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Abstract: Anther development_in Catalpa bignonioides Walter was investigated from the sporogenous cell to the mature pollen
grain stages to determine whether the pollen and anther wall development follows the basic scheme in angiosperms. In order
to follow pollen ontogeny through successive stages of pollen development, anthers at different developmental stages were
embedded in epon according to the usual method, and semi-thin sections, taken from the epon embedded anthers, were stained
with toluidine blue for general histological observations under light microscopy. The young anther wall of C. bignonioides
consists of four layers; from the exterior, the epidermis, endothecium, middle layer, and a secretory tapetum. The tapetum is
dual in origin and dimorphic. Ubisch bodies were observed on the inner tangential walls of the tapetal cells. The number of the
anther wall layers changes depending on the developmental stage and region of the anther. In contrast to the other anther wall
layers, epidermis and endothecium layers remain intact until anthesis. Endothecial cells enlarge and develop thickenings at
maturity. During microspore development, meiocytes undergo meiosis and simultaneous cytokinesis leading to the formation
of permanent tetrahedral, isobilateral and rarely linear tetrads. Pollen tetrads are shed from the anther as compound pollen
grains. Results of the study revealed that pollen and anther wall development in C. bignonioides follows the basic scheme in
angiosperms.
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Catalpa bignonioides Walter (Bignoniaceae)’deki Polen ve Anter Ceperi Gelisimine Genel Bir Bakis

Ozet: Catalpa bignonioides Walter’deki anter ¢eperi ve polen gelisiminin diger angiospermlerdeki temel asamalart takip edip
etmedigini anlayabilmek igin, bu bitkideki anter gelisimi sporogen evre agsamasmdan olgun polen asamasina kadar 1sik
mikroskobu kullanilarak arastirildi. Anterdeki polen ontogenezini sirastyla takip edebilmek igin farkli gelisim asamalarindaki
anterler epona gémiildii ve bu anterlerden ultramikrotom ile alinan 1 mikronluk kesitler genel histokimyasal gézlemler icin
toluidin mavisiyle boyandi. Catalpa bignonioides’in geng¢ anter ¢eperi distan ice dogru sirasiyla epidermis, endotesyum, ara
tabaka ve salgi tapetumu olmak iizere 4 farkli tabakadan olugsmaktadir. Tapetum hiicreleri iki farkli kokenden gelir ve yapisal
olarak dimorfiktir. Tapetum hiicrelerinin dis geperlerinde, Ubisch cisimcikleri gézlenmistir. Anter ¢eperindeki tabaka sayisi
anterin gelisim agamalarina ve degisik bdlgelerine gore farklilik gostermektedir. Epidermis ve endotesyum tabakalari, anter
¢eperinin diger tabakalarindan farkli olarak, anter agilmasina kadar biitiinliigiinii korumaktadir. Endotesyum hiicreleri olgun
polen asamasinda genigler ve ¢eper kalinlagsmalar1 gosterir. Mikrospor gelisimi sirasinda mayoz boliinme gegiren hiicreler
simultane tip sitokinez ile tedrahedral, izobilateral ve nadir olarak da linear tipte kalic1 tetratlar1 olusturur. Polenler anterden
tetrat halinde disar1 atilir. Bu ¢aligmanin bulgulart C. bignonioides’teki anter ¢eperi ve polen gelisiminin diger angiospermlerle
uyumlu oldugunu gostermistir.

Anahtar kelimeler: Anter ¢eperi, Mikrospor geligsimi, Tibbi bitkiler, Tetrat polenler.

Introduction

Bignoniaceae family, whose members are mostly trees
and shrubs and more rarely lianas and herbaceous plants,
comprises some 82 genera with approximately 827
species (Olmstead et al. 2009) distributed primarily in
tropical (greatest diversity in Brazil) and sub-tropical
regions of America, Asia, and Africa. However, some
species are also used worldwide as ornamentals (Castillo
& Rossini 2010). Catalpa Scop. is a small genus in
Bignoniaceae comprising eight natural species and two
hybrid species of perennial trees frequently used in

horticulture as garden and street trees (Olsen & Kirkbride
2017). Itis the only genus in Bignoniaceae that is common
to both the Old and the New Worlds, its members are
distributed mostly in the tropics and subtropics with the
center of diversity in South America (Deka et al. 2013).
In Turkey, the genus Catalpa is represented by only one
species, Catalpa bignonioides Walter, which is planted as
street and garden tree.
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Bignoniaceae has long attracted the attention of
scientists as a source of pharmacologically valuable active
compounds. Therefore, numerous studies regarding
phytochemicals have been carried on this family. These
phytochemical studies have revealed that the extracts
from Bignoniaceae species contain secondary metabolites
such as tannins, flavonoids, quinones, alkaloids,
triterpenes, steroids, and iridoids (de Abreu et al. 2014,
Choudhury et al. 2011, Cragg & Newman 2005) which
have anti-inflammatory, antidiuretic, anti-arthritic,
antimicrobial, antioxidant, anti-dysenteric, anti-diarrheal
and anti-tumor activity (Choudhury et al. 2011). The
genus Catalpa is also an important source of the
medically valuable secondary metabolites. The fruits,
flowers, bark, and leaves of the Catalpa plants are rich in
many kinds of pharmacologically active compounds such
as naphthoquinones (Inouye et al. 1975), flavonoids
(Harborne 1967, Okuda et al. 1975) and phenolic acids
(Nakaoki & Morita 1955). Therefore, numerous species
of Catalpa including C. bignonioides; C. ovata, C. bungei
and C. speciosa are often used medicinally. For instance,
C. bignonioides used in preparations with other herbs for
the treatment of respiratory diseases such as whooping
cough, asthma, and spasmodic coughs in children because
of its sedative effect and mild narcotic action (Felter &
Lloyd 1989). C. bignonioides has also been described for
the treatment of irritable ulcers (Munoz-Mingarro et al.
2003). Moreover, it has an antioxidant activity (Dvorska
et al. 2007).

The Bignoniaceae family has also long attracted the
attention of scientists concerning its taxonomic problems.
The circumscription of Bignoniaceae and
Scrophulariaceae has long been a taxonomic problem.
Several genera have been variously placed in one or the
other family (Armstrong 1985). Recently, the delimitation
of Bignoniaceae genera and tribes has undergone major
changes following an increased understanding of
phylogenetic relationships within the family (Pace et al.
2015). However, to propose an ideal classification for
Bignoniaceae, taxonomists need the data of the studies
regarding the  biochemistry,  pollen  analysis,
micromorphology, anatomy, cytology, molecular
phylogeny, embryology, and anther wall and pollen
development.

In Bignoniaceae, studies concerning the ontogenic or
histochemical development of pollen grains or anther wall
are rare and include Campsis radicans (L.) Seem.
(Tiitiincii Konyar & Dane 2013a, 2013b, Tiitiincii Konyar
et al. 2013, Titliincli Konyar 2014), Catalpa bungei C.A.
Mey. (Fan et al. 2011), Catalpa ovata G. Don (Ruwen
1981), Catalpa speciosa (Warder ex Barney) Warder ex
Engelm. (Chen et al. 2014, Hai-Yan et al. 2013),
Dolichandra unguis-cati (L.) L.G. Lohmann (Bignonia
unguis-cati) (Shivaramiah 1981), Dolichandrone falcata
(Wall. ex DC.) Seem., Jacaranda mimosifolia D. Don
(Galati & Strittmatter 1999), Markhamia lutea (Benth.) K.
Schum (Dolichandrone platycalyx), (Shivaramiah 1981),
Millingtonia hortensis L.f. (Mehra & Kulkarni 1986),
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Kigelia africana (Lam.) Benth (Kigelia pinnata)
(Shivaramiah 1981), Oroxylum indicum (L.) Kurz
(Ghatak 1956), Parmentiera aculeata (Kunth) L.O.
Williams (Parmentiera edulis) (Shivaramiah 1981),
Pyrostegia venusta (Ker-Gawl.) Miers (Pyrostegia ignea)
(Gupta & Nanda 1978), Spathodea campanulata Beauv.
(Raghavan & Venkatasubban 1940, Rudramuniyappa &
Mahajan 1991), Tecoma x smithii Hort. (Shivaramiah
1981), Tecoma stans (L.) Juss. ex Kunth (Nanda & Gupta
1978), Tabebuia ochracea A.H. Gentry, (Bittencourt Jr.
1996), Tabebuia pallida (Lindl.) Miers (Shivaramiah
1981), Tabebuia pulcherrima Sandwith (Bittencourt Jr. &
Mariath 1997), Tabebuia rosea (Bertol.) Bertero ex A.
DC. (Mehra & Kulkarni 1986). These earlier studies on
anther ontogeny in Bignoniaceae have revealed that
anther development in this family varies from species to
species. Anther wall development is the dicotyledonous
or basic type. The anthers are mostly tetrasporangiate and
rarely bisporangiate. The endothecium is usually single
layered but two to three layered endothecium are also
found in some plants. The endothecium may or may not
exhibit thickenings. The tapetum is either of the secretory
or amoeboid type and usually single layered. Tapetal cells
are usually binucleate or multinucleate, and rarely
uninucleate as in K. pinnata (Shivaramiah 1981).

The studies of anther ontogeny in Bignoniaceae are
inadequate in number as a source of comprehensive data
on the distribution of taxonomic characters in different
genera of this family. Therefore, Bignoniaceae family
needs more embryological data on the taxonomically
important characters concerning the anther wall and
pollen development such as the number of anther wall
layers, tapetum and tetrad type.

The primary aim of this study was (1) to determine
whether the anther development in C. bignonioides
follows the basic scheme in angiosperms, (2) to provide
embryological data that will contribute to the
understanding of the reproductive biology of C.
bignonioides and (3) to provide taxonomically important
data for Bignoniaceae which would contribute to the
taxonomic and phylogenetic studies.

Materials and Methods

Fresh flower buds of different sizes and at different
developmental stages were collected from C.
bignonioides plant which was planted as an ornamental in
parks and on the roadsides of Edirne Al (E) in European
Turkey (The development stages of anthers had been
determined before by examining squash preparation
stained with acetic carmine under a light microscope).
Following dissection from the buds, 10 anthers at various
developmental stages were prefixed immediately in 3%
glutaraldehyde in Sorensen’s buffer (pH 7.4) for 24h at
4°C and rinsed in Sorensen’s buffer three times for 15min
each. After postfixation with 1% osmium tetroxide in the
same buffer (pH 7.4) for 2h at room temperature, the
anthers were dehydrated in a series of increasing
concentration of ethanol in water and embedded in Epon
according to the usual method (Craig et al. 1962). 1-um
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transverse sections were cut from the Epon embedded
anthers with Leica Em UC6 ultramicrotome and stained
with toluidine blue for general histological observations.

Toluidine blue staining

Semi-thin sections of the Epon- embedded anthers
were stained with toluidine blue to highlight cell
components for general histological observations under
light microscopy. For this purpose, semi-thin sections
were stained with 1% toluidine blue at 60°C for 50min
and rinsed in distilled water for 2min. Toluidine blue
stains nucleic acids (acidic polyanionic groups) blue and
polysaccharides purple.

Results

Anther wall

Androecium of C. bignonioides is composed of five
stamens two of which are fertile and the other three are
staminode. The development of the anther wall is the
dicotyledonous type. The fertile anthers of C.

bignonioides are tetrasporangiate, and their wall
comprises four different layers; from the exterior, the
epidermis, endothecium, middle layer, and the secretory
(glandular) tapetum. The number of anther wall layers
ranges from three to six depending on the development
stage and the region of the anther (Fig. 1A-H). The
outermost layer of the anther wall, epidermis, remained
intact until the end of the anther development, and cuticle
layer was observed on the outer tangential wall of the
epidermal cells (Fig. 1F-H). At the stomium regions,
radially elongated epidermal cells were detected (Fig. 1F).
Like epidermis, the endothecium also remained intact
until the end of the anther development. The number of
endothecium layers varied from 1 to 3 depending on the
developmental stage and region of the anther. At the
vacuolated and mature pollen grain stages, endothecial
cells enlarged and developed U-shaped thickenings on
their inner tangential and radial walls (Fig. 1E-I).

Fig. 1: Development of anther wall in C. bignonioides anthers during various phases of pollen ontogeny (Semi-thin sections stained
with Toluidine blue). A- Sporogenous cell stage. B- Microspore mother cell stage. C, D- Free microspore tetrad stage. E- VVacuolated
microspore tetrad stage. F, G- Mature pollen tetrad stage. Note the endothecial thickenings (arrows), and tapetal membrane studded
with Ubisch bodies (arrowhead) in figure G, H, I- U-shaped endothecial thickenings (arrows) in the anther wall at anthesis stage. (AL-
anther locule, Cu- cuticle layer, End- endothecium, Ep- epidermis, MI- middle layer, MT- microspore tetrad, MMC- microspore mother
cell, PT- pollen tedrad, Sc- sporogenous cell, oTa- outer tapetum, TR- remnants of the tapetum, VM- vacuolated microspore).
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Fig. 2: Light micrographs of transverse semi-thin sections of anthers showing tapetal development at various stages of
microsporogenesis. A-C- Tapetum development at sporogenous cell stage. D-F- Tapetum development just before the meiotic stage.
G- Binucleate tapetal cells at the onset of meiotic division. H, I- Nuclear fusions at tapetal cells (arrows). (AW- anther wall, Ca- callose,
Ct- connective tissue, End- endothecium, Ep- epidermis, MI- middle layer, MMC- microspore mother cell, N- nucleus, Sc- sporogenous
cell, St- sporogenous tissue, iTa- inner tapetum, oTa- outer tapetum, PI- plasmodesmata,V- vacuole).

The tapetum of C. bignonioides anthers has a dual
origin and dimorphic. The tapetum layer which
differentiates from the inner secondary parietal layer and
forms the innermost layer of the anther wall is called the
outer tapetum, whereas that originates from the
parenchymatous cells on the connective side adjacent to
the sporogenous tissue is called the inner tapetum (Fig.
1A, B; 2A-C; 3A-C). Both the inner and outer tapetum
contains single layered cells. Tapetal cells were
uninucleate before the meiotic division of the
microsporocytes (Fig. 2A-F), however, at the onset of the
meiotic division, they began to be binucleate as a result of
the nuclear divisions (Fig. 2G). Secondary nuclear
divisions and nuclear fusions were also observed in
tapetal cells (Fig. 2H, 1).

At the early free tetrad microspore stage, Ubisch
bodies were observed on the inner tangential surface of
the tapetal cells. The inner tapetum started to degenerate
at this stage, whereas, outer tapetum began to degenerate
at the late free microspore tetrad stage (Fig. 3A-F).
However, tapetal remains disappeared completely at the

mature pollen grain stage. After the degeneration of
tapetal cell walls, the tapetum formed a distinct tapetal
membrane and Ubisch bodies attached to this membrane
(Fig. 1F, G).

Pollen development

At the early sporogenous cell stage the anther wall had
not yet completed its differentiation, however, as the
development proceeded, it completed its differentiation,
and finally, one layer of outer tapetum cells having large
vacuoles was observed below the middle layer around
sporogenous cells (Fig. 2A-1).

At the sporogenous cell stage, usually, two
longitudinal rows of tightly packed, slightly polygonal
sporogenous cells were observed in the crescent shaped
anther locule of C. bignonioides (Fig. 2A-C).
Sporogenous cells which had large centrally located
nuclei were surrounded by thin cell walls and connected
to each other by plasmodesmata (Fig. 2B). At the late
sporogenous cell stage, the sporogenous cells gradually
increased in volume and changed into microspore mother
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cells. Just before the prophase of the first meiotic division,
callose accumulation began between the cell wall and the
cell membrane of the microspore mother cells starting
from the corners (Fig. 2D-F). After callose deposition
completed, meiocytes separated from each other and
underwent first and second meiotic division and
simultaneous cytokinesis forming mostly tetrahedral and
rarely isobilateral and linear tetrads. Following tetrad
formation, callose envelope that surrounds the tetrads

disappeared but microspores remained within the pollen
mother cells cellulosic wall and failed to separate each
other. As a result of this, the exine layer of the sporoderm
was deposited on the group of four microspores (tetrads)
instead of individual microspores and was released into
anther locules as microspore tetrads (Fig. 3A-F). Herein
the term microspore tetrad has been used to distinguish
them from the normal tetrads.

Fig. 3. Light micrographs of transverse semi-thin sections through a single anther locule showing anther wall and microspore
development at the free microspore tetrad stage. A- General view of an anther locule, anther wall, and the connective tissue. Note the
crescent shape (horseshoe shaped) anther locule. B-F- Images of the same anther locule at different magnifications showing details of
microspores and anther wall. Note the reserve materials (arrows in figure D) in the anther wall and microspores. (AL- anther locule,
Ct- connective tissue, End- endothecium, Ep- epidermis, MI- middle layer, MT- microspore tetrad, iTa- inner tapetum, oTa- outer
tapetum, TR- remnants of the tapetum, Ub- Ubisch bodies, V- vacuole).
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Fig. 4. Light micrographs of transverse semi-thin sections of anthers stained with toluidine blue. A- General view of an anther locule,
anther wall and the connective tissue at the vacuolated microspore stage. B- General view of vacuolated microspore tetrads. C- Details
of isobilateral microspore tetrad. D- Details of tetrahedral microspore tetrad. E- Details of linear microspore tetrad. F- General view of
mature pollen tetrads at anthesis stage. (AL- anther locule, Ct- connective tissue, End- endothecium, Ep- epidermis, MT- microspore
tetrad, MPT- mature pollen tetrads, TR- remnants of the tapetum, Ub- Ubisch bodies, V- vacuole, VMT- vacuolated microspore tetrad,

Arrows show the reserve materials in vacuolated microspores.

At the free microspore tetrad stage, centrally located
large nucleus and a moderate amount of small reserve
materials were observed in the cytoplasm of each
microspore (Fig. 3A-F). As the development progressed,
vacuolization began in the cytoplasm and large reserve
materials, presumably starch granules, appeared in the

cytoplasm of the vacuolated microspores (Fig. 4A-E). The
pollen wall (sporoderm) construction that has begun at the
tetrad stage continued throughout the free microspore
tetrad and vacuolated microspore tetrad stages by the
addition of sporopollenin precursors originating from
tapetum to the exine layer of the sporoderm.
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Similar to the vacuolated microspore tetrads, reserve
materials were also present in the anther wall at the
vacuolated microspore stage. However, concurrent to the
formation of endothecial thickenings, the reserve
materials in the anther wall started to decrease (Fig. 4A),
and at the mature pollen grain stage, they disappeared
completely (Fig. 4F) suggesting that reserve materials
presumably consumed to provide energy for endothecial
wall thickenings and cell enlargement. Furthermore, the
decrease in the size and the numbers of reserve materials
in the staminal envelope coincided with the increase in the
number of reserve materials in the vacuolated
microspores.

Following the first pollen mitosis, young bicellular
pollen tetrads were produced and maturation period
started. The mature pollen tetrads (compound pollen
grains) of C. bignoniodies are inaperturate and “clypeate”
type, that is exine shields have been separated by grooves
(Fig. 5A-D). The sculpturing of the respective exine
shields is reticulate (Fig. 5A-C). The compound pollen
grains of C. bignoniodies are shed from the anther as
tetrads (Fig. 4F).

Discussion

Anther Wall

The anthers of Catalpa bignonioides are
tetrasporangiate as reported earlier for Catalpa bungei
(Fanetal. 2011), Catalpa speciosa (Chen et al. 2014), and
many other members of Bignoniaceae including Campsis
radicans (Tiitiincii Konyar & Dane 2013b), Dolichandra
unguis-cati (Bignonia unguis-cati), Kigelia africana
(Kigelia pinnata), Markhamia lutea (Dolichandrone
platycalyx), Millingtonia hortensis, Parmentiera aculeata
(Parmentiera edulis) (Shivaramiah 1981), Pyrostagia
venusta (Pyrostagia ignea) (Gupta & Nanda 1978),
Tecoma stans (Nanda & Gupta 1978), T. smithii,
Tabebuia ochracea (Bittencourt Jr. 1996), T. pallida,
(Shivaramiah 1981). However, bisporangiate anthers
have also been reported in some members of
Bignoniaceae comprising Jacaranda mimosifolia (Galati
& Strittmatter 1999a).

The development of the anther wall of C. bignonioides
conforms to the usual development in dicotyledons and
other members of the Bignoniaceae such as C. radicans
(Titiincii Konyar & Dane 2013b), P. venusta (Gupta &
Nanda 1978) and T. stans (Nanda & Gupta 1978). The
young anther wall consists of an epidermis, endothecium,
middle layer, and the tapetum. However, at maturity, it
consists of only epidermis and endothecium. The
epidermal cells in the anther wall of C. bignonioides
enlarge, become papillate and accumulate a thick layer of
cuticle on their outer tangential walls as was also observed
in C. radicans (Titiincii Konyar et al. 2013), J.
mimosifolia (Galati & Strittmatter 1999a), T. ochracea
(Bittencourt Jr. 1996) and T. pulcherrima (Bittencourt Jr.
& Mariath 1997). Davis (1966) had also described the
radially enlarged epidermal cells with cutinized outer
surface in Bignoniaceae. According to Garcia et al. (2002)
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enlarged epidermal cells in stomium region may enhance
the anther dehiscence. Since radially enlarged epidermal
cells were more prominent in the stomium region of C.
bignonioides anthers, we also think that they play a role
during anther dehiscence.

The number of endothecium layers in the anther wall
of C. bignonioides ranges from 1 to 3 and, at maturity the
endothecial cells develop U-shaped thickenings on their
inner tangential and radial walls. The presence of multi-
layered endothecium and endothecial thickenings are not
peculiar to C. bignonioides anthers, as in various
angiosperms, they have also been reported in the other
members of Bignoniaceae including M. lutea, M.
hortensis, P. aculeate (Shivaramiah 1981), P. venusta
(Gupta & Nanda 1978), T. pallida, T. smithii
(Shivaramiah 1981), T. stans (Nanda & Gupta 1978).
However, the types, formation time and location of
thickenings on the endothecial wall show variations
within the family. As an example in J. mimosifolia (Galati
& Strittmatter 1999a), endothecium develops fibrous
thickenings only along the inner tangential walls, whereas
in the present study U-shaped (crescent-shaped)
thickenings were observed as reported earlier for K.
africana (Shivaramiah 1981).

Generally, the tapetal development in C. Bignoniodes
is similar to other descriptions of the secretory tapetum in
dicotyledons and in the other members of the
Bignoniaceae. The tapetum in C. bignonioides anthers is
of the secretory type and shows a distinct dual origin as in
many other members of Bignoniaceae including C. bungei
(Fan et al. 2011), C. speciosa (Li et al. 2013, Chen et al.
2014), C. radicans (Tiitiincii Konyar & Dane 2013b), J.
mimosifolia (Galati & Strittmatter 1999a), M. hortensis
(Shivaramiah 1981), P. venusta (Gupta & Nanda 1978),
T. stans (Nanda & Gupta 1978), T. smithii (Shivaramiah
1981), T. ochracea (Bittencourt Jr. 1996), T. pulcherrima
(Bittencourt Jr. & Mariath 1997). On the other hand,
amoeboid tapetum has also been reported in the other
members of this family such as D. unguis-cati, K. africana
and T. pallida (Shivaramiah 1981). The tapetum is usually
single layered in Bignoniaceae. However, the number of
tapetal nuclei shows variations between different species.
The tapetal cells are ordinarily binucleate or
multinucleate, and rarely uninucleate as was reported for
K. africana (Shivaramiah, 1981). Binucleate tapetal cells
have been described in P. venusta (Gupta & Nanda 1978),
P. aculeata, T. smithii (Shivaramiah 1981), T. stans
(Nanda & Gupta 1978), whereas multinucleated tapetal
cells have been reported in M. lutea, M. hortensis, T.
pallida (Shivaramiah 1981) and Oroxylum indicum
(Ghatak 1956). In our previous study concerning the
anther development in C. radicans (Tiitiincii Konyar &
Dane 2013b), it was observed that the tapetal cells were
multinucleated after secondary nuclear divisions but later
they became binucleate as a result of nuclear fusions.
However, multinucleate tapetal cells could be observed
only in squashed preparations.
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Fig. 5. Light micrographs of tetrad pollens (compound pollens) of C. bignonioides stained with basic fuchsine. A-C Show the details
of “clypeate” pollens on which polygonal exine shields were separated by large grooves (arrows). Note the reticulate ornamentation of

exine shields. D Pollen tetrad having a tetrahedral arrangement.

In transverse paraffin and semi- thin sections, we
could observe only binucleate tapetal cells at the onset of
the meiotic division (Tiitiinci Konyar & Dane 2013Db).
Therefore, it is obvious that to determine the presence or
absence of the secondary nuclear divisions, nuclear
fusions, and the number of nuclei in the tapetal cells
evidently, very detailed investigation of the tapetal cells
including numerous anthers at the different stages of the
tapetal development, from premeiotic to tetrad stages, are
necessary. The formation of the polyploid nucleus in
multinucleate tapetal cells by nuclear fusions have also
been reported in M. lutea, M. hortensis, T. pallida
(Shivaramiah 1981) and O. indicum (Ghatak 1956).

Usually, nuclear divisions in the tapetal cells occur
just before the meiotic division as was observed in C.
radicans (Tiitiincti Konyar & Dane 2013b) or at the onset
of the meiotic division. In the present study, we observed
uninucleate tapetal cells in the anthers of C. bignonioides
before the meiotic division. As the development of the
anther proceeded, binucleate and trinucleate tapetal cells
were observed indicating the presence of primary and
secondary nuclear divisions in these cells. Furthermore,
nuclear fusions were also observed in the tapetal cells.

At the free microspore stage, Ubisch bodies were
observed on the inner tangential surface of the tapetal
cells of C. bignonioides bordering the locules as reported
earlier for C. radicans (Titiincii Konyar & Dane 2013b,
Titinci Konyar 2014), J. mimosifolia (Galati &
Strittmatter 1999a, 1999b) P. venusta (Gupta & Nanda
1978), T. stans (Nanda & Gupta 1978), T. smithii
(Shivaramiah 1981); T. ochracea (Bittencourt Jr. 1996),
T. pulcherrima (Bittencourt Jr. & Mariath 1997) and in
many other species of Bignoniaceae studied by Mehra &

Kulkarni (1986). However, in C. bignonioides, concurrent
with the degeneration of the inner tangential walls of the
tapetal cells, a new tapetal membrane was formed and
Ubisch bodies attached to the inner surface of this tapetal
membrane. Observations regarding the formation of
tapetal membrane are consistent with the results of the
previous studies including C. radicans (Tiitiincii Konyar
& Dane 2013b, Titiincii Konyar 2014), J. mimosifolia
(Galati & Strittmatter 1999a, 1999b), P. venusta (Gupta
& Nanda 1978), T. stans (Nanda & Gupta 1978) and T.
ochracea (Bittencourt Jr. 1996).

Pollen Development

At the sporogenous cell stage, usually two
longitudinal rows of tightly packed, sporogenous cells
were observed in the crescent shaped anther locule of C.
bignonioides as was observed in C. radicans (Tiitiincii
Konyar & Dane 2013b). Although the crescent shaped
anther locule has been observed in all species of the
Bignoniaceae investigated so far, the number of
longitudinal rows of sporogenous cells vary in different
species. As an example, single layered sporogenous tissue
has been reported in J. mimosifolia (Galati & Strittmatter
1999a).

Microspore and pollen development in C.
bignonioides follows the basic scheme in angiosperms. As
usual in angiosperms, microspore mother cells secrete
callose wall before meiotic division. Meiocytes undergo
meiosis and simultaneous cytokinesis resulting in the

formation of tetrads mostly with a tetrahedral
arrangement, and rarely isobilateral and linear
arrangement. However, as observed rarely in

angiosperms, following tetrad formation, callose
envelope that surrounds the tetrads disappeared but
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microspores remained within the pollen mother cells
cellulosic wall and failed to separate each other leading to
the formation of compound pollen grains. The
simultaneous cytokinesis and the formation of the
tetrahedral and isobilateral tetrads, and compound pollen
grains have also been reported in other species of the
genus Catalpa including C. bungei (Fan et al. 2011), C.
speciosa (Chen et al. 2014) and C. ovata (Ruwen 1981,
Song et al. 2012).

Although the simultaneous cytokinesis and the
tetrahedral tetrads have also been observed in other
members of Bignoniaceae including C. radicans (Tiitiincii
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