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Ultrastructure of the pericarp in the fruit of
Calophyllum inophyllum Linne (Clusiaceae)

USHABAJPAI

Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226 007, India.

(Received 02 April 2004; revised version accepted 02 August 2004)

ABSTRACT

Bajpai U2005. Ultrastructure of the pericarp in the fruit of Calophyllulll inophylllllll Linne (Clusiaceae).
Palaeobotanist 54 : 115-119.

The family Clusiaceae is represented in the Tertiary !lora of India by leaves, wood and a solitary fruit.
The identification of the fruit with Clusiaceae is suspect. Therefore, the pericarp in the fruits ofCalophylllllll
inophyllllin Linne of the family Clusiaceae (= Guttiferae) has been examined under the scanning electron
microscope to generate anatomical data that may help in identification of fossil clusiaceous fruits.
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INTRODUCTION

SEED morphology and anatomy have often been used for

resolution of taxonomical problems. In contrast, flUit

morphology and anatomy are not that frequently used as

parameters for this purpose (Cutter, 1971). A study of some

umbelliferous flUits under the scanning electron microscope

(SEM) though has previously indicated that at this level of

magnification some microscopic features of the surface may

contain useful taxonomic traits (Heywood, 1968).

To further test this hypothesis, an investigation has been
undertaken on the ultrastructure of fruits of certain
dicotyledonous plants growing in southern India. The results
of this investigation may provide additional parameters for
the taxonomy of those fossil dicotyledonous flUits in which
anatomical details are preserved. The characteristic feature of
the fruit generally resides in the restriction ofmechanical tissue
to certain layers of the pericarp. The pericarp, which develops
from the ovary wall, is divided in three different regions: an
outer region, the epicarp; a middle region, the mesocarp and
an inner region, the endocarp.
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The present report is based on the investigation of
ultrastructure of the pericarp in fruits of Calophyllum
inophyllum Linne (Clusiaceae). Members of the family
Clusiaceae are corrunon in the tropical evergreen forests of
Asia and South America; only a few species grow in tropical
Africa. In India, the family is represented by species of the
genera Calophyllum, Garcinia and Mesua, particularly in
regions ofeastern and southern India. However, fossil members
of the family have also been reported from the Eocene of
western India.

Lakhanpal and Bose (1951) reported fossil leaves and fruits
referable to the family Clusiaceae from the Fuller's Earth bed at
Kapurdi, western Rajasthan. Lakhanpal (1964) described and
named these fossil leaves as Mema tertiara and Garcinia
borooahii. Chowdhury and Tandan (1949), Ramanujam (1960),
Lakhanpal and Awasthi (1964, 1965), Prakash (1966) and Ghosh
and Roy (1979) described fossil woods from Tertiary ofAssam
(Kayeoxylon assamicum), Miocene-Pliocene beds of Tamil
Nadu (Guttiferoxylon indicum), Tertiary beds of Tamil Nadu
(Calophylloxylon indicum, C. cuddalorense), Tertiary beds
of Arunachal Pradesh (Calophylloxylon eoinophyllum) and
the Miocene beds of Birbhum District, West Bengal
(Calophylloxylon bengalense), respectively. The fruit
Indocarpa intertrappea reported from the Tertiary Deccan
Intertrappean beds of Madhya Pradesh has been compared
with those ofthe Clusiaceae (Jain, 1964).

Some other fossil records of the Clusiaceae are: Clusia
fossilia (BeITy, 1925), from the Pleistocene of Trinidad, West
Indies, Clusia vera (Hollick, 1924), Rheedia miocenica and R.
sylvargi/lacea (Berry, 1925) from the Miocene of Trinidad,
Calophyllum calabaformis (Berry, 1925, 1939) from the
Miocene of Trinidad and Cuba, Clusiaphyllum eocenicum
(Berry, 1930) from the Eocene of Arkansas in the USA,
Symphonioxylon stefaninii and S. scec-gureusis (Chiarugi,
1933) from the Cretaceous of Somalia, Guttiferoxylon
fareghense and G .symphonioides (Krausel, 1939) from the
Tertiary of Egypt, G platonioides and G. compactum
(Schonfeld, 1947) from the Tertiary ofColombia, G gracinoides
(Hofmann, 1944) and G prambachense (Hofmann, 1952) from
the Tertiary of Austria and G saharianum (Boureau, 1952)
from the Tertiary ofAlgeria.

MATERIAL AND METHOD

The genus Calophyllum consists of about 80 species

(Willis, 1957), of which about 12 are indigenous to the Indian
subcontinent, five species occurring in India. Mature fruits of
C. inophyllum L. were collected from Palghat division of
Karnataka forest and identification was confirmed by
comparing them with the specimens in the herbarium of
Botanical Survey of India, Kolkata. C. inophyllum L. is a
moderate sized tree found along the coast above high
watermark and in mangrove forests of Myanmar, along the
Orissa coast, and down the western coast ofindia from Konkan
southwards. It is also corrunon in Tenasserim and in Andaman
& Nicobar Islands (Pearson & Brown, 1932).

For light microscopy, the specimens were fixed in FAA
and subsequently stored in 70 per cent ethanol. The
specimens were processed in tertiary butyl alcohol series and
embedded in paraffIn wax. The paraffIn embedded blocks were
kept in 50 per cent glycerine after trimming to improve
sectioning. The thickness of the sections ranged between 10
and 20 11m. The sections were stained in safranin-light green
and safranin-fast green combinations, and mounted in 50 per
cent glycerin. For SEM studies specimens were fixed in 4 per
cent glutaraldehyde for 3-4 days. After careful washing with
distilled water, sections were cut at thickness of30-40 11m. The
complete dehydration of sections was done in an ethanol series
(at 30 minute intervals, by two changes) and finally for 10
minutes in acetone. The sections were attached to labelled
stubs using double-sided adhesive tape, and coated with gold
palladium (277 A-413 A thickness) in sputter coating unit. The
specimens were investigated under Leo 430 SEM.

SALIENT FEATURES OFTHE FRUITS

The fruits are globose, 6-9 cm in diameter. The pericarp is
yellowish-green in colour. The epicarp is single-layered,
composed of lignified cells covered with a highly cutinised
layer followed by thin-walled, somewhat rounded and
horizontally interspersed elongated cells with many secretory
canals and vascular supply (PI. 1.1). This zone is followed by
the mesocarp, which is made up of typically elongated, highly
lignified cells, perpendicular to the surface but variously
curved inwards (PI. 1.2). The cells have lignified walls and
bear pits (PI. 1.3). The innermost zone is thin-walled and
aerenchymatous; most of the cells are filled with a dark gurruny
substance (PI. 1.4). The endocarp is not clearly distinct,
crushed, without lignified ground tissue.

PLATEl .......
7'

Cnlophyllum'inophyllum Linne
I. Cross-section of the fruit showing epica'l' consisting of a heavily

cuticularised single-layered epidermis and a broad hypodermis with
vascular bundles (v) and gum canals (g). Note: variously curved
lignified cells of the mesoca'l' (m).

2. Cross-section of the fruit showing mesoca'l' (m) and a part of the
endosperm (s). Note the crushed endocarp (e) in between the
mesocarp and the endosperm.

3 A detailed view of the pitted surfaces of cells of the mesoca'l'.
4. Cells of the endosperm, some of which are filled with dark contents.
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In thin sections the three main divisions of the fruit wall,
that is, the epicarp, mesocarp and endocarp are sharply marked.
The epicarp is 2-Iayered, i.e., it comprises epidermis and
hypodermis. The epidermal cells are commonly polygonal in
transverse section. A thick cuticle covers the outer wall of the
cells. The hypodermal cells are thin-walled, elongated but
flattened and stretched towards the mesocarp. The cells of
the epicarp are not homogeneous but interrupted by irregularly
an'anged vascular bundles of different sizes. Some of the cells
are filled with a gummy substance. The cells of the mesocarp
are characteristically perpendicularly elongated and arranged
in rows, variously curved inwards. The highly lignified cells
are very compactly arranged. In LM the walls of these cells
show very small pits which are very clear under SEM. Thus,
the mesocarp layer is made up of conspicuous cells. The cells
of the endocarp are cmshed at places, 1-2 layered, unlignified,
unspecialised, polygonal, thin-walled, and parenchymatous.
The endosperm is made up of thin-walled, polygonal cells of
various sizes. In between the cells, scattered bands of cells
filled with the dark content form a network throughout the
region. The epidermis of the fruit surface sometimes shows
stomata in irregular orientation.

DISCUSSION

A thick massive seed is present in each mature fmit of
Calophyllum inophyllum. The seed completely occupies the
locule. The testa is highly multiplicative and sclerotic. The
thin and soft tissue of the endocarp was crushed probably by
the enlargement of the seed because the cells of the endocarp

are not lignified. The epicarp is made ofmultiple layers of thin
walled cells with irregularly arranged vascular bundles. The
mesocarp of the fruit is strengthened by lignification.
Perpendicularly elongated, variously curved, compactly
arranged rows of pitted cells are characteristic of this species.
This woody nature of the mesocarp is an important character
of the pericarp, which was described as the endocarp by
Comer (1976). The composition of these mechanical tissues
and the pattern of distribution in the fruit wall are characters
of taxonomic importance. SEM studies have shown that the
delicate unspecialised celIs of the endocarp get compressed
in the mature fruit by the enlargement of the seed during its

development. The latter observation needs to be verified from
similar ultrastructural studies on the fmit pericarp of more
species of the genus Calophyllum.

Acknowledgements-The SEM data was discussed with late
Professor M Kedves who gave sOllie useful suggestions. J thank Mr
Subodh Kumar/or technical assistance.

Berry EW 1925. The Tertiary flora of the Island ofTrinidad, B W. I.
Johns Hopkins University Studies in Geology 6 : 71-160.

Berry EW 1930. Revision of the Lower Eocene Wilcox Flora of the
southeastern states; with description of new species, chiefly from
Tennessee and Kentucky. United States Geological Survey
Professional Paper 156 : 1-196.

Berry EW 1939. A Miocene flora from the gorge of the Yumari River,
Matanzas, Cuba. Johns Hopkins University Studies in Geology
13: 95-135.

Boureau E 1952. Etude paleoxylologique du Sahara (XVII):
GUlliferoxylon saharianum n. sp., bois neogene si lici fie de Bekati
el Bass (Conifins Algero-soudanais). Bulletin Musee Histoire
Naturales Paris 2nd Series 24 : 594-600.

Chiarugi A 1933. Fossili del Pliocene e del Pleistocene - 4. Legni
fossili della Somalia ltaliana. Palaeontographica ltalica 32 : 97
167.

Chowdhury KA & Tandan KN 1949. Kayeoxyloll assamicum gen. et
sp. nov., a fossil dicotyledonous wood from Assam. Proceedings
of National Institute of Sciences of India 15 : 59-56.

Corner EJH 1976. The seeds ofdicotyledons. Cambridge: Cambridge
University Press, 311 p.

Cutter EG 1971. Plant anatomy: experiment and interpretation. Part
2. London: Edward Arnold (Publisher) Ltd., 343 p.

Ghosh PK & Roy SK 1979. A new species of Calophyllum from the
Miocene beds of Birbhum District, West Bengal, India. CllITent
Science 48 : 823-824.

Heywood VH 1968. Scanning electron microscopy and
microcharacters in the fruits of the Umbelliferae-Caucalideae.
Proceedings of the Linnaen Society, London 179: 287-289.

Hofmann E 1944. Pflanzenreste aus dem Phosphoritvorkommen von
Prambachkirchen in Oberdonau. Palaeontographica B88 :1-86.

Hofmann E 1952. Pflanzenreste aus dem Phosphoritvorkommen von
Prambachkirchen in Oberdsterreich. Palaeontographica B92 :122
183.

Hollick A 1924. A review of the fossil flora of the West Indies, with
descriptions of new species. Bulletin of the New York Botanical
Gardens 12(45) : 259-323

Jain RK 1964. Jndocarpa intertrappea gen. et sp. nov., a new
dicotyledonous fruit from the Deccan IntertTappean Series, India.
Botanical Gazette 125 : 26-33.

Krausel R 1939. Ergebnisse del' Forschungsreisen Prof. E. Stromcs in
den Wusten Agyptens IV: Die Fossilen Floren Agyptcns.
Abhandlungen Bayerischen Akademie Wissenschaft, Math
Naturw. Abteilung N. F. 47 : 1-140.

Lakhanpal RN 1964. Specific identification of the guttiferous leaves
from the Tertiary of Rajasthan. Palaeobotanist 12 : 265-266,
1963.

Lakhanpal RN & Awasthi N 1964. Mesuoxylon arcotense gen. et sp.
nov., a fossil dicotyledonous wood from the Tertiary of South
Arcot District, Madras, India. Palaeobotanist 12: 260-264, 1963.

Lakhanpal RN & Awasthi N 1965. Fossil woods of Calophyllum
from the Tertiary of south India. Palaeobotanist 13 : 328-336,
1964.



USHA BAJPAI-ULTRASTRUCTURE OF THE PERICARP IN CALOPHYLLUM INOPHYLLUM LINNE (CLUSfACEAE) 119

Lakhanpal RN & Bose MN 1951. Some Tertiary leaves and fruits of
the Guttiferae from Rajasthan. Journal of the Indian Botanical
Society 30: 132-136.

Pearson RS & Brown HP 1932. Commercial Timbers of India. I.
Calcutta.

Prakash U 1966. Some fossil dicotyledonous woods from Tertiary
of eastern India Palaeobotanist 14 : 223-235.

Ramanujam CGK 1960. Silicified woods from the Tertiary rocks of

south India. Palaeontographica B I06: 99-140.

Schonfeld G 1947. Holzer aus dem Tertiar von KQlumbien.

Abhandlungen Senckenberg naturforsche Gesellat 475: 1-48.

Willis JC 1957. Dictionary of the nowering plants and ferns.

Cambridge, 1214 p.


