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Embryology of three species of Ehretia
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Abstraet. Embryology of three species of Ehretia (E. ovalifolia, E. microphylla and E. la91 is
described. The anther is tetrasporangiate and the wall corresponds to the "Dicotyledonous'
type. Reduction divisions in microsporocytes ate simultaneous and tetrads are tetrahedral and
decussate. Occasionally, isobilateral tetrads are met with. Polyspory is common. The pollen
grains are usually shed at the two-celled stage. The ovules are anatropous, unitegmic and
crassinucellar. An endothelium differentiates. Both Polygonum and Allium types of megagametophytes coexist. The endosperm is Cellular with four-celled micropylar and four-celled
chalazal hausto¡ Embryogeny is of the Onagrad type, and suspensor is four-r
Keywords. Embryology; Ehretia; Ehretioideae; Boraginaceae; haustoria.

1. lntroduction
Ehretioideae constitutes the second sub-family of Boraginaceae, with 10 genera and 98
species (Engler and Prantl 1897). So far embryological information is available for
Ehretia laevis (Johri and Vasil 1956); and E. acuminata (Khaleel 1977). Two species of
Ehretia (E. ovalifolia and E. microphylla) have been studied, and E. laevis has been
reinvestigated.
2.

Material and methods

Buds, flowers and fruits of Ehretia ovalifolia Wt., E. microphylla Lam. and E. laevis
Roxb. were fixed in VAAand Carnoy's fluid, and stored in 70 % ethanol. The customary
methods of dehydration and embedding were followed. 6-8 # thick sections were
mounted with Haupt's adhesive, and stained in safranin-fast green or crystal violeterythrosin.
3.
3.1

Observations
Microsporanoium , microsporogenesis and male 9ametophyte

The anther is four-sporangiate. The primary archesporium comprises three to five cells
in Ehretia ovalifolia (figure I) and three to six cells in E. microphylla and E. laevis. The
development of the microsporangial wall (figures 2, 3) conforms to the Dicotyledonous
type of Davis (1966). At maturity each sporangium shows the fibrous endothecium,
single middle layer, and glandular tapetum (figures 4, 14). The tapetal cells are
uninucleate at the microsporocyte stage, but some cells become binucleate about the
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Figures 1-14. Anther, microsporogenesls and male gametophyte. 1-3; 7-14. Ehretia
ovalifolia, 4. E. laevis, 5, 6. E. microphylla. 1. TS anther lobe with three-celled archesporium.
2. Anther lobe with division of primary parietal ceUs. 3. Anther lobe with wall layers, tapetum
and sporogenous cells. 4. Anther lobe with partly biseriate tapetum, binucleated tapetal cells
and microsporocytes in proohase ofmeiosis I. 5. Anther lobe with radially elongated parietal
tapetal cells. 6. Anther Iobe with degenerated tapetal and sporogenous cells. 7, 8,
9. Tetrahedral, decussate and isobilateral microspore tetrads respectivety. 10. Polyspory. 11,
12. Two-celled and three-celled pollen grains respectively. 13. Mature anther lobe with
germinating porten grains. 14. Dehiscing anther. (TC, Tapeta~ cetls; vas, Vasculature)-

time the sporocytes enter rneiosis (figures 3, 4). Occasionally, the division of the tapetal
nuclei is followed by a transverse wall so that, at places, ir becomes biseriate (figures
4, 5). In E. microphylla the parietal tapetal cells are radially elongated (figure 5). Meiosis
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is synchronous in E. ovalifolia, but the synchrony is restricted to one or two locules in E.
microphylla and E. laevis. Rarely, in E. microphyUa one or two anthers may show signs
of degeneration (figure 6). The tetrads are tetrahedral, decussate and isobilateral
(figures 7, 8, 9). Polyspory is frequent (figure 10). The pollen grains are two-celled at the
shedding stage; occasionally even three-celled (figures 11, 12). Exceptionally, in situ
gerrnination occurs in 5 ~ of the anthers in E. ovalifolia and E. microphylla (figure 13).
The exine is thick, smooth and ridged (figures 11, 12).
3.2

Megasporanoium, raeoasporogenesis and megagametophyte

The ovules ate anatropous and unitegmic in E. ovalifolia, E. microphyUa and E. laevis
(figures 15, 16). An endothelium differentiates from the innermost layer of the
integument (figures 24, 31). The vascular tissue arises from the placenta, passes through
the funiculus, and terminates at the chalaza (figure 16). A hypostase differentiates in E.
microphylla (figure 31). Ah unicelled, hypodermal archesporium becomes discernible
prior to the appearance of the integumentary primordium (figure 17). Occasionally, two
to three archesporial cells differentiate, but only one of them functions further. The
archespo¡ cell cuts off a parietal ceI1 anda megasporocyte (figure 15). A few--celled
pa¡
layer, develops from the parietal cetl. The megasporocyte gives fise to dyads,
after the first meiotic division (figure 16). Infrequently, even two dyads are formed in E.
laevis (figure 25). Linear or T-shaped tetrads are formed after second meiotic division
(figures I8, I9). In a few preparations of E. ovalifolia obliquely oriented linear tetrads
have been observed (figure 20). Usually, the chalazal megaspore functions further and
the three micropylar megaspores degenerate (figure 21). In 4 ~ of the ovules of E.
rnicrophylla and E. laevis the micropylar megaspore also enlarged (figure 26). Rarely, in
E. laevis the micropylar megaspore becomes functional, while the others exhibit diverse
degrees of development and displacement (figure 27). The functional megaspore
enlarges, and its nucleus undergoes three free nuclear divisions resulting in an eightnucleate megagametophyte (figures.21, 22, 23), of the Polygonum type (Maheshwari
1950). In E. rnicrophylla the mature megagametophyte is filled with starch grains (figure
31).
The parietal cells and the adjacent cells become highly compressed and degenerate
totally by the time the eight-nucleate megagametophyte is organised (figure 23). The
cells of the nucellar epidermis also collapse and degenerate by the mature megagametophyte stage (figures 24, 31). Besides Polygonum type, an occasional tendency to foUow
Allium pattern has been observed in about 6 ~ ovules in E. ovalifolia, 20~o in E.
microphylla, and 20 to 25 ~£ in E. laevis (figures 28, 29, 30). Fertilization is porogamous
(figures 32, 33).
3.3

Endosperm

In Ehretia species the endosperm is cellular, and corresponds to the Myosotis type of
Svensson (1925). The division of the primary endosperm nucleus precedes that of the
zygote (figure 34), and is accompanied by a transverse wall (figure 35). Another
transverse division in each chamber results in a row of four endosperm cells (figure 36).
Repeated transverse and longitudinal divisions, in the two central cells, result in a
massive endosperm tissue (figures 37, 38). Concornitant with these divisions, the
terminal cell at the micropylar end, after contributing a few more cells to the endosperm
tissue, undergoes two longitudinal divisions at right angles to each other resulting in a
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Figures 15-24. Ovule, megasporogenesis and female gametophyte in E. ovalifolia. 15. LS
unitegmic, anatropous ovule with parietal and megaspore mother cells. 16. LS ovule with
vascular strand and dyad. 17. LS ovular primordium with single-celled archesporium. 18, 19,
20. Linear, T-shaped and obliquely linear megaspore tetrads respectively. 21. Two-nucleate
embryo sac. 22. Four-nucleate embryo sac. 23. Eight-nucleate embryo sac. 24. Organised
embryo sac. (ANT, Antipodals; DEGMS, Degenerating megaspores; DY, Dyad; EGA, Egg
apparatus; PN, Polar nuclei).

q u a r t e t o f c e l l s which organise into the m i c r o p y l a r h a u s t o r i u m (figure 38). T h e chalazal
cell behaves likewise and, ultimately, develops into a chalazal h a u s t o r i u m o f f o u r cells
(figure 38).
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Figures 25-31. Variations in megasporogenesis and female gametophyte. 25-27, 29. E.

laevis. 28. E. ovalifolia,30, 31. E, microphylla.25. LS nucellus with parietal cells and dyads.
26. LS nucellus with enlarged micropylar megaspore; chalazal two-nucleate embryo sac.
27. Displaced megaspores; developing two-nucleateand four-nucleate embryo sacs. 28, 29,
30. Degenerating upper dyad cells; functional lower two-nucleate embryo sacs. 31. Mature
embryo sac with starch grains. (ANT,Antipodals; DEGMS,Degenerating megaspores; DEGDY,
Degenerating dyad cell; DY, Dyad; EGA, Egg apparatus; H, Hypostase; ET, Integumentary
tapetum; SN, Secondary nucleus).
3.4

Embryo

T h e d e v e l o p m e n t o f e m b r y o is described for E. microphyIta a n d E. laevis.
The zygote elongates considerably, a n d divides transversely resulting in an apical cell
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ca a n d a basal cell cb (figures 39, 40, 41). O f these, ca divides vertically to f o r m two
j u x t a p o s e d cells, while cb segments transversely giving rise to two s u p e r p o s e d cells m
a n d ci (figures 42, 43). T h e p r o e m b r y o n a l tetrad, thus, c o n f o r m s to A z c a t e g o r y o f
~ou6ges (see Cr›2331963). E a c h o f the two derivatives o f ca divides vertically at right
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Figures 32-38. Fertilizationand development ofendosperm. 32, 33, 35, 36. E. microphylla.
34, 37, 38. E. ovalifolia. 32. Mature embryo sac with polten tube entered. 33. Mature embryo
sac with remnants of pollen tube and secondary nucleus. 34. Embryo sac with zygote and
dividing primary endosperm nucleus. 35. Two--celled endosperm. 36. Four-celled endosperm. 37. Endosperm with micropylar and chalazal haustoria. 38. Endosperm with fourcel[ed micropylar and chalaza! haustoria. (DSV,Degenerating synergid; cH, ChalazaI haustorium; MH, Micropylar haustorium; gr, PoUen tube; z, Zygote).
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angles to the first wall initiating quadrants (figure 44). By transverse divisions in these
cells originates the octant, I and l' (figures 45, 46). Simultaneously, the cell ci segments
transversely and engenders two superposed cells n and n' (figure 44); the latter divides
transversely to form o and p (figure 46). Subsequently the cell m, by a transverse
division, gives rise to the cells d andf(figure 47). Periclinal divisions in the cells of the
octant (l and l') delimit the dermatogen (de) from the inner group ofcells (figure 48), and
the inner cells of the tier l' give fise to the periblem (pe) and plerome (PO (figure 49). A
transverse division takes place in d, after the differentiation of dermatogen in the octant,
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Figures 39-52. Development ofembryo in E. microphylla. 39. Zygote. 40. Division of the
zygote. 41-51. Stages in the development of the embryo. 52. Mature embryo. {z~ Zygote).
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delimiting two superposed cells of which the upper functions as the initial for the root
cortex (iec), and the lower as initial of root cap (ico) (figures 49, 50, 51). Usually these
cells produce two plates of four cells each, consequent to two vertical divisions at right
angles to each other (figure 51). Later segmentation in these cells results in the
organisation ofroot cortex (iec) and root cap (ico). In the l, which is destined to develop
cotyledons and shoot apex, both transverse and longitudinal divisions take place and
the embryo eventually passes through globular and heart-shaped stages (figures 50, 51).
Further divisions in the tier l engenders the cotyledonary region (pco) and shoot apex
(pvt). The tier l' contributes to the hypocotyledonary region (phy) and the initials of the
central cylinder of the stem (icc), and the tier m and its derivatives to the initials of
hypophysis and root cap (ico). The cellsf, n, o and p contribute to the formation of a
four-celled suspensor (figure 50). The mature embryo is dicotyledonous with a
discernible shoot apex, root and root cap, and the vascular supply to the cotyledons
(figure 52).
The embryogeny in E. microphylla and E. laevis corresponds to the Lythrum
variation of the Onagrad type (Johansen 1950), or period I, Megarchetype IV, Series
A 2 of the embryonic classi¡
of ~ou6ges (see Cr›2331963), and can be recapitulated
by the following schematic representation and embryonic formula:
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4.

Conclusions

Occurrence of both Polygonum and Allium types of megagametophyte development
seems to be common among the species of Ehretia (present study; E. laevis, Johri and
Vasil 1956; and E. acuminata, Khaleel 1977) whereas only Polygonum type has been
recorded in Coldenia procumbens (Venkateswarlu and Atchutaramam9 1955) and
Rotula aquatica (Nagaraj and Fathima 1967). Hjelmquist (1964) remarks
". . . . . . . where 4-celled tetrad and monosporic development occur together with bi-,
tri-, or tetrasporic development, the Normal type must be the point of departure". Johri
(1963) points out that there is hardly any uncertainty concerning the primitiveness of
the Polygonum type of embryo sac. Further he is of the opinion that the Allium and
Endymion types can be deduced from Polygonum type by suppression of cell plate
formation after Meiosis II and by the elimination of one mitotic division during
gametogenesis. Therefore in Ehretia also the bisporic condition may be considered as a
derived one from the monosporic type.
Among the members of Ehretioideae, the micropylar endosperm haustorium is fourcelled, except in Rotula aquatica (Nagaraj and Fathima 1967), where it is two-celled.
However considerable diversity exists in the organisation of the chalazal haustorium. Ir
is single-celled with a hexaploid nucleus in Coldenia procumbens (Venkateswarlu and
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A t c h u t a r a m a m u r t i 1955); four-celled in the three species o f Ehretia studied by us, E.
laevis (Johri a n d Vasil 1956), and E. acuminata (Khaleel 1977); a n d eight-celled, with
circumaxial a r r a n g e m e n t in Rotula aquatica ( N a g a r a j a n d F a t h i m a 1967). Thus, only
in the species o f Ehretia b o t h the h a u s t o r i a are equally well developed, whereas in the
others, no c o r r e l a t i o n is seen in the o r g a n i s a t i o n o f the two haustoria, where one is m o r e
d e v e l o p e d than the other.
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