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Summary. Distribution patterns, frequency, size, shape, and surface texture of silica grains in the secondary
xylem of neotropical taxa, especially from Surinam were studied extensively. Over 2000 samples were
examined. Silica grains occur in about 300 species (32 families and about 90 genera). The grains proved
to be present in many taxa so far considered as non-siliceous. They are most frequently found in the paren-
chymatous tissues (in 807, of siliceous material studied, grains were present in the ray cells). Their dis-
tribution is very constant, especially when they are restricted to one type of tissue, although some exceptions
exist. The diagnostic value of the silica grains, often neglected, appears to be very high. The shape of the
grains is usually variable though, in a few cases it is very characteristic. Various types of surface struc-

tures are recognized. Size of the grains is reported. The great variation in grain size greatly reduces its
importance as a diagnostic tool.

INTRODUCTION

In 1857 Criiger for the first time described the occurrence of silica grains in the secon-
dary xylem of some species in what is now recognized as the family of the Chryso-
balanaceae. The presence of silica has since been the subject of many investigations
(Kiister, 1897; Petrucci, 1903; Gonggrijp, 1923, 1932; Frison, 1942; Besson, 1946;
Amos, 1951, 1952; Bamber & Lanyon, 1960; Burgess, 1965; Balan Menon, 1965;
Murthy, 1965; Sharma & Rao, 1970; Hirata et al., 1972; Scurfield et al., 1974a, 1974b).
Some investigators have attempted to evaluate the taxonomical significance of the
presence of silica, whereas others primarily dealt with some technical aspects such as
a possible correlation between the occurrence of silica grains and the resistance of the
timber to marine borers or between the presence of silica and difficulties encountered in
sawing timbers.

By using saws made from special steel and sawing under wet conditions, using logs
completely soaked with water, most problems caused by silica inclusions were solved.
The effect of the silica grains on the resistance to marine borers is only small, as can be
judged by the results of investigations carried out by Southwell & Bultman (1971) who
examined over a hundred species.

The diagnostic importance of silica grains, considered by Amos (1952) as a very
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promising subject, is still of interest although most wood anatomists take the value of
this character as about equal to that of a comparable feature like the presence of crys-
tals. Most articles on this subject are restricted to geographical regions in Africa and
Asia. Only Gonggrijp (1923) and Amos (1951) reported the occurrence of silica grains
in a few neotropical species. In his worldwide survey Amos (1952) included only 44
species with silica inclusions from the neotropics, 20 species belonging to the Chryso-
balanaceae. The present investigation therefore is focussed on the neotropics; especially
Surinam woods were studied because of a good representation in the Utrecht collection.

MATERIALS AND METHODS

All woody species from Surinam represented in the wood collection of the Institute of
Systematic Botany of the University of Utrecht were investigated. Besides, a great
number of species from Guyana and French Guiana were included in the present study.
When silica grains were found in a Surinam representative of a family, the other neo-
tropical genera of that family were studied as well. Most of the families not found in the
Guianas, but represented in our wood collection were also examined. About 2000
samples (c. 75 families, c. 440 genera and c. 1300 species) were investigated. All wood
samples are backed by herbarium material, which is deposited, for the greater part, in
the Institute of Systematic Botany of the University of Utrecht. In accordance with an
earlier study (ter Welle, 1976) samples for sectioning were taken from a wood block of
the heartwood.

To study the silica distribution, radial sections of 15 to 25 um thick were prepared.
The sectioning was done without any pre-treatment, only cold water was used. After
sectioning the sections were bleached with a domestic bleaching agent for one or two
minutes, then rinsed in water and heated in carbolic acid, and finally mounted in clove oil.

In addition scanning electron microscopy (SEM) was used to obtain better infor-
mation about the surface of the grains.

Although various types of siliceous inclusions occur in the secondary xylem this
investigation is restricted to the occurrence and distribution of silica grains only.

RESULTS

No silica grains were observed in the families and genera listed in Table 2. Species in
which silica grains occur are described as follows: the data on the distribution of the
grains, the locality and the source of the specimens are given in Table 1; size, shape,
frequency, and additional data of a given species or genus are reported below. The
families are treated in alphabetical order. Pertaining data from the literature are in-
cluded. Non-siliceous genera of the families are listed at the end of each family descrip-
tion. The number of species investigated is given between brackets.
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ANACARDIACEAE

Silica grains are present in all species of Anacardium. Grains globular with a smooth or
a granular surface, maximum size 10 to 13 «m, one grain per cell, but there are also cells
without a grain. De Paula & de Hamburgo Alves(1973) did notreportanything about the
presence of silica in A. spruceanum. In the material of Loxopterygium sagotii some wood
specimens contain silica grains, others do not. Grains were absent in eight of fourteen
samples investigated (BBS 12;v. Hall 57, LBB 10734; Lindeman 5841, 6057, 6080, 6194,
6856; BAFOG 198 M). They were present in the samples listed in Table 1. Grains nearly
always globular with a smooth surface, size 5 to 10 um. No silica grains were observed
in Schinus (1), Spondias (1), Tapirira (2), and Thyrsodium (2).

BOMBACACEAE

The genus Bombax s.1. comprises both species with and species without silica grains.
Grains globular with a granular surface, size normally up to 15 um, but sometimes as
large as 23 um, one grain per cell, but not in every cell. Species without silica grains:
B. flaviflorum, B. globosum, and B. surinamense. According to Amos (1952), who studied
5 species, Bombax is non-siliceous. If the classification of Robyns (1963), who split
Bombax into several genera, is followed all genera comprise siliceous and non-
siliceous species. All species of Quararibea contain silica grains, in the ray cells as well
as in the axial parenchyma. Grains globular with a more or less smooth surface, size up
to 15 um. The grains occur more frequently in the axial parenchyma than in the ray cells.
No silica grains were observed in Catostemma (2), Ceiba (1), Matisia (1), and Scleronema

.

BONNETIACEAE

The family concept followed here is that of Maguire (1972). Silica grains occur in all
samples of two genera, viz. Archytea and Haploclathra. In Archytea the grains are
globular and sometimes they assume other shapes, the surface is smooth, size of the
globular grains 3 to 15 pgm, the oval/oblong ones up to 30 X 13 um. Normally they occur
in the procumbent ray cells, but sporadically also in the upright ray cells. The grainsin
Haploclathra are mostly globular and their surface is less smooth than in Archytea. They
measure 3 to 13 um. De Paula (1974) noticed silica in Haploclathra but considered its
occurrence in this genus of no taxonomic value. Three specimens of Kielmeyera were
studied. Silica grains are present in only one specimen. Two types of grains were
found: (1) globular, with a smooth surface and a compact structure (size up to 8 um);
(2) irregular, the grains look like a cluster of small silica particles glued together.
Baretta-Kuipers (1976) who studied the same wood samples reports differences in other
anatomical characters between the sample with and the samples without silica.
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No silica grains were observed in Bonnetia (3), Caraipa (3), Mahurea (2), Marila (2),
and Neblinaria (1).

BURSERACEAE

In this family silica grains occur in the ray cells, axial parenchyma cells, fibres
and/or tyloses of the vessels. Their distribution pattern is very variable. Grains in
Dacryodes are globular, oval or oblong with a granular surface; the globular grains
measure up to 17 xm, the oblong ones up to 25 X 12 m. In Paraprotium the grains occur
in all tissues except the vessels. Grains of various shapes, the globular onesupto 17z m.
Protium is a genus in which both species with and species without silica grains are re-
presented. The non-siliceous species are: P. alstonii, P. aracouchini, P. crassifolium, P.
glabrescens, P. hostmannii, and P. pullei. The grains, when present, are sometimes
restricted to rays or parenchyma only; sometimes they are found in all tissues. Grains
usually more or less globular, with a granular surface, size up to 18 # m, but sometimes,
as in P. insigne, they do not exceed 5 um. In some cases they look like a cluster of small
silica particles glued together. The fourth genus containing silica is Trattinickia. Here,
too, the distribution pattern is very variable, but in all species grains occur in the ray
cells, although often restricted to the marginal ray cells (Plate 1/4). Grains more or less
globular with a granular surface, size 11 to 22 um. Webber (1941) did not record silica
grains in her wood anatomical study of the Burseraceae. Nosilica grains were observed
iis Canarium (1), Hemicrepidospermum (1), and Tetragastris (4).

CARYOCARACEAE

Silica grains are present in all species investigated of Anthodiscus. Grains nearly
globular, size up to 13 um. The grains in the axial parenchyma resemble those in the
rays. No silica grains were observed in Caryocar (6).

CHRYSOBALANACEAE

The occurrence of silica grains in the secondary xylem was reported for the first time
by Criiger (1857) in some species of this family. A worldwide survey on the distribution
pattern of silica grains in this family was made by ter Welle (1976). All species inves-
tigated contain silica (Plate 1/1-2). The following genera were included in the in-
vestigation: Acioa, Chrysobalanus, Couepia, Exellodendron, Hirtella, Licania, and
Parinari.
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SILICA GRAINS
CONNARACEAE

Silica grains occur in Pseudoconnarus and Rourea. Grains globular, with a granular sur-
face, size up to 23 um. The occurrence of silica grains in this family is not reported by
Metcalfe & Chalk (1950), Amos (1952) nor by Dickison (1972). According to Mennega
& Veenendaal (unpublished results) all samples of Agelaea from Cameroon show the
same silica distribution pattern as Pseudoconnarus and Rourea. An african species of
Connarus, C. griffonianus, unlike the neotropical species of this genus, contains silica
in the ray cells. No silica grains were observed in Chestidium (1) and Connarus (6).

ERYTHROXYLACEAE

Out of nine species of Erythroxylon investigated, E. squamatum is the only one in which
no silica grains were observed. The grains are globular, oval or oblong. All shapes may
occur in the same sample. Their size and shape are often determined by the size and
shape of the ray cells and they may fill up the entire cell. The surface is granular, except
in E. citrifolium; in this species grains with a granular and grains with a more or less
smooth surface may occur side by side. Consequently the size is highly variable, but the
grains are always large (up to 50 x 20 um), except in E. citrifolium where the maximum
size is 15 um. Each of the procumbent ray cells contains one or two grains; in the up-
right marginal ray cells, grains may be present or absent, but there is never more than
one grain per cell. In the literature the occurrence of silica grains in this family is not
reported (Record & Hess, 1943; Metcalfe & Chalk, 1950; Normand, 1950; Amos, 1952;
Brazier & Franklin, 1961). The presence of silica grains is perhaps restricted to the neo-
tropical species as a sample from New Guinea (E. ecarinatum) studied by me, is also
devoid of silica.

EUPHORBIACEAE

In three genera, Actinostemon, Maprounea, and Senefeldera the occurrence of silica
is a constant feature. Actinostemon and Senefeldera are two allied genera which share
the same characteristic silica distribution pattern. The silica grains, which often fill
the entire ray cell lumen, have a granular surface and they measure up to 60 X 25 um.
The oblong grains are more frequent than the globular grains.

In Maprounea they are small (about 3 um) and of various shapes. Sometimes they suggest
a cluster of small silica particles glued together. Species with and species without silica
grains occur in Micrandra. Grains globular, with a granular surface, oval or oblong, size
of the globular grains up to 23 um, size of the oblong onesup to 30 x 13 um. In M. elata
from Surinam the grains are very small (3 um). In two species, M. glabra and M. spru-
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ceana no silica is present. These two species, formerly included in the genus Cunuria,
were transferred to Micrandra by Schultes (1952). Webster (1975) reinstated Cunuria.
The silica distribution seems a feature in favour for keeping the two genera apart.
No silica grains were observed in Acalypha (1), Alchornea (1), Alchorneopsis (1),
Amanoa (1), Aparisthmium (1), Chaetocarpus (1), Conceveiba (2), Croton (12), Drypetes (2),
Fluggea (1), Glycydendron (1), Hevea (3), Hura (1), Hyeronima (1), Jatropha (1), Mabea (3),
Manihot (1), Margaritaria (1), Micrandropsis (1), Omphalea (1), Pausandra (1), Pera(2),
Phyllanthus (4), Piranhea (1), Plukenetia (1), Sagotia (1), and Sapium (2).

FLACOURTIACEAE

The wood anatomy of the Flacourtiaceae was extensively studied by Miller (1975),
who reported silica grains in the ray cells of Mayna amazonica (size 10 to 16 pm) and
Lindackeria laurina. All other genera from the neotropics lack silica grains. This obser-
vation is in agreement with my own investigation of species from the Guianas.

GUTTIFERAE

Only one species of Clusia, C. palmicida contains silica grains. Grains globular, small,
2 to 10 um, mostly 2 to 5 pm; surface mostly smooth. Sometimes the grains look like
a cluster of small silica particles glued together. Grains were not reported by de Paula
(1974). In the sample of Oedematopus quadratus investigated small silica grains with a
granular surface (size 3 um) are present. An unidentified sample of the same genus did
not contain silica.

In fourteen species of Tovomita investigated silica grains occur, whereas six other
species lack silica (T. choisyana, T. obovata, T. pittieri, T.plumeri, T. rileyi, and T.
rubella). Grains normally globular with a granular surface, size 3 to 15 um, sometimes
up to 25 um, never more than one per ray cell. Probably the grains do not occur in the
uniseriate rays. According to de Paula (1974) the occurrence of silica grains is a
constant feature of all species of Tovomita. The herbarium vouchers of the non-siliceous
species were checked by Mrs. A. R. A, Goérts-van Rijn. There is no doubt that they
belong to this genus.

No silica grains were observed in Calophyllum (1), Havetia (1), Moronobea (1), Plat-
onia (1), Rheedia (3), Symphonia (1), and Thysanostemon (1).

HIPPOCRATEACEAE
The wood anatomy of this family was described by Mennega (1972). Of the twelve

genera investigated the monotypic genus Prionostemma was the only one in which silica
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grains were found. They are restricted to the ray cells and mostly show a globular shape
but other shapes are present as well. Their surface is granular and they measure up
to 23 um. This is one of the few lianas known sofar to possess silica grains.

No silica grains were observed in Anthodon (1), Cheiloclinium (4), Cuervea (1),
Elachyptera (1), Hemiangium (1), Hippocratea (2), Hylenea (1), Peritassa (3), Pristi-
mera (3), Salacia (9), and Tontelea (2).

HUMIRIACEAE

Only one species of Sacoglottis, S. guianensis, contains silica grains in both ray cells
and axial parenchyma cells. No difference in silica grain distribution was noted in the
formas and varieties of this species described by Cuatrecasas(1961). Grains withagranu-
lar surface, mostly globular, sometimes (BBS 117 and Krukoff 6653) of other shapes;
size of the globular grains 3 to 13 um, sometimes up to 18 um, ovalonesupto20 X 15um;
there is never more than one grain per cell, in the axial parenchyma there are also cells
without a grain. In two species (S. amazonica and S. cydonioides) no silica grains were
observed. The occurrence of silica grains in this family was not reported before (Metcalfe
& Chalk, 1950; Amos, 1952).

No silica grains were observed in: Humiria (1), Humiriastrum (1), Schistostemon (1),
and Vantanea (2).

LAURACEAE

Silica grains occur in four neotropical genera. In Cryptocarya they look like a cluster
of small silica particles glued together. The grains are small (ca. 5 pm). In the genus
Licaria three species studied have silica grains; twelve species were found to be with-
out silica grains (L. amara, L. aritu, L. armeniacum, L. aurea, L. canella, L. cayennense,
L. debilis, L. guianensis, L. martiana, L. multiflorum, L.polyphylla, and L. vernicosa).
Grains globular to oblong, with a granular surface, globular ones 2 to 25 um, oblong
ones up to 45 X 25 um. In Mezilaurus itauba they are globular (3 to 20 u m) with a granu-
lar surface and they occur only in part of the ray cells. There is never more than one grain
per cell. In some samples the grains are grouped together in subdivided procumbent
ray cells (Plate 1/5). In these cell families their size is about the same although with-
in one sample it varies much. This distribution pattern, according to Amos (1952)
unique to Mezilaurus, was not noticed in M. synandra. Here the grains are globular with
a more or less smooth surface and measure 3 to 13 um. Two species of Ocotea, O.
glaucinia and O. splendens, contain silica grains in the fibres. The fibres are septate and
normally each compartment contains one grain, The grains measure 5 to 15 um. In
contrast, a further twenty-six species of Ocotea, are without silica.

No silica grains were observed in Aniba (10), Beilschmiedia (1), Endlicheria (3),
Nectandra (4), and Systemonodaphne (1).
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LEGUMINOSAE

Silica grains occur in the ray cells and/or axial parenchyma cells in three genera of this
family. In Dialium guianense they are restricted to the axial parenchyma. Grains globular
with a granular surface, size up to 15 4 m, sometimes up to 20 u m; all parenchyma cells
contain one grain each. The distribution pattern of the grains in Dicorynia is quite dif-
ferent from that in Dialium. Here the grains occur both in ray cells and parenchyma
cells. Grains globular with a granular surface, size up to 28 u m in the rays as well as in the
axial parenchyma. In the rays the grains occur only in the marginal cells. Normally
there is one, but sometimes there are two or three grains per cell. Four species of
Sclerolobium were investigated. Two of them, S. albiflorum and S. guianense, contain
silica grains in the ray cells and sometimes in the axial parenchyma. Grains globular
with a granular surface, size upto 15u min S. albiflorum and up to 22u min S. guianense.
The two other species, without silica grains, are S. melinonii and S. micropetalum.
According to Koeppen (1967) a few other genera from the neotropics contain silica,
e.g. Apuleia and Tachigalia.

No silica grains were observed in Alexa (2), Aldina (1), Anadenanthera (1), Andira (6),
Bowdichia (1), Caesalpinia (1), Calliandra (1), Campsiandra (1), Cassia (2), Cedrelinga (1),
Clathropis (1), Copaifera (1), Crudia (2), Cynometra (2), Dahlstedtia (1), Dalbergia (5),
Derris (4), Dimorphandra (2), Diplotropis (2), Dipteryx (4), Elizabetha (2), Enterolobium
(2), Eperua (3), Erythrina (1), Etaballia (1), Gliricidia (1), Heterostemon (1), Hymenaea
(1), Hymenolobium (2), Lecointea (1), Lonchocarpus (9), Machaerium (3), Macrolobium (4),
Marmaroxylon (1), Martiodendron (1), Mora (2), Ormosia (5), Palovea (1), Parkia (2),
Peltogyne (2), Piptadenia (2), Piscidia (2), Pithecellobium (9), Platymiscium (1), Poecilanthe
(1), Pterocarpus (4), Samanea (1), Sesbania (1), Stryphnodendron (3), Swartzia (5),
Tephrosia (1), Vatairea (1), Vataireopsis (1), Vouacapoua (1), and Zygia (2).

LECYTHIDACEAE

The silica grains in the Lecythidaceae show a great variation in shape, size, and
frequency. They mostly occur in the rays and sporadically in the axial parenchyma and
in the tyloses of the vessels. The grains are globular, oval, or oblong. Sometimes only
one shape occurs in a sample, in a species or in a whole genus, but often samples appear
to contain all shapes. The cells normally contain one grain, but sometimes, although
sporadically, cells with two grains are seen; in addition a certain number of cells without
grains are always found. The grains in Allantoma are globular and measure upto 8um.
All species investigated of Cariniana contain silica grains in the rays and sometimes
in the parenchyma. Grains mostly globular, sometimes oval or oblong, size of the
globular grains up to 20 u m, size of the oblong ones up to 35 X 20u m; in samples which
contain globular grains only, the grain size is 3 to 13 pm; small grains often show a
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smooth surface unlike the bigger ones the surface of which is granular. The grains in the
axial parenchyma of C. pyriformis are smaller than those in the ray cells of the same
sample. In Corythophora the grains are globular with granular surface, and are up to
13 wm in size. The silica grains in Couratari are restricted to the ray cells. Their
frequency is variable, sometimes they are abundant and sometimes they are sporadic.
Grains mostly globular, sometimes oval or oblong, always large, size of the globular
ones up to 20 um (partly up to 30 u m), the oblong ones measure up to 30 X 15um or
even up to 40 X 20 um, and in C. stellata (Krukoff8893) up to 80 x 25, m. Generally the
grains in Couratari are larger, more granular, more oblong and less frequent than those
in Carinigna.

Thirty species of Eschweilera were analysed. In four species; E. chartacea, E. conges-
tiflora, E. poiteaui, and E. roroda silica grains were never found. In one species, E.
simiorum, four samples were analysed, two of which appeared to contain sporadicsilica
grains in the rays, whereas the other two lacked silica grains. All other species investi-
gated of Eschweilera, however, show a large amount of grains in the rays. Grains
globular, oval or oblong, size of the globular ones 4 to 20 4 m, sometimes 25 to 30 um,
oblong grains mostly 25 X 10 um to 30 X 20 um, sporadically upto40 x 15um oreven
up to 60 X 15 um in two samples of E. obversa.

In Holopyxidium jaranum globular grains (up to 18 pm) and oblong grains (up to
50 x 20 um) were observed, but H. latifolium (IANw 3879) on the contrary lacks
silica.

Six species of Lecythis were investigated. Grains of sporadic occurrence (Plate 1/3)
mostly oval, square or oblong and sporadically globular, always large, size of the
globular ones up to 18 to 25u m, oblong ones from 45 X 20 mto 70 X 20u m. The grains
are usually restricted to the ray cells, but there are two exceptions: Lecythis peruviana
contains silica grains in the ray cells and also in the parenchyma cells. Besides, these
grains are much smaller than those in the other species of Lecythis and their occurrence
is abundant, contrary to the few grains present in the other species. In L. gigantea (two
samples) no silica grains were observed. Dr. G. T. Prance (New York Botanical Garden)
studied the herbarium vouchers of these two species. In his opinion the samples are
probably referable to Eschweilera.

No silica grains were observed in Asteranthos (1), Bertholletia (1), Couroupita (8),
Grias (1), and Gustavia (4).

MELIACEAE
Silica grains occur in two genera of this family. Both Guarea and Trichilia comprise
species with and species without silica. A total of fifteen species of Guarea was investi-

gated, six of these contained silica grains in the ray cells. Grains mostly globular but
other shapes are present too, size of the globular grains up to 18 u m and the size of the
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oblong ones up to 35 X 154 m; the globular grains are compact while those with various
shapes are more or less loosely built. According to Amos (1952) small silica inclusions
occur in the ray elements of Guarea from Nigeria, Ivory Coast, and British Honduras.
The grains in the samples investigated by me are large. In an African species like G.
laurentii again large grains are found (up to 15 um). Species of Guarea without silica
grains are G. alborosea, G. borisii, G. costata, G. davisii, G. duckei, G. kunthiana, G.
pohlii, G. pubiflora, and G. rhabdotocarpa. Only three out of nineteen species of Trichilia
investigated are without silica grains, 7. casarettii, T. grandifolia, and T. elegans. The
grains are for the greater part globular and up to 12 g m except in 7. trinitensis (up to
20 um). As in Guarea, both compact and loosely built grains normally occur in the same
sample, but, in Trichilia, these loosely built grains are more frequent than in Guarea.
There is never more than one grain per cell, and grains do not occur in each cell.

The origin of the specimens of Trichilia investigated by Amos (1952) is not known.
Two species were studied and were reported as non-siliceous. An African species,
T. lancei, examined during the present investigation contains silica grains in the ray cells.
Apparently the distribution of silica grains is not restricted to the neotropical species
of Trichilia. According to Amos (1952) and Pennington & Styles (1975) a few other
genera contain silica grains. Nothing is said by these authors about their taxonomic
importance.

No silica grains were observed in Cabralea (2), Carapa (2), Cedrela (2), and Swietenia
3.

MENISPERMACEAE

The wood anatomy of this family was studied by Mennega (1977). Silica proved to be
present only in two species of Anomospermum: A. bolivianum and A. solimoesanum. On
the contrary three other species of this genus lack silica. Grains globular with a
granular surface, size up to 13 um. They occur in both rays and axial parenchyma.
Silica grains were not observed in thirteen other genera investigated by Mennega.

OLACACEAE

The occurrence of silica grains in this family is restricted to the ray cells of one genus,
Liriosma. Grains globular and sometimes oval or oblong with a granular surface, size
10 to 28 u m. Some ray cells lack silica but contain a crystal instead. According to Amos
(1952) this family is largely non-siliceous, although some species may contain small
quantities of silica.

No silica grains were observed in Chaunochiton (2), Heisteria (2), Minquartia (1),
and Ptychopetalum (1).
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POLYGONACEAE

According to Metcalfe & Chalk (1950) and Amos (1952) this family is non-siliceous.
Parente (1959-1961) for the first time reported the occurrence of silica grains in the
ray cells of Triplaris gardneriana.

The present investigation proved the occurrence of silica grains in the ray cells
of four genera. There is never more than one grain per cell and, besides grain-containing
cells, there are also cells without grains, especially in Triplaris. The grains in Neomill-
spaughia are mostly globular and small-sized (up to 8 um). In Ruprechtia they are slightly
larger (up to 10 u m). In this species, besides globular ones, other shapes are sporadically
present. The grains in Symmeria are large (up to 20 um) and they are normally globular
with a granular surface. In Triplaris the grains are globular with a smooth surface and
they are always small (up to 5 um), except in T. punctata where they measure up to
8 um. Triplaris peruviana lacked silica grains, but only one sample of that species was
available so further research must prove if this is a constant feature.

No silica grains were observed in Coccoloba (13).

PROTEACEAE

In three genera, Euplassa, Panopsis, and Roupala, species with silica grains in the ray
cells and sometimes also in the axial parenchyma cells were observed. However, in
the same genera species without silica occur too. Shape, distribution pattern, and size
of the grains is very variable and there is no correlation between these characters and the
delimitation of species or genera. Mostly two types of grains occur: (1) more or less
globular, compact with a smooth surface; (2) grains with various shapes, like clusters of
small silica particles glued together. The size of the grains in Euplassa, Panopsis, and
Roupala is 4 to 10 um, 5 to 10 u m and 5 to 13 mrespectively. Only in Roupala montana
(O.N.S. 293) the grains are larger (globular ones up to 25 xm, oval ones up to 38 x 25
um). The size of the grains in the ray cells is about the same as that of those in the
parenchyma cells. In one sample of Panopsis rubescens var. simulans (L. & L. 2872)silica
grains are not present. The herbarium voucher, however, leaves some doubt as to its
correct identification; possibly it should be referred to another species.
Notwithstanding minor differences, these results are in agreement with those of
Amos (1952) and Mennega (1966). On the contrary, Chattaway (1948) reported nothing
about silica grains in this family nor did Araujo & de Mattos Filho (1974a and 1974b).
According to Engler & Prantl (1889) the genera comprising species with silica grains
are restricted to one tribe, Grevilleae. Another classification was proposed by Johnson
& Briggs (1975). Here all genera containing silica fall within the subfamily Grevil-
leoideae. An exception in both classifications is one sample of Petrophila teretifolia in
which silica grains occur in the rays and the pith, reported by Amos, 1952. Nevertheless,
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the occurrence of silica grains has so far been neglected in taxonomic studies on
Proteaceae, but it seems to be an important character in this family.
No silica grains were observed in Embothrium (1).

QUIINACEAE

The wood anatomy of this family was extensively studied by Gottwald & Parameswaran
(1967). Silica grains were reported for all species of Lacunaria investigated. Their occur-
rence was considered to be of taxonomic value.

No silica grains were observed in Froesia, Quiina, and Touroulia.

RHABDODENDRACEAE

Four samples of Rhabdodendron amazonicum were investigated. Silica grains occur in
the ray cells and probably in the axial parenchyma cells. Grains globular to oblong, with
a granular surface, size of the globular grains up to 20 um, size of the oblong ones up
to 30 x 18 um; some of them are compact and others are loosely built; normally one
grain per cell is found, sometimes two grains per cell, but ray cells without grains are
present too. The grains were not observed by Prance (1968, 1972). He even stated: ‘The
wood of Rhabdodendron differs from that of the Chrysobalanaceae in some features,
e.g. silica deposits are not present in any form’.

RUBIACEAE

The wood anatomy of this family was studied extensively by Koek-Noorman (1969a,
1969b, 1970, 1972, 1974). Except for the African genus Mitragyna no silica grains were
observed.

RUTACEAE

Only two species from two genera contain silica grains. In Erythrochiton brasiliense they
are mostly globular with a size of 7 to 20 um. Those in the axial parenchyma are oval or
oblong and less compact than those in the ray cells. There is never more than one grain
per cell. Two samples of Galipea were investigated and silica occurs only in one sample.
The grains are globular, with a granular surface (size up to 18 um) and there is never
more than one grain per cell.

No silica grains were observed in Adiscanthus (1), Balfourodendron (1), Citrus (1),
Cusparia (1), Esenbeckia (2), Fagara (1), Helietta (1), Hortia (1), Metrodorea (1), Pilo-
carpus (1), Rauia (1), and Ticorea (1).
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SABIACACEAE

Silica grains occur in two samples of Meliosma sinuata and two samples of the same
genus not identified to species. In two samples the grains look like a cluster of small
silica particles glued together, in the other two samples they show a compact structure.
Grains mostly globular or oval, sometimes oblong, with a granular surface, size of
the globular ones up to 25 um, size of the oval/oblong grains up to 50 x 20 um; there
is never more than one grain per cell but normally most of the ray cells are without
silica.

SAPINDACEAE

In this family silica grains seldom occur (Amos, 1952). There is only one genus from the
neotropics, Toulicia, in which silica was observed. The occurrence is not constant which
means that, in the same species, samples with and samples without grains can be found.
The grains occur in the axial parenchyma, especially in the broad bands which are in
contact with the vessels. They show various shapes and their size is about 13 um.

No silica grains were observed in Allophyllus (2), Cupania (4), Matayba (3), Pseudima
(1), Sapindus (1), Serjania (1), Talisia (10), and Vouarana (1).

SAPOTACEAE

One or more species from twenty-one genera were investigated. In one genus only,
Manilkara, silica grains were not observed.

The genus Chrysophyllum comprises both species with and species without silica. In all
other neotropical genera investigated silica grains are always present. According to
Gonggrijp (1932), Amos (1952), Murthy (1965) and Sharma & Rao (1970) in most genera
from Africa and Asia, species with and species without silica are normally present in the
same genus. We thus see a marked difference between all but one genera from the neo-
tropics and genera from the palaeotropics, as regards their silica contents, and one
wonders if, perhaps, taxonomists have been more successful in the delimitation of neo-
tropical genera than they have been with genera in the Old World. Normally thereis one
grain per cell but sometimes cells with two grains are present.

The grains in Achrouteria are sporadic but they are always large (up to 80 X 40 um).
The entire ray cell is often completely filled by the grains.

In Calocarpum various shapes occur, the globular ones measure up to 25 um and the
oval ones show a size of up to 30 X 18 um. Sometimes the grains are fragmented.
Caramuri contains silica grains in the ray cells and the axial parenchyma cells. There is
no difference in shape and size (up to 15um). They areall globular. As mentioned before,
in Chrysophyllum species with and species without silica are present. No grains were
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observed in C. gonocarpum and C. viride. According to Dr. J. C. Lindeman these species
are easily separated on morphological characters from the other, silica containing,
species. Grains globular, oval or oblong, with a granular surface, size of the globular
ones 15 to 23 um, size of the oblong ones up to 30 X 13 um. In C. marginatum and C.
schomburgkianum the grains in the procumbent ray cells are smaller than those in the
square or upright ray cells. In Ecclinusa the grains are mostly globular but other shapes
may be present as well. Size of the globular grains 10 to 25 um, of the oblong ones up to
30 X 17 um. In E. balata the grains in the procumbent cells are smaller than those in the
square or upright ray cells. On the contrary, in E. ramiflora the largest grains are found
in the procumbent ray cells.

Globular grains (up to 10 #m) with a granular surface occur in Eremoluma. In Franche-
tella the grains mostly are globular, but other shapes are present as well. Size up to 10um.
Those in the axial parenchyma do not differ from those in the ray cells.

Only one sample of Lucuma ephedrantha from Amazonas was investigated. Although
Gonggrijp (1932) and Amos (1952) described this genus as non-siliceous, silica grains
with a globular shape are frequently present. Those in the procumbent ray cells are
smaller (up to 8 um) than those in the square or upright ray cells which measure up to
15pum.

The grains in Micropholis show various shapes but most of them are globular, and
measure 10 to 20 um. Normally, they are not present in the procumbent ray cells, but, if
sporadically present, then they are much smaller than those in the upright or square
ray cells.

In Nemaluma globular grains and grains of other shapes are present. The globular
grains are up to 15 um, the oblong ones are upto28 X 15um. The square or upright ray
cells mostly do not contain silica grains.

In Neopometia grains with various shapes occur, measuring up to 15um. Contrary to
the other genera, the occurence of silica grains in the axial parenchyma of Neoxythece
seems to be constant. There is normally one grain per ray or parenchyma cell, but some-
times two grains per cell occur. Various shapes are present, globular grains up to
20 um, oblong ones up to 28 x 15um. o~ |

Twenty species of Pouteria were investigated. The grains, restricted to the ray
cells, are mostly globular (18 to 25 um). The marginal ray cells in P. caimito sometimes
lack grains. In the procumbent ray cells of four species, P. glomerata, P. krukovii, P.
mensalis, and P. pariry, the grains are smaller than those in the square or upright ray
cells.

The surface of the grains in Pradosia is sometimes smooth. They measure upto9um
and are mostly globular. In Pseudocladia and Pseudolabatia they are globular, with a
granular surface, and measure up to 15um. Various shapes from globular to more or less
oval occur in Radlkoferella. The maximum size is about 18 um.

Only one sample of Richardiella was investigated. The shape shows a continuous
variation from globular (up to 20 zm) to oval (up to 28 X 15xm). Globular grains witha
granular surface and up to 15 um occur in Sandwithiodoxa. In Sarcaulus grains with
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various shapes are present but globular ones are most frequently found. Size up to
ca. 15 um.
No silica grains were observed in Manilkara (8).

SIMARUBACEAE

Silica grains occur in some species of one genus, Simaba. In the same sample various
shapes, from globular to oblong, are present. Size of the grains in S. multiflora: globular
ones up to 13 um, oblong ones up to 18 X 10 um. In S. alata and S. guianensis they are
smaller (max. 8 um). The grains were not observed by Webber (1936) in her study on the
wood anatomy of the Simarubaceae.

No silica grains were observed in Aeschrion (1), Picramnia (3), Quassia (1), and
Simarouba(1).

STYRACACEAE

Five species of Styrax were investigated and only one is without silica (S. argenteus from
Panama). In the other species, the grains are small to very small (4 to 8 um) and often
loosely built. The shape is variable. They are mostly found in the square or upright ray
cells although they sometimes occur sporadically in the procumbent ray cells. There is
never more than one grain per cell. According to Amos (1952) two species from Malaya
and Indonesia are without silica. In contrast, Gonggrijp (1932) reported very small
grains in S. sumatrana from Indonesia.

THEOPHRASTACEAE

All samples investigated from the genus Clavija contain silica grains in the ray cells. They
are mostly globular but other shapes are present as well. In C. lancifolia the grains reach
a maximum size of 23 um, whereas they do not exceed 10 um, in C. parviflora. There is
never more than one grain per cell, but they do not occur in all ray cells, particulary not
in C. parviflora.

TILIACEAE

In one neotropical genus, Luehea, silica grains occur. Their presence is not constant in
this genus, because L. seemannii from Panama (Stern et al. 1839) lacks silica. Grains
globular with a smooth surface, size up to 7 um, never more than one grain per cell, part
of the ray cells contain crystals instead of silica grains.
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No silica grains were observed in Apeiba (3), Christiania (1), Heliocarpus (1), Lue-
heopsis (3), and Mollia (2).

THEACEAE

The occurrence of silica grains in this family is restricted to the ray cells in one genus,
Ternstroemia. Two species contain silica and 5 other species lack silica (T. browniana,
T. circumcissilis, T. delicatula, T. schomburgkiana, and T. seemannii). Grains globular and
mostly with a smooth surface, size max. 5 um, never more than one grain per cell, but
most ray cells do not contain silica.

No silica grains were observed in Cleyera (1), Laplacea (1), and Pelliciera (1).

VERBENACEAE

Silica grains occur in the ray cells in three species of Vitex. On the contrary, 8 other
species lack silica (V. amazonica, V. cooperi, V. cymosa, V. excelsa, V. krukovii, V. orino-
censis, V. stahelii, and V. triflora). In V. compressa there is one grain present in every ray
cell. They are mostly globular and sometimes oblong (max. size 20 um). One sample of
V. floridula contains globular grains in the ray cells. Shape and distribution pattern is
like that in V. compressa. Size of the grains up to 15 um. In another sample of the same
species silica is not present. This sample contains many septate fibres which were hardly
found in the sample with silica grains. Loosely built grains of various shapes occur in the
septate fibres of V. megapotamica. Max. size 9 um. Their occurrence is abundant.
No silica grains were observed in Aegiphila (2), Citharexylum (3), and Petraea (1).

VOCHYSIACEAE

In this family the grains are restricted to the ray cells of one genus, Qualea. Although
Amos (1952) reported that some species of this family may have small quantities of
silica, Normand (1966, 1967) used this characterin hiskeyto determinethe Vochysiaceae
from the Guianas. The grains are most obvious in Q. albiflora and Q. acuminata. They
vary in shape but they are mostly globular. Size of globular ones up to 15 um, of oval
ones up to 25 X 13 pm. In Q. acuminata they are most frequent near the vessels. Grains
occur sporadically in the rays near the vessels in Q. coerulea. Grains of various shapes
and as large as 10 um. Globular grains with a smooth surface occur in Q. ingens var.
ingens and Q. rosea. The grains are small (3 to 5 um). Another typeis found in Q. ingens
var. ingens too. These grains are loosely built and show a granular surface, their shape is
variable. In Q. cordata, Q. cryptantha, and Q. dinizii silica grains were not observed.
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Normand (1966, 1967) reported the frequent occurrence of silica grains in the ray cells
of Q. tricolor.
No silica grains were observed in Callisthene (1), Erisma (5), Salvertia (1), and Vochysia

(13).

DISCUSSION

According to Amos (1952) the occurrence of silica grains is a very promising diagnostic
character. In the present study, two or more samples of 117 siliceous species (including
the Chrysobalanaceae) were investigated. In 110 species the presence of silica grains is
constant (94%,), in the remaining seven species the occurrence is variable.

The distribution of the grains over the various tissues is as follows: ray parenchyma
85%, axial parenchyma 209, fibres 4%;, and tyloses of the vessels 4%, Silica grains some-
times occur in more than one tissue and therefore the sum of the percentages is over
100%. The occurrence of tyloses being variable in a species, the presence of silica grains
in tyloses is of no absolute diagnostic value. Species in which the grains are restricted to
the axial parenchyma or to the fibres constitute only a small portion of the siliceous
species. However, as in these species the occurrence of silica grains in those tissues is
very constant it is also of diagnosticimportance. However, when grainsare not restricted
to the axial parenchyma and fibres only, but also occurinothertissues ofthe same sample
their presence in axial parenchyma and fibres is variable, Similarly the occurrence of
silica grains in the rays is most constant in those species where the grains are restricted
to the rays only. According to these results it is concluded that the occurrence of silica
grains is a valuable diagnostic character on the species level, especially when the grains
are restricted to one tissue.

In about 60%, of all the material investigated, the occurrence of silica grains in a genus
is constant. Therefore, though in many instances the presence of silica grains may be
valuable as a diagnostic feature, it is not of such great importance at the genus level.

The diagnostic importance of the grains at the family level is very small. Besides the
Chrysobalanaceae, only a few, mostly small or monotypic families, show a constant
occurrence of the grains. .

The surface of the grains may be smooth or granular. Grains with a smooth surface
are less frequent than the ones with a granular surface. Although this smooth surface
was not studied by means of scanning electron microscopy, it should be interpreted as
‘not granular’. Grains with this type of surface are always small or medium sized
(= 10 um). Granular surfaces show a considerable variation (Plate 2/6—11). At present
this character has not been sufficiently studied. As Scurfield et al. (1974a) and Hirata
et al. (1972) also described various types of granular surfaces, it might be of interest to
study this phenomenon more extensively, especially with regard to its possible diagnos-
ticvalue.

The size of the grains is very variable as pointed out by ter Welle (1976). The best way
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Plate 1.—Distribution patterns of silica grains in the rays; 1, Licania leptostachya. Globular grains in all ray
cells; 2, Licania majuscula. Globular to oval grains in all ray cells; 3, Lecythis davisii, Oblong grains in part of
the ray cells; 4, Trattinickia demerarae. Almost globular grains, restricted to the marginal ray cells; 5,
Mezilaurus itauba. Globular grains grouped together in short horizontal bands of ray cells.

to make a good use of this character is probably found in introducing the following
categories:
(1) grains small (£ 5 pm),
(2) grains medium-sized (6—15 um),
(3) grains large (= 15 pm).
Logically, this classification will apply to globular grains only.
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Plate 2.—Various shapes and surfaces of the silica grains (SEM); 6, Senefeldera macrophylla. Oblong grains in
the ray cells; 7, Achrouteria pomifera. Strongly granular surface of silica grain in a ray cell. The entire cell
lumen is filled; 8, Erythroxylon citrifolium. Silica grains with various shapes in the ray cells. Note the
dense inner side of the broken grain (arrow); 9, Same sample as 8, showing an oval grain in a ray cell, the
surface is less granular than that of the grains in 6 and 7; 10, Couratari stellata. Oblong grain. The granular
surface is quite different from that of 7; 11, Erythroxylon nitidum. More or less oblong grain in a ray cell. The
surface is irregular and varies from granular to nearly smooth.
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