifferentiated
apical meristem. Naegeli (1858), Russow (1875),
Falkenberg (1876), De Bary (1877), van Tieghem
(1870), Olivier (1880) and Mangin (1882) madefurther
additionsto theroot anatomy. Cormack (1896) noted
polystelic conditionin number of pamslike- Areca,
Caryota, Corypha, Dypsis, Euterpe, Geonoma,
Hyophorbe, Iriartea, Kentia, Livistona, Phoenix,
Ptychosperma and Verschaffeltia. Gillain (1900)
noted three meristematic layersin the root apex of
Hydriastele (Kentia) and analyzed theroot structure
in number of palms. Drabble (1904) investigated 67
species. Mahabale and Udwadia (1960) analyzed 37
adult palmrootsand initiated thework ontheresolution
of the fossil organ genus Rhizopalmoxylon to the
natural taxa. Tomlinson (1961, 1990) has studied the
sructurd biology of pamsaongwiththeroots. Seubert
(19964, b, 1997, 1998a, b) made in-depth anatomical
analysisof 159 generabased upon the ontogeneti cal

and phylogenetical considerations adopted by
Guttenberg (1960, 1968) and Hanstein (1870) and
uggested theusage of asystemof uniformterminologies
in describing extant palm root.

PERMINERALIZED
MONOCOTYLEDONOUS ROOTS

M onocotyledonous adventitiousroots have been
described from the Cretaceous and onward horizons.
Magority of them arepreserved dueto perminerdization,
themost informative modeof preservation for thestudy
of fossilized plants. In this process infiltration and
permeation of the tissues occur by mineral charged
water. Over aperiod of time, intracel lular and interdtitial
preci pitation of thedissolved minerd resultsinhardening
withintheplant and it effectively becomessolid rock.
Thus, dthoughtheplant cdll walls<till cons st of organic
matter, they have been chemically altered and the
intercellular spaces and cell lumens arefilled with
precipitated minerals (Schopf, 1975). The characters
of the roots are ought to be present in them and the
root anatomical detailsareavailable. It would be better
to circumscribe the fossil forms into their nearest
possiblenatural taxa.

The permineralized monocotyledonousrootsare
mainly assigned to the artificial organ genus
Rhizopal moxylon Gothan assuming their affinitieswith
the palms (Family—Arecaceae). However, these could
bel ong to the other monocotyledonsalso. Felix (1883)
reported theingtitution of themonocotyledonousorgan
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Schematic transverse section (T.S.) of a pam root
showing different tissues.

T.S. of root of Calamus sp.

Phoenix reclinata Jacq.

Bentinckia nicobarica Becc.

Daemonorops sp.

Caryota mitis Lour.

Phytelephas sp.

Raphia australis Oberm. & Strey

Copernicia macroglossa H. Wendl. ex Becc.
Pritchardia beccariana Rock
Paspalumcommessonii Lam. (Gramineae) : a Entire
cross section, b. part enlarged showing very large
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intercellular spaces, thick walled pericycle and re-
duced vascular tissue

12 Triurissp. (Family: Triuridacese : Helobiage)

13 Smilax herbacea Linn.: a, Entiretransverse section,
b. part enlarged showing multilayered pericycle

r —rhizodermis, v- velamen, e— exodermis, c—cork, oc—outer
cortex, ic—inner cortex, en—endodermis, vc —vascular cylin-
der, fb — fibre bundle, f — fibre, m—mucilage cell, scl-
sclerenchyma, 1.C.—intercellular cavity, C.P—cortical paren-
chyma, E.P—epidermis, END—endodermis.

1-10. after Seubert, 1996, 1997, 1998; 11. after Metcalfe, 1960;
12. after Tomlinson, 1982 & 13. after Jeffrey, 1917.
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genusfor permineralized roots as Rhizopal moxylon
showingther affinitieswith pdms. However, hedid not
provide the description or diagnosis and as such
Rhizopal moxylon Felix (loc. cit.) remained asNomen
nudum. Establishment of Rhizopal moxylon became
valid when Gothan (1942) provided itsdiagnosisand
description. Rhizopal moxylon Gothan possesses 13
species, viz., R. glaseli Gothan (1942), R.
bohlenianum Gothan (1942), R. libycum K oeniguer
(1970), R. behuninii Tidwell et al. (1972), R. blackii
Tidwell etal. (1972), R. scottii Tidwell etal. (1972),
R. sundaram Mahabale and Rao (1973), R.
huepaciense Cevallos-Ferriz and Ricalde-Moreno
(1995), R. teguachiense Cevallos-Ferriz and Ricalde-
Moreno (1995), R. borassoidesAwasthi et al. (1996),
R. angiorhizon (= Palmoxylon angiorhizon Stenzel,
1904; Bonde et al. 2009), R. macrorhizon (=
Palmoxylon macrorhizon Stenzel, 1904; Bonde et
al. 2009) and R. singulare Bonde et al. (2009). In
addition, a root comparable to Nypa from the
Mohgaonkalan Intertrappean beds (Verma, 1974) and
a borassoid root from Nawargaon Intertrappean
sediments (Ambwani, 1981) have been reported.
Some of thefossil palm stemslike Palmoxylon
rutherfordi Stockmans & Williere (1943),
Palmoxylon sp. Stockmans & Williere (1943), P.
sclerodermum Sahni (Shukla, 1946), P. surangei
Lakhanpal (1955), P. kraeusdlii Rao & Menon (1966),
P. raoi Menon (1968), P. macginitie Tidwell et al.
(1971) and P. sundaram Sahni (Bonde et al., 2004)
possess basal regions attached with the roots. In
addition, roots of a scitaminean plant
Cyclanthodendron sahnii Sahni and Surange (Sahni
& Surange, 1953; Biradar & Bonde, 1990);
Sparganium sp. (Mahabale, 1953); a cyperaceous
rhizome Scir pusoxylonindicum Shete (1989); aviny
araceous axis Rhodospathodendron tomlinsonii
Bonde (2000); a pandanaceous rhizome
Pandanusoxylon kulkarnii Petil and Datar (2002) and
aliliaceous corm Eriosper mocor musindicus Bonde
(2005) have been described. Inthelight of the present
system, reexamination of rootsof thesetaxawill throw
morelight onthe affinitieswith thenatural taxa

Hygrorhizos deccanii Trivedi et al. (1985) isa
root comparableto Hygrorhiza (Family — Poaceae).
Velamenorhizos intertrappeanum Barlinge and
Paradkar (1978) isan aerid abortiveroot with velamen
showing its affinities with Araceae, Arecaceae and
Orchidaceae whereas Aerorhizos harrisii Chitaley
(1968) isan aqueatic root showingitsresemblancewith
Alpinia, Canna, Cyperus, Hedychium and other
aquatic plants. A doubtful root of Eichhornia (Family
— Pontederiaceae) has also been reported (Patil &
Singh, 1978; Awasthi et al ., 1996).

SYSTEM FOR RESOLUTION OF FOSSIL
MONOCOTYLEDONOUS ROOTS

Thefoss| monocotyledonousrootsreported sofar
have not been described with uniform anatomical
terminologies. They lack precision and ddimitationsof
thetissues particularly those of theextrastelar region.
A system based upon Seubert’sanatomical work on
extant palms has been proposed to resolve thefossi
monocotyledonousrootsincluding the palmsto their
natural taxa (Seubert, 1996a, b, 1997, 19984, b). It
may throw some light on the phylogeny of
monocotyledonsinfuture(Pl. 1.1-13).

Monocotyledonous roots exhibit the following
tissues from periphery to the centre. A. Extrastelar
region - Rhizodermis/ Velamen; Exodermis; Outer
cortex; Inner cortex; and Endodermis. B. Selar region
—Pericycle; Sheathing layer of vascular tissue; Xylem
and Phloem bundles, Pithand Medullary bundles.

Rhizoder mis/Velamen—Appendages - Root
Spines— present/absent, pointed /blunt; root tubercles-
spherical/bottlelike; pneumathodes - present/absent;
root hairs present/absent; |lateral roots —few/dense,
elongate/cylindrical; branching system - fewer, short/
long, thick/thin.

Rhizodermis—Cells hexagonal/tangentially
elongated/honey combed, expandedin either direction/
irregularly expanded; cell wall thickened /unthickened.

Velamen—one/many layered; cell wall equally/
moderately/strongly/unequally thickened , outer walls
thicker thaninner walls; root hairs present/absent.
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Exodermis—Thickness one/many layered; cell
wallsmoderately/strongly thickened; tannin contents
present/absent.

Outer cortex—a. Three zoned, middle zone
different from outer and inner parenchymatouszones;
pitson cell wall present/absent; raphides/tannin cells
present/absent, isolated/in files; cell thickness
unthickened/strongly thickned..

b. Two zoned, outer zonewith thinwalled cells,
inner zonewiththick walled cdlls.

c¢. Homogeneous.

d. Rhizodermis, exodermis, outer cortex absent /
cork present.

Inner cortex—Homogeneous/three zoned;
aerenchymaabsent/weakly/strongly devel oped; air
gpacessmdl/large/quadrangular/radialy eongated; very
largein one/many rings; stone cells present/absent,
solitary/forming hollow cylinder; fibres—present/absent;
outlinecircular/irregular; solitary/forming bundles; fibre
bundles—Kentia type/Raphiatype.

Endodermis—L ayers-one/many; cell wall
unthickened/equally thickened/unequally thickened/* U’
shaped thickened; casparian thickening present/absent.

Vascular cylinder—Eustelic/polystelic.

Pericycle—L ayersone/severd; fibrecellspresent/
absent.

Sheathing layer—Sclerotic/parenchymatic.

Xylem/ Phloem bundles—Size, shape; number.

Pith—Parenchymatic/sclerenchymatic.

Medullary bundles—Present/absent; number.

This system may prove to be the most feasible
method to resolve the permineralized
monocotyledonousrootsto the extant taxawhich may
throw light ontheir phylogeny.

REFERENCES

Ambwani K 1981. Borassoid fossil palm root from the Deccan
Intertrappean beds of Nawargaon, Wardha District,
Maharashtra. Geophytology 11: 13-15.

Ancibor E 1979. Systematic anatomy of vegetative organs of
the Hydrocharitaceae. Botanical Journal of Linnean Society
78: 237-266.

Awasthi N, MehrotraRC & Khare EG 1996. A borassoid palm
root from the Deccan | ntertrappean beds of Wardha District,

Maharashtra with critical remarks on fossil roots of
Eichhornia. Geophytology 26: 57-61.

Ayensu ES 1972. Anatomy of the Monocotyledons - VI.
Dioscoreales. Clarendon Press, Oxford, 182p.

Barlinge SG & Paradkar SA 1978. Fossil aerial abortive root
and the role of velamen. In: Dnyansagar VR, Deshpande
PK & Padhye MD (Editors)—Recent Trends and Contacts
between Cytogenetics, Embryology and Morphol ogy: 583-
587. New Delhi.

Biradar NV & Bonde SD 1990. The genus Cyclanthodendron
and its affinities. In: Douglas JG & Christophel DC
(Editors)—Proceedings of the 3 International Organization
of Palagobotany Conference, Melbourne 1988: 51 -57. A-Z
Printers, Melbourne.

Bonde SD 2000. Rhodospathodendron tomlinsonii gen. et
sp. nov., An araceous viny axis from the Nawargaon
Intertrappean beds of India. Palaeobotanist 49: 85-92.

Bonde SD 2005. Eriospermocormus indicus gen. et sp. nov.
(Liliales: Eriospermaceae): first record of a
monocotyledonous corm from the Deccan Intertrappean
bedsof India. Cretaceous Research 26: 197-205.

Bonde SD, Chate SV & Gamre PG 2009. Rhizopal moxylon
singulare sp. nov. — coraloid palm roots from the late
Cretaceous Deccan Intertrappean beds of Nawargaon, India.
Palaeobotanist 58: 57-65.

Bonde SD, Gamre PG & Mahabale TS 2004. Further
contribution to Palmoxylon (Cocos) sundaram Sahni:
Structure of therooting base anditsaffinities. In: Srivastava
PC (Editor)—Vistasin Palaeobotany and Plant Morphol ogy:
Evolutionary and Environmental Perspectives. Professor
D.D. Pant Memorid Volume: 229-235. U. P. Offset, Lucknow,
India.

Cevallos-Ferriz SRS & Ricalde-Moreno OS 1995. Palmeras
fosiles del norte de Mexico. Anales Instituto Biologia
UniversitaNacional AutonomaMexico, Series Botanica66:
37-106.

Chitaley SD 1968. On Aerorhizosharrisii gen.et sp. nov. from
India. Journal of the Indian Botanical Society 47: 7-12.

Cormack BG 1896. On polystelic roots of certain palms.
Transactions of the Linnean Society, London., Series2,5:
275-286.

Cutler DF 1969. Anatomy of Monocotyledons- IV. Juncales.
Oxford University Press, London, 357p.

D’ Almeida& Ramaswamy CS1948. A contribution to the study
of the ecological anatomy of the Indian Cyperaceae.
Botanical Memoirs, University of Bombay 1 : 1-80.

De Bary HA 1877. Vergleichende Anatomie der
Vegetationsorgane der Phanerogame und Farne. Leipzig.

Drabble E 1904. Ontheanatomy of rootsof pams. Transactions
of the Linnean Society, London., Series2, 6: 427-490.

Fahn A 1954. Anatomical structure of Xanthorrhoeaceae
Dumort. Botaical Journal of Linnean Society 55: 158-184.



80 THE PALAEOBOTANIST

Falkenberg P 1876. Vergleichende Untersuchungen uber den
Bau der Vegetationsorgane der Monocotyledon. Stuttgart.

Felix J 1883. Die fossilen Holzer Westindiens. Sammlung
Palacontol ogie Abhandlungen, Seriesl: 1- 27.

Gillain G 1900. Beitrage zur Anaomie der Palmen und
Pandanacean Wurzel. Bot. Centralbl. Ixxiii. : 337-345, 369-
380,401-412.

Gothan W 1942. Uber Palmenwurzel hol zer ausder Brunkohle
von Bohlen (Sachsen). Zeitschrift fur Geschiebeforschung
und Flachlandsgeologie 18: 2-14.

Guttenberg H von 1960. Grundziige der Histogenese hoherer
Pflazen, |. Die Angiospermen . In Handbuch der
Pflazenanatomie, Bd. 8, Teil 3. Berlin, Stuttgart.

Guttenberg H von 1968. Der primare Bau der
Angiospermenwurzel . In Handbuch der Pflazenanatomie,
Bd. 8, Teil 5. Berlin, Stuttgart.

Hanstein J von 1870. Die Entwicjlung des Keimes der
Monokotylen und Dicotylen Botan. Abh. a.d. Geb.d.
Morpho.u.Physiol . 1: Heft 1.

Haberlandt G 1914. Physiological plant anatomy. MacMillan
and Company, L ondon.

Jeffrey EC 1917. Theanatomy of thewoody plants. University
of Chicago Press, Chicago Illinois. 478p.

Karsten H 1847. Die Vegetationsorgane der Palmen. Abh. Bexl.
Akad. Wiss.(Phys.): 73- 236.

Keating RC 2003. The anatomy of the monocotyledons - I X.
Acoraceae and Araceae. Oxford University Press, Oxford :
1-344.

Koeniguer JC 1970. Sur quelques structures de Palmiers du
Mio-Pliocene du Lybie. 94" Congres national des societes
savants, Pau, 1969, Sciences, I11: 175-189.

Lakhanpal RN 1955. Palmoxylon surangei, a new species of
petrified palms from the Deccan Intertrappean Series.
Palacobotanist 4: 15-21.

Mahabale TS 1953. Occurrence of Sparganiumin the Deccan
Intertrappeans of Madhya Pradesh, India. Proceedings of
the National Institute of Sciences, India19: 623-629.

Mahabale TS & Rao SV 1973. Fossil flora of Rajahmundry
area. In: Mahabale TS (Editor)—Proceedings of the
Symposium on Deccan Trap Country. New Delhi, INSA
BulletinNo. 45: 192-214.

Mahabale TS & UdwadiaNN 1960. Studies on palms-Part V.
Anatomy of palm roots. Proceedingsof the National Institute
of Sciences26 B: 73-104.

Mangin L 1882. Origine et insertion desracines adventives et
modifications, etc. Ann. Sci. Nat. ser. 6, xiv. : 216-363.

Menon VK 1968. On a new petrified palm wood from
Mohgaonkal an area. Palaeobotanist 16: 197-205.

Metcalfe CR 1960. Anatomy of the Monocotyledons. I.
Gramineae. Clarendon Press, Oxford, 731p.

Metcalfe CR 1961. The anatomical approach to systematics.
Recent advancesin Botany, Toronto University Press, USA
1:146-150.

Metcalfe CR 1963. Comparative anatomy asamodern botanical
discipline. In: Preston RD (Editor)—Advancesin Botanical
Research, | : 101-147. Academic Press, London and New
York.

Metcalfe CR 1971. Anatomy of the Monocotyledons - V.
Cyperaceae. Clarendon Press, Oxford, 597p.

Mohl H von 1845. Vermische Schriften. Tubingen.

Mohl H von 1849. On the structure of the palm stem . English
tranglation published by the Roya Society of London.
Naegeli C von 1858. Beitrage zur wissenschaftliche Botanik,

Hefti. Leipzig.

Olivier L 1880. Recherches sur | appareil tegumentaire des
racines. Ann. Sci. Nat. ser.6, xi. : 5-133.

Petil GV & Singh RB 1978. Fossil Eichhorniafromthe Eocene
Deccan Intertrappean beds, India. Palacontographica 167
B:1-7.

Patil KS & Datar K 2002. A fossil Pandanaceous stem
Pandanaceoxylon kulkarnii gen. et sp. nov. from the
Deccan Intertrappean beds of Wardha District,
Maharashtra. Geophytology 32: 61-71.

Rao AR & Menon VK 1966. A new species of petrified palm
stem from the Deccan I ntertrappean Series. Palaeobotanist
14: 256-263.

Russow EAF 1875. Betrachtungen uber das Leitbundel und
Grundgewebe, u.sw.Dorpat.

Sahni B & Surange KR 1953. On the structure and affinities of
Cyclanthodendron sahnii Sahni and Surange from the
Deccan Intertrappean Series. Palaeobotanist 2: 93-100.

Schopf JM 1975. Modes of fossil preservation. Review of
Palaeobotany and Palynology 20: 27-53.

Seubert E 1996a. Root anatomy of palms Il. Calamoideae.
Feddes Repertorium 107: 43-59.

Seubert E 1996b. Root anatomy of palms|I1. Ceroxyloideae,
Nypoideae, Phytelepheae. Feddes Repertorium 107: 597-
619.

Seubert E 1997. Root anatomy of palms|. Coryphoidese. Flora
192: 81-103.

Seubert E 1998a. Root anatomy of palms|V. Arecoideae, Part
I. General remarks and description of the roots. Feddes
Repertorium 109: 89-127.

Seubert E 1998b. Root anatomy of palms|1V. Arecoideae, Part
[1. Systematic implications. Feddes Repertorium 109: 231-
247.

Shete RH 1989. Scirpusoxylon indicum gen. et sp. nov., a
cyperaceous rhizome from Deccan Intertappean beds of
India. In: Biradar NV (Editor)—Proceedings of the Specia
Indian Geophytological Conference 1987 : 161-163. Poona

Shukla VB 1946. Palmoxylon sclerodermum Sahni from the
Eocene beds of Nawargaon, Wardha District, C.P. Journal
of the Indian Botanical Society 25: 105-116.

Stenzel KG 1904. Fossilen Palmenhol zer. Beitrage Pd aontologie
und Geologie Osterreichungars und des Orients. Leipzig
XVI:107-288.



BONDE—RESOLUTION OF FOSSIL MONOCOTYLEDONOUS ROOTS TO THE NATURAL TAXA 81

SockmansF & WilliereY 1943. Palmoxylons Paniseliensdela
Belgique. Memoiresdu Musee Royal d’ Histoire Naturelle
deBelgique 100: 1-75.

Surange KR 1950. A contribution to the morphology and
anatomy of the Cyclanthaceae. Transactions of the National
Institute of Sciences, India3: 159-209.

Thorne RF 2002. How many species of seed plantsarethere ?
Taxon51: 511-512.

Tidwell WD, Medlyn DA & Thayn GF 1972. Fossil pam
materialsfromthe Tertiary Dipping Vat Formation of Central
Utah. Great Basin Naturalist 32: 1-15.

Tidwell WD, Simper AD & Medlyn DA 1971. A Palmoxylon
from a Green River Formation (Eocene) of Eden Valley,
Wyoming. Botanique 2: 93-102.

Tieghem PEL van 1870. Recherches sur la symetrie des
structure des plantes vasculaires. Ann. Sci. Nat.ser.5, xiii.
pp. 5-314.

Tomlinson PB 1961. Anatomy of the Monocotyledons - I1.
Palmae. Clarendon Press, Oxford, 453p.

Tomlinson PB 1969. Anatomy of the Monocotyledons - I11.
Commelinales—Zingiberaes. Clarendon Press, Oxford, 446p.

Tomlinson PB 1970. Monocotyledons - Towards an
understanding of their morphology and anatomy. In:
Preston RD (Editor)—Advances in Botanical Research 3:
207-292. Academic Press, London and New York.

Tomlinson PB 1982. Anatomy of the Monocotyledons VII.
Helobiae (Alismataceae). Clarendon Press, Oxford, 559p.

Tomlinson PB 1990. The Structura Biology of PAms. Clarendon
Press, Oxford, 477p.

Tomlinson PB & Wilder G J 1984. Systematic anatomy of
Cyclanthaceae (M onocotyledonag) - an overview. Botanical
Gazette 145: 535-549.

Trivedi BS, Srivastava RK & Bajpai SK 1985. Hygrorhizos
deccanii gen.et sp.nov from the Deccan | ntertrappean beds
of Mohgaonkalan (M.P), India. Geophytology 15: 137-140.

Verma CL 1974. Occurrence of the fossil Nypa root from the
Deccan Intertrappean beds of M.P, India. Current Science
43: 289-290.



