
Ph Syst. Evol. 137,203--214 (1981) 
Plunt Svstemutics 
und Euolution 
© by Springer-Verlag 1981 

From the Andhra University, Waltair, india 

Studies in the Embryology of Heliantheae (Compositae) 1 

By 

T. Pullaiah, Waltair, India 

(Received November 26, 1978, in revised jbrm March 28, 1980) 

Key Words: Compositae, Heliantheae.--Embryology. 

Abstract: The embryology of Lagascea mollis, Zinnia angustifolia and 
Galinsoga parviflora has been studied. The anther archesporium is hypodermal 
and consists of a single row of 6 8 cells, there are two layers below the 
epidermis of the anther and a periplasmodiaI tapetum. Ripe pollen grains are 
trieolpate and 3-celled. The ovary contains a single ovule, but in a few cases of 
Galin,oga parviflora two ovules have been found. The female archesporium is 
unicellular, but sometimes more than one archesporial cell occurs in Laga,seea 
molli.s' and Zinnia anguatifolia. The embryo sac development is of the Poly- 
gonmn type, the synergids are hooked, antipodal cells show great variation. 
The endosperm developmen~ is cellular in Galinsoga parw~'lora and peripheral 
layer persists in the mature seed. The embryo development conforms to the 
Senecio variation of the Asterad type. The pericarp structure and embryologi- 
cal features support the disputed systematic position of Lagaseea within 
Heliantheae. 

The tribe Heliantheae of the family Compositae is of special interest 
to embryologists because of the occurrence of a nmnber of variations. 
As many as three different types of embryo sac d e v e l o p m e n t ~ . e .  
Polygonum, AIIium, and Fritiltaria. type- -occur  in this tribe (MAHESH 
WARI & SR1N1VASAN 1944, ROSEN- 1944, HJELMQUIST 1951, HJELMQUIST 
HOLMBERG 1961, CESTA 1961, MAHESWARI DEVl 1963, PULLAIAH 1978). 
Antipodal variations, apomixis, polyspermy, semigamy and polyem- 
bryony etc. also are known from some species (GEL,N 1934, ESAU 1946, 
BATTAGLIA 1945, 1946, 1963, )~AHESWAgI DEVI & PULLAIAH 1976, 
PULLAIAH 1978). 

1 Part of a Ph.D. thesis, accepted at Andhra University. 
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In spite of this extensive work, a number of genera and species in 
the tribe have remained uninvestigated. DOLL'S (1927) observations on 
the embryology of Lagascea mollis are limited and include a reference to 
cellular endosperm development. Embryological investigations on the 
genera Zinnia and Galinsoga are confined to single species, i.e. Zinnia 
pauciflora (MAHESWAI~I DEVi 1963) and Galinsoga ciliata (HARMS 1935, 
POPHAM 1938). DAHLOaE~ (1920) has investigated the development of 
endosperm in a number of Compositae and reports cellular endosperm in 
Galinsoga perviflora, while HARRIS (1935) and POPHAM (1938) have 
observed nuclear endosperm in G. ciliata. Very little is known about  the 
structure and development of the anther, male gametophyte,  fertili- 
zation and embryo development in Lagascea, Galinsoga, and also in 
Zinnia. As DAvis (1964) pointed out, a considerable amount  of purely 
descriptive work still remains to be carried out before any generali- 
zation can be made. Hence, the present investigation was undertaken 
to s tudy the embryology of three species, Lagascea mollia CAr., Zinnia 
angustifolia HBK. and Galinsoga parviflora CAv. 

Materials and Methods 

The material of Lagascea mollis was collected from plants growing in the 
Andhra University campus and that of Zinnia angustifolia from the plants 
cultivated in the gardens of Andhra University. Capitula of Galinsoga parvi- 
flora were collected from the Anantagiri hills in Visakhapatnam district. 
Voucher specimens were deposited in the Herbarium of the Botany depart- 
ment, Andhra University, Waltair. Heads at different stages were fixed in 
Formalin-Acetic-Alcohol (F. A. A.). The involueral bracts were removed before 
fixation. Dehydration infiltration, embedding and sectioning were done by the 
customary methods (JoHANSE~ 1940). The sections were stained in Delafield's 
haematoxylin. 

Observations 

Microsporangium, Microsporogenesis and Male (~ametophyte. The 
anthers contain four microsporangia. The primary archesporium con- 
sists of a single hypodermal  row of 6 8 prominent cells in each of the 
four lobes of the anther (Fig. 2A). The development of anther wall 
follows the dicotyledonous type (Figs. 1A--C, 2 B ~ ) .  The epidermis 
is much stretched and persists at maturi ty.  The sub-epidermal layer 
develops into the fibrous endothecicum (Figs. 1D, 2H, 3C). The middle 
layer is ephemeral. The cells of the tape tum show great variation in 
their nuclear behaviour. The nucleus of the tapetal  cells undergoes 
nuclear divisions and fusions resulting in multinucleate and polyploid 
cells. The tape tum is of the periplasmodial type (Figs. 2G, 3B). 

The pr imary sporogenous cells undergo few mitotic divisions in all 
planes resulting in a moderately extensive mass of pollen mother cells 
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Fig. 1. Lagaacea mollis. A L.s. part  of anther lobe showing epidermis, wall layers 
and sporogenous layer ; B, C L. s. and T. s. of anther lobes showing epidermis, 
wall layers and pollen mother cells; D fibrous endotheeium; E, F tetrahedral 
and isobilateral pollen tet.rads respectively; G,H mature pollen grains of 
different sizes; i megaspore mother cell in meiotic prophase; J megaspore 
te t rad showing chalazal functional megaspore; K two- and one-nucleate 
embryo sacs are developed from the ehalazal and third megaspores respec- 
tively; L mature embryo sac; M, N antipodal cells; 0 embryo sac showing a 
few-celled embryo and an undivided primary endosperm nucleus; P,  Q young 

and heart shaped embryos 

14" 
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(Figs. 1 B, C, 2 D) except in Galinsoga parviflora where the pollen mother 
cells are 2-seriate (Fig. 3A). Pollen mother  cell meioses are simul- 
raucous and produce either tetrahedral  (Figs. 1E, 2I ,  3D) or isobila- 
teral tetrads (Figs. 1 F, 2J ,  3E). Cytokinesis is by furrowing. The pollen 
grains are tricolpate and 3-celled at the shedding stage (Figs. 1 G,H, 
2K, 3G). In Galinaoga parviflora sometimes one, two or even three 
microspores of a te t rad degenerate (Fig. 3E,F). 

Ovary an¢l Ovule. The ovary as characteristic of Compositae is 
bicarpellary, synearpous, unilocular and inferior with a single basal 
ovule. But  in Galinaoga parviflora, the ovary occasionally contains two 
ovules which have a common funicle and are arranged face to face. 
Each of these ovules contain a mature embryo (Fig. 3H). The ovule is 
anatropous,  unitegmic and tenuinucellate. At about  the time of the 
megaspore te t rad formation the innermost layer of the integument 
becomes differentiated as the integumentary tapetum. Three types of 
in tegumentary tape tum are recorded: 1) in Galinsoga parviflora, the 
integumentary tape tum consists of a single layer of uninucleate cells 
and this remains unaltered throughout,  i.e., until it is completely 
absorbed by the growing embryo (Fig. 3M). 2) In Zinnia angustifolia 
the integumentary tapetum becomes biseriate, but  the cells remain 
uninucleate (Fig. 2P). 3) An additional type is seen in Lagaacea molli8: 
The integumentary tapetum becomes multiseriate near the middle of 
the embryo sac and the cells remain uninucleate (Fig. 10). In all the 
species investigated integumentary vascular traces are recorded. 

Megasporogenesis and Female Gametophyte. The female arches- 
porium is hypodermal and single-celled. But  in Lagascea molli8 and 
Zinnia anguatifolia a multieellular arehesporium is occasionally formed 
(Fig. 2L). The archesporial cell directly develops into the megasporial 
cell (Fig. 3I) and the meiotic divisions produce a linear te t rad of 
megaspores (Figs. 1J, 2M, 3J).  The chalazal megaspore (Fig. 1J) 
produces an 8-nucleate, spindle-shaped embryo sac of the Polygonum 
type (Figs. 2N, O, 3K--M). In Laga,cea mollis occasionally more than 
one megaspore of the te t rad develop embryo sacs (Fig. 1K). After 
formation of the secondary nucleus, the embryo sac widens con- 
siderably near the region of the egg apparatus so that  the extreme apex 
appears as a beak-like protuberance. The synergids are hooked and 
degenerate soon after fertilization. There are either two or three 
antipodal cells (Figs. 10, 20,P,R, 3M,N).  I f  two occur, one of them is 
binucleate; if three, all are uninucleate. In Galinsoga parviflora the 
original condition of the antipodals remains unchanged (Fig. 3 M, N). In 
Zinnia angustifolia the number of antipodals remains constant, but  due 
to nuclear divisions multinucleate cells are formed (Fig. 2Q). Occasio- 
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Fig. 2. ZTr~zia Iinearis. A L. s. part of' anther lobe showing arehesporium ;/7 D 
L. s. of anther lobes showing development wall layers; K, F anther tapetal cells 
showing nuclear divisions ; G L. s. part of anther lobe showing periplasmodium 
and one-nucleat.e pollen grains; H fibrous endotheeium ; I, d tetrahedra] and 
isobilatera] pollen tetrads respectively; K mature pollen grain; L three-celled 
female arehesporium ; M megaspore dyad: the two eels are in telophase ; ,\~, 0 
two-nucleate and mature embryo sacs respectively; P embryo sac showing 

syngamy, triple fusion nucleus; Q, R antipodal cells 
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nally, in Lagascea mollis the number of cells increases up to 5 6 and 
these become multinucleate and polyploid (Fig. 1L--O). Antipodal 
cells persist up to the time of formation of a heart-shaped embryo in the 
embryo sac. 

Fertilization, Endosperm and Embryo. Fertilization is porogamous. 
Triple fusion is completed before syngamy (Fig. 2P). The synergids 
degenerate before fertilization. 

The development of the endosperm has been studied in Galinsoga 
parviflora. The first division of the pr imary endosperm nucleus is 
followed by a transverse wall and two cells are formed. Fur ther  
divisions in these two cells take place in all directions and a massive 
tissue is formed filling the embryo sac with cellular tissue (Fig. 3N, 0). 

At the stage of a globular embryo in Lagascea mollis and Galinsoga 
parviflora the endosperm cells divide and form a narrow layer of small 
peripheral cells which resemble the integumentary tapetal  cells in their 
appearance and in their glandular nature. But  the integumentary 
tapetal  cells are elongated radially, while the peripheral endosperm 
cells are elongated longitudinally (Figs. 30, 4F).  Excepting its peri- 
pheral layer, the entire endosperm, is consumed by the growing embryo 
(Fig. 4G). In a single instance of Lagascea molli8 an embryo sac with 
few-celled embryo and undivided pr imary endosperm nucleus is re- 
corded (Fig. 10). 

Development of embryo, seed coat and pericarp has been studied 
only in Lagascea mollie' and Galinsoga parviflora. A transverse division 
of the zygote results in two cells, the basal cb and the terminal ca (Fig. 
4A). The latter divides vertically and forms two juxtaposed cells while 
the former undergoes a transverse division producing two superposed 
cells m and ci. Thus a four-celled " T "  shaped proembryo is formed (Fig. 
4B). The two juxtaposed cells of the tier ca divide once more vertically 
and produce quadrants  which divide obliquely and give to octants (Fig. 
1P). The cell m also undergoes two vertical divisions at right angles to 
one another and produces quadrants.  The cell ci divides transversely to 
n and n'. The latter, after one more transverse division produce o and p 
(Figs. 1P, 4C). 

The tier q gives rise to the cotyledons and stem tip, the tier m 
contributes to the formation of hypocotyledonary region and plerome 
initials of the root, and n and o to the formation of root tip, root cap and 
dermatogen of the root (Figs. 1P,Q, 4C,D). The cellp undergoes two or 
three transverse divisions and produces an uniseriate suspensor of 4-8 
cells (Fig. 4D). Thus the embryogeny conforms to the Senecio variation 
of the Aster~d type (JogANSE~ " 1950). 



Fig. 3. Galinsoga parviflora. A T. s. anther lobe showing epidermis, wall layers 
and pollen mother cells ; B L. s. of part of anther lobe showing periplasmodium 
and one nucleate pollen grains; C fibrous endothec~um; D tetrahedral pollen 
tetrad; E isobilateral pollen tetrad showing one degenerating microspore; F 
tetrahedral tetrad showing two degenerating microspores; G mature pollen 
grain ; H L. s. ovary showing two ovules ; I megaspore mother cell ; J megaspore 
tetrad; K ,L  two- and four-nucleate embryo sacs respectively; M mature 
embryo sac ; N embryo sac showing two-celled embryo and cellular endosperm ; 

O embryo sac showing globular embryo and cellular endosperm 
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Fig. 4. Galinaoga parviflora. A - -D  Various stages in the development of the 
embryo ; E L. s. of a portion of seed coat and pericarp at organised embryo sac 
stage; F,  G L.s.  of a portion of seed coat and pericarp at heart-shaped and 
dicotyledonous embryo stages respectively (end endosperm, it integumentary 

tapetum, pc pericarp, ae seed coat) 
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Seed Coat and Pericarp. The integument at the organised embryo sac 
stage is 8-10 layered including the in tegumentary tapetum (Fig. 4E). 
After fertilization a few layers of cells of the integument next  to the 
endothelium become enlarged, loose their contents and become ob- 
literated (Fig. 4F). In a mature seed, except for a few layers of cells and 
the epidermis, the layers of the integument are crushed and absorbed 
by the growing embryo. Thus the seed coat is made up of the epidermis 
and a few layers of the integument (Fig. 4G). 

The ovary wall, which consists of parenchymatous cells at the 
megaspore mother cell stage, becomes differentiated into three zones by 
the time a mature embryo sac is formed in the ovule (Fig. 4E). The 
outer zone includes epidermis and hypodermis, the latter with larger 
cells. The middle zone consists of a few layers of elongated fibrous cells, 
the inner zone of a few layers of parenchymatous cells. After fertili- 
zation schizogenous cavities develop between the hypodermis and the 
inner layers of cells. A brown resinous substance exudates into this 
space, finally becomes hard and forms a dark cementing layer. 
Meanwhile the inner parenchymatous zone dissolves. In the mature 
achene the epidermis, hypodermis and a few fibrous layers form the 
pericarp. 

Discussion 

The structure and development of the anther and male gameto- 
phyte  in Lagascea mollis, Zinnia angustifolia and Galinsoga parviflora 
are typical of tha t  reported for the Heliantheae (BAx'ERa~ & PAL 1963, 
DESHPAX'DE 1960, 1962, 1964, GHOSH 1962, MAHESWARI DEW 1963, 
MA~ESWARI DEW & PULLALaH 1976, Pt:LLa~aH 1978). The archesporium 
consists of a single row of hypodermal  cells. Only for Blai~willea 
rhomboidea the occurrence of two rows of archesporial cells reported 
S UNDARA g AJAN (1972). 

In Galinsoga parviflora two ovules per ovary were occasionally 
observed. Although occurrence of two ovules per ovary is reported in a 
number of Compositae belonging to different tribes (VExKATESWARLU ~; 
MAHESWAIgI DEVI 1955, MESTRE 1957, KAPIL & SETHI 1962a, ENGELL 
1970, MAHESWARI DEVI & PULLAIAH 1977, PULLAIAH 1979b), this is the 
first case for the tribe Heliantheae. 

The female arehesporium is normally single-celled in the tribe. 
However, in a few species, for example, Bidens' pilosff (MAHESWAm DEW 
1963), Scalesia divisa, S. gummifera, S. helleri (ELLaSSON 1974), Melam- 
podium divaricatum (MAHESWARI DEVI & PULLAIAIq 1976), multicellular 
archesporia also occur. 

In the majori ty of the Heliantheae the development of the embryo 
sac follows the Polygonum type. But  in Tridax trilobata (H.JEL~gV~ST 
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1951) and Sanvitalia procumben8 (HJELMQUIST & HOLMBEIIG 1961) both 
Polygonum and Allium types of embryo sac development have been 
recorded. In Tridax glabellu8 (see DAvis 1966) embryo sacs are either 
monosporic or tetrasporie. In the genus Rudbeckia - -  R. hirta (PAL~ 
1934), R. amplexicaulis, R. laciniata (J~'AGEI~LIND 1939, ROSEN 1944), R. 
bicolor (FAGERLIND 1939, ROSEN 1944, MAHES~WARI & SaINIVASAN 1944), 
and R. missouriensis (CESCA 1961) - -  the development of embryo sac 
follows the Fritillaria type. 

Both nuclear and cellular endosperm occur in the tribe Heliantheae. 
DOLL (1927) for Lagascea molli8 and DAHLG~EN (1920) for Galinsoga 
parviflora report  cellular endosperm, as is confirmed in the present 
investigation. In contrast,  HAI~t~Is (1935) and POPHAM (1938) have 
observed nuclear endosperm development in G. ciliata. Such 
intragenerie variation of endosperm development was earlier recorded 
for Blumea (PULLAIAH 1978), also a member of the Compositae. In some 
cases the pr imary endosperm nucleus remains undivided, when the 
embryo reaches a few celled stage e. g. in Tridax procumben8 (MAHESH- 
WARI & ROY 1952), T. trilobata (KAPIL & SETHI 1962b), Biden8 pilo,a 
(MAHESWARI DEVI 1963), Sigesbeckia orientalis (MIsRA 1965), and 
Lagascea mollis (present study). 

Two different views were expressed regarding the systematic posi- 
tion of Lagascea. CASSlNI (1815), LESSIN~ (1832), DECANDOLLE (1836), 
SCHULTZ-BIPOTINUS (1861) and MERXMt2LLEI~ (1954) included the genus 
Lagascea in the tribe Vernonieae. BENTHAM (1873), HOFgMANN (1894) 
and others place Lagascea in the tribe Heliantheae. Recently STUESSY 
(1976) on the basis of morphologgical and chromosomal studies, 
supports the assignment of the genus Lagascea to Heliantheae. Embryo-  
logical characters and especially periearp structure are also in favour of 
its retention in the tribe Heliantheae. In Heliantheae generally three 
different zones are distinguished in the periearp (MIsRA 1972b, present 
data). Between the middle and outer zones characteristic schizogenous 
cavities develop which fill with a brown resinous and hardening 
substance. Such schizogenous cavities are absent in Vernonieae (MIsRA 
1972a, PULLAIAH 1979). In addition, Heliantheae have a well developed 
integumentary tapetum which is poorly developed in Vernonieae. 
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