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NECTAR AND NECTARY STUDIES
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The nectary morphology of six Hungarian and one grown Mediterranean leafy spurge
(Euphorbia) species was studied and compared. Glands with various horns were found in E.
amygdaloides L., E. cyparissias L., E. esula L., E. myrsinites L. and E. virgata W. et K. Nectary
without horns is characteristic to E. palustris L. and E. polychroma Kern. Cuticle pattern of the
glands was different and characteristic to the species. E. amygdaloides has no cuticle wrin-
kles. Special letter shaped wrinkles were found in the species, for example “H” shaped in E.
cyparissias, E. esula, E. palustris and E. virgata. Wrinkles in E. myrsinites have several branches;
they could be “Z”, “W”, “Y” and “E” shaped. The nectar of each studied plants contained
fructose, glucose and sucrose. An unknown sugar was found in E. cyparissias only.
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INTRODUCTION

The family Euphorbiaceae has various types of inflorescence and pollina-
tion in the five subfamilies. Nectaries are not characteristic to each subfamily
because of different pollination types. Double perianths occur in the ancient
subfamilies, becoming reduced to nude inflorescences in the younger
subfamilies (Borhidi 1993). Double perianth is characteristic to the genera
Phyllanthus (subfam. Phyllanthoideae) and Croton (subfam. Crotonoideae).
Glands found in the tropical genus Jatropha originate from the bracts.

Nectaries occur mainly in the subfamily Euphorbioideae. Pedilanthus
tithymaloides has a spur-like nectary, which is half mm high and has 3 parts: a
head, a neck and a style. External cells of the head secrete the nectar, which
contains sugar, starch and tannin. Glands of Synadenium sp. grow together as a
ring. Nectar of Euphorbia pulcherrima contains 60% of sugar. Besides secretion
and storage, carbohydrate transformation also takes place in the nectary
(Danert et al. 1976).

A special inflorescence, the so-called cyathium was described in the ge-
nus Euphorbia. This reduced monochlamydeous inflorescence has bracts while
the perianth misses. Bracts often become red to enhance insect attraction.
Nectaries are nuptial and extrafloral. They develop unprotected with their
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large free exposed surface. Generally there are four nectaries alternately be-
tween the bracts. The fifth nectary often misses where the pistillate flower
bends down. These nectaries start to secrete after the maturity of the pistillate
flower (Arumugasamy et al. 1990). Nectary of Euphorbia seguieriana Necker is
accessible for insects. This leafy spurge was described as a good honey pro-
ducer of the genus. This production concurs with that of Robinia sp., but it is
rich only every 4-5 years (Orosi 1968). Most of the glands in the genus are half
moon shaped with or without horns. The studied seven species have different
life strategy at variant habitats. Euphorbia amygdaloides L., E. cyparissias L., E.
esula L., E. palustris L., E. polychroma Kern. and E. virgata W. et K. are common
in Hungary; they have a lot of insect visitors (Meeuse et al. 1989). Spiders visit
Euphorbia palustris L. and E. esula L. (Vroege et al. 1987). A Mediterranean spe-
cies, Euphorbia myrsinites L. was also studied for its nectary characteristics.

The nectaries, differing in size and shape, have variant cuticle pattern
with different number of stomata at the species. The nectar gets out from the
glandular tissue to the surface through nectary stomata. On the surface several
cuticle wrinkles enhance spreading of the nectar, acting as capillaries
(Orosz-Kovacs 1991).

The aim of the study was to describe some morphological parameters and
nectary surface pattern and to determine the sugar content of the nectar.

MATERIALS AND METHODS

Studied plants

The seven Euphorbia species were collected in May 2002 in the environs of
the Mecsek (Arpad-tetd, Pellérd), a mountain in south Hungary. Different habi-
tats of the collection were the following;:

Euphorbia amygdaloides L. Habitat: a forest in Arpad-teté. — This over-
wintering species lives in shadow in forest (Simon 2000).

Euphorbia cyparissias L. Habitat: an open glade in the Mecsek Mts. — This
perennial plant prefers xerophilous habitats. Besides propagating by seeds, it
reproduces vegetatively by rhizomes (Simon 2000). Several pollinators partici-
pate in the fertilisation.

Euphorbia esula L. Habitat: a forest edge in Arpad-tets. — It is common
along roads. Insect pollination is important at this species (Simon 2000).

Euphorbia myrsinites L. Habitat: the Botanical Garden of the University of
Pécs. — It is a Mediterranean species with thick succulent leaves and stem
(Savulescu 1953). It is frequently planted as an ornamental plant in gardens of
Hungary.
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Euphorbia palustris L. Habitat: a humid field in Pellérd. — Some of these tall
plants form great bushes on humid fields and swamps (Simon 2000). Some in-
sects and spiders play a role in pollination (Vroege et al. 1987).

Euphorbia polychroma Kern. Habitat: a forest edge in Arpad-tets. — It pre-
fers forest and road edges (Simon 2000). Leaves as well as bracts, become red
in autumn.

Euphorbia virgata W. et K. Habitat: a road edge in Arpad-tets. — It is very
similarly to E. esula L., but it is taller and has more branches (Simon 2000).

Treatment of the samples

A mixture of 50 ml distilled water and 6 g p-formaldehyde was warmed
to 60 °C. For purification 2 drops NaOH, then 5 ml 0.4 M kakodylate buffer
was added to the solution. The pH was set to 7. Fresh cyathia (4-5 cyathia/in-
dividual/species) were soaked and kept in this mixture for 22 hours. Washing
followed in kakodylate buffer three times for 60—60 minutes, then in distilled
water for 60 minutes. 800 pl OsO, was added to each sample; they were kept in
this for 24 hours and then in distilled water for 60 minutes. Dehydration fol-
lowed in alcohol series (25%, 50%, 70%, 90%, 96%), samples being kept in each
for 12 hours; in the end in absolute alcohol four times for 60-60 minutes. They
were washed in amyl acetate three times for 2 hours. Dehydration was com-
pleted in a critical point dryer. Sample surfaces were sputter coated with a thin
layer of gold. Nectary photos were taken with scanning electron microscope
(SEM) in the laboratory of the Faculty of Medicine in June 2002.

Morphological measurements on SEM micrographs were carried out
with the software Image Tool 2.1. Each characteristic was measured on 10 sam-
ples. Means and SD values were calculated from 10 measurements. The mea-
sured characteristics were the following (Fig. 1, Table 1):

_horn width at the top
—horn width at the base /Xm
— nectary width

nectary length—

width of nectary base

Fig. 1. Measured parameters of the glands (drawing by Noéra Papp)

Acta Bot. Hung. 46, 2004



PAPP, N.

euoj}s auo punotge

8 L 9-¢ 6-8 S L S S[[92 JO IdqUINN]

(wrl) sapurIm

0€0F16'T 8T0F¥9'1 ¥C0F09C 8€'0F99'1 1€°0F09'1 0CT0FET'T - 9[1Nd JO DUEISI

1[92 9UO / SIP[ULIM

LV §<¢ L7 (nrd 6F /=T - 91N JO IdqUINN

Jurd

00001 / SoputIm

8EFCVE a¥FeLT 1€F/81 1CF8EL €1F0L1 GTT881 - 9[oUNO JO ToquINN

Ll

0000T / Ioquunu

I ig € € I € I BLIO}S JO UBSIA

0016 (wurt) uzoy

0%'€4F20°068 - - 0£'65F0C95L  09'S8FFC 0¥y LV €CFE08TT FIG'€99 Arepau jo yy3ua]

(wurd)

06°€L doy oy ye w0y

00" TCFOT¥ETL - - CC8GIFYCaLEe  09°8IFCCCOl OV EIFYILS FeGLVL Axepau jo yipipm

(worrd)

26'S8 aseq oy} Je uIoy

0€C9F¥T'8¢eS - - 0T'61F6C96  09F7LF60FCy  09°€CFS09LT F89¥8¢ Arepau Jo yipim

09201 (urt) aseq

07'€qFIv'ee8  0L9€T8Y'61F 8I'80IF6S €OV 0L/48FLE6CL OV CLFISOVS  09'1SF8YLE F19°C0S Arepau Jo yrprm

0591 (vurd)

009%F¢9£LG8 089cFCr1e0l  G9LIFET0FV9  OT'61FIC6I6  0CIFFISE0L  06'95FL8°GCL T8CT8Y y3us) ArepoaN

00°CHL (vurrd)

00F8TFL6'8FIT  09FC F6S'TF6  €TLZIFOCTB0T  0ST9OFOF'SF6T 00°STIFO08'9YCL 06'9¢TF00900T  F0L'68¢CT WpIm A1eaN

0L'6 (cuurt

I¥'G8CFLAT'064T CV'T91 FI1'8SL  TI9TF61'809 ¥8'9LCFFS'99ST  9CTTCFLGOVC  L0'6SF19°61L F67'C96 £01) eoxe ArejdaN
APR'M U3 "] sap1o]

vwdia g pwoaydhjod ' [ sugsnipd g ] SopuisiAul g T pmsa g ] svisstvdho 'g  -vpSAwy g

228

sarads v1qi0ydng paTpnis a3 JO SILILIORAU A JO SaNTeA (]S pue sdnsLIajoeIeyd [edrdojoydIon
L 219V

Acta Bot. Hung. 46, 2004



NECTAR AND NECTARY STUDIES ON SEVEN EUPHORBIA SPECIES 229

— width and length of the nectaries,

— width of nectary base,

— width of horns at the base and at the top,

— horn length,

— nectary area,

— number of stomata and cuticle wrinkles per cells and per unit area
(10,000 ym?),

— distance of cuticle wrinkles,

— number of cells around one stoma.

Wrinkles were characterised according to their shape, branches and di-
rection.

Qualitative analysis of the nectars

For nectar analysis 20 fresh flower heads per species were collected in the
morning hours in May. Thin layer chromatography was used to study the
sugar contents of the nectars. The flower heads were washed with 5 ml metha-
nol (Damon et al. 1999). These extracts were applied to silica gel plate with
microcapillaries (10 pl each). The standards were the following: fructose, glu-
cose, sucrose, raffinose, arabinose, galactose, xylose and maltose (3 pl each).
The mobile phase was a solvent mixture: ethyl-acetate : ethanol : 60% acetic
acid : water coldly saturated with boric acid (50:20:10:10). First development
was carried out in 30 ml of this solution, the second in 60 ml the next day. After
development the plate was dried at 105 °C for 5 minutes. It was developed
with Thymol-reagent (0.5 g thymol dissolved in 95 ml ethanol, then 5 ml cca
H,SO, was added to them). Following another drying at 105 °C for 5 minutes,
the plate was visualised under UV light (366 nm) (Papp 2003).

RESULTS

Morphological characteristics

The yellow nectary surface glistens from the nectar at the beginning of
flowering in each species. Afterwards it becomes dry and unpolished. Colour
can change from yellow to orange or brown at the end of nectar production.

Gland of E. amygdaloides has long and sharpened horns (Fig. 2a), between
which the glandular tissue is located. Due to the dominance of vegetative re-
production the surface of its nectary is small. The shortest nectary appendage
was found in E. cyparissias (Fig. 2b), the longest in E. virgata (Fig. 2g). Horns in
E. cyparissias may differ in size: in some cases they are as long as the nectary, in
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other cases smaller than the total width of nectary. The horn top in E. myrsinites
was rounded, similarly to E. virgata (Fig. 2d, g). The oval glands of E. palustris
and round nectary of E. polychroma have no horns (Fig. 2e, f).

Euphorbia myrsinites and E. virgata had the widest nectaries, whereas E.
polychroma the smallest one (Table 1). The ratio of the width and length of the
glands was generally 1:2 or 1:3, in the round gland of E. polychroma it was 1:1.
Stomata were visible only on the nectary surface of E. amygdaloides, because
the cuticle has no wrinkles here. Several cuticle wrinkles are arranged around
the stomata of the other species, E. virgata having the most of them. The
stomata were surrounded by the largest number of cells in E. myrsinites and E.
virgata, which have the biggest nectary area. Distance of the wrinkles was the
biggest in E. palustris.

Cuticle pattern

Primary and secondary types of the wrinkles were distinguished. The pri-
mary ones, called striae, are located directly on the nectary cell surface. The

Fig. 2. Whole nectaries of the leafy spurges (a = E. amygdaloides, b = E. cyparissias, c = E. esula,
d = E. myrsinites, e = E. palustris, f = E. polychroma, g = E. virgata)
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secondary ones, called crests, spread on the primary striae. Crest belongs to
the reticulate cuticle type (Metcalfe and Chalk 1979).

Wrinkles were arranged radially around the stoma in each species. Glands
of E. amygdaloides have no cuticle wrinkles. Mesomorphic stomata are sur-
rounded by 5 cells (Fig. 3a).

Slightly sunken xeromorphic stomata of the nectary in E. cyparissias and
E. esula were limited by 5-6 cells (Fig. 3b, c). Most of the wrinkles are primary
striae with some crests (Fig. 4a, b). Wrinkles were slightly wavy and arched
without branches. A special “H” shaped wrinkle is characteristic to the both
species. Wrinkle number can change between 2-5 per cells in E. cyparissias and
3-5in E. esula.

Parallel wrinkles are characteristic in the interstomatal area, whereas ra-
dial ones are typical around the stoma in E. myrsinites (Fig. 3d). The exclusively
primary striae have different shapes: they can branch abundantly and close
with themselves (Fig. 4c). They can be “Z”, “W”, “Y” and “E” shaped, too.
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Fig. 3. Nectary surface and cuticle wrinkles around one stoma (drawing by Néra Papp) (A = E.
amygdaloides, B = E. cyparissias, C = E. esula, D = E. myrsinites, E = E. palustris, F = E. poly-
chroma, G = E. virgata)
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Only one or two wavy wrinkles were found per cell. Striae are wide and sepa-
rate sharply from each other.

Primary striae and secondary crests were also found on the gland cuticle
of E. palustris (Fig. 4d). They are wavy, arched with branches, frequently “F”
and “H” shaped. Big distance was measured between the wrinkles (Table 1).
Mesomorphic stomata are surrounded by 5-6 cells (Fig. 3e). No stoma can be
observed along the edge of the gland (Fig. 2e).

The primary cuticle striae in E. polychroma are compact and short without
branches and secondary crests (Fig. 4e). Most often they are straight, some-
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Fig. 4. Cuticle wrinkles on the nectary cells (drawing by Néra Papp) (a = E. cyparissias,b = E.
esula, ¢ = E. myrsinites, d = E. palustris, e = E. polychroma, f = E. virgata)
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where slightly arched. The striae number varied between 1-5 per cell. 6-8 cells
limit its mesomorphic stoma (Fig. 3f).

Cuticle wrinkles are strongly wavy in E. virgata (Fig. 4f). Primary striae
have secondary crests too, 2-5 per cell. Distance between the wrinkles was big,
similarly to the cuticle of E. palustris (Table 1). Xeromorphic stomata are lim-
ited by 5-6 cells (Fig. 3g).

Sugar contents of the nectars

The nectar components of each studied plant were the following: fructose
(Rf value = 0.58), sucrose (Rf = 0.63) and glucose (Rf = 0.66) (Fig. 5). Other tests
were not present in the secretory product. Spot intensity of the plate indicates
that fructose was found in the highest and sucrose in the lowest quantity
among sugars in the nectar. E. amygdaloides had the most sucrose, the least was
found in E. myrsinites and E. cyparissias. The most glucose occurred in E. myr-
sinites. E. cyparissias had an unknown sugar component (Rf = 0.41) which was
not found in the others.

DISCUSSION
In the absence of previous studies it was necessary to investigate the
nectary surface, morphology and nectar composition of Euphorbia species. It

was stated that nectary surface patterns are characteristic to the studied spe-
cies. The main sugar components (fructose, glucose and sucrose) were deter-
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Fig. 5. Standards (S: sucrose, G: glucose, F: fructose) and sugar components of the nectar

(1 = E. amygdaloides, 2 = E. cyparissias, 3 = E. esula, 4 = E. myrsinites, 5 = E. palustris, 6 = E.

polychroma, 7 = E. virgata). The arrow indicates an unknow compound in the nectar of E.
cyparissias
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mined, but further studies are needed for identifying an unknown compound
in E. cyparissias.
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