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Abstract Pollen morphology of Nymphaea lotus L. (Nymphaeaceae) was described by light and scanning elec-
tron microscopy. Pollen grains extracted from different types of stamens (including petaloid ones) of N. lotus
exhibited a wide range of pollen morphological variation in form, size, aperture, and sculpture. Special empha-
sis was given to the presence of the primitive monocotyledonoid aperture type referred to as ‘zonisulculate’. The
significance of this aperture type in delimiting the phylogeny of the family was discussed. The family Nym-
phaeaceae was compared with other dicotyledonous (Eupomatiaceae and Monimiaceae) and monocotyledon-
ous families (Araceae, Arecaceae, Liliaceae, Philydraceae, Rapateaceae, and Xanthorrhoeaceae) possessing
zonisulculate pollen grains. No direct relationships were considered to exist between Nymphaeaceae and these
families when the present pollen morphological study was combined with other morphological characters as
revealed by previous taxonomic treatments.
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Introduction

Nymphaeaceae is an aquatic dicotyledonous family
with stout perennial rhizomes, floating leaves, and many
petals which pass gradually into numerous stamens
(Clapham et al., 1987). This family has been placed in
different orders, viz., Ranales (Caspary, 1891), Rhoead-
ales (Bessey, 1915), Magnoliales (Tippo, 1942), and
Nymphaeales (Cronquist, 1981), but is generally ac-
cepted as one of the most primitive families of angio-
sperms. This treatment is also supported by pollen mor-
phology (Jones & Clarke, 1981).

The family Nymphaeaceae may represent a group of
unrelated genera and is often split into several families:
Nymphaeaceae, Barclayaceae, Euryalacaceae, Cabomb-
aceae, Nupharaceae, and Nelumbonaceae. Moreover,
the genus Nelumbo is often placed in a different order,

Nelumbanales (Takhtajan, 1969).

Nymphaeaceae is diverse in pollen morphology and
holds a key position palynologically (Nilsson & Prag-
lowski, 1992: 304). It possesses the monocotyledonoid
type of pollen grains (Erdtman, 1963: 188), rendering
its assignment to dicotyledons difficult on the basis of
pollen morphology (Traverse, 1988: 261).

According to Erdtman (1952), the pollen grains of
genera of Nymphaeaceae are tricolpate (Nelumbo), non-
aperturate (Barclaya), 1-sulcate (Brasenia, Cabomba,
and Nuphar), or 2-, 3-, 4- or zonisulculate.

The genus Nymphaea is of cosmopolitan distribution
and exhibits many unique pollen morphological features
that deserve special consideration. Interspecific pollen
morphological variations exist among Nymphaea spe-
cies which appear to represent intermediate stages in
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the evolution of the family Nymphaeaceae (Walker,
1974: 1123).

The main objective of the present work is to closely
examine the unique pollen aperture of Nymphaea lo-
tus. The taxonomic significance of the observed char-
acters is briefly reviewed.

Material and methods

Pollen grains contained in various types of stamens
(petaloid and otherwise) were collected from different
plant populations of Nymphaea lotus in Kosti-Rabak
(Sudan) along the White Nile (El Ghazali 1, 2, 3, Kosti,
Jan. 1997, KHU). They were extracted, subjected to
Erdtman’s (1960) acetolysis method for recent pollen
grains, and stained with basic fuchsin. The voucher slides
were mounted in glycerol, sealed with nail polish, and
deposited at the National Centre for Research, Khar-
toum, Sudan (Wai’l 79, Kosti, 5§ Feb. 1997). To mea-
sure pollen parameters, polar axis length (P) and equa-
torial diameter (E), at least 50 symmetrical unbroken
grains, that were fully expanded in equatorial view, were
used. Ligth microscopy (LM) was done with a Zeiss mi-
croscope using a phase contrast (Ph) objective lens of x
100 magnification and an eyepiece of x 10 magnifica-
tion. Scanning electron microscopy (SEM) was done
with a JEOL JSM-7200 scanning electron microscope,
using an accelerating voltage of 25 kV and 8 mm work-
ing distance.

Results
Pollen morphology of Nymphaea lotus L. (Figs. 1,2)

Form. Single, but sometimes 2—4-celled.

Polarity. Iso-polar or para-isopolar (Fig. 2A).

Symmetry. Bilaterally symmetric.

Shape in polar view. Circular or elliptic.

Shape in equatorial view. Biconvex or broadly elliptic
with rounded, acute, or emarginate ends.

Shape class. Sub-oblate.

Dimensions. P = 37.45 um (29.47-42.37); E = 47.93
Mm (42.37-55.26); P/E = 0.78.

Pollen class. Zonisulculate.

Apertures. Single ring or band-like (Fig. 1B) sulculus,
continuously encircling the grain at or parallel to the
equator and slightly shifted towards the distal pole (Fig.
2A); fairly broad, narrow, or slit-shaped; margins usu-
ally thickened and sometimes thicker along one side
(proximal) (Figs. 2C-2F); membranes smooth or with
baculate, papillate, or scattered minor warts (Fig. 2B);
edges not sharply defined, raged or tattered.

Exine. Imperforate or perforate; perforations distinct
or indistinct, regularly or irregularly distributed (Fig.
1D), sometimes concentrated near the sulculus (Fig. 1F),

of varying diameters, dense or widely spaced (Fig. 2A),
sometimes provided with grooves or thin areas (Fig. 1A).
Columellae. Absent or indistinct.
Sculpture. Psilate or scabrate; scabrae distinct with
LM, of varying diameters and sometimes elongated, ir-
regularly distributed.

Discussion

Intraspecific variation

The pollen morphology of Nymphaea lotus was pre-
viously examined by El Ghazali (1993), Bonnefille &
Riollet (1980), Walker (1974), and Maley (1970). Their
results agree with each other, but never indicated sig-
nificant variation within species. SEM and LM obser-
vation of this study clearly revealed the existence of dis-
tinct and recurrent intraspecific pollen morphological
variation in N. lotus, that was not recognized by the
previous studies. The sulculus of this species may be
ring-like or band-like and oriented equatorially or rarely
distally with well-defined or ill-defined edges and smooth
or warted membranes (Figs. 1, 2). This species is also
heterogeneous in other morphological characters. Wors-
ley (cited in Verdcourt, 1989) also reported consider-
able intraspecific variations in N. lotus in the number
of petals, stamens, and carpels, as well as in the size of
flowers and leaves. Further studies are necessary to
clarify the sources of variation (within and between sta-
mens, plants, or populations), which was not the objec-
tive of the present study.

Zonisulculate apertures

A considerable number of pollen morphological terms
were used by various authors to describe the apertures
of Nymphaea. The terms encountered to corroborate
our observation on the apertures of Nymphaea include
circumploid and ring-furrow (Traverse, 1988), equato-
rial-sulculate and sulcate-operculate (Thanikaimoni,
1978), zonasulculate (Walker & Doyle, 1975), mono-
colpate (Nair, 1970), monosulcate (Erdtman, 1947),
porate-operculate (Faegri & Iversen, 1950), syncolpate
(Iversen & Troels-Smith, 1950), zonate (Wodehouse,
1935), and zonisulculate (Erdtman, 1952).

In the present study, the term ‘zonisulculate’ (sensu
Erdtman, 1952) is used to describe the aperture type of
Nymphaea lotus. This term is of wide usage and devoid
of unnecessary syllables and perhaps covers most of the
primary characters needed for the precise taxonomic
identification and phylogenetic understanding.

In dicotyledons, the zonisulculate aperture type oc-
curs in Nymphaeaceae, Eupomatiaceae, and Monimi-
aceae (Erdtman, 1952; Walker, 1974). Bessey (1915),
Takhtajan (1969), Hutchinson (1973), Stebbins (1974),
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Fig. 1 Pollen grains of Nymphaea lotus L. (Jan Berge, SEM 15/98, Bergen). Scale bars = 5 um. — A: Polar view showing psilate
sculpture and an exine provided with grooves or thin areas. — B: Equatorial view showing a band-like sulculus with raged or
tattered edges. — C-F: Oblique equatorial views showing a ring-like sulculus. — C: Sculpture is psilate-perforate. — D: Sculp-
ture is psilate and densely perforate. — E: Sculpture is scabrate. — F: Sculpture is psilate with perforations more or less concen-
trated near the sulculus.
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Fig. 2 Pollen grains of Nymphaea lotus L. (Jan Berge, SEM 15/98, Bergen and Wai’l 78, Kosti, 5 Feb. 1997). — A-B: SEM.
Scale bars = 5 pm. — A: Equatorial view showing scabrate sculpture, a band-like sulculus, a densely perforate exine, and para-
isopolar grains. — B: Detailed micrograph showing the sulculus membrane provided with baculate, papillate, or scattered

minor warts. — C-F: LM. Scale bars = 10 um. Equatorial views with scabrate sculpture and sulculus margins thicker along the
proximal side.
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and Cronquist (1981) placed Nymphaeaceae in differ-
ent order(s) from that of Eupomatiaceae and Monimi-
aceae, hence excluding any possible close relationships
between these families. In monocotyledons, zonisulcu-
late apertures exist in Liliaceae, Xanthorrhoeaceae, Phil-
ydraceae, Araceae, Arecaceae, and Rapateaceae (Gold-
berg, 1989). According to Takhtajan (1969), the first
three families belong to Liliales, whereas the other fami-
lies belong to Arales, Arecales, and Commelinales, re-
spectively. On the other hand, Takhtajan (1969) re-
garded Nymphaeaceae to exhibit definite links with
Alismales none of whose members possesses zonisul-
culate pollen grains (Goldberg, 1989). It seems that the
unique zonisulculate pollen aperture type of Nymphae-
aceae and that of the other families have originated
parallely.
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