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Abstract. Floral anatomy of Cuscuta hyalina Roth. Cuscuta europaea L., Cuscuta

chinensis Lamk. and Cuscuta calycina Webb. and Berth. and embryology of Cuscuta
europaea L., Cuscuta calycina Webb. and Berth. have been investigated. Sepals,
petals and stamens are singlet-traced and the corpels have only the ventral
bundles. The disc is ovarian without vascular supply in Cuscuta hyalina,
Cuscuta chinensis and Cuscuta calycina. The placentation is anatomically parietal.
The anther wall is 4-1ayered and pollen is shed at 2-celled stage. O~ule is tenuinucollate, unitegmic and anatropous. Archesporial cell directly functions as ~c[aspore mother cell which gives rise to bisporic Allium type of embryo sac. T1 e
synergids are persistent. Endospermis nuclear and the embryo develorment follows
Solanad type.
Keywords. Cuscuta; floral anatomy; embryology.

1.

Introduction

Cuscuta, a parasitic member of family Cuscutacear has been studied from embryological point of view. The past literature is reviewed by Davis (1966) and Tiagi
(1966). Johri and Tiagi (1952) confirmed the Allium type of embryo sac development in C. reflexa and later Tiagi (1966) reported similar type of development in
C. lupuliformis and sugg~ted their inclusion in the subgenus Monogynella. The
floral morphology and anatomy of a few species of Cuscuta have been studied by
Wiagi (19S1, 1966).
Not only the systematic position of the family but also the division of the genus
Cuscuta into three sub-genera (Engelmann 1859) or its splitting into four separate
genera ( H a d ~ and Chrtek 1970) is controversial.
A perusal of the literature reveals that there is no unanimity on the embryological characters of different species, a n d the literature on floral anatomy is
scanty. Therefore, keeping this in view the present studies include the floral
anatomy of C. hyalina, C. europaea, C. calycina, C. chinensis and the embryology
of C. europaea and C. calycina.
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2. Materials and methods

Flower buds, flowers and fruits of different stages of development were fixed in
FAA and processed for microtomy following Johanson (1940). The sections were
cut at 10-14 /z and stained in haematoxylin-erythrosia combination.
3.

Observations

The flowers are clustered in a glohose head of raceme in all the four species of
Cuscuta. Flowers are actinomorphic, hermaphrodite and complete. They are
tetramerous in C. hyalina Roth. artd pentamerous in C. calycina Wehh and Berth.,
C. chinensis Lamk., C. europaea L. The sepals are fused at the base and are somewhat fleshy. Corolla tube is cylindrical, reflex with imbricate aestivation. At
the base, in C. calycina, there are prominent scales, while they are not much conspicuous in C. chinensis and absent in C. hyalina and C. europaea.
Four or five stamens are epipetalous, introrse and inserted in tb_e corolla tube.
Gynoecium is bicarpellary, syncarpous and superior, the styles in all the cases axe
slightly gynobasic, separate, equal in size in C. hyalina and C. europaea and
unequal in the other. Ovary is biloculax with parietal placentation, each locule
having two ovules. Stigma` is ca,pitate with papillate hairs.

3.1.

Floral anatomy

A comparative account of floral vasculature of four species is given here, pointing
out the differences. In the receptacular region there are 7 or 8 vascular bundles,
mainly consisting of phloem elements and a few xylem elements. The vasculature
in the pedicel is more prominent in C. calycina and C. europaea than in C. hyalina
and C. chinensis.
In the receptaculax region just below the insertion of the sepals 4 or 5 groups
of phloem elements diverge out for the sepals which do not enter into them hut
disappear at their bases in C. hyalina, C. chinensis anfl C. calycina (figures 2, 3,
10, 11, 15) but in C. europaea the sepal vasculaW.re traverses upto the
apex (figures 13, 14). The sepals are fleshy with mesophyU containing large
parenehymatous cells filled with starch grains.
After the vascular supply of the sepals, central vascutature, gives off traces for
the petals and stamens simultaneously. The 4 or 5 traces of petals are feeble and
comprise phloem elements only (figure 14). In C. hyalina and C. chinensis the
petal hundles do not traversed into the petals while in C. europaea and C. calycina
they are branched and traversed into the petals. The smminal bundles are more
prominent and concentric in nature. They traverse into the. corolla tube and
separate into the filaments at the insertion of the stamens (figures 1, 9). The
staminal supply ends at the base of the anther (figures 5-8, 12, 14, 16, 1.8).
At the base there are non-vascularised stamina,l scales inserted in the corolla,
tube. The scales are more prominent in C. calycina, but are feeble in C. chinensi~"
and C. europaea and absent in C. hyalina (figure 17).
A central vasculature comprising a few tracheids surrounded by large phloem
is left after the supply of the sepal, petal and stamen (figures 3, 4, 11, 16, 18). This
vamulature traverses upward undivided for some distance into the cushion-shaped
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Figures 1-15. 1. Outline diagram of median 1.s. of flower of Cuscuta hyalina
showing course of vasculature. 2-9. Serial transverse sections of the sama from
base upwards showing vascular traces of different floral parts. 1 0 - ! 4 . C. r
15-17. C. calycina. 18. C. chinensis in t.s. showing floral vasculature. (dr,
traces for the disc; Ovt, ovular trace; pb, placental bundles; St, staminal traces;
V, ventral'bundles).

p. (B)-8
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placental region. In C. europaea the central vasculature divides and gives out
many traces for the disc present at the base of the ovary, and to the dorsal region
of each carpel, while in all other species the disc though much prominent does not
get vasoular supply (figures 13, 14). The central vascular supply then splits into
four bundles which diverge out into the ovules directly and thus the whole of the
vaseulature of the carpels is consumed in supplying the ovules (figures 5, 6, 14, 17,
18). The ovary at the base is bilocular but at the attachment of the ovules it is
clearly unilocular and the two placentae are separate (figures 6, 17). Again above
the place of attachment of the ovules the ovary is bilocular and at this place there
is a clear-cut indication of the fusion of margins of the same carpel because of the
appearance of a separating streak between the two carpels (figure 7). The ovary
in the upper region is bulged and the roof of the ovary is much higher to the point
of origin of the styles (figure 1). The two styles are separate and are equal in
size in C. hyalina and C. europaea hut of unequal length in C. calycina and
C. chinensis. The stigma are capitate in all cases. In the style the transfusion
tissue is prominent. The ovary wall is full of gum ceils.

3.2.

Embryology

Embryology of C. europaea and C. calycina has been worked out. A comparative
account is given here.
3.2a. Microsporogenesis and the male gametophyte : The anthers are tetrasporangiate and introrse (figure 19). The anther wall is 4qayered, epidermis, endothecium, middle layer and tapetum (figures 20, 27). In a mature anther the epidermis persists, the endothecium develops endothecial thickenings and the middle and
tapetal layers are ultimately absorbed (figure 23). The tapetum is of glandular
type (figures 22, 27). The tapetal ceils in C. europaea become binucle~te earlier,
oven at mierospore mother cell stage while in C. calycina the binucleate condition is achieved later (figures 21, 27). Along the inner wall of the sporangium the
Ubisch granules are very prominent in C. europaea. The sporogenous tissue is
scanty and the microsporocytes are arranged in 2 or 3 layers in a locule (figures 20,
27). The microspores after meiosis are arranged in tetrahedral manner (figure 24).
Cytokinensis is hy means of furrow growing simultaneously and centripetally.
The microspores are 3-zonocolpate, the exine is smooth. In the region of the
colpi the intine is a little bulged (figures 25, 26). The pollen nucleus divides and
cuts off a vegetative cell and a generative cell (figure 26). The shedding of pollen
takes place at two-celled stage.
3.2b. Megasporangium, megasporogenesis and female gametophyte : The ovule
grows as a protuberance at the base of the ovary and by the time the arehesporial
cell differentiates, it is almost half inverted. At this stage the single integument
partially covers the nucellus (figure 28). The complete inversion of the ovule
takes place by the time the mogaspore mother cell differentiates. The integument
is massive and many-layered. It covers the nucellus completely and forms a long
narrow mieropyle. Because of its massive nature the identity of the nucellus is
lost.
The archesporial cell is hypodermal in origin and it directly functions as the
megasporo mother cell (figures 28, 29, 36). The megaspore mother cell enlarges
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Figures 19-41. 19-26. C. europaea. 27. C. caiycina. 19. t.s. anther showing
dehiscence and gland cells. 20-22. Successive stages of anther development and
microsporogenesis. 23. A portion of anther wall showing endothccial (hickening.
24. Microspore tetrad. 25. Uninucleate pollen. 26. 2-Nucleate pollen. 27. t.s.
anther of C. calycina showing tal~etal cells and microsporocytes. 28-35. Showing
successive stages of megasporogenesis and female gametophyte irt C. europaea.
36-41. Same in C. calycina. (din, dyad; ddia, degenerating dyad; g.c. gland cells;

ug, ubisch granules).
before it undergoes division and divides meiotically into two to form a dyad, of
which, the lower one enlarges and the upper one degenerates (figure 30). In
C. calycina in some cases the upper one again divides to prodtlce two s p o r ~ which
later on degenerate (figure 37). Tlio functional dyad nucleus undergoes'by thre0
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successive divisions and produce art 8-nucleate bisporic Allium type of embryo sac
(figures 31-34 and 38-40). Out of the 8 nuclei 4 are micropylar and 4 ehalazal
in position. Sometimes one of the nuclei on each pole lags behind in division
in C. europaea (figure 33). One nucleus from each pole migrate towards the centre
and form the two-polar nuclei. The three micropylar nuclei form the egg apparatus and the chalazal ones form the antipodals (figures 35, 41). The synergids
are pear-shaped and persist even afLor fortilisation (figure 51). Sometimes one
degenerates and the other persists (figure 42). The two polar nuclei remain free
for sometime and they fuse just at the time of triple fusion. The antipodals are
ephemeral and degenerate before fettilisation. The s:arch grains appear even at
2-nucleate stage in the embryo sac but they show their maximum accumulation
before for tilisation.
3.2c. Fertilisation : Usually one synorgM degenerates by the impact of pollen
tube (figure 42) or sometimes both of them remain intact (figure 51). Since the
synorgids remain in contact with the zygote it appears that the synorgids are
haustorial in nature. At the time of fertilisation there is a high accumulation of
starch around the egg apparatus (figure 42).

3.2d. Endosperm: The endosperm is nuclear. The nuclear divisions in the
endosperm are much rapid in C. europaea than in C. calycina. The endosperm
is multi-nucleate when the zygote in C. calycina embarks upon its first division.
The nuclei are much more aggregated towards the micropylar pole than the
chalazal pole (figure 43).
3.2e. Embryogeny : First division of the zygote is transverse resulting into a
basal cell Cb and a terminal cell, Ca (figures 43, 52). The cell Cb divides by a
vortical division and the resultant cells may enlarge (figures 44, 53), or it may
divide transversely or obliquely (figure 45). The cell Ca divides transversely into
cells Cc and Cd (figures 45, 54). The cell Cd divides by vortical division and the
two may form along with the division products of cell Cb the suspensor of the
embryo. By further divisions in cell Cc both by transverse and vortical divisions,
an elongated embryo is formed (figures 46-48, 55). The young embryo is cylindrical and art undifferentiated mass of paranchymatous cell (figure 49). The mature
embryo on the other hand is a coiled structure with slightly differentiated cotyledons
and the proca,rtbial strands in the hypocotyl (figure 50).

4. Discussion
Floral vasculature in all the four species studied is scanty and mainly consists of
phloem elements. Tracheidal elements are prominent only in staminal traces and
ovular supply. Sepals receive single trace each, which may enter into the organ
and traverse up to the tip as in C. europaea or may end at the base of the
llepals as in C. hyalina, C. chinensis and C. calycina. Similarly, the petals also
receive feeble supply consisting of phloem elements which do not cater the organ.
/rlowever, in C. calycina petals receive branched vascular supply. The stmninal
supply is prominent and consists of concentric bundles. Except C. europaea
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Figures 42-55. 42-50. C. europaea. 42. A portion of the embryo sac showing
zygote, persistant synergid, pollen tube, first division of the endosperrn nucleus and
starch grains. 43. Same at two coiled embryo. 44-50. Successive stages of
embryo development. 51-55. C. calycina. 51. A portion of the embryo sac
with pexsistant sYnergids at zygote stage. 52-55. Stages of embryo developmtnat.
(for Ca, Cb, Ccs Cd--.s~ text. dsyn, degenerating synergid; pt, pollen tube; syn,
synergid; Zyg, zygote).
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the ovary wall does not get any dorsal vascular supply, only the ventral bundles
directly supply the four ovules. In C. europaea both di~z and ovary wall get
branched vascular supply. The scanty vaseulature of the flower may be due to
the high accumulation of starch in each organ. Scales are absent in C. hyalina,
C. cMnensis and C. europaea hut present in C. calycina
Tiagi (1951, 1966) described the vasculature of flower in C. hyaHna, C. planiflora, C. reflexa and C. lupuliformis. Although he agrees that the vasculature of
the flower in these species is feeble, he has identified the vascular supply in all
the organs. The amount of vasculature may depend upon the amount of accumulation of starch. The scales where present are nonvaseularised.
The dis~ in C. europaea is supplied with phloem elements. The disc supply is
constituted by the carpellary vasculature. The disc in Cuscuta is not different
from carpel. It is the lower part of the ovary which has acquired the nectariferous
nature. In allied families like Boraginaceae, Convolvulaceae and Solanaeeae the
disc is prominent and receives a good amount of vasculature. In Convolvulaceae,
Govil (1971) has interpreted the disc as receptacular in nature. But here in Cuscuta the morphology and anatomy of the disc indicates that it forms a part of the
ovary.
In Cuscuta the placenta is a little raised from the floor of the ovary and the
ovules are supplied by the centrals of the same carpel in a locule. The two
placentae are also separated hy a narrow space leading to unilocular condition.
Although the placentation is axile anatomically (Puff 1951) it appears that it is
leading to parietal condition.
Although, Fedortskuk (1931), Finn (1937), Smith (1934), and Tiagi (195t)
have reported 3-celled condition of mature pollen grain, in some species 2-celled
condition is also present. In the present studies in C. europaea and C. calycina
the mature grains are 2-ceUed at the time of shedding. The Ubisch granules are
prominent in C. europaea but not very distinct in C. calycina. These spheroidal
bodies are present in large number along the tapetal wall towards the loculi.
U b i ~ h granules or orbicles (Heslop-Harrison 1969) are reported from a number
of angiosperms. The structure, development and function of these bodies have
been discussed by Bchlin (1971). Echlin and Godwin (1968)in Helleborus
foetidus and Heslop-Harrison (1969) in Lflium concluded that the Ubisch bodies
originate as pro-Ubisch bodies irt tapetal ceils and from there they extrude out
into the loculus. Although, there is a great resemblance in the cross-section of
Ubisch granules and the pollen grain wall but in no case the Ubisch granules have
been found associated with pollen wall (Eehlin 1971). Thus the role of Ubisch
granules in pollen wall formation is ruled out. /:Iowever, recently Banerjee and
Baxghoom (1971) showed the connection of Ubisch grartules with pollen grain
exines with sporopollenin strands bridge arm concluded the possibilities of transfer
of material from sporophytic tapetal cells to the pollen grain exine. A possible
role of Uhisvh granules in the dispersal of pollen.is also envisaged. Thus the
r
role of Uhisch granules is still controversial.
The archesporial cell directly functions as megaspore mother cell in all the
species. But this may lead to monosporie Polygonum type of embryo sac or
bi~poric Allium type of embryo sac. In C. europaea and C. calycina the developmeat of embryo sac is of the bispoffc type. Johri and Tiagi (1952) and Tiagi
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(1965) in C. reflexa and C. lupuliformis respectively reported bisporic Allium type
of embryo sac and on this basis Tiagi (t965) supported the placement of these
species into the sub-genus MonogyneUa. But both these species also resemble the
sub-genus Monogynella in having a single style with capitate stigma. The present
studies in C. europaea and C. calycina are morphologically different from the subgenus Monogynella in having two distinct styles. Peters (1908) reported Polygonum type of embryo sac in C. europaea but our observations are not in conformity with the observations of Peters (1908).
More and more starch is accumulated in the flower and ovules during development. In the early stages starch grains are observed a few in number in the nucellus
at megaspore stage but during the development of embryo sac the starch grains
gradually increase in the embryo sac and finally they almost fill the cavity ot embryo
sac and the integument cells. In the embryo sac they are highest in amount
during fertilisation. The starch grains constitute the reserved food of the developing embryo, and also at the time o f germination. Because in Cuscuta the embryo
is undifferentiated and cannot synthesise its food till it establishes on its host.
Hada~ and Chrtek (1970) on the basis of morphological characters divided the
genus into Monogynella, Kadurias with single style and Cuscuta and Grammica
with two styles. The embryological data do not support the division beca~,se the
bisporic embryo sac is present in members of all the four genera (Hadac and
Chrtek 1970). Therefore, the contention o f Tiagi (1965) that the bisporic
embryo sac is characteristic of Monogyne!la does not hold good.
The floral morphology supports the division of the genus into four genera as
has been done by Hadac and Chrtek (1970).
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