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POLLEN AND SEED MORPHOLOGY OF DIPLOIDS
AND NATURAL TETRAPLOIDS OF TRIFOLIUM PRATENSE L.
(LEGUMINOSAE)

N. MUNEVVER PINAR*, H. NURHAN BUYUKKARTAL, AND HATICE COLGECEN

Department of Biology, University of Ankara, 06100 Ankara, Turkey

Received November 26, 2000; accepted April 30, 2001

Pollen and seed morphology were examined in diploids (2n = 14) and natural tetraploids (2n = 28) of Trifolium
pratense L. The pollen morphology was generally correlated with ploidy level. Great variety in pollen size and
apertures was noted in the tetraploid form. Exine structure was studied by TEM. Seed size, color and coat surface
ornamentation can be distinguished between the diploid and tetraploid forms.

Key words: Trifolium pratense L., Leguminosae, pollen, seed.

INTRODUCTION

Red clover (T. pratense L.) is one of the most import-
ant forage legumes grown in many areas of the
world. Tetraploid T. pratense L., which is grown
naturally, is a feed plant of great economic value due
to its production of seeds in large numbers and also
its high protein content.

The natural tetraploid T. pratense L. is gener-
ally superior to the diploid forms in yield, disease
resistance and persistence. However, it yields a very
small amount of seed. It is very suitable for growing
in large fields and can be used as animal feed. Its
seed coat development (Algan and Bakar, 2000) has
been investigated in detail.

The pollen morphology of T. pratense has re-
ceived little attention since the light microscopy
study by Najceuska and Speckmann (1968).

The present report describes the pollen and seed
morphology of diploids and natural tetraploids of T.
pratense L. using light (LM), transmission (TEM)
and scanning electron (SEM) microscopy.

*e-mail: pinar@science.ankara.edu.tr

PL ISSN 0001-5296

MATERIALS AND METHODS

Plants of natural tetraploids of T\ pratense L. type
E2 (2n = 28) were collected in 1982 by El¢i from the
Tortum region of Erzurum (Turkey). Diploids of T.
pratense (2n=14) were collected in Ankara (Turkey).
Pollen slides were prepared using the technique
of Wodehouse (1935). LM studies were made using
a Leitz-Wetzlar microscope. Measurements were
based on 20 or more pollen grains per population.
Ten seeds from each plant (total 20 seeds) were
measured for length and width under a binocular
lens to the nearest 0.1 mm. In addition, ten seeds
from each plant were pooled and weighed. For SEM
studies, pollen grains and seeds were coated with
gold for 4 min in a sputter-coater. For TEM studies,
non-acetolyzed pollen grains were fixed in OsOy,
stained with uranyl acetate and embedded in aral-
dite (Blackmore and Barnes, 1984). Ultrathin sec-
tions were poststained with lead citrate and uranyl
acetate. A Jeol 100 CX11 electron microscope was
employed for both TEM and SEM studies.

© Polish Academy of Sciences, Cracow 2001
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TABLE 1. Pollen morphology of diploid and natural tetraploid Trifolium pratense. Values in pm

Por

Polar axes (P)  Equatorial axes (E) Exine Colpus
" o - = o
2 g o 4 £ P/Eratio % No. of 2 £ = ¥ =
Cytotype £ & § § & § Surf: o, § 0F OE B3
g g | g g g and shape g urtace Tumina/em’ E 3 = 5 E
I
T Suprareticulate,
Diploid 1.17 lumina angular =
3. : : . . - . . 6 043 26 4.2 5.2
(2n=2x=14) e ded 8t el B 90a perprolate interspersed with % 8
elongated lumina
Suprareticulate,
Tetraploid - 1.19 lumina angular
g : . A9 . . 2 129 91
(2n—dx=28) 25.0 39.5 35.2 239 374 301 el 119 St 10 030 27 42 129

elongated lumina

TABLE 2. Seed morphology of diploid and natural tetraploid Trifolium pratense. Seed length and width (mm) are based on
mean values; seed weight (gram per seed) is based on weight of 10 seeds from each form

Length Width Length/Width Weight
Cytotype £ w4 g g » = g o >< £ Qutline Color
E § & B E ¢ g i E s
Diploid @ narrowly !
(2n=2x=14) 2.00 2.50 2.2 125 15 1.4 1.57 0.0001 0.0015 0.0010 &lfitic yellow
Tetraploid & . narrowly
Gty 1B LT 14 - - 1 14 0.0001 0.0010  0.0003 olliptic 0Tk brown
Terminology follows that of Faegri and Iversen
(@) 40 - (1975), Ghazali and Krzywinski (1989) and Punt et
35 1 u --- & ---Pollen size al. (1994).
@2 30 : ] variation for
% : : diploid plants
5 297 ks L] {2n=2%)
S 201
1@ 15 4 --m---Pollen size RESULTS
= ik
W it POLLEN MORPHOLOGY
5l plants (2n = 4x) Poll .
ollen size
0 T T !
0 2 4 6 Ploidy level The size of pollen grains (polar axis x equatorial
axis) of T. pratense in Turkey ranges from 35.4 pm
o (33.2-36.4 um) x 30.2 pm (26-32.2 um) in the diploid
b 4o 4 * plant to 35.2 um (25-39.5 pm) x 30.1 um (23.9-37.4
959 H ¢ im) in the tetraploid plant (Fig. 1a—b). The diploid
w 291 plant and the tetraploid plant have pollen grains
§ 25 1 * similar in mean size (Tab. 1).
® 20 1
[=]
& 15 Symmetry and shape
101 The pollen grains of the diploid form are radially sym-
51 metrical and isopolar. The tetraploid form sometimes
9 ' ' ' shows asymmetry. The ratio of P (length of the polar
0 2 4 6 Ploidy level

Fig. 1. Minima, maxima and means of polar and equatorial
axes of pollen of diploid and tetraploid Trifolium pratense.

axis) to E (equatorial axis) is 1.17 (subprolate in shape).
The outline is elliptic in equatorial optical section and
circular in meridional optical section (Fig. 2).
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Fig. 2. Pollen morphology of Trifolium pratense (LM). (a—e) Diploid form. (a) Equatorial view, (b) Aperture in equatorial view,
(¢) Ornamentation of polar view. (d—i) Tetraploid form. (d) Pantotricolporate (arrows) in equatorial view, (e) Polar view,
(f) Zonotricolporate equatorial view, (g) Ornamentation of polar view, (h} Diporate (arrows) in equatorial view, (i) Colpate

(arrows) in equatorial view. Bar = 10 pm.

Pollen aperture

Pollen grains in the diploid form are zonotricolporate.
In the tetraploid form they are generally zonotricolpor-
ate, and rarely pantotricolporate and tetracolporate
(4%) with lalongate ora. The ora are elliptic (Fig. 2e,h).
The longest and the widest ora were observed in the
tetraploid form. In addition, the tetraploid form has
shown heterocolporate characteristics. Pollen grains
have three types of apertures: (1) colpate pollen (Fig. 21),
(2) colporate pollen (Fig. 2e), and (3) colpodiporate pollen
(Fig. 2h). The apocolpium is 16.6-20 mm (Fig. 2¢,f,g).

Exine

Exine sculpturing is suprareticulate under SEM
and psilate near the margins of the aperture
(Figs. 3a, 4a,b). The number of lumina per em’ ran-
ges from 6 to 10. Other prominent features include
these: exine thickness 0f1.13-1.19 um; tectum 0.54—
0.55 um thick, pertectate; columellae 0.3-0.4 um
high; foot layer thin, 0.1-0.2 pum; endexine thin,
0.075-0.15 um, continuous (Figs. 3b—c, 4c). Intine
thickness is 0.3-0.43 um; intine thickens greatly
under the aperture (Fig. 3b).
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Fig. 8. SEM and TEM of pollen grain of diploid Trifolium pratense. (a) SEM showing suprareticulate exine ornamentation.
Bar = 1 um, (b) TEM showing exine structure in apertural zone. Bar = 1 pm, (¢) TEM showing exine structure. Bar = 0.6 pm.

a

Fig. 4. SEM and TEM of pollen grain of tetraploid Trifolium pratense. (a) SEM with aperture in equatorial view. Bar = 4 pm,
(b) SEM showing suprareticulate exine ornamentation and psilate aperture ridge. Bar = 1.2 um, (e¢) TEM exine structure.
Bar=1um.
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Fig. 5. SEM of seeds of diploid and tetraploid Trifolium pratense plants. (a) Seed morphology of tetraploid form. Bar = 0.2 pm,
(b) Seed coat ornamentation of diploid form (arrows). Bar = 0.02 pm, (¢} Seed coat ornamentation of tetraploid form (arrows).

Bar = 0.02 um.

SEED MORPHOLOGY

Seed macromorphology

Most of the variation in seed size and weight was found
among diploid and tetraploid forms (Tab. 2). Seed
weight was correlated with seed width and length
(Tab. 2). The largest and heaviest seeds occur in the
diploid form: average 2.3 mm in length, 1.4 mm in
width, and weight 0.001 g (Fig. 6). The seeds are
smaller in the tetraploid form: 1.4 mm in length, 1 mm
in width, and weight 0.0003 g (Tab. 2; Fig. 6). In both
of them the seed outlines are narrowly elliptic. The
seeds of the diploid form are yellow, whereas they
are dark brown in the tetraploid form. In the
tetraploid form the seed coat is darker in color as
it contains an ample amount of tannin.

Seed micromorphology (SEM)
The seed coat surface is rough and shows rugulate-gra-
nulate sculpture, with 5-6 granules per cm? in the
diploid form. The seed coat surface of the tetraploid
form is rugulate-striate-granulate, with 1-2 granules
per em? (Fig. 5).

DISCUSSION

Pollen and seed morphology are important characters
in the diploid and tetraploid forms of Trifolium
pratense. Brochmann (1992) reports that pollen grain
size is strongly correlated with ploidy level, but the

study presented here does not confirm such a corre-
lation. The mean values for P and E are similar in
the diploid and tetraploid forms: P = 35.5, E = 30.1
and P = 35.4, E = 30.2, respectively. However,
greater variation in the maximum and minimum
values occurs in the tetraploid form: P = 25-39.5 and
E = 23.9-37.4 (Tab. 1; Fig. 1). Chaturvedi et al.
(1990) reported sgignificant variation of pollen grain
size in triploids, tetraploids and hexaploids of Ara-
chis L. (Leguminosae). In all three cases the pollen
grains are perprolate in shape.

Brochmann (1992) stated that seed size gener-
ally correlates well with chromosome number. We
observed that the tetraploid form has smaller seeds
than does the diploid form. Seed color distinguishes
diploid from tetraploid forms (Tah. 2).

According to Chaturvedi et al. (1990), the shapes
of the lumina in the reticulum are of basic significance.
Both tetraploid and diploid forms have suprareticulate
ornamentation, angular lumina interspersed with
elongated lumina. The number of lumina per cm? is 6
in the diploid form and 10 in the tetraploid form.

SEM observations indicated that seed coat sculp-
ture may be used to discriminate between diploids and
tetraploids of T pratense. Diploid forms showed ru-
gulate-striate-granulate sculpture (Fig. 5).

Chaturvedi et al. (1990) reported that the effect
of hybridization is well pronounced in triploids and
hexaploids as to types of apertures and their orien-
tations. Najceuska and Speckmann (1968) also indi-
cated that the pollen grains of tetraploid Trifolium



32

@
) 3
= 2.5 1 ¢
2 ?
o 24 * -
2 :
2 1.5 =
14
0.5 A
0 T T
0 2 4 6
Ploidy level
®
3
— 251
IS
E @
= A
g Lo ‘ A--2% --me-dx
1%
05
0 T r
0 2 4 6
Ploidy level

Fig. 6. Correlation of seed size with level of ploidy. Seed length
and width (mm) are based on 10 seeds per plant.

sp. mostly have more than three germinal pores. We
observed that pollen grains of the tetraploid form
may be trizonocolporate, tetrazonocolporate, tripan-
tocolporate and heterocolpate, whereas those of the

Pinar et al.

diploid form are only trizonocolpoerate (Fig. 2). Our
TEM investigations showed exine structure to be
similar between the tetraploid and diploid forms
(Figs. 3b—c, 4c¢).

Apparently there are specific morphological
changes in pollen grains and seeds that result from
ploidy level.
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