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Abstraer. Structure and development of male and female gametophytes, endosperm,
embryo, seed coat and fruit wall are described for 8 species of Hedyotis. Based on
morphological and embryologicalfeatures the systematic position of the genus is discussed.
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1.

Introduction

Hedyotis Linn. (Oldenlandia Linn.) the herbaceous genus, belongs to the tribe
Oldenlandieae K Schum. ( - H e d y o t i d e a e C and S and DC) of the subfamily
Cinchonoideae of Rubiaceae. It comprises about 400 species (Lewis 1962) and is
dist¡
in all continents except Europe. A few species are,therapeutic.
Due to the polymorphous nature of the genus, diverse opinions are expressed by
different taxonomists with regard to its systematic delimitation. Theref£
in the
present study, an attempt has been made to discuss its systematics based on
embryological features. As many as 8 species of Hedyotis--Hedyotis (Diplophragma)
stylosa R Br. (=Oldenlandia stylosa 0 Kze); H. (Anotis) quadrilocularis ThW.
(=Anotis quadrilocularis Benth.); H. auricularia Linn. (=O. auricularia K
Schum. =Exallage auricularia (Linn.) Bremek.); H. (Oldenlandia) alata W and A
(=O. alata Koen), H. (O.) biflora (Linn.) W and A ( = O. biflora Linn.), H. (O.)
herbacea Linn.; H. (O.) aspera Heyne ex Roth and H. (O.) gracilis Hook. f.
(= K. gracilis (Wall ex Roxb.) DC) have been investigated.
The early embryological studies are those of Lloyd (1902), Fagerlind (1937),
Raghavan and Rangaswamy (1941), Farooq (1953, 1958), Siddique and Siddique
(1965), Farooq and Inamuddin (1969), Shivaramaiah (1971), Shivaramaiah and
Sundara Rajan (1973), Prakasa Rao and Sarat Babu (1975), Sivaramaiah and
Sankara Rao (1977), Ahmed (1978a, b) and Narmatha Bai and Lakshmanan (1984).
2.

Materials and methods

The materials of H. (0.) aspera, collected by Sri K Vanamala Naidu from Chittoor
and the rest of the species collected by the authors at various places--H. (D.) stylosa
at Kodaikanal, H. (A.) quadrilocularis at Paderu, H. auricularia and H. (O.) gracilis
at Araku, H. (O.) alata and H. (O.) biflora at Kesanakurrupalem and H. (O.)
herbacea at Visakhapatnam were fixed in FAA. Customary methods of dehydration,
clearing and embedding were followed according to Johansen (1940). Sections cut at
6-14 #m were stained with Delafield's haematoxylin.
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3.

3.1

Resuits

Fiower

The flowers are usually tetramerous and rarely trimerous with squamella inside the
calyx alternating with the sepals (figure 1).
3.2

Microsporangium, microsporogenesis and male 9ametophyte

The anther is tetrasporangiate (figures 1, 9) with dicotyledonous type of wall
development. It consists of an epidermis, hypodermal layer, middle layer and
tapetum (figures 2-12). The secretory tapetum is uniseriate and monomorphic with
uninucleate cells, but in H. auricularia it is biseriate at places (figure 8). The fibrous
endothecium is usually uniseriate but becomes bi- or triseriate towards connective
(figure 13).
The archesporium consists of a plate of 2-4 rows of cells (figure 4). The pollen
mother cells undergo simultaneous cytokinesis to form tetrahedral, isobilateral,
decussate of rhomboidal tetrads (figures 14-20). Although liberation of pollen
grains from the tetrads is normal (figures 21-27), in a few cases of H. auricularia, the
pollen remain united in tetrads and shed as such (figures 28-30). The pollen liberate
at 2-celled stage (figures 24-26) in all except in H. (A.) quadrilocularis where they
shed at 3-celled stage (figure 27). Normally the pollen grains are triaperturate
(figures 21, 24) and rarely tetra or penta aperturate (figures 22, 25). However, they
are tetra aperturate in H. (O.) gracilis and multiaperturate in H. (A.) quadrilocularis
(figure 27). The exine is thick and smooth in all the species except in H. (A.) quadrilocularis and H. (O.) herbacea where it shows radial striations (figures 21, 25, 27).
H. (0.) 9racilis exhibits pollen polymorphism (figure 26). Pollen degeneration at
different stages of development is quite common.
3.3

Ovary and ovule

The ovary is inferior, bicarpellary syncarpous and bilocular (figures 31, 33). Rarely,
in H. (O.) aspera and H. (O.) alata it is trilocular (figure 32). However, in H. (A.)
quadrilocularis it is characteristically tetralocular and at times bilocular. Axile
placentae bear numerous ovules.
The ovule is hemianatropous, unitegmic and tenuinucellate. The nucellus in all
the species investigated is of Oldenlandia type with a single nucellar epidermal cell
(figures 34, 37). However, in H. (O.) aspera it is of Bouvardia type with 3 nucellar
epidermal cells (figure 36). Rarely, in H. (A.) quadrilocularis, H. auricularia, H. (0.)
alata and H. (O.) aspera the nucellus consists of two cells (figures 35, 38).
3.4

Megasporogenesis and female gametophyte

The single archespofial cell directly functions as the megaspore mother cell without
cutting off a parietal cell (figures 35-38). A s a result of meiotic division a linear
tetrad of megaspores is formed (figures 39, 40). The chalazal one of the tetrad
develops into an 8-nucleate embryo sac of the Polygonum type (figures 44-54). The
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Figures 1-37. l, 18, 21, 32. H. (0.) herbacea. 2, 9, 10, 17, 20, 32, 34. H. (0.) alata. 3, 11,
27. H. (A.) quadrilocularis. 4, 5, 26. H. (O.) 9racilis. 6, 13, 37. H. (D.) stylosa. 7, 18, 14, 15,
28, 30. H. aricularia. 16, 23. H. (0.) biflora. 12, 19, 22, 25, 31, 36. H. (O.) aspera. 1. Ts of
flower showing squamella. 2-4. Ls of part of anther lobe showing archesporium. 5 attd
6. Ls of part of anther lobe showing parietal layer and sporogenous layer. 7 and 8. Ls of
part of anther lobe showing wall layer and sporogenous tissue. 9. Ts of dehisced anther.
10 and 11. Ts of anther layer showing wall layer and pollen mother ce|l. 12. Ts of anther
layer showing poUen tetrads. 13. Ts part of anther lobe showing two layered
endothecium towards connective. 14-17. Pollen mother cells in meiotic division. 18-20.
Pollen tetrads. 21-27. Pollen grains. 28-30. Pollen grains remained in tetrads. 31 attd
32. Ts of ovary. 33-37. Ls of ovules. (sq, Squamella; n, nucellus).
(Magnification: Scale A for 1, 31, 32; B for 2-8, I0, 11, 14-I6, 26--30, 35, 36; C for 9; D for
12; E for 13, 37; F for 17-25; G for 33; H for 34).
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Figures 38--91 38, 50, 59, 61. H. (A.) quadrilocularis. 39, 53, 58. H. (O.) herbacea. 40, 45,
47, 51, 62. H. (0.) aspera. 41.o43, 46, 55, 56. H. (D.) stylosa. 44, 48, 49, 52. H. auricularia. 54,
60, 63. H, (0.) biflora. 38. Ls part of ovule showing megaspore mother eells and two
nucel/ar epidermal ee~~s. 39 aral 40. Megaspore tetrads. 41. L~ ovule showing multiple
tetrads and embryo sacs. 42. Multiple tetrads. 43. Multiple tetrads and embryo
sacs, 44-53. Embryo sac development. 54. Twin emDryo sacs. 55. Embryo sac
with chalazat caecum. 56, Embryo sac showing syngamy and triple fusion. 57--63.
Endosperm development. (n, Nucellus; ds, degenerating synergids; pi, pollen tube).
(Magnification: Scale I for 38, 42--45, 47-52, 55, 56, 58, 59; J for 39, 40, 53, 54; K for 41,
61; L for 46; M for 57; N for 60, 63; O for 62).
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synergids are pear-shaped. They are hooked only in H. (A.) quadrilocularis (figure
50). The polars fuse near the egg apparatus. The 3 uninucleate antipodals
degenerate either before or soon after fertilization.
In H. (D.) stylosa the chalazal end of the 8-nucleate embryo sac extends into the
ovular tissue and functions as hausto¡
(figures 55, 56). In H. (O.) alata 2-celled
archesporium (figure 34), in H. (D.) stylosa multiple tetrads and embryo sacs (figures
41-43) and in H. (O.) biflora twin embryo sacs (figure 54) occur occasionally.
3.5

Fertilization, endosperm and embryo

The pollen tube enters the embryo sac through micropyle and destroys one of the
synergids (figure 55). Syngamy and triple fusion occur more or less simultaneously
(figure 56).
Endosperm is ab initio nuclear. The primary endosperm nucleus divides earlier
than the zygote to f o r m a few free nuclei which become dist¡
in the periphery
of the embryo sac (figures 5740). By the time a 4-celled embryo is formed, cell wall
formation commences from the periphery to the centre ultimately filling the entire
embryo sac with cellular tissue (figures 614-63). Starch globules develop in the cells
of the endosperm (figure 64). The seeds are endospermic (figures 83-85).
The zygote divides transversely resulting in a 2-celled proembryo (figures 65, 66).
The terminal cell ca and the basal cell cb undergo each one more transverse
division to f o r m a linear 4-celled proembryo (figure 68). The cells are termed as l, l',
m and ci from the apex to the base. Sometimes in H. (O.) aspera the cell ca divides
earlier resulting in the formation of a 3-celled proembryo (figure 67). The cells m
and ci divide transversely to forro a linear 6-celled proembryo (figures 69-71). The
cells l and l' divide verfically twice resulting in quadrants. Further vertical division
in them leads to the formation of octants (figures 72-77). The two tiers l and l'
divide transversely to form 4 tiers--/1, 12, lŸand lŸ(figure 78).
The derivatives of l contribute to the formation of cotyledons and stem tip and
those of l' to hypocotyl and root. The cells d,f, n and n' f o r m a uniseriate suspensor
of 4 cells (figures 79-81). As the 4 ceUed proembryo is linear and the terminal cell ca
alone contributes to the formation of embryo proper, the embryogeny is of Solanad
type. The proembryo consists of 6 cells arranged in 6 tiers at the third cell
generation and this conforms to the Nicotiana variation.

3.6

Testa

The shape of the seed is variable. It is round in H. (O.) biflora (figure 82), concave in
H. (A.) quadrilocularis (figure 84) and angular in the rest of the species (figures 83,
85). The integument at the megaspore mother cell stage is 2-5 celled thick and
remains so up to the 8-nucleate stage of the embryo sac except for volumetric
increase of the cells. However, in H. (D.) stylosa the number of wall layers increases
up to 12 at organised embryo sac stage. At this stage tannin deposition occurs in all
the species except in H. (O.) aspera where it occurs only after fertilization. A s a
result of fertilization the integument increases in its number of wall layers as well as
size of cells. It is somewhat bulky at the globular embryo stage. At the dicot stage
of the embryo, disintegration of all the wall layers occurs except the epidermis
which alone forms the testa of the seed (figures 83-85). The testa is filled with tannin
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Figures 64-88. 64, 77, 85, 86. H. (O.) herbacea. 65, 67, 69, 71-74, 80, 88. H. (O.) aspera.
68, 78, 79, 84. H. (A.) quadrilocularis. 70, 75, 76, 81-83, 87. H. (O.) biflora. 64. Ls of part
of seed coat and cellular endosperm with storage products. 65-81. Embryo development.
82-85. Section of ser showing embryo and sr162coat. 86-88. Fruit walt. (S, Suspensor;
SCZ, sclerified zone).
(Magnification: Scale P for 64, 68, 70, 75, 76, 78, 79; Q for 65, 69, 71-74, 77; R for 80; S
for 81, 86, 88; T for 82-85; U for 87).

except in H. (O.) biflora and H. (O.) quadrilocularis where the inner a n d / o r tangential
walls of the cells b e c o m e cutinized (figures 82, 84). In H. (O.) herbacea the o u t e r
walls of the cells are d e n t a t e (figure 85).
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Pericarp

At the megaspore mother cell stage, the ovary wall is 6-10 layered in all the species
except in the shruby H. (D.) stylosa where it is 15-20 celled thick. Raphides occur in
the ovary walL. The pericarp is discernible into two zones. The inner zone is 4-6
layered with compactly arranged smaller cells and the remaining wall layers with
larger ceLls form the outer zone. After fertilization the inner zone becomes sclerified.
In a mature fruit 3-6 layers of the outer zone and the entire sclerified inner zone
together constitute the pericarp (figures 86-88). Here and there on the fruit wall
unicellular hairs occur in H. auricularia while in H. (0.) aspera some of the
epidermal cells become buLged.
4.

Discussion

Taxonomically Hedyotis is treated variously by various taxonomists. Linnaeus (sp.
pl. 1753) recognized Hedyotis and OIdenlandia as distinct genera. Brown and
Wallich (c.f. Wight and Arnott 1834) clubbed the 4 different genera--Oldenlandia,
Anotis, Kohautia and Hedyotis into a single genus nameJy Hedyotis. This gains
support from Fosberg (1941, 1954), Shinners (1949), Lewis (1959, 1965) and Rao and
Hemadri (1973). Wight and Arnott (1834) although accepted the mixed genus
Hedyotis, divided it into 5 sections namely (i) Diplophragma, (ii) Anotis,
(iii) Euhedyotis ( = Exallege), (iv) Scleromitrion ( = Hedyotis) and (v) Oldenlandia.
They treated Kohautia a s a subsection of Oldenlandia. On the other hand Chamisso
and Von Schlechtendal (1828) treated each of the above taxa as an in~fependent
genus. Bremekamp (1952) is in favour of this treatment.
The embryologicat features of all the above sections except the section
Scleromitrion together with their morphological characters are tabulated in table 1.
From the table it is clear that the section Diplophragma differs from other sections
in the shrubby habit, purple corolla, presence of chalazal embryo sac haustorium,
massive wall of ovule and ovary and dicoccus fruit. Thus, based on morphological
and embryological evidence the merging of Diplophragma into Hedyotis as treated
by Wight and Arnott (1834) is not favoured. It may be retained as ah independent
genus Diplophragma.
The section Anotis differs from the rest of the taxa in the presence of
multiaperturate and 3 nucleate pollen grains, tetralocular ovary, hooked synergids,
crustaceous fruit, boat shaped or plano-convex seeds and absence of tannin in the
testa. Therefore, the inclusion of Anotis in the genus Hedyotis as is ~lone by Brown
and WaUich (c.f. Wight and Arnott 1834) and Wight and Arnott (1834) seems to be
inappropriate. On the otherhand, it appears to be justified to assign a generic rank
to Anotis as was treated by De Candolle (1830), Bentham and Hooker (1862-1883),
Schumann (1891) and Melchoir (1964). According to Lewis (in Ann. Missouri Bot.
Gard. 53:38. 1966) the generic name Anotis DC is restricted to the new world
species and is distinct from the old world species including Indian spp. for which he
has proposed a new generic name, Neanotis W H Lewis.
From the table 1 it is evident that the remaining two sections Euhedyotis and
Oldentandia inclucting Kohautia share a number of common morphotogical and
embryologicaI features. Hence, their merging into a single genus Hedyotis appears
to be justified.

Tetramerous with white
corolla
Bicarpellary and bilocular

Tetramerous with white
corolla
Bicarpellary and hi- of
quadrilocular
Axile on stalked placentae
1-8
Tetrasporangiate with 4
wall layers
Secretory, uniseriate with
uninucleate cells
Tetrahedral
2 or 3-nucleate 3-multiaperturate

Axile on stalked placentae

Numerous
Tetrasporangiate with 4
wall layers
Secretory, uniseriate with
uninucleate cells
Tetrahedral

2-nucleatr and triaperturate

Placentation

Ovules number
Anther

Pollen grains

Pollen tetrads

Tapetum

Ovary

Flowers

2-nucleate, tri- or tr
aperturate

Numerous
Totrasporangiate with 4
wall layers
Secretory, unis*riate with
uninucleate cells
Tetrahedral, decussate
or isobilateral

Axile on stalked placentae

Herbs
Axillary cyme

Herbs
Axillary or terminal cyme

Shrubs
Terminal or axillary
cyme
Tetramerous with purple
corolla
Bicarpellary and bilocular

Habit
Inflorescence

Character

Section:
Euhedyotis

SeŸ
Anotis

2-nucleate, tri- of tetraaperturate

Numerous
Tetrasporangiate with 4
wall layers
Secr•tory, uniseriate with
uninucleate cells
Tetrahedral, decussate
or isobilateral

Swollen axile with sessile placentae

Numerous
Tetrasporangiate with 4
wall layers
Secretory, uniseriate with
uninueleate cells
Tetrahedral0 decussate
of isobilateral
2-nucleate, tetraaperturate

Tetramerous with white
corolla
Bicarpellary and b i - o r
trilocular
Swollen axile with sessile placentae

Herbs
Axillary cyme

Section : Oldenlandia
Sub-section:
Kohautia

Tetramerous with white
corolla
Bicarpellary and hi- of
trilocular

Herbs
Axillary cyme

Sub-section:
OIdenlandia

Morphological and embryological characters of different sections of the genus Hedyotis.

Section:
Diplophra#ma
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Crustaceous, loculicidal
capsule
4-6 layr

10-12 layered
20 layered
Angular

Ovoid, dicoccus capsute

lntegument
Ovary wall
Seed

Pericarp

Fruit

Testa

Synergids
Endosperm
Embryogeny

1 or 2-celled
Polygonum type. No chalazal haustorium
Hooked
ab initio nuclear
Nicotiana
variatinn
of
Soland type
4-6 layerea
8 layered
Boat shaped or planoconvex
1 layered without tannin

l-celled
Polygonum type showing chalazal haustorium
Not hooked

Nucellar epidermis
Embryo sac

1 layered with/without
tannin
Globose or slightly compressed capsule
8-10 layered, with 2
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1 layered with tannin
Round of slightly compressed capsule
8-10 layered, with 2
zones

1 layered without tannin
Spherical, 2-celled
capsule
10-15 layered with 2
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