



                                   
                








       
       






      
























Euphorbiaceae is known by its explosively

dehiscent dry fruits, described as schizocarps with
three elastically dehiscent mericarps (cocci) and
persistent columella (Webster 1994). While this

type of fruit is prevalent in Euphorbiaceae, fleshy
and indehiscent fruits are also found in the different
subfamilies (Webster 1994; Esser 2003).

There are many anatomical studies on the
Euphorbiaceae seeds, but few studies on the structure
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of the fruits have been carried out (Sablon 1884;
Lavialle & Delacroix 1922 a,b,c; Oliveira & Oliveira
2009), and only Lavialle & Delacroix (1922a) have
studied the ontogeny of the fruits in Euphorbia

L. species. The researches are usually restricted
to the analysis of the seeds, of which size, shape,
ornamentation, seed coat anatomy, development
of the endosperm and configuration of the
embryo are taxonomically important
characteristics, specially to the generic and
specific levels (Jordan & Hayden 1992; Simon et

al. 1992; Webster 1994).
Secretory structures are rare in Euphorbiaceae

fruits and little to no emphasis is given to them in
the few anatomic studies already made. The data
contained in literature basically refer to the
presence of the caruncle (elaiosome), secretory
exotesta and sarcotesta in some few species
(Jordan & Hayden 1992; Webster 1994; Lisci et

al. 1996; Tokuoka & Tobe 2002), and there are few
studies reporting the presence of laticifers and
secretory idioblasts at the pericarp (Lavialle &
Delacroix 1922a,b,c; Jimenez & Morales 1978;
Oliveira & Oliveira 2009).

The presence of a caruncle is a common
characteristic in Euphorbiaceae (Webster 1994).
This structure develops from the outer integument,
at the micropyle region, and has a well-defined
ecological function of secondary dispersion by ants
(elaiosome), besides acting in the seed dehydration,
hydration, dormancy, and water storage (Webster
1994; Lisci et al. 1996). Although the presence of a
mucilaginous exotesta has been reported for many
species of Euphorbia (including Chamaesyce;
Carlquist 1966; Jordan et al. 1985; Jordan & Hayden
1992), those reports are mostly based on the
secretion aspect, and neither the chemical
composition of the secretion nor the characteristics
of the secreting cells were observed.

The ovule and the seed of Euphorbia milii

have already been described by Bor & Bouman
(1974) and, although they have described the
exotesta as mucilage-secreting due to the viscous
aspect and the white coloration of the secretion
which surrounds the seed, no tests were carried
out to determine its real composition.

In the Euphorbiaceae species with dry fruits,
the dispersion usually occurs by autochory or
diplochory, and zoochory in some cases (Webster
1994; Esser 2003; Narbona et al. 2005). Diplochory
is very common in Euphorbiaceae and is known
as “euphorbia-like” dispersion, even though not

all species in the genus have its secondary
dispersion done by ants (Berg 1975; Webster
1994; Esser 2003).

The present study aimed to describe the
pericarp ontogeny of Euphorbia milii Desmoul.,
including its secretory structures, and evaluate
structurally and histochemically the data presented
by Bor & Bouman (1974) for the secretory exotesta
and for the occurrence of the caruncle in this
species. This data can assist in understanding the
process which leads to seed dispersion through
explosive dehiscence, the possibility of secondary
dispersion by ants and the function of the exotesta
secretion for the seed germination.


Cyathia and fruits of five individuals of

Euphorbia milii Desmoul. were collected in the
city of Campinas (22°54’20’’S/ 47°03’39’’W) and
fixed in FAA (formalin, acetic acid, alcohol 50%)
for 24h (Johansen 1940) or NBF (neutral buffered
formalin) in 0.1M pH 7.0 sodium phosphate buffer
(Lillie 1965) for 48h and preserved in 70% ethyl
alcohol. Voucher specimens of the analyzed
individuals were deposited in the UEC Herbarium
(05.X.2001, D. Demarco 2; 03.V.2004, D. Demarco
12, 13).

Fruits in early development (about 2.5 mm
high and 3.0 mm wide) were isolated, dehydrated
in a butyl series (tertiary butyl alcohol; Johansen
1940), included in Paraplast, and 8 µm thick
sections were made using a Microm HM340E
rotary microtome, stained with astra blue and
safranin (Gerlach 1984). The slides were mounted
in synthetic resin. The other fruits were
dehydrated in an ethanol series, included in
hydroxyethylmetacrylate (Gerrits 1991),
sectioned at a thickness of 25 µm and stained
with Toluidine Blue 0.05%  (O’Brien et al. 1964)
in acetate buffer pH 4.7.

For the micromorphological analysis, seeds
fixed in FAA were dehydrated in an ethanol series,
critical point dried, and mounted and metalized with
gold. The observations and the images obtained
were made using a (MEV) Jeol JSM 5800 LV
scanning electron microscope to 10 kV with a built-
in digital camera.

For the histochemical analysis of the exotesta
secretion and occurrence of caruncle, mature seeds
fixed in FAA (for the tests with hydrophilic
substances) and NBF (for the tests with lipophilic
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substances) were used, included in plastic resin.
The performed tests were: ruthenium red
(Gregory & Baas 1989) and alcian blue (C.I. 74240;
Pearse 1985) for acidic mucilage, tannic acid and
ferric chloride for mucilage (Pizzolato 1977),
Periodic-Acid-Schiff’s reagent; pararosaniline
(C.I. 42500) for carbohydrates (McManus 1948),
Sudan black B (C.I. 26150) and Sudan IV (C.I.
26105) for total lipids (Pearse 1985), Nile blue (C.I.
51180) for acidic and neutral lipids (Cain 1947),
copper acetate and rubeanic acid for fatty acids
(Ganter & Jollés 1969, 1970), ferric chloride
(Johansen 1940) and potassium dichromate
(Gabe 1968) for phenolic compounds.

Seeds were kept for 48h in a solution
composed of methanol, chloroform, water and
hydrochloric acid (High 1984) for test control for
lipophilic substances. After this period, the
material was fixed in NBF and received the same
treatment of the other pieces. The controls of the
tests for hydrophilic substances were made
according to the respective technique.

The photomicrographs were obtained using
an Olympus BX51 microscope and a Kodak
ProImage ISO 100 film. The scales of the figures
were obtained using a micrometer blade
photographed in the same optical conditions as
the other illustrations. The measurements of the
fruits were made using a digital caliper to an
accuracy of 0.01 mm.



The Euphorbia milii fruit is a dry, trilobate

schizocarp, which is 4 to 5 mm in length and 4.5 to
5 mm in width, glabrous, presents three mericarps
(Fig. 1a-b) and is elevated above the cyathium
involucre due to the growth of the peduncle (Fig.
1c-d). As the pericarp desiccates, its surface becomes
irregular and gets a striated appearance (Fig. 1a-b).
The immature fruit, with the individualized mericarps,
is red, and at maturity, after the desiccation which
precedes the dehiscence, becomes brown. The
constant dehydration of the fruit causes the mericarps
to detach in relation to the central columella, and
they open at the locule, throwing their halves
(valves) and then the seed (Fig. 1e) far away from
the mother plant. Only the central columella remains
above the peduncle (Fig. 1d). Thus, the fruit initially
presents the individualization of the mericarps, and
then septifragal and loculicidal dehiscences,
releasing the seeds (Fig. 1e-f).


The pistillate flower is consisted only of the

three-carpel syncarpous gynoecium, containing
one ovule per locule (Fig. 2a). The ovary wall
consists of unistratified outer epidermis with square
cells, in transversal section, and a voluminous
nucleus; ground tissue consisted by six to ten
parenchymatous cell layers (Fig. 2b), where vascular
strands, idioblasts and laticifers are scattered; and
unistratified inner epidermis with voluminous
nucleus, in center position (Fig. 2b).

The fruit begins its development while still
inside the cyathium involucre. The endocarp is
periclinally divided forming two layers of cells (Fig.
2c) and, together with those modifications,
parenchymatous cells are divided and elongated,
forming the mesocarp.

At the next stage, the modifications still
happen only at the mesocarp and endocarp of each
mericarp, and the exocarp does not show any other
modification, except for anticlinal divisions that
follow the fruit growth. At the mesocarp, the
divisions in different planes (Fig. 2d) add volume
to the fruit, and the increase of the laticifers (Fig.
2c) and of the vascularization is observed. The final
mesocarp layer, adjacent to the bistratified endocarp,
begins its elongation radially, presenting a voluminous
nucleus at this stage. The endocarp cells start its oblique
elongation, 45° tilted in relation to the biggest axis of
the fruit (Fig. 2d).

At a third stage, the three mericarps are well
defined and the pericarp presents an unistratified
exocarp, whose cells present periclinal convex
external wall and dense aspect cytoplasm (Fig. 2e).
The mesocarp presents the laticifers and vascular
strands at their biggest size, very evident at this
time, the dorsal strand and the two ventral strands
(Fig. 3a-b, d).

The final mesocarp layer reaches its maximum
radial elongation, forming a palisade layer (Fig. 2e,
3a,c-d, 4a). Adjacent to this layer, two to four
mesocarp layers are obliquely elongated, 45° tilted
in relation to the biggest axis of the fruit and
perpendicular to the obliquely elongated endocarp
cells. The bistratified endocarp is once again divided
and the resultant cells also elongate obliquely,
forming three to four cell layers (Fig. 2e, 3a, 3c, 4a).
At this stage, we can observe the interruption of the
mesocarp with oblique and radially elongated cells
and of the oblique endocarp, near the dorsal and
ventral vascular strands (Fig. 3a-d, 4b), forming the
future lines of dehiscence of the fruit.
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After this stage, the cell divisions cease, and
the oblique cells of the mesocarp, of the palisade
layer and the endocarp oblique cells reach their
maximum elongation and become lignified (Figs.
3a-d, 4a-d).

The pericarp of a mature fruit is consisted of:
1) unistratified exocarp; 2) mesocarp, parenchymatous
on the outside, where the vascular strands and the

laticifers are scattered; 3) lignified inner section of
the mesocarp, composed of three to four layers
of cells, elongated 45° in relation to the biggest axis of
the fruit; 4) unistratified, lignified, palisade layer, as
the innermost layer of the mesocarp; 5) endocarp with
three to four elongated cells layers, perpendicular to
the oblique mesocarp cells, also lignified, and a non-
lignified layer coating the locule (Fig. 4c).

a b c
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At the beginning of the fruit ripening process,

a degeneration of parenchymatous cells of the
mesocarp occurs at the basal (Fig. 3a) and apical
(Fig. 3c) thirds of the fruit, but at the middle third, a
compression of the parenchymatous cells occur, and
the mericarps remain joined together and to the
central columella by a layer of very thin collapsed
cells and by the vascular strands (Fig. 3b).

Posteriorly, with the increase in the fruit volume
and by an autolysis process, the parenchymatous
cells of the mesocarp break at the septal region,
dividing the fruit in three mericarps (Fig. 1a-c). At
this stage, the mericarps, unbroken and preserving
the seed, are tied to the central columella only by the
apical and basal thirds. This is the beginning of the
septifragal dehiscence.

At this stage, each mericarp begins to lose water,
which leads to the contraction of the parenchymatous
cells of the mesocarp outer portion (Fig. 4d) and
changes the fruit coloration from red to brown. This
desiccation increases the tension among the lignified
layers of oblique cells, the endocarp and the mesocarp,
and the palisade layer, exerting forces in different
directions, as they are elongated to different
directions. The tension keeps rising until the
mericarps are completely released from the central
columella, completing the septifragal dehiscence. Next,
the pericarp of each mericarp breaks at the two
weakest parts: along the dorsal strand (loculicidal
dehiscence, Fig. 3d) and next to the ventral strands,
where the lignified layers are abruptly interrupted (Fig.
4b). The rupture at the locule occurs in an explosive
way, and throws the seeds together with the twisted
halves of each mericarp far away from the mother plant,
leaving behind the central columella over the peduncle
(Fig. 1d), sometimes with the styles and stigmas.

The fruit, thus, presents at first a septicidal
and a partially septifragal separation, originating
the three mericarps, and then, at a second stage,
the septicidal dehiscence occurs together with the
loculicidal dehiscence at the ventral and dorsal parts
of each mericarp to release the seeds.

 
Two types of secretory structures are present

at the E. milii pericarp: idioblasts (Figs. 2e, 3a,c)
and laticifers (Fig. 2c,e), the two of them at the non-
lignified part of the mesocarp.

The idioblasts are already present in the
pistillate flower (Fig. 2a), but at a small amount. In
the fruit, all of the exocarp cells, except for the guard

cells, present secretory substances inside (Fig. 2e,
4a). Secretory cells differentiate at the mesocarp,
forming the hypodermis, which presents one to two
cell layers adjacent to the exocarp (Fig. 2e). Besides,
idioblasts abound at the septa (Fig. 3a-c), at the
region where the division of the mericarps occurs.
The secretion from these secretory structures
occupies almost all of the cell lumen (Fig. 3a,c) and
is stained in green by the toluidine blue.

The laticifers are apparently the same as those
at the ovary wall, and no neoformation of these
structures was observed during the fruit
development. They are located at a region where
very little cell proliferation occurs (Fig. 2c,e) and
they are little branched.


On the mature seed, a protuberance is

observed next to the hilum (Fig. 1e), composed of
palisade exotegmen cells, which are lignified and
longer then at the rest of the seed, and by the
proliferation of the other cell layers of the tegmen
(Fig. 4e). This proliferation of the inner tissues
constitutes a pseudocaruncle (Fig. 1e), originated
at the endostome region and with no storage of
substances (Fig. 4e). The histochemical tests have
not detected reserve substances in this tissue.

On the other hand, the uniseriate exotesta is
secretory, and starts its glandular activity (Fig. 5a)
after the lignification of the pericarp tissues, just
before the dehiscence. All of the exotesta cells are
secretory (Fig. 5b-h), including those at the
pseudocaruncle region next to the hilum (Fig. 5d),
and have different shapes along the irregular
surface of the seed (Figs. 1e,f, 5b-h). The cells at
the higher regions are globose (Figs. 1f, 5a-h), while
those at the cavities are elongated (Figs. 1f, 5c,
f-g). The cell walls are thin (Fig. 5a-c), stain in
magenta by the Toluidine Blue and are coated by
a thin cuticle (Fig. 5c). At the beginning of the
secretory activity, the cells present a dense aspect
cytoplasm and the nucleus at a central position
(Fig. 5a). The secretion produced by these cells is
released by the cytoplasm, but does not cross the
cell wall, and accumulates at the space between
the protoplast and the wall, referred to as
periprotoplastic space for the first time in this
work. During the secretory activity, the protoplast
contracts, and at the end, the secretion occupies
all the cell lumen; then, the protoplast
disintegrates almost completely (Figs. 5b-c,e-g).
The secretion, which in vivo is white and coats
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the mature seed, is exclusively mucilaginous, and
is responsive to tannic acid and ferric chloride
(Fig. 5d-e), ruthenium red (Fig. 5f), alcian blue
(Fig. 5g) and PAS (Fig. 5h). Lipids and phenolic
compounds have tested negative.


Most of the Euphorbiaceae fruits are

schizocarps with three mericarps and explosive
dehiscence, but there are also fleshy or indehiscent
fruits (Webster 1994; Esser 2003). Some species
present dry fruits with colored and fleshy seeds,
such as the Sapium Jacq., and others present red
coloration, which may indicate seed dispersal by
birds, and also the presence of dry fruits with thorns,
which may indicate the occurrence of epizoochory,
such as Mallotus Lour. and Chaetocarpus Schreb.
Despite the morphological diversity of the fruits
found in species of this family, few genera vary
according to the type of fruit (Esser 2003). Some
authors consider the predominant Euphorbiaceae
fruit type as a capsule (Sablon 1884; Berg 1975). In
this case, it is considered a tricocca capsule, as
described for Manihot caerulescens Pohl and M.

tripartita Müll. Arg. (Oliveira & Oliveira 2009) and
Euphorbia (Subils 1977; Jimenez & Morales 1978),
except for a few cases, such as Mercurialis annua

L., whose fruit is a capsule with two lobes separated
by a septum (Lisci & Pacini 1997).

Euphorbia milii presents a schizocarp with
three mericarps having a glabrous, irregular surface,
and it is about 5 mm in length and width. In other
Euphorbia species, the fruits vary from subcircular
to trilobate in frontal view, having an irregular
surface, with indumentum or glabrous, and
dimensions varying between 2.38 × 2.66 mm and
4.7 × 5.19 mm among the species and even in the
same population (Subils 1977; Simon et al. 1992).
So, the sampled E. milii fruits, although small in
size, are among the largest ones when compared to
other species of the genus.

The modifications on the pistil wall for fruit
formation here observed are similar in all species of
Euphorbia. The outer epidermis and the external
region of the ground tissue, which contains the
vascular strands and laticifers, do not present any
remarkable difference, as opposed to inner region,
which forms three sclerified zones on the mature
fruit (Lavialle & Delacroix 1922a,b,c; Jimenez &
Morales 1978). This same fruit structure is also
found in dry fruits from other Euphorbiaceae genera,
such as Hevea (Muzik 1954), Manihot (Toledo 1963;

Oliveira & Oliveira 2009) and Mercurialis (Sablon
1884; Lisci & Pacini 1997).

The first significant changes during the
development of the E. milii fruit take place at the
ovary inner epidermis, and originate the endocarp
with three to four layers of lignified oblique cells,
except for the innermost layer, which does not
lignify. In several Euphorbia species, the ovary
inner epidermis also multiplies, forming a sclerified
zone with one to four fiber layers 45º tilted in relation
to the fruit axis; yet, the cells coating the locule
elongate, forming trichomes that vary in structure
and size (Lavialle & Delacroix 1922a, b, c; Jimenez
& Morales 1978).

In E. milii, the lignified part of the mesocarp,
in its inner region, consists of a layer of palisade
cells and about four layers of oblique cells. Likewise,
in other species of the genus, the layer of
parenchymatous subepidermal cells elongates only
radially, forming a palisade sclerified zone, and the
last sclerified zone is also formed by three to four
elongate fiber layers, 45º tilted perpendicular to the
inner tilted fibers. This last zone has no important
variations amongst the species of the genus, unlike
the others, which present varying characteristics
according to the species (Lavialle & Delacroix
1922a,b,c). According to Jimenez & Morales (1978),
the E. atropurpurea Brouss. palisade zone is
consisted of two cell layers, unlike the other
species of the genus.

In the E. milii pericarp, as well as in the other
Euphorbia species, the vascular strands distribution
is the same as in the ovary, with variations only in
the degree of development of the elements;
furthermore, neither the outer parenchymatous zone
to the strands nor the exocarp show significant
variation during the fruit development (Lavialle &
Delacroix 1922a,b,c; Jimenez & Morales 1978).

This constitution of the pericarp in the
Euphorbia species divided in three sclerified zones,
two of them consisted of obliquely elongated fibers
and perpendicular to each other with a intermediate
palisade zone (Lavialle & Delacroix 1922a,b,c) is very
common in the Euphorbiaceae species that have dry
fruits, and was described for Mercurialis species
(Sablon 1884; Lisci & Pacini 1997) and Manihot

(Toledo 1963; Oliveira & Oliveira 2009).
During the development of the E. milii fruit, a

lysis of the septa parenchymatous cells occurs,
dividing the fruit into three mericarps, which one
with having a seed. After reaching its maximum
dimensions, the fruit starts a desiccation process
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due to increase in ambient temperature, causing a
growing mechanical stress at the lignified tissues
which, due to the different cell elongation
orientations of each of the three zones, causes the
explosive dehiscence of the mericarps along the
dorsal strand (loculicidal dehiscence), throwing the
seed distant from the mother plant. Each one of the
mericarps halves (valves) acquires a helical aspect
during the dehiscence, due to the contractions in
opposed directions at the sclerified zones, aiding
the projection of the seeds.

As observed in this study, nine break lines
were observed in fruits of other Euphorbia species:
three passing through the carpels plane of
symmetry (loculicidal), three in the sutural plane
until the central columella (septicidal), and three
separating the mericarps from the central columella
(septifragal), originating six valves, which correspond
to the halves of each mericarp, and acquire a helical
aspect when separated (Lavialle & Delacroix
1922c; Jimenez & Morales 1978). The central
columella is also persistent in E. atropurpurea
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(Jimenez & Morales 1978). The loculicidal
dehiscence caused by the desiccation provoked
by temperature and the different degrees of
contraction between the layers of lignified cells,
of different orientations, was observed in dry fruits
of Euphorbiaceae since the first studies on fruits
anatomy for species of this family (Sablon 1884)
and also described for Beyeria viscosa Miq.,
Manihot utilissima Pohl, Manihot tripartita e
Mercurialis annua (Toledo 1963; Berg 1975; Lisci
& Pacini 1997; Oliveira & Oliveira 2009).

The secretory structures found in the E. milii

fruit are idioblasts and laticifers. There are no
anatomical records of secretory hypodermis in fruits
of other species of the family, and only the presence
of laticifers was reported in some species (Lavialle
& Delacroix 1922a,b,c; Muzik 1954; Toledo 1963;
Jimenez & Morales 1978; Oliveira & Oliveira 2009),
and phenolic idioblasts only in Manihot

caerulescens e M. tripartita (Oliveira & Oliveira
2009). All of the exocarp cells, except for the guard
cells, accumulate substances during the
development of the fruit, which gives a reddish color
to the pericarp before its desiccation. Both the
hypodermal cells and the several idioblasts present
in the septa secrete phenolic compounds which
stain green by the toluidine blue. At least part of
the phenolic compounds found in some septa cells
seem to be related to the death of those cells.
Secretory cells of phenolic compounds were also
found aplenty underlying the exocarp and in the
septa of Manihot species (Oliveira & Oliveira 2009).

The laticifers are present near the vascular
tissue and in the parenchymatous mesocarp
(between the vascular strands and the exocarp).
Apparently, the laticifers present in the pericarp
are the same which were present at the ovary.
Although there can be a growth of the laticifers
following the fruit growth, its neoformation was
not observed. The Euphorbia species, in general,
have laticifers in the parenchymatous region of the
pericarp (Lavialle & Delacroix 1922a,b,c), but in E.

atropurpurea, they occur in all of the ground tissue
and in the phloem (Jimenez & Morales 1978); in
Manihot utilissima, they are associated mainly with
the phloem (Toledo 1963), but may be formed and
scattered through the mesocarp in other species,
such as M. caerulescens, M. tripartita (Oliveira &
Oliveira 2009) and Hevea brasiliensis (Willd. ex
A.Juss.) Müll.Arg. (Muzik 1954), where most of
them are formed after the capsule raises
considerably in size. The production of phenolic

compounds and latex by E. milii fruits is related to
defense against frugivory during the development
until the fruits become mature and release its seeds.

The dispersion of E. milii seeds is autochorous,
through the explosive dehiscence of the pericarp.
The autochory is primitive in Euphorbiaceae, and is
present in many genera. However, species having
their seed dispersal by ants and fleshy fruits
dispersed by birds are also frequent (Berg 1975;
Webster 1994; Lisci & Pacini 1997; Esser 2003;
Narbona et al. 2005). The distance reached with
explosive autochory is small, and in many species it
is increased secondarily via myrmecochory. The
Euphorbia species, in most cases, have seeds with
elaiosomes which attract ants and promotes a
secondary dispersion (Berg 1975; Narbona et al.
2005). This type of dispersion is a Diplochory known
as “euphorbia-like”, and the differences between the
distances reached by autochory and, posteriorly,
by myrmecochory, depend on the seed mass and
elaiosome retention (Berg 1975; Esser 2003; Narbona
et al. 2005). This type of dispersion was also recorded
in Beyeria e Mercurialis (Berg 1975).

Morphologically, the elaiosome can be a
caruncle, an  aril or a chalazal protrusion (Boesewinkel
& Bouman 1984). This appendix contains reserves,
usually lipids, but proteins and starch were also
recorded (Liszt et al. 1981; Lisci et al. 1996; Lisci &
Pacini 1997). Several functions are attributed to the
elaiosomes, such as dehydration, hydration,
dormancy, and water storage (Lisci et al. 1996), and
in Euphorbiaceae, they are usually attached to a
caruncle (Berg 1975), which has been mentioned for
several genera (Singh 1969; Toledo 1963; Liszt et al.
1981; Lisci et al. 1996; Tokuoka & Tobe 2002;
Narbona et al. 2005). According to Tokuoka & Tobe
(2002), only 10 Acalyphoideae genera have caruncle
seeds, and in Crotonoideae and Euphorbioideae, the
seeds present caruncle in most genera, but its
presence can vary in a same tribe or in different
species of a same genus; this occurs in Euphorbia

(Simon et al. 1992; Webster 1994), where its presence
was considered primitive (Simon et al. 1992).
According to Subils (1977) and Jordan & Hayden
(1992), the presence or absence of the caruncle in
Euphorbia species has a taxonomic value.

According to Bor & Bouman (1974), the mature
seed of E. milii has an inconspicuous caruncle on
the ventral micropylar side; however, this seed
protuberance is due to a proliferation of tegmen
tissues at the endostome region, as also observed
by the referred authors, and therefore cannot be
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considered as a caruncle, since the caruncle results
from the ovule outer integument at the micropyle
region (Kapil et al.1980). For this reason, such
protuberance is named pseudocaruncle in this study.
In addition, the cells in this pseudocaruncle do not
accumulate reserve substances or allow secondary
dispersion by ants.

On the other hand, the seeds of E. milii have a
secretory exotesta. According to Werker (1997), this
layer can be continuous or discontinuous, and Bor &
Bouman (1974) described the exotesta secretory cells
of E. milii as restricted to the high portions of the
seed coat, and the others as non-secretory papillose
cells; however, in this study, it was observed that all
of the exotesta cells are secretory, although having
different shapes. The presence of secretory exotesta
has been related for other Euphorbia species
(including Chamaesyce) (Carlquist 1966; Jordan et al.
1985; Jordan & Hayden 1992).

The exotesta cells start its secretory activity
just before the fruit dehiscence. In general, the
production of exudate begins when the secretory
cells are completely expanded, although the seed
may not have reached its final size (Werker 1997),
but in Euphorbia species (= Chamaesyce), as
observed in this study, the secretory activity begins
later during the seed coat ontogeny (Jordan &
Hayden 1992). The walls of the exotesta cells in E.

milii are colored in magenta, revealing a high
concentration of pectins, and are coated by a thin
cuticle. The protoplast degenerates during the
secretory stage, and is extremely reduced in mature
seeds; in this stage, the exudate, which is
accumulated in a space between the protoplast and
the wall, occupies almost all of the cell lumen. In
this study, the term periplasmic was updated based
on the current concept of protoplast, and is therefore
called periprotoplastic space.

According to previous records, including the
one made by Bor & Bouman (1974) for E. milii, the
secretion of Euphorbia seeds is mucilaginous
(Carlquist 1966; Subils 1977; Jordan et al. 1985;
Jordan & Hayden 1992); however, these reports
are based solely on the secretory aspect when the
seed is placed in water. Based on histochemical
tests accomplished in the present study for
detection of different classes of chemicals, it was
confirmed for the first time that the white secretion
of the E. milii exotesta which covers the mature
seed is exclusively mucilaginous. The only previous
record based on the secretion composition was
made by Jordan et al. (1985), describing the

exudate of the E. supina Raf. seeds as having a
polysaccharide origin, probably mucilaginous.

Mucilage secretory cells are present in seeds
of species in several families and are normally
epidermal, but in some genera there are also
subepidermal cells (Werker 1997), and its
development is similar to the one observed in E.

milii. The mucilage normally fills almost all of the
cell lumen, and is stored between the wall and the
protoplast, which becomes compressed at the cell
basis (Hyde 1970; Werker 1997). In mature seeds of
Plantago ovata Forsk., the secretory cells of the
seed coat have thin walls that break when in contact
with water, and the mucilage in each cell forms a
column which is three times bigger then the original
cell (Hyde 1970).

Different functions have been attributed to
the mucilage produced by the seeds of Euphorbia

species, such as adherence to the soil surface when
moistened, with the benefit of not having the seed
carried by the wind or rain to adverse places;
reduction of the diaspore specific weight in the
water; prevention from desiccation; epizoochory
by adherence to animals (Carlquist 1966; Fahn 1990;
Werker 1997); but its main function, as it occurs in
E. milii and has already been related by Jordan et

al. (1985) and Jordan & Hayden (1992), is to aid the
diffusion of the soil water to the seed, due to the
mucilage hygroscopic property, easing its soaking.
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