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Light and electron microscopic examinations were done at the cell level to research which factors
would effect seed formation and the amount of effectiveness of natural tetraploid Trifolium pratense L.
variety E2. In this investigation, origin of factors handicapping the seed formation and the results were
determined by examining the development of ovule at six different phases to ovary size from the
begining to formation of the seed. In this study, we observed that mature embryo sac was formed in
18% of ovules examined, but seed formation was obtained only in 5.8%. As the rate of seed set was
lower than formation of the mature embryo sac, this investigation was done with the aim of
determining the degeneration of the cells in the natural tetraploid T. pratense L. ovules.
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INTRODUCTION

Tetraploid Trifolium pratense L. (red clover) is an
economically important forage legume naturally grown in
Turkey for its tetraploid characteristics and high protein
capacity (Elci, 1982). Tetraploid T. pratense L. (2n = 4x =
28) has improved forage vyields and other valuable
qualities. These improvements are, however, accom-
panied by a serious reduction in seed producing ability.
Because of the low seed sets, seeds cannot be produced
in large quantities. Therefore, the need to find the causes
of reduced fertility at the tetraploid level has become
important. Although the factors responsible for the loss of
potential seed production in red clover were investigated
in a substantial number of morphological, anatomical
(Martin and Watt, 1934; Fedortschuk, 1944; Povilaitis and
Boyes, 1959, 1960; Hindmarsh, 1964; Shimada, 1978a)
and genetic (Povilaitis and Boyes, 1956; Shimada, 1977,
1978b; Pozdnyakov, 1985; Ogorodnikova, 1989; Leduc et
al,, 1990) studies, little success in understanding the
problem or increasing the actual yields of needs has been
obtained. Several authors have studied the relationship
between of the sterility of legume ovules and seed
production (Cooper et al., 1937; Cooper and Brink, 1940;
Rowland and Bond, 1983; Pasumarty et al., 1993; Arath
et al., 1999; Mena et al., 2005a,b). In many species of
angiosperms, most ovules are fertilized and only some
seeds abort during development (Mogensen, 1975; Palser
et al, 1990; Gurusamy, 1999; Chand and Sahrawat,

2007). Mega gametophyte development and embryo and
endosperm development in the natural tetraploid T.
pratense L. have been previously described at the light
and electron microscopy levels (Algan and Bakar, 1996,
1997).

The present study was undertaken to clarify the factors
which cause low seed set in the natural tetraploid T.
pratense L. Also, | describe the abortion related anato-
mical and cytological changes in developing red clover (T.
pratense L.) ovules.

MATERIALS AND METHODS

Plants of the natural tetraploid T. pratense L. variety E2 which was adapted
to be a plant having chromosomes (2n = 4x = 28) by counting chromo-
somes at root tips were grown under natural conditions. The mentioned
plant was collected from "Tortum' region in Erzurum (Turkey) by EIgi
(1982). For light and electron microscopic observations, developing ovules
were excised from ovaries under binocular-microscopy at six develop-
mental stages according to ovary length.

Ovules were fixed in 96% ethanol : acetic acid (3:1) for 12 h.
Dehydration was carried out in an ethanol-xylol series, and the
materials were embedded in paraffin. For electron microscopic
examinations, ovules were fixed in 3% glutaraldehyde buffered with
0.1 M phosphate (pH 7.2) for 3 h at room temperature. Materials
were post fixed in 1% osmium tetraoxide for 3 h at room tempe-
rature. Then the samples were dehydrated in an ethanol series,
transferred to 100% propylene oxide and embedded in Epon 812
(Luft, 1961). Ultrathin sections were stained with uranyl acetate and
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Figure 1. Development stages 1 and 2 in the natural tetraploid T. pratense L.. a: Two megaspore mother cells
develop together in the same ovule. b: Megaspore mother cell. c: One megaspore mother cell and one two-nucleated
cell in the same ovule. a - ¢, Bar = 50 um.

Table 1. Developmental stages 1 and 2 in the natural tetraploid T.
pratense L. (the number of observed ovules = 722).

Developmental stages 1 and 2 Ovules %

Megaspore mother cell (MMC) 207 28.7
Two MMC developed together 233 32.3
Ovules in which no MMC was present 282 39.0

and lead citrate. Ultrastructural observations were made with a
Jeol CXII transmission electron microscope at 80 Kv.

RESULTS

In this study, as the developmental stages of the ovules
proved to be alike in Developmental stages 1-2 and 4-
5, these two stages were considered together. At Deve-
lopmental stages 1 and 2, the archesporium consisted of
one or more cells and the formation of a cell, which was
bigger than the other cells as a result of differentiation of
one cell, was recorded. The formation of megaspore
mother cells was observed in 28.6% of the ovules (Table
1), two megaspore mother cells developed next to each
other in the same ovule (Figure 1a).

The megaspore mother cell was not present in the
ovule in 39.0% of the samples and nucleus seemed as a
homogeneous tissue. Linear and T-shaped megaspore
tetrads were observed in some of the ovules (some
chalazal nucellar cells reached the same size as the
megaspore mother cells).

In some ovules this initial cell which developed from the
nucleus divided into two cells. At this stage, the deve-
lopment of a megaspore mother cell at the micropylar side
was stabilized. In some ovules the nucleus was bigger
than its normal size and it is divided. However, abortion of
this dividing nucleus was fixed (Figure Ib). In the same
ovule, nuclear division in one of the two megaspore mo-

Table 2. Developmental stage 3 in the natural tetraploid t.
Pratense I. (the number of observed ovules = 128).

Developmental stage 3 Ovules %

Developing megagametophyte 25 195
Semi- megagametophyte 27 21.0
Ovules without megagametophyte 76 59.5

ther cells and the production of a cell having two nuclei
was observed (Figure Ic).

At this developmental stage, the abortion of the
nucellus in some ovules which had the megaspore mother
cells was remarkable (Figure 1la-c). In these ovules, outer
and inner integuments developed as in normally develop-
ed ovules. At developmental phase 3, a developing mega
gametophyte having two nuclei was observed in 19.5% of
the ovules (Table 2). In 21.0% of the samples (Table 2),
at the micropylar (Figure 2a) and chalazal sides (Figure
2b), semi-mega gametophyte and the nucleus were
present. At this development phase in some ovules at the
micropylar side, different shaped chromosomes which
could not separate because of the defective division of the
mother cell were observed (Figure 2c). In the ovule
sections, observed at the ultra structural level of
developmental phase 3, an advanced degeneration of the
previously aborted cells which showed the beginning signs
of abortion were observed. In such ovules, the cells
show the sign of abortion having different kinds of shapes
and properties from the micropylar to the chalazal side
(Figure 3a).

Abortion is very significant at the cells near the micro-
pyle. In some of these cells, non-separation and abortion
of the chromosomes (Figure 3b) and the occurrence of
the centrosomes (Figure 3c) were observed. Ovules
looked morphologically normal at this development phase,
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Figure 2. Developmental phases to Development stage 3 in the natural tetraploid T. pratense L. a: Paraffin section of the ovule
showing at the micropylar. b: Chalazal side undeveloped megagametophytes and nucellus. c: Light micrograph showing different
shaped chromosomes. Nu: nucellus, Ch: Chromosomes (arrows). A-B, Bar =50 pm. C, Bar = 10 um.

Figure 3. Degeneration was observed in samples belonging to Developmental stage 3 which were examined in the natural
tetraploid T. pratense L. a. Electron micrograph of the micropylar end of the ovule showing degenerated cells. b. Electron
micrograph of the enlarged of the degenerated cell showing nonseparation and abortion of the chromosomes. c. Electron
micrograph of the chromosomes showing the centrosomes (arrows). A and C, Bar =5 pm. B, Bar = 1 pm.

but in 59.5% of them the mega gametophytes were not
produced and the nucleus was a uniform tissue (Figure
4).

In 18.1% of the ovules belonging to Developmental
phases 4 and 5 (Table 3) the occurrence of the mega

gametophyte was fixed. However, in 6.6% of them,
abortion of the egg cell was recognized. Underdeveloped
mega gametopytes with two nuclei were seen in 12.2% of
the ovules (Table 3). Some were only at micropylar side,
and others were produced only near the chalazal side at



Table 3. Developmental stages 4 and 5 in the natural tetraploid
T. pratense L. (the number of observed ovules = 484).

Developmental stages 4 and 5 Ovules %

Megagametophyte and
megagametophytes with cells having 88 18.1
abortion initiation

Semi- megagametophyte (with two

. 58 12.2
nuclei)
Semi-megagametophyte (normal) 109 224
No-megagametophyte 229 47.3

the nucellus. Two semi-mega gametophytes were
observed in a few such ovules at both micropylar and
chalazal side. Electron dense cytoplasm masses and non-
developed nuclei were seen at the micropylar side of
some ovules (Figures 5a and 5b) and the chalazal
nucellus cells began to get broken down.

Non-separation of the chromosomes and their having
different shapes in the nucleus in the mega gametophyte
which were developed from the nucellus near the centre
of the ovule were also observed in the samples at ultra
structural level (Figure 6a). In these chromosomes
(Figure 6b), vacuolization and abortion were recognized
and in some ovules, inside the mega gametophytes
(Figure 6c¢), high abortion of the chromosomes (Figure 6d)
was noted. In the same ovule, chromosomes were
observed as non-fused and aborted in the undeveloped
mega gametophytes at both micropylar and chalazal side
(Figure 7a and 7b). In such ovules at the micropylar end
the semi-mega gametophyte containing an electron-dense
cytoplasm mass was observed to reach the centre of the
ovule as a thin channel and chromosome masses were
present at intervals in the channel shaped mega
gametophyte.

Again, in the same ovule the broken down
chromosomes in the semi-mega gametophyte at the
chalazal end, distributed as small masses from the center
of the ovule to the micropylar end were observed. In
22.4% of the ovules at this development phase (Table 3),
the presence of the nucellar cells at the chalaza (Figure
8A) and a mega gametophyte at the micropyle (Figures
8b and c) was noted. In such ovules, the chalazal side of
the mega gametophyte was not well developed and the
mega gametophyte did not reach its normal size. In some
ovules, the beginning of the abortion of the egg cell,
synergids or the secondary nucleus was observed (Figure
9a -c), then nucellus was observed at the chalaza and
the nuclei were observed to be smaller than the normal
ones in this kind of mega gametophytes. Again, at this
development phase, in 47.3% of the ovules (Table 3), the
mega gametophytes were not formed in the ovule and the
nucellus was present there. In 20.2% of the ovules were
identified. However in 6.6% of the samples (Table 4),
abortion of the egg cell and the other cells in the mega
belonging to development phase 6, mega gametophytes
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Figure 4. Light micrograph of the natural tetraploid T.
pratmse L. showing ovule without megagametopyte and
the nucellus remains as a solid tissue. Nu: nusellus, Mi:
micropyle, I: inner Integument, O: outer integument. Bar =
50 pm.

gametophytes was seen. In 5.0% of these samples (Table
4), the formation of the proembryo consisting of 2-4 cells
was observed, but there was no endosperm. In these
ovules, nucellar remnants were seen at the chalazal
side. In 2.3% of the ovules (Table 4), no embryo was
recognized but the endosperm was present. On the other
hand, in 5.8% of the samples, the formation of the mature
embryo with two cotyledons were fixed. At this phase, in
14.9% of the samples (Table 4) the nucellus remnants
occupied only 1/3 of the ovules in the chalaza and
micropyle was empty. In 65.0% of the ovules (Table 4),
the ovules were completely empty and abortion due to
shrinkage was observed (Figure 10) and endosperm was
present. On the other hand, in 5.8% of the samples, the
formation of the mature embryo with two cotyledons was
fixed. At this phase, in 14.9% of the samples (Table 4)
the nucellus remnants occupied only 1/3 of the ovules in
the chalaza and micropyle was empty.

DISCUSSION

Occurrence of the megaspore mother cell and the division
of the mother cell in some ovules were observed in 28.7%
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Figure 5. Degeneration in samples at developmental stages 4 and 5, in the natural tetraploid T.
pratense L. A: Electron micrograph showing a longitudinal section of the ovule. B: Electron micrograph
showing electron dense cytoplasm masses and nondeveloped nuclei (arrows) at the micropylar side of
the ovule. Mi: micropyle, Nu: nucellus. A, Bar = 50 pm. B, 10 pm.

of Developmental stage 1 of the natural tetraploid T.
pratense L. In some of these dividing cells some stage of
prophase | of the meiotic division was observed and most
of the megaspore mother cells were in the pachytene

phase. Crane and Carman (1987) in their study on the
hexaploid Elymus rectisetus determined that in apomictic
plants, megaspore mother cells generally showed exten-
sive vacuolization at the chalazal end of the cell but they
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Figure 6. Degeneration in ovules belonging to Developmental stages 4 and 5 in the natural tetraploid T.
pratense L. a. Electron micrograph showing the megagametophyte which was developed from the nucellus near
the center of the ovule. b. Electron micrograph enlarged portion of 6a showing degenerated chromosomes in the
nucleus. Note the chromosomes are highly vacuolated. c. Electron micrograph showing the megagametophyte
developed from the nucellus. d. Enlarged portion of 6c; cytoplasm of the nucellus showing high abortion of the
chromosome. a,c Bar = 25 um. b, Bar = pm. d, Bar = 2 pm.

Table 4. Developmental stage 6 in the natural tetraploid T.
pratense L. (the number of observed ovules = 255).

Developmental stage 6 Ovules %
Semi-megagametophyte (cell abortion
initiation) 17 6.7
Embryo present, no endosperm 13 51
Endosperm present, no embryo 6 2.3
Mature embryo 15 5.9
Empty megagametophytes with . 38 14.9
nucellus remnants at the chalazal side
Empty megagametophytes 166 65.10

reached the pachytene phase.

In 39.0% of the ovules, failure of formation of the
megaspore mother cell in the nucellus confirmed the
results of Martin and Watt (1934) and Hindmarsh (1964).
They observed that the megaspore mother cell was not
present in some ovules of the diploid T. pratense L. and
the ovules were sterile. Within the T. pratense L. plants
formed as a result of the hybridization anomaly and dege-
neration which occured at male and female gametophytes
at various development stages were studied (Povilaitis
and Boyes, 1956; Shimada, 1977; Pozdnyakov, 1985).
According to these researchers, anomalies and irregu-
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Figure 7. A. Electron micrograph showing the undeveloped mega gametophytes at both micropylar and chalazal side
in the same ovule, and B: electron micrograph enlargement of the cytoplasm showing broken down chromosomes.

A, Bar =10 pm. B, Bar=5 pm.

larities occurring during the meiosis of the megaspore
mother cells were the reason of the degeneration of the
ovules.

Jongedijk (1985) who studied megasporogenesis and

mega gametogenesis in the diploid hybrid Solanum spe-
cies, observed that more than one megaspore mother cell
were formed in 10-15% of the ovules. He determined the
early degeneration of the megaspore mother cells which
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Figure 8. A: Light microscopic photograph of the paraffin section of the ovule showing the occurrence of the nucellar
cells at the chalaza and the megagametophyte at the micropyle. B: Light micrograph of the micropylar end of the
mature megagametophyte showing two synergids and polar nucleus. C: An egg cell is seen in serial section. E: Egg
cell, Nu: Nucellus, Mi: Micropyle, Sy: Synergid, Pn: Polar nucleus. A, Bar = 200 um. B,C Bar = 50 um.

Figure 9. Light microscopic photographs showing the degenerations in ovules belonging to Developmental stages 4
and 5 in the natural tetraploid T. pratense L. A. Light micrograph of a paraffin section showing the micropylar end of
the mature megagametophyte containing degenerated egg cell. B. Synergids and, C. polar nuclei. Note that the
mature megagametophyte cells contain which are small nuclei. E: Egg cell, Sy: Synergid, Pn: Polar nucleus. A-C,
Bar =50 pm.

occurred generally during pachytene in the ovules con- megaspores were observed, but in some of that kind of
sisting of a great deal of these cells. In 6.4% of the ovules tetrads, all megaspores had the capacity to develop as the
belonging to Developmental stage 2, T-shaped tetrads functional megaspore. Like the previous study, Palser et
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Figure 10. Light micrograph showing a shrunken
ovary with both ovules aborted. Bar = 500 um.

al. (1990) observed few megaspores which were func-
tional in one tetrad of Rhododendron nuttalli.

Fedortschuk (1944) in contrast to this study described
that generally 2 megaspore tetrads were present in the
same ovule of the diploid T. pratense L. In this inves-
tigation | did not observe 2 megaspore tetrads at this
development stage. In the second develop-mental stage,
empty spaces were observed between cells of the ovules,
which had some megaspore and tetrads and the relation
between cells were inhibited. Another important point in
this study was that in 23.7% of the ovules belonging to
Developmental stage 2, the development of one cell from
nucellus near the chalazal end of the ovule as megaspore
mother cell was observed.

This fact shows the probability of the apomictic deve-
lopment of this plant. In 21.0% of the ovules belonging to
Developmental stage 3, semi-megagametophytes with
two nuclei were recognized at the micropylar or the
chalazal end. In 47.3% of the ovules belonging to Deve-
lopmental stages 4 and 5, failure of mega gametophyte
formation was found. Martin and Watt (1934) determined
in T. pratense L. that all nucellus cells remained
vegetative, synapsis was absent in mother cells of the
ovules and for that reason mega-gametophyte was not
present in the ovule (Poviliates and Boyes, 1959).
Shimada (1978b) observed the failure of mega gameto-
phyte of the T. pratense L. in 25.5% of the ovules.

Mogensen (1975) investigating the ovules in 3 species
of Quercus observed that 4 different types of abortion
occurred in the ovules and no embryo sac was seen in the
nucellus of the third type of the abortive ovule. In 18.1% of

the ovules pertaining to Developmental stages 4 and 5,
the mature megagametophytes were observed. However,
in the ovules where the megagametophyte was present
at the micropylar end and the nucellus at the chalazal end,
nuclei were fixed to be small (probably 2n) (Figure 9) in
some of the megagametophytes which seemed as
mature, and in some of them big (probably 4n) (Figure 8).
This result seems to be parallel with the results of Palser
et al. (1990) that the size of the nuclei was different from
the normal nuclear measure in some of the mega-
gametophytes of Rhododendron nuttallii.

Fedortschuk (1944) found that the degeneration of the
ovules was caused by the occurrence of vacuoles in the
egg apparatus and the failure of fertilization in diploid T.
pratense L. Hindmarsh (1964) stated that the extreme
vacuolization in the egg cells of the mature embryo sac,
abortion of the synergids, anomaly of the primary
endosperm cells and degeneration occurred because of
the shrinkage of the ovules. Palser et al. (1990) made
clear the occurrence of vacuolisation at a high rate in the
egg apparatus cells. | observed the beginning of the
abortion of megagametophytes in some of the ovules in
which mature mega gametophytes were formed at stages
4, 5 and 6. This results support the above papers. The
frequency of occurrence of the mature embryos of 255
ovules which belong to developmental stage 6 was 5.8%.
In 14.9% of the samples, nucellar remnants were seen at
the chalazal side of the ovules and the micropyle end was
empty. In addition, most of the ovules (65 %) were empty
and their degeneration as a result of shrinkage was
observed.

Martin and Watt (1934) studied 5 species of Legumino-
sae and found that ovule abortion was generally
common; 50% for T.pratense L. and 80% T. repens L.
Povilaitis and Boyes (1959) determined that ovules in
the Dollard type of T. pratense L. with or without em-
bryo sacs were abortive when whole nucellus
degenerated. Consequently in the investigated ovules
since the abortion was observed at various stages, it is
clear that there are many causes. In this study, 80% of
the abortive ovules show female sterility. The reasons of
the empty ovules are:

1. Failure of megaspore mother cell formation and the
nucellus cells could be melted slowly.

2. There was a defect in the early stages of meiosis and
the nucellus could remain as a uniform tissue and then it
may be melted.

3. Cell division started, but could not end, while the
chromosomes were aborted the cell might probably have
continued its development; defective division could
happen in the subsequent developmental stages.

On the other hand, the frequency of the megagameto-
phyte formation (20%) and the development of the
normal embryo (5.8%) shows that the normal developed
male nuclei could not reach the megagametophyte or
there might have been a defective fertilization.
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