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EMBRYOLOGICAL INVESTIGATIONS IN SOME SPECIES OF IPOMAEA

K. LAKSHMINARA Y aNA and P. Srintvasa Rao

Abstract: Embryology of Ipomaea macrantha R. & S., Ipomaea hederifolia L. and Ipomaea
pes-caprae (L.) Sweet. has been investigated. Anther wall development is of the Dicotyledonous
type and at maturity consists of the endothecium, 1-2 middle layers and a secretory tapetum.
Tapetum is also formed from the connective. Microspore mother cells undergo simultaneous
divisions and produce tetrahedral and decussate microspore tetrads. Pollen grains are spheroidal,
echinate, polyporate and are mostly 2-celled at anthesis. Rarely 3-celled grains occur in /.
macrantha.

Ovary is superior, bicarpellary, syncarpous and bilocular with two anatropous, unitegmic and
crassinucellate ovules in each locule on axile placentation. Archesporium is single celled.
Megaspore mother cell undergoes meiotic division and produce a linear tetrad of megaspores of
which the chalazal one develops into an 8-nucleate embryo sac of the Polygonum type. Antipodals
are ephemeral. Fertilization is porogamous. Syngamy and triple fusion occurs almost
simultaneously. Endosperm is nuclear. Embryo development is of the sherardia variation of the
Solanad type. Suspensor is large and haustorial.

INTRODUCTION

Ipomaea is the largest genus of the family Convolvulaceae and consists of about 400 species of which most of
them are lianes. The embryological studies in the family has been reviewed by Schnarf (1931), Davis (1966), Govil
(1970) and Johri et al., (1992). An examination of the previous literature on the embryological studies in the family
have revealed that our knowledge is rather limited and incomplete. There is very litte information on certain of the
embryological features like the development of the anther, ovule and the embryo. Further, diversity of opinion
exists in the pressence of parietal tissue in the family. Hence, it is felt that the family deserves further attention.
Therefore, it is planned to work out the various embryological aspects like the development of the anther,
microsporogenesis, male gametophyte, ovule, female gametophyte, fertilization, endosperm and embryo in three
species of Ipomaea namely I. pes-caprae (L.) Sweet., I. macrantha R. & S., and I. hederifolia Linn.

MATERIAL AND METHODS

L. hederifolia and I. pes-caprae were collected in the Andhra University campus and 1. macrantha collected at
Matlapalem, East Godavari District, Andhra Pradesh, India. The materials were fixed in FAA and customary
methods of dehydration, infiltration and embedding were followed. The sections were cut at 5-20 pm in thickness
and stained in Delafield's hematoxylin.
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OBSERVATIONS

Microsporangium, microsporogenesis and male gametophyte: The anther is quadrisporangiate (Fig. 1A,B).
In each lobe a plate of hypodermal archesporial cells gets differentiated (Fig. 1C) and they undergo periclinal
divisions to form primary parietal layer towards the outside and primary sporogeneous layer towards the inner side
(Fig. 1D). The latter eventually functions directly as the microspore mother cells. Subsequent periclinal divisions
in the primary parietal layer results in the formation of 3-5 layers of wall cells namely the fibrous endothecium, 1-2
middle layers and the tapetum. One middle layer is seen in I, hederifolia and 1. macrantha (Fig. 1F) whereas two
middle are noticed in /. pes-caprae (Fig. 1 G). The innermost layer of the anther wall is the tapetum. It is uniseriate
and is of the glandular type. The tapetal cells are initially uninucleate but later becomes 2-3 nucleate (Fig. 1E).
Tapetum is also differentiated from the ground parenchyma of the connective and form an uninterrupted layer
completely surrounding the sporogenous tissue (Fig. 1G). This part of the tapetum can be designated as the connec-
tive tapetum. Hence the tapetum is dual in origin. The cells of the C-tapetum slightly differ morphologically
with the cells of the parietal tapetum by their greater radial elongation. Hence the tapetum is also dimorphic in
nature.

The primary sporogenous cells directly function as the microspore mother cells without undergoing any
divisions and they can be distinguished by their larger size, conspicuous nuclei and dense cytoplasm (Fig. 1G). Rax
Meiotic divisionsin the microspore mother cells are simultaneous and results in the formation of tetrahedral
tetrade (Fig. 1H). Rarely decussate tetrads are also seen (Fig. 1I). The microspores are first pyramidal in shape
because of the contact with the other microspores in the tetrad but later becomes spherical. In the young micro-
spores the cytoplasm is dense and the nucleus is centrally located. The microspore uncleus divides and the two
daughter nuclei are separated by a poorly defined membrane. This 2-celled stage is the condition found at the
shedding time (Fig. 1K). Rarely 3-celled pollen grains are observed in I. macrantha (Fig. IL). Thus the pollen
grains are 2-celled at shedding in I. pes-caprae and I. hederifolia while they are 2 or 3-celled in I. macrantha. The
mature pollen grains are spheroidal, echinate and pantoporate (Fig. 1 J-L) and they are largest (134-156 W) in 1.
hederifolia (Fig. 1 J).

Megasporangium, megasporogenesis and the female gametophyte: Ovary is superior, bicarpellary syncarpous
and bilocular with two erect, unitegmic, anatropous and crassinucellate ovules in each locule. The ovular primordium
arises as a conical protruberance from the placenta. This gradually increases in size and form the nucellus of the
ovule. The archesporium is differentiated hypodermally (Fig. 2B) and it divides producing a primary parietal cell
towards outside and primary sporogenous cell towards inside. The former divides anticlinally and forms a few wall
cells. The primary sporogenous cell functions directly as the megasporemother cell (Fig. 2C). Concomitantly, just
below the level of the primary sporogenous cell some of the hypodermal cells near the periphery of the
primordium undergo periclinal divisions. This initiates the devlopment of an integumentary primordium. It grows
very fast and this differential gowth on thesides of the ovule results in the curvature of the primordium which results
in anatropous condition (Fig. 2A). Later, the parietal layer further divides both anticlinally and periclinally and give
rise an extensive parietal tissue as a result of which the megaspore mother cell becomes deep seated (Fig. 2D).

The megaspore mother cell undergoes the meiosis and results in the formation of a linear tetrad of megaspores
(Fig. 2E). The chalazal one is functional and develops into an 8-nucleate embryo sac of the polygonum type (Fig.
2F,G). The embryo sac at maturity is broader at micropylar end and somewhat narrower at the chalazal end (Fig. 2G,
1) in . pescaprae and I. hederifolia while it is spindle shaped in /. macrantha (Fig. 2H). The egg apparatus consist of
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an egg cell which is centrally located and two pear shaped synergids on either side. The two polars generally lie
near the egg apparatus and fuse before fertilization. The antipodals are three in number, ephemeral and are uninu-
cleate.

Fertilization: It is porogamous. After entering into the embryo sac, the pollen tube attacks one of the synergids
and destroys it (Fig. 2J). The other synergid persists till fertilization. Syngamy and triple fusion occurs almost
simulatenously.

Endosperm: The fertilized egg ungdergoes a period of rest before dividin g while the primary endosperm nucleus
divides almost immediately. It undergoes a number of free unclear divisions and they were not followed by the cell
plate formation(Fig. 2K). The free nuclei takes up peripheral position due to the formation alarge central vacuole.
The cell plate formation commencess from the periphery and gradually extends towards the centre. The cells of
the endosperm are polygonal in shape and are uninucleate. At maturity most of the endosperm will be consumed by
the growing embryo and only tracs of the endosperm are visible during the advanced stages of the embryo develop-
ment.

Embryogeny: The division of the zygote occurs invariably after that of the primary endosperm nucleus. The
first division of the zygote is transverse giving rise to a terminal cell ca and a basal cell cb (Fig. 2L). The latter
undergoes another transverse division resulting in two cells which can be designated as m and ci (Fig. 2M). The
division of the apical cell ca is belated. However, it also divides transversely giving rise to two cells namely 1 and 1'.
Thus a 4-celled linear proembryo is formed (Fig. 2N). Later, the cell / divides transversely and produce two cells
namely /, and /, (Fig 20). As cell divisions and cell enlargement takes place, the developing embryo elongates and
grows deeper into the embryo sac. Further divisions takes place in all planes and a globular embryo is formed (Fig.
2P-R). In the globular embryo, the cells of the embryo proper are smaller in size and richer in cytoplasm than the cells
of the suspensor. The suspensor is massive and is formed from the derivatives of the basal cell. This type of
embryo development can therefore be classified as sherardia variation of the solanad type as outlined by Johansen
(1950) and Maheshwari (1950). It belongs to the Grand Period I, megarche type V, Series C, and subseries a,
according to the Soue'ges system. In /. hederifolia the suspensor consists of a mass of uniformly large cells (Fig.
2Q ). In 1. macrantha, the suspensor has no definite shape and consists of many large cells. The cells at the base are
larger in size while these towards the embryo properare relatively smaller (Fig. 2R). The suspensor becomes very
large due to rapid cellular growth and is haustorial in function.

DISCUSSION

In the present study the anther wall development conforms to that of the dicotyledonous type and in this
respect it agrees with the other species of Ipomaea investigated so far. The tapetum is of the secretory type and
is unisseriate with uninucleate cells to begin with. Later due to mitotic divisions the number of nuclei in the tapetal
cells may increase up to 2-3 per cell. Rao (1940) also noted the secretory tapetum and multinucleate tapetal cells in
1. learii and I. staphylina. But he noted amitotic divisions in the tapetal nuclei. Chan and Hillson (1971) in I. reptans,
Govil (1976) in I. purpurea also reported mitotic divisions and 2-3 nucleate tapetal cells. Chen and Hillson (1971)
reported a very interesting type of anther tapetum in /. reprans. According to them "shortly after meiosis is
completed, the cells of the tapetum begin to lose contact with one another. Their walls break down but the
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A 0.1 mm

B, J-L 0.05 mm
G, E, G-10.02 mm
D, F 0.05 mm

FIGURE-1A-L.

Fig. 1. A,D,F, 1, K, L. : Ipomaea macrantha R. & S.

Fig. 1. B,C, E, J, : Ipomaea hederifolia Linn.

Fig. 1. G, H. : Ipomaea Pes-Caprae (L.) Sweet.

FIGURE L

A. T.s. of Flower showing 5 tetrasporangiate anthers and a bicarpellary, syncarpous and bilocular ovary.
B. T.s. of anther showing wall layers and pollen mother cells.

C. T.s of anther lobe showing archesporial cells.

D. T.s of anther showing the formation of primary sporogenous and primary parietal layers.

E. Tapetal cells with 2-3 nuclei respectively.

F. T.s. anther lobe showing the anther wall, tapetum and sporogenous cells. Note the protruding connective tapetum.
G. T.s. anther lobe showing wall layers, tapetum and pollen mother cells.

H. Tetrahedral microspore tetrad.

1. Decussate microspore tetrad.

J-L. Pollen grains.

ct, Connective tapetum.
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A-C,LLR 0.05 mm
D-F,L-Q 0.02 mm
G,H,J0.01 mm
K, S 0.02 mm

FIG. 2 A-S.

Fig. 2. A-D, H, J, K, R : Ippmaea marcantha R. & S.

Fig. 2.E,FI,L,P,Q, S : Ipomaea hederifolia Linn.

Fig. 2. G,M-O. : Ipomaea Pes-Caprea (L.) Sweet.

FIG. 2

A. Unitegmic, anatropous ovuls showing the paietal tissue and the megasporemother cell.
B. Ovule showing the archesporial cell.

C. Ovule showing a few parietal cells and sporogenous cell. Note theintegumentary primordia.
D. L.s. part of ovule showing the parietal tissue and a megaspore mother cell.

E. Megaspore tetrad.

F. 2-nucleate embryo sac.

G-1. Mature embryo sacs, Note the degenerating antipodals.

J. Embryo sac showing zygots and the degenerating synergid and primary endospermnucleus.
K. Embryo sac showing nuclear endosperm.

L-S. Embryogeny.

dsy: degenerating synergid.
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protoplasts, which remain alive, coalesce to form masses of multinucleate tapetal plasmodia that may either stay
in a parietl position of protrude into the neighbourhood of the microspores. As the microspores develop, these
plasmodia are gradually absorbed. At the time of dehiscence they have completely disintegrated". They did not
assign the tapetum to any particular type. i.e. glandular or plasmodial. Hence, the plant deserves a reinvestigation.
In the pressent study the tapetum is found to be dual in origin and dimorphic in nature (Periasamy and Swamy, 1966;
Raghavan and Ratnaparkhi, 1973).

Erdtman (1952) classified the pollen grains of Convolvulaceae into two categories: 1) Ipomaea type and 2)
Other types. In the Ipomaea type the grains are polyporate, large, crassinerinous and spiniferous. The mature pollen
grainsin the pressent study are in line with the earlier observations made in the family. The pollen grains are 2-
celled at the time of shedding in the members studied at present. In 1. macrantha they are rarely 3-celled. Rao (1940)
in L. learii and I. staphylina also reported that the pollen are generally 2-celled and rarely 3-celled at the shedding
stage. Similarly 2-celled pollen grains at the time of liberation were also observed in I. reptans (Chan and
Hillson,1971). However, Federshuk (1931), Smith (1934), Finn (1937), Tiagi (1951), Johriand Tiagi (1952), Vijand
Madhu (1980) reported 3-celled pollen grains in the members studied by them.

In the present study, the ovary is bicarpellary, syncarpous and bilocular with two ovules in each locule on
placentation. Sometimes the ovary becomes 4-locular due to the development of the false septum, This is in
accordance with the hitherto investigated members of the fammily. But Kuar and Singh (1970) reported a rare
instance of trilocular ovary in /. purpurea with two ovules in each locule. The ovule is anatropous, unitegmic and
crassinucellate in the Ipomaea species studied at present as in the majority of the members of the family studied
so far. However, anatropous, unitegmic and tenuinucellate ovules are recorded in 1. staphylina (Rao, 1940).

Archesporium is single celled (present study) as in majority of the members investigated. Two or more
celled archesporium was reported in I trifida (Kenyan, 1928). Most of the gamopetalous families are
characterised by tenuinucellate ovules. However, the Convolvulaceae is controversial in this respect. Formation
of definite parietal cells have been reported in 1. learii (Rao, 1940); I pulchella, I. horsefalliae, I. obscura, I.
sepiaria (Rao,1944), 1. trifida (Kenyan, 1928), I. hispida (Kaur, 1981). However, Rao (1940) did not report parietal
cells in L. staphylina. Svensson (1925) holds the view that the parietal cells reported are not true parietal cells but
they are spidermal in origin. Rao (1940) is of the opinion that many of the Convolvulaceous taxa reported
lacking the parietal tissue appear to be doubtful and need a reinvestigation.

Development of the female gametophyte is of the Polygonum type in several members studied so far. However,
Johri & Nand (1934) and Johri and Tiagi (1952) in Cuscuta reflexa; Govil and Lavania (1980) in C. eurpoaea
and C. calycina reported bisporic Allium type of embryo sac development. Rao (1944) reported an abnormal
embryo sac consisting of 6 nuclei at the chalazal end and 2 nuclei at the micropylar region. Kaur (1981) in
L. hispida reported a rare case of an embryo sac with reversed polarity. Jos (1963) recorded twin embryo sacs
in an ovule in I. pestigridis.

The embryogeny in Convolvulaceae appears to be heterogenous. Ipomaea species studied at pressent shows
Sherardia variation of the Solanad type (Johansen,1950). Chen and Hillson (1968) also reported Solanad type of
embryo developmentin 1. reptans. However, Kaur and Singh (1970) reported Fumaria variation of Caryophyllad
type of embryo development in I signuta, I. purpurea and I. carnea.

LITERATURE CITED

CHan, C. K. SamueL & CHarees J. HiLLson, 1968. Developmental Morphology of the megasporangium and embryo-
geny in Ipomaea reptans Poir. and related species. Bot. Gaz. 129 (2); 159-156.



Vol. 38,No. 3,4 TAIWANIA 115

Chan, C. K. SamueL & Cuarces J. HiLison, 1971. Developmental Morphology of the microsporangium in Ipomaea
reptans Poir. Bot Gaz., 132 (3) 224-229.

Davis, G. L. 1966. Systematic Embryology of the Angiosperms John Wiley and Sons. Inc., New York.

ErDTMAN, G, 1952. Pollen morphology and plant taxonomy. Stockholm.

Fepersuuk, V. F. 1931. Embryologische untersuchung van Cuscuta monegyna und C. epithymum. Planta 14: 94-111.

Finn, W, W, 1937. Vergleichende embryologie und karyologie siniger Cuscuta. arten. Zhur. Inst. bet. Acad. Sci.
Rss. Ukraine 12: 83-89.

Govil, C.M. 1970. Symposium on comparative embryology of angiosperms (Ed. B. M. Johri et al). Indian Nat. Sci.
Academy 41: 246.

GoviL, CM. 1976. Embryology of Ipomoea purpurea Roth. and Jacquemontia paniculata Hallier. Indian Sci.
Congr. Part III Abst. 255-256.

Govi, C. M. & S. Lavania, 1980. Floral anatomy and embryology of some species of Cuscuta L. Proc. Indian Acad.
Sci. 89: 219-228.

Harsans, K. 1981. Development of female gametophyte in Ipomoea hispida. Curr. Sci. 90: 20.

Harsans, K & R.P.SingH. 1970. Structure and development of seeds in three Ipomaea species. Jour. Indian Bot.
Soc. 49: 168-174.

Jounansen, D. A. 1950. Plant Embryology. Waltham, Mass.

Jouri, B. M, K. B. AMBEGAOKAR and P. S. Srivastava, 1992. Comparative embryology of angiosperms. Vol. 3.
Springer-Verlag, Berlin.

Jonri, B. M. & S. Nanp, 1934, Development of gametophyte in Cuscuta reflexa Proc. Indian Acad. Sci. B 1; 283-
289.

Jouri, B. M. and B. Tiaci, 1952. Floral morphology and seed formation in C, reflexa Roxb. Phytomorph 2: 162-
180.

Jos, J.S. 1963. The structure and development of seeds in Convolvulaceae. Ipomaea species. Agra Univ. J. Res.
(Sci.) 12: 247-260. .

Kenvan, F. M. G. 1928. A morphological and cytological study of Ipomaea trifida. Bull Torr. Bot. Cl. 55: 499-512.

MauesHWARL, P. 1950. An Introduction to the Embryology of Angiosperms. Mc Graw Hill Book Com. Inc., New
York.

Periasamy, K. & B.G. L. Swamy. 1966. Morpholology of anther tapetum of angiosperms. Curr. Sci. 35: 427-430.

Rao, K. V. R. 1940. Gametogenesis and embryogeny in five species of the Convolvulaceae. Jour, Indian Bot. Soc.
19: 53-69.

Rao, V. S. 1944, Development of the embryo sac in the Convolvulaceae. Jour.Indian Bot. Sco. 23: 163-169.

Scunarr, K. 1931. Vergleichende Embryologie der Angiospermen. Berlin.

Smirh, B.E. 1934. A taxonomic and morphological study of the genus Cuscuta dodders. in North Carolina Jour.
Elisha Mitchell. Sci. Soc. 50: 283-302.

Svensson, H. G. 1925. Zur Embryologie der Hydrophyllaceen, Borraginaceen und Heliotropiaceen (Uppasala
Univ. Arsskrift 2.)

Tac, B. 1951. A contribution to the morphology and embryology of Cuscuta hyalina Roth. and C. planifiora
Tenore. Phytomorph 1: 9-21.

Vu, S.P. & Mapuu Suarma, 1980. Embryological investigation in the genus Convolvulus L. (Convolvulaceae)
Res. Bull (Sci.) Punjab Univ. Vol. 31: 25-34.

VuavaraGHAVAN, M. R. & K S. Ratunaparki, 1973. Dual origin and dimorphism of anther tapetum in Alectra
thomsonii Hook. Ann. Bot. 37: 355-359.



116 TATWANIA Vol. 38, No. 3,4

=AU R A RE RGBS A AR AL
K. LAKSHMINARA YANA AND P. SriNivasa Rao

BZERICES (Ipomaea macrantha) ~ BIZERFE (I hederifolia) K Fe¥:#E (I pes-carprae) & =FEMEVIRIRERGTEE
B2 EMA{EERESEERPY FEEYE - IRERPRBEAR - —E BB R S W AR S & EATHE
B o BREHEREZWE o M FMEgRETEES R - CBRELNERE - +FHENNS TRT - 1
B EEER - ABEERIE - %1 ETERAR 2 IR E AR RLFALE - ERTEESPRIER =8k -

FE LA - BEAEMELK - REER - REWE - BESWEE4E - E—EK - BROIEERREER - BRhfsE -
TR R B A o KA TR R E TR s R A A — B AR KT 7 SEE SR —EE R F Rt
B2 R - KBNS ER » B SRR L - S ERIFARS T ZRR - RPLRREH - MIENEE
BRI o BK BB REHITHEE



