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Abstract Chinese narcissus (Narcissus tazetta var. chinensis
Roem) blooms but has no seeds. Embryological studies on
the species were conducted to discover the causes of its
sterility. Its anther wall is composed of four layers of cells,
and its tapetum is of the secretory type. The cytokinesis of
microspore mother cells is of the successive type, and the
tetrad is tetrahedral. During meiosis of microspore mother
cells, some chromosomes lagged, and several micronuclei
were found in tetrads. Only 27.7% of the pollen grains
contained full cytoplasm, and 1.3% of them germinated in
culture medium. No pollen grain, however, could germi-
nate on the stigma. The ovary is trilocular with axile
placenta, and the ovules are bitegmic, tenuinucellate, and
anatropous. Its embryo sac is of the polygonum type. Most
embryo sacs degenerated, and only about 4.5% of the
ovules contained a normal embryo sac with an egg cell, two
synergids, three antipodal, and a central cell containing two
polar nuclei. One reason for the sterility of Chinese
narcissus is the abnormality of microsporogenesis and
megasporogenesis, in which only a few functional pollen
grains and embryo sacs are produced. The other reason is
that the pollen grains cannot germinate on the stigma.

Keywords embryology, megasporogenesis,
microsporogenesis, Narcissus tazetta var. chinensis Roem

1 Introduction

Chinese narcissus (Narcissustazetta var. chinensis) has
been a favorite ornamental plant in China for several

hundred years. Since it blooms but has no seeds, the only
way for the species to reproduce is by vegetative bulbils.
Previous studies suggested that the reason for its sterility
might be a homogenous triploid plant [1,2], but no direct
evidence. Because of the important economic value of the
species, some studies have also been conducted on some
other aspects, such as genetic diversity [3] and resources
[4,5]. In this paper, we investigated the microsporogenesis,
megasporogenesis, and the development of male and fe-
male gametophyte of the species at the cytological level
and studied the mechanism of its sterility.

2 Materials and methods

The material used in this study was one cultivar of Chinese
narcissus. Bulbs were grown in the greenhouse of School
of Life Sciences, Xiamen University.

We examined the developmental processes of stamen
and pistil by using a microscope (Leica DMR). To prepare
the microscopic section, we collected florets at the different
developmental stages according to the result of squashing
anther. The harvested florets were fixed in Carnoy’s
solution, containing 75% ethanol and 25% acetic acid.
Anthers and ovaries were collected from the fixed floret
tissue, stained with Ehrlich’s hematoxylin, dehydrated with
ethanol, and embedded in paraffin. The anthers and ovaries
at the different stages were sectioned into 8–10 μm thick-
nesses. We viewed and photographed the sections by using
a photomicroscope (Leica DMR, produced by Germany).

Mature pollen grains were collected at the anthesis
period. Germination of pollen grains was performed in a
medium (0.01% CaCl2·2H2O, 0.01% H3BO3, 0.01%
KH2PO2, and 15% sucrose, pH 5.8), and incubated at
25°. The growth of the pollen tube was assessed using
Leica invert microscope DM IRE2 after the pollen grains
were cultured for 5, 7, and 10 h, respectively.

Styles were harvested at 5, 7, and 10 h after artificial
pollination, respectively. After having been stained by
aniline blue solution, styles were checked under a fluores-
cence microscope (Leica DMR) to check the pollen tube.
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3 Results

3.1 Microsporogenesis and the development of male
gametophyte

Before microsporogenesis, the anther has been differen-
tiated into four anther locules separated by the connective

tissue, and microspore mother cells distribute in each
locule (Table 1). The anther wall is composed of four layers
of cells, and the innermost layer is tapetum, which has a
dense cytoplasm and a prominent nucleus. The tapetum is
of the secretory type. The microspore mother cells are
cytologically normal and highly synchronized (Plate I-1).
The cytokinesis of microspore mother cells is of the

Table 1 The number and per-
centage of normal pollen grains
during anther development in
N. tazetta

Stages Color of
anthers

No. of pollen
grains

Normal pollen
grains

Abnormal pollen
grains

No. (observed) % No. (observed) %

Microspore mother cell White 3,046 3,046 100 0 0
Microspore Buff 4,060 1,300 32.0 2,760 68.0
Two-celled to mature pollen Yellow 4,391 1,217 27.7 3,174 72.3

Plate I 1 Microspore mother
cells in a young anther. ×640.
2 Some tetrads in a young
anther. ×260. 3 Some young
microspores. ×130. 4 The same
microspores incubated in the
solution of FDA, only a few
microspores are positive. ×130.
5 A group of pollen grains in
different stages in an anther.
×260. 6 Some pollen grains
were developing and some de-
generated in an anther. ×260.
7 A two-celled pollen grain after
microspore mitosis. ×640.
8 A mature, two-celled pollen
grain containing a generative
cell and a vegetative cell. ×640.
9 An abnormal microspore with
a symmetric division in meta-
phase. ×640. 10 An abnormal
microspore with two nuclei of
symmetric division in anaphase.
×640. 11 A microspore in sym-
metric division in anaphase,
some lag behind chromosomes
(arrowhead). ×640. 12 An ab-
normal pollen grain with two
symmetric nuclei and a micro-
nucleus (arrowhead). ×640.
13 A pollen grain with a gener-
ative cell and a vegetative cell
and a micronucleus (arrow-
head). ×640. 14 An abnormal
pollen grain with two symmetric
cells. ×640. 15 An abnormal
pollen with three different nu-
clei. ×640. 16 A few pollen
grains could germinate a pollen
tube in a medium. ×320
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successive type, and the arrangement of the microspores in
tetrad is tetrahedral (Plate I-2). However, meioses of most
microspore mother cells are abnormal. After meiosis, as
many microspores abort and their cytoplasm decreases
(Plate I-3), only 27.7% of the microspores develop with full
cytoplasm. The staining ability of fluorescein diacetate
(FDA) can reflect the activity of the cell and is highly
correlated with pollen fertility. The different staining abil-
ities of FDA in pollen indicate that some with full cy-

toplasm are live (Plate I-4). The microspore development is
unsynchronized even in the same locule, and the micro-
spore nuclei also indicate high difference (Plate I-5).
Subsequently, many microspores abort before their divi-
sions (Plate I-6), and only a few of the microspores can
continue to develop (Table 1). After small vacuoles fuse to
form a big one, the nucleus of the microspore divides to
form a two-celled pollen grain, one of which is a crescent-
shaped generative cell while the other is a vegetative cell

Plate II According to natural
status, all of the figures were
micropyle down towards.
1 A megasporocyte. ×640.
2 A dyad, note that the cell
located in micropylar orientation
is degenerating (arrowhead).
×640. 3 A functional megaspore
and two degenerated cells
(arrowheads). ×640. 4 A two-
nuclei embryo sac. ×260.
5 A four-nuclei embryo sac.
×260. 6 A mature embryo sac
with two polar nuclei (arrow-
head) in the center and two
synergid nuclei and one anti-
podal nucleus in an embryo
sac. ×260. 7 An abnormal
embryo sac with five nuclei in
the center of the sac. ×260.
8 An abnormal embryo sac with
five nuclei in the micropylar end
of the sac. ×260.
9 An abnormal embryo
sac. ×260
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(Plate I-7, 8). The pollen is still in the two-celled state
before the anthesis period; therefore, the pollen ofN. tazetta
var. chinensis is of the two-celled type.

There are also some pollen grains displaying abnormal
development: no big vacuole forms, and the microspore
nucleus divides symmetrically (Plate I-9) to form two
identical nuclei (Plate I-10). Some microspore mother
cells produce lagged chromosomes during their meiosis
(Plate I-11), which might form abnormal microspores con-
taining micronuclei. Some pollen grains containing mi-
cronuclei can form normal generative and vegetative nuclei
(Plate I-12) but some cannot (Plate I-13). Some micro-
spores divide symmetrically to form two identical cells
separated by a big vacuole in a pollen grain (Plate I-14).
Some microspore nuclei divide more than one time to
form three or more different nuclei in one pollen grain
(Plate I-15).

During the anthesis period, 1.34% of the pollen grains
germinated to form a pollen tube (Plate I-16) when pollen
grains were cultured in optimal medium . However, no pollen
grain was found germinating on the stigma, and no pol-
len tube was found in the style when the styles were ob-
served after being pollinated for 5, 7, and 10 h, respectively.

3.2 Megasporogenesis and the development of female
gametophyte

The ovary of Chinese narcissus is trilocular with axile
placenta, and the ovules are bitegmic, tenuinucellate, and
anatropous. The megaspore mother cell (Plate II-1) is a
distinctive cell that is much larger than the surrounding
cells of its nucellus. After the first meiosis of the mega-
spore mother cell, the micropylar cell of a dyad degen-
erates and the chalazal cell keeps developing (Plate II-2).
Then, the chalazal cell of the dyad divides into two
megaspores. However, the micropylar megaspore soon
degenerates and only the chalazal megaspore continues to
develop (Plate II-3). The chalazal functional megaspore
expands and gives rise to the female gametophyte. Then,
the functional megaspore undergoes first mitosis to pro-
duce a two-nucleate embryo sac. At the same time, a large
vacuole appears in the sac and subsequently separates into
two nuclei that lie on both sides of the sac (Plate II-4). The
two-nucleate embryo sac undergoes another mitosis to pro-
duce a four-nucleate embryo sac with two nuclei located
separately in the micropylar and the chalazal side of the
sac (Plate II-5). After that, the four-nucleate embryo sac
undergoes third mitosis to produce an eight-nucleate embryo
sac with four nuclei on each side of the sac separated by a
central vacuole. After a migration of nuclei from each side
to the central region of the cell, a two-nucleate central cell
is formed. The embryo sac develops into a complete female
gametophyte consisting of seven cells with eight nuclei,
among which three nuclei belonged to an egg cell, two
synergids being in the micropylar end of embryo sac,
three nuclei belonging to three antipodal cells at the
chalazal end of the sac, and a huge central cell with two
nuclei located in the middle region of the sac. The female

gametophyte of N. tazetta var. chinensis was of the poly-
gonum type (Plate II-6).

Most embryo sacs, however, cannot develop after the
meiosis of the megaspore mother cell. Only about 4.5% of
the ovules contain a normal embryo sac, each of which has
one egg cell, two synergids, three antipodal cells, and one
central cell containing two polar nuclei. The others show
abnormal characteristics during the megasporogenesis and
the development of female gamete. The abnormalities
include the following: Most of the megaspore mother cells
undergo abnormal meiosis to produce abnormal functional
megaspores. Some of embryo sacs had more than two
nuclei in the center (Plate II-7) or two poles (Plate II-8).
The differentiation of embryo sac were abnormal.

4 Discussion

The number of chromosomes in the genus Narcissus varies
in different species. It has been reported that Chinese
narcissus contains 30 chromosomes [1–3,6] and other
European narcissus contains 21 [7,8] or 42 [9] chromo-
somes. The reasons why Chinese narcissus blooms but
does not produce seeds were often presumed to be due to its
homogenous triploid of chromosomes. Some people con-
cluded that it was the triploid that induced flower sterility
according to the research of chromosomes of Chinese nar-
cissus. The chromosomes of homogenous triploid have no
effect on the mitosis of somatic cells but can make the
number of chromosomes in microsporogenesis and mega-
sporogenesis imbalanced during their meiosis and then
affect the development of the male and female gametes.
Wang et al. [10] and Lu et al. [5] reported that the mi-
crospore mother cells of Chinese narcissus meiosis were
abnormal, in that there is abnormality in mating during
metaphase I of the microspore mother cells and that some
delay chromosomes appear. According to the observation
of the section, we found that the development of the anther
and the microspore mother cells was normal; even the
callose outside the cells could be observed clearly. During
the formation of dyad and tetrad in meiosis, the delay
chromosomes lying in the middle of the two telophase
nuclei often appear. In addition, many microspores in tetrad
contract, and then, the cytoplasm leaks from the cells so
that a lot of wizened and hollow microspores are formed.
Some microspores develop abnormally, although their cy-
toplasm is still in the cells. No mitosis or excess mitosis
occurs in many pollen grains. Finally, 27.7% of normal-
like, two-celled pollens are produced. However, only
about 1.3% of the pollen grains could germinate to form a
pollen tube when cultured in vitro, indicating that the
capability of pollen to form pollen tube was very flabby
even when the structure of the pollen looked normal.
Similarly, only 4.5% of the embryo sacs could complete
their development and form female gamete– egg cell.
Therefore, one reason for the sterility of Chinese narcissus
could be attributed to the developmental abnormality of
numerous male and female gametes.
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However, 1.3% of the pollen grains and 4.5% of the
embryo sacs still existed, which could develop into normal
male and female gametes in natural conditions. Based on
the statistics, we found that one ovary contained 60–90
ovules, and at least 1–3 ovules in an ovary could develop
normally. Therefore, even if the majority of the male and
female gametophytes could not develop normally, there are
still several ovules that might be fertilized and could
produce seeds. However, almost no Chinese narcissus can
seed in the field. It indicates that there may be some other
causes blocking the process during its sexual reproduction.
When pollen grains are cultured in vitro, 1.3% could form a
pollen tube, but no pollen grains could germinate on the
stigmas under natural conditions or by artificial pollination.
Hence, we concluded that the other reason causing the
sterility of Chinese narcissus was the incompatibility be-
tween pollen grains and stigma.

Therefore, the primary reason for the sterility of Chinese
narcissus is the abnormal male and female gametophytes
caused by the nature of the triploid. The second reason for
sterility is the self-incompatibility response; that is, no func-
tional pollen grains can germinate on the stigmas, which
results to the complete loss of its capability to sexually re-
produce and, finally, sterility.
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