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In t r o d u c t i o n

F a m il y  Violaceae has received very little attention from embryologists. 
Schnarf (1930) h is  summari/cd ihe earlier cmbryological literature 
on the family. Sou^ges (1937) has studied the embryo development 
in Viola tricolor and has shown closc resemblances with the embryo 
development o f Geum urbanum. JohTnscn (1950) reports that the 
embryo-develcpment of Viola species follows Geum variation, Asterad 
type, with essential differences. Raju (1958) h^s recently studied the 
embryogeny of lonidium suffruticosum an d _ figures an epiphysis in 
young embryos. '

Netolitzky (1926) mentions that the ovules are bitegmic. Each 
of them is three-layered and takes part in the construction of the sced- 
coat. The sclerenchyma sheath develops from the inner integument. 
Raju {loc. cit.) has also rep.^rted the seed:oat formation from both 
the integuments in lonidium suffruticosum. Singh (1956) has briefly 
reported the life-history of Viola tricolor.

M a t e r ia l  a n d  M e t h o d s

The buds and fruits of various ages of V. tricolor were fixed in 
formalin-acetic-alcohol from th^ Botanical Garden, B. R. College, 
Agra, and that of I. suffruticosum from wild plants. Customary methods 
of dehydration, infiltration, cmbedd ng, sectioning, and staining were 
followed. Macerations, scrap'ngs and teasings of the secdcoat were 
also made to determine the structure of cells composing it.

O b s e r v a t i o n s

Ovule.—The ovary is superior and unilocular with three parietal 
placentae. Transverse sections of an ovary of V. tricolor shows that 
there are many ovules on each placenta (Text-Fig. 1), while in that

* The work was carried out at the Botany Department, B. R. College, Agra.



of I. suffrulicosum there are only two ovules (Text-Fig. 6). In the 
latter the ovules are clearly arranged in two rows on the placental 
outgrowth.

The ovules which initiate as small straight protuberances (Text- 
Fig. 6), curve (Text-Fig. 7) and finally become anatropous so that the 
micropyle faces the placenta (Text-Fig. 8). A fully developed ovule 
is anatropous. bitegmic and crassinucellate.

The outer integument, at megaspore mother cell stage, consists 
of two layers (Text-Figs. 2, 3). It becomes three-layered, later on, 
by the tangential divisions of the cells of inner epidermis (Text-Figs. 2. 
3. 10). In Viola cells of the middle layer acquire tannin by the time 
embryo-sac is four-nuclcale. These cells when stained with haematoxylin, 
appear yellow while with safranin they are stained dark red. The 
hypodermal cells of the chalazal region, in continuation of the middle 
layer of the integument, also show the presence of tannin. At the 
mature embryo-sac stage this is the most prominent layer of an ovule. 
No tannin, however, ever develops in cells of the middle layer of the 
integument in I. suffrulicosum.

The inner integument also consists of two layers at the megaspore 
mother cell stage (Text-Figs. 2, 9), finally, however, it also becomes 
three-layercd (Text-Figs. 3, 10). Longitudinal sections of an ovule 
show that all cells of the inner integument are rectangular at the mature 
embryo-sac stage, but the cells of different layers vary in size and 
contents.

The micropyle is formed by outer as well as the inner integuments, 
but the exostome and the endostome form a zig-zag canal. The 
vascular supply, after entering the funiculus p:;sscs through the raphe 
and enters the chalaza (Text-Fig. 8), where it fans out in the form of 
an inverted umbrella-like structure.

Feriiliraiion.—The pollen tube enters through the micropyle and, 
while threading its course inside the embryo-sac it crushes one of the 
synergids (Text-Fig. 4). Double fertilization is observed in both the 
plants. The sperm first discharged from the pollen tube moves to the 
egg while second one reaches the polars. Each sperm shows a distinct 
nucieolus and a clear nuclear membrane, prior to the fusion with the 
egg and the polars (Text-Fig. 11). The cytoplasmic sheath surrounding 
the sperm nucleus is not d.scernible. Madge (1929), however, reports 
the presence of cytoplasmic sheath around the sperm nucleus in Viola 
odorata in the pollen tube; but he believes that the sheath is lost at 
the time of syngamy. Contrary to him, West (1930) has mentioned 
that the sperm taking part in triple fusion in V. riviniana is represented 
almost entirely by its nucleolus. The present study clearly reveals 
the entry o f the entire male nuclei with their distinct nucleolus, as well as 
the nuclear membrane during syngamy and triple fusion. Madge 

has also reported the occurrence of hypertrophied vegetative 
nucleus inside the pollen-tube. No trace of the vegetative nucleus,



T e x t - F i o s .  1-11. Ovule and fertilisation. Figs. 1-5. Viola iricohr. Fig. 1. 
T.S. of ovary, x22. Fig. 2. L.s. part ovule, at raegaspore mother cell stage, x422. 
Fig. 3. L.S. part integument. Note tannin in the cells of the middle layer of outer.



integument, x422 . Fig. 4. L.s. embryo-sac showing pollen tube, x 3 2 8  (recon
structed). Fig. 5. L.s. embryo-sac with inverted polarity showing the egg-like cell 
at chalazal end and polars lying close to it, x 3 2 8  (reconstructed). Figs. 6— 11. 
lonidium suffruticosum. Figs. 6- 8. T.s. ovary showing ovule development, x48 .  
Fig. 9. L.s. ovule at mother cell stage, > 422. Fig. 10. L.s. part integuments, 
x 422 . Fig. 11. L.s. embryo-sac showing double fertilization, x422 . (<-/, exterior 

integument or oi, outer integument; ii, inner integument; pi, pollen tube; s, and 
j'j sperms or male gametes.)

however, could be observed in the polletx-lube al the time of fertilization 
in the present study.

In Viola tricolor, one embryo-sac showed an egg-like cell at the 
chalazal end with both the polar nuclei lying close to it. No cells, 
however, could be s2en at the micropylar end. This embryo-sac which 
probably shows the ph ;n o m 2non ol reversed polarity, incidently also 
shows double fertilization having one sperm close to the egg-like cell 
and the otlaer above the polars (Text-Fig. 5).

Endospcrni.—The division of the primary endosperm nucleus 
precedes that of the zygote (Tcxt-Figs. 12, 13). The endosparm deve- 
iopment is free nuclear (Text-Fig. 14). It becomes cellular only after 
numerous nuclei have been formed. The endosperm is quite massive 
and pirsisls in mature seed.

Embryo.—On account of some marked differences in the deve
lopment of embryo of V. iricolor and I. suffruticosum it is necessary 
to describe them separately.

In Viola, the division of the zygote which is transverse (Text-Fig. 15) 
gives rise to a terminal (ca) and a basal cell (ch) (Text-Fig. 16). Ch 
divide transversely forming ni and ci (Text-Fig. 17). This is closely 
followed by the division of ca by a vertical wall (Text-Fig. 17). Thus 
the second cell generation consists of four cells arranged in three tiers. 
Ca  may also divide before ch occasionally (Text-Fig. 18). The ccll 
m divides by a vertical wall (Text-Fig. 19). The divisions in the two 
derivatives of ca may not be siraiiitaneous (Text-Fig. 19) and the 
resulting daughter nuclei are separated by inclined walls, forming two 
smaller cells in the terminal region I and two bigger cells below them, 
r  (Text-Fig. 20). Soiiiges (I9J7) has reported the formation of an 
epiphysis at this stage, which, however, could not be observed in the 
present study.

The cells of / and /' tiers divide by vertical and later by periclinal 
walls (Text-Fig. 21). Similar divisions take place in m ; while ci divides 
by a transverse w'all forming n and n (Text-Fig. 2j). The cell n divides 
by a vertical wall forming two daughter cells. Further divisions take 
place in all the tiers except n' forming a globular embryo (Text-Fig. 22). 
At an advanced stage n' also divides obliquely (Text-Fig. 23). Soon, 
however, the embryo becomes heart-shap.d (Text-Fig. 24). TUe 
mature embryo shows two comparatively small cotyledons and a big 
hypocotyl axis (Text-Fig. 25).



T i x t - F i g s .  12-25. Endosperm and embryo o f  K  tricolor. Fig, 12. L.s. 
embryo-sac showing zygote and two endosperm nuclei, x500 . Fig. 13. same, 
showing simultaneous division o f  endosperm nuclei, >'234. Fig. 14. L.s. embryo- 
sac with nuclear endosperm, x234 . Figs. 15-25. Stages in the development o f  
embryo, for explanation see text (Figs. 15-22, ;c500; Fig. 23, x 3 8 6 ;  Figs. 24, 25, 
x H O ; Figs. 12, 13, 19, 20, 23, reconstructed; and Figs. 24, 25, diagrammatic from  

wh(?|e mounts). .



Occasionally, ca has been also observed to divide transversely in 
Viola tricolor (Text-Fig. 26) resulting in a linear tetrad of four-celled 
proembryo (Text-Fig. 27), its elements being designated as /, /', m and 
ci. The cells of such proembryo undergo even more transverse divi
sions adding further to the number of tiers (Text-Fig. 28). Develop
ment of this series later than described above, however, could not be 
traced.

In /. suffruticosum the zygote divides by a transverse w all forming 
ca and cb (Text-Fig. 29), In this plant ca always divides before cb 
and the division is by a vertical wall (Text-Figs. 30, 31. 32). How
ever, Raju (1958) has figured the division of ch before ca in one case. 
Ch divides by an oblique wall forming cells m and ci (Text-Fig. 33). 
During further development tite derivatives of ca divide by vertical 
walls. Text-Figure 34 shows T.S. embryo at the quadrant region 
clearly showing that four cells are arranged in one tier. Later on. 
in each quadrant cell a diagonal wall arises close to the junction of 
internal walls extending to the centre of the external wall. The resulting 
daughter cells thus appear wedge-shaped (Text-Figs. 35, 36, 37), The.se 
cells undergo periclmal divisions to Form two tiers of cells / and /' 
(Text-Fig. 38).

Simultaneously, the cell m divides vertically (Text-Fig. 38). More 
divisions take place in the two resultant cells. I'he embryo at this stage 
becomes pear-shaped. The cell ci divides transversely to form n and n 
of which the former undergoes early divisions while the latter divides 
obliquely at a much later stage (Text-Fig. 39). The embryo becomes 
heart-shaped (Text-Fig, 40). and further development is similar to that 
of V. tricolor.

V. tricolor and I. sujjruticvsum show only broad similarities of 
the embryo development. In both, ca and ch take part in the con
struction of the embryo proper; and the embryo neither shows any 
s'jspensor nor an epiphysis. The embryo devekpment of these two 
plants follows Asterad type (Johansen, 1950). The cases of variation 
recorded under the present investigations in V. tricolor showing linear 
tetrad, point towards some closer relationship whh chenopjdiad type. 
Viola tricolor is of hybrid origin (Rendle, 1925) and has been under 
cultivation for long. This may account for the variations observed 
here.

S e e d  D e v e l o p m e n t

Changes in the nucellus and the chalaza.—The nucellar cells increase 
in size, become vacuolated and acquire poor cytoplasmic contents at 
the time of endosperm formation in the embryo sac. Two groups 
of hypjstase develop in the nucellus soon after fertilization, one of them 
is situated immediately below the embryo-sac while the other one arises 
in level with the bases of the integuments (Text-Fig. 41, /i and /)'). 
Both these layers are sepirated by a parenchymitous zone. The hypa - 
stase cells, abutting on the embryo-sac. are poor in cell contents and



TKxr-FifiS. 26-^0. Fmbryo development o f  F. tricolor and I. suffruticosunt, 
for explanation see text (Figs. 26-38, x 5 0 0 ;  Fig. 39, x 3 8 6 ;  Fig. 40, x 3 2 0 ;  
Figs. 34, 36 and 37, T.s. embryo; and Figs. 38, 39, 40, reconstructed).

have thick cell walls, while the cells of the second group of hypostasc, 
lying in level with the bases of the integuments, are full of tannin and 
they take a deep red stain with safranin. During further development 
the parenchyma cells intercepting the two hypostases become thick- 
walled in V. tricolor (Text-Figs. 43; PI. I, Fig. 1) whereas in 
f. suffruticosum they remain either completely thin-walled or else develop 
only feeble thickening (Text-Figs. 50; PI. I, Fig. 3).

The chalazal cells lying outside the tannin cells of the lower hypo- 
stase show an increase in size and, in the advanced stages, become 
sclerified (Te.xt-Figs. 43, 50; PI. 1, Figs. 1 ,3 j. The number of these 
sclerified layers varies from one to four and they join with those of 
the outer epidermis of the inner integument forming a continuous 
sclerenchyma sheath of the seedcoat (Text-Figs. 42, 49, cs).

The remaining chalazal cells are compact and rich in cytoplasm 
contents. In Viola the hypodermis of the chalaza develops tannin 
early at four-nucleate embryo-sac stage. It extends to more layers 
at later stages. These cclls lose their contents but persist in a mature



seed along with the cells of the remaining layers which become thick- 
walled.

Changes in the inner integument.—During seed development the 
cells of the outer ep'dermis of the inner integument grow in sire. This 
growth results in their marked elongition in the tangential direction 
along the long axis of the seed (Text-Figs. 44, 51). In  V. tricolor each 
elongated cell posscss:s a spindle-shi pcd multinucleolate nucleus 
(Text-Figs. 44, 45), while in I . sujfruticosum the i ucleus remains round 
and u n ’nuoleolate (Text-Figs. 52, 53). Later on, their walls become 
thick ai.d iig lified bearing branched or unbranched pits (Text-Figs. 53, 
60, 61) and, form the characteristic mechanical layer in mature seed 
coat.

The cells of the middle layer also increase in size (Text-Figs. 44>
53). These cells are polygonal, and in surface view are roughly rect
angular (Text-Fig. 46). They lose their contents and ultimately dis
appear completely.

The only change noticeable in the inner epidermis is that the nuclei 
of its cells become more homogenous and take deeper stain in Viola 
(Text-Figs. 44, 47). Later on, these cells lose their contents develop 
cellulose thickening but they persist in the mature seed.

Changes in the outer integument.—Like the inner integument, the 
outer one also consists of three layers of cells. The cells of the outer 
epidermis increase in size and, in a mature seed, bccome thick-walled. 
In I. suffruticosum they have lamellate cellulose thickening on their 
radial walls (Text-Fig. 62), while reticulate in V. tricolor (Text-Figs. 48,
54). Netolitzky (1926), in other species of Viola, has described similar 
thickening of the cells of the outer epidermis. Cuticle covers the 
epidermis o f  a mature seed.

The middle layer in Viola is full of tannin during earlier stages 
(Text-Fig. 44). Later on, it loses only a part of its contents and per
sists in mature seed. On the other h^nd, in lonidium  the cells do not 
possess any tannin but elongate at right angles to the cells of the main 
mechanical layer, become lignified and develop simple pits (Text-Fig. 62). 
This is in contrast to the findings of Raju (1958) who has reported 
complete disappearance of this layer in a mature seed.

The inner epidermis bears calcium oxalate crystals in the cells 
(Text-Figs. 48, 51, k) and persists in a mature seed. It is very difficult 
to make out their structure in sections alone, macerations, as well a.s 
tangential sections (showing ceils in surface view), however, reveal 
tlxeir true nature. They are small and polygonal and each one of them 
possesses a prominent crystal and poor cytoplasmic contents (Text- 
Figs. 57, 59). Netolitzky (loc. cit.) has also reported the presence of 
oxalate crystals in these cells in majority o f the species of Viola. Rarely, 
the cells of this layer are crystal-free, as reported by him in V. arenaria. 
Raju (loc. cit.) has, however, failed to observe the oxalate crystals in 
the cells of this layer in /. suffruticosum.



T e x i - F i c s .  41-53. Stages in seedcoat development. Figs. 41-48. V. tricolor. 
Fig. 41. Ovule after fertilization. N ote  differentiation o f  hypostase h and h \  x 4 3 .  
Fig. 42. L.s. fairly developed seed, note differentiation o f  sclereid cells o f  chalaza 
in line with the cells o f  the main mechanical layer, x  15. Fig. 43. Part o f  chalazal 
tissue from Fig. 42, x 8 3 . Fig. 44. L.s; part integuments, after fertili alion, x376 .  
Fig. 45. Cells o f  the outer epidermis o f  the inner integument in surface view; note  
the spindle-shaped muitinucleolatc nuclei, x l7 8 .  Fig. 46. Cells o f  the middle 
layer o f  ii in surface view, x  178. Fig. 47. Cells o f  the inner epidermis o f  ii in 
surface view, x l7 8 .  Fig. 48. L.s. part fairly developed seedcoat, X l78 .  
Figs. 49-53. 1. suffruticasum. Fig. 49. L.s. fairly developed reed, x I 5 .  
Fig. 50. Part chalazal region from Fig. 49, x 8 3 . Kig. 51. L.s. part integuments 
after fertil zation, x 2 9 0 . Fig. 52. Cells o f  outer epidermis o f  ii in surface view, 
note the uninucleate nucleus, x l7 8 .  Fig. 53. L.s. part o f  developing fee<’coat, 
x2 9 0 . (a, ar il; « ,  chalazal sclereids: ei, exterior integument or oi, outer integument;



em, embryo; en, endosperm; epo, outer epidermis o f  ei\ epi, inner epidermis o f  f i;  
fp/', inner epidermis o f  11; c.v, em bryo-sac; /i and/i', hypostase; », inner integument; 
A.', calcium oxalate crystal; mt, nucellus; sd , sclercnchyma cclls o f  the main mecha
nical layer; vb, vascular bundle.)

Aril.—The aril which is differentiated at megaspore or bi-nucleate 
embryo-sac stage in both these plants, arises from the n p h e  in the 
micropylar region. The ep dermal, as well as. hypodermal cells of 
raphe take part in its formation. It persists in mature seed (Text- 
Fig. 42), and its cells in Viola develop reticulate cellulose thickenings 
on their walls.

Mature seed.—The seeds are pcar-shap?d and possess a hump-like 
aril on the raphe. The seedcoat is derived from the outer as well as 
the inner integuments. The seed ep'dermis is cuticulariscd and its 
cells have cellulose thickening on their radial walls. The thickening 
is of reticulate type in V. tricolor while it is lamellate in I. suffruticosum 
(Text-Figs. 54, 62; Plate I, Figs. 2,4). The cells of the second layer are 
tangentially elongated with poor cytoplasmic contents in Viola, while 
in loniiiium they are thick-wailed and elongated at right angles to the 
mechanical layer. The crystal-bearing cells form the third layer which 
remains closely appressed to the outer wall of the sclercnchyma cells 
(Text-Figs. 55, 60). The sclerenchyma, which develops from the 
outer epidermis of the inner integument, forms the main mechanical 
layer of the seedcoat (Plate I. Figs. 2, 4). The cells of the middle layer 
of the inner integument practically disappear, while those of the inner 
epidermis after thickening form the lining layer of the seedcoat.

Only a few layers of the nucellus persist together with the hypo
stase and the thick-walled chalazal cells. The endosperm tissue, which 
is full o f food reserves, persists in a mature seed and occupies a major 
part of its space (Text-Fig. 58) with the embryo embedded in hs middle.

D i s c u s s i o n

Soueges (1937) has recorded the presence of an epiphysis in Viola 
tricolor while Raju (1958) finds it in lonidium suffruticosum. The 
former suggests further that the embryo development of V. tricolor 
resembles that of Geum urhaniim. Johansen (1950), following Soueges 
{he. eit.), has assigned the embryo development of Viola species to Geum 
variation, Asterad type. But the present study of the embryo deve
lopment of V. tricolor clearly reveals that the derivatives of ca divide 
non-synchronised and that the cells are cut up by inclined walls. This 
is also evident from the figures of Sou'ges (refer to  Figs. 7, 8, 9; 
Soueges, loc. cit.). Probably this non-synchroni/cd division and the 
inclined walls lead him to assume that V. tricolor shows the formation 
of an epiphysis. In /. suffruticosum it is clearly revealed by the study 
of the transverse as well as the longitudinal sections of the embryo, 
that the transverse divisions in the derivatives of the terminal cell take 
place only after the formation of eight cells in one tier. Raju’s paper 
(he . cit. Fig. 11) reveals the half quartet labelled as an epiphysis. In 
subsequent diagrams also the position of epiphysis is not satisfactorily



T e x t - F ig s .  54-62. Stages in seedcoat development (Conld.). Figs. 54-58. 
y. tricolor. Fig. 54. T.s. part o f  almost mature seedcoat, x 2 0 0 . Fig. 55. L.j. 
part o f  seedcoat showing sclercnchyma layer and crystal-bearing cells studded on it, 
x 2 0 0 . Fig. 56. Surface view o f  maccratcd sclercnchyma cells, x 2 0 0 . Fig. 57. 
Surfacc view o f  cells o f  inner epidermis o f  outer intefumcnt. N ote the oxalate  
crystal in each, x 2 0 0 . Fig. 58. T.s. mature seed, x 2 2 . Figs. 59-62. I. siiffruti- 
cosum. Fig. 59. Surface view o f  cells o f  inner epidermis o f  oi, x 2 0 0 . Fig. 60. 
L.s. part o f  seedcoat showing sclercnchyma layer and crystal-bearing cclls. x200 .  
Fig. 61. Surfacc view o f  macerated sclerenchyma cells, x200 . Fig. 62. L.s. part 
o f  mature seedcoat, x 200. (em, embryo: en, endosperm; epo, outer epidermis o f



oi; epi, inner epidermis o f  ei\ epi', inner epidermis o f  iV; k, calcium oxate crystals; 
me, cells o f  the middle layer o f  oi\ im, nucellus; scl, sclerenchyma cells o f  the main 
mechanical laye,.)

marked out. In both V. tricolor and I. siijfruticosum. however, no 
epiphysis is formed.

It is, therefore, evident that Johm sen 's  assifnmpnt of embryo 
development of V. tricolor, which is based on the f.nd 'nrs of Soueges 
(1937), to Geum variation is unsatisfactory. Further in V. tricolor 
as well as I. suffruiicosum there is no susp;nsor formation. The 
embryo develcpment o f  Viola, therefore, is at variance from previous 
accounts. It is also not p 'ssible to refer it to any of the known varia
tions. However, it would be premature to coin a new variation to 
include the embryo development of these plants, and it is further felt 
th it  the behaviour of the basal and the terminal cells of the two-celled 
proembryo of angiosperms is quite variable, sometimes in the same 
species. If all these fluctuations are raised to different variations of 
certain types o f  embryo develcpment the problem will become far 
confused. In fact our knowledge of embryo development is still in 
initial stages and a more satisfactory classif'ication may possibly evolve 
after a considerable amount of investigations.

The chalazal end of the nucellus develops two groups of hypostase, 
h and h', as well as it shows formation of sclereids. The latter closely 
abuts on the cells o f the main mechanical layer on either side affecting 
a closure of the chalazal opening. Raju (1958) has completely failed 
to record the hypostase, as well as the sclereid tissue in /. suffriaicosum. 
Van-Wisselingh (J92 l) j  and Van-der-Wal (I92I)J, who have described 
the sclereid layer, state that it is formed in line with the cells of the 
main mechanical layer and that it is a part of the hypostase. The present 
observations, however, clearly reveal that hypostase and chalazal 
sclereids are two quite distinct entities develcpmentally as well as 
structurally.

The seedcoat develcpment of V. tricolor and I. suffruticasum 
broadly resembles the account of other workers (Netolitzky, 1926; 
Raju, 1958), but differs in minor details. Thus, according to the present 
investigation all the three layers of the outer integument take part in 
the formation of the seedcoat. The middle layer becomes thick- 
walled while the inner one secretes calcium oxalate crystals in /. suffruti- 
cosum. Raju (loc. cit.), however, reparts that the inner two layers persist 
at places only. He also does not find any calcium oxalate crystals in 
the cells of the inner epidermis. For the cells of the main mechanical 
layer which develops from the outer epidermis of the inner integument 
he (Raju, loc. cit.) only describes them as becoming thick-walled. His 
diagrams (Figs. 29 and 30, loc. cit.) which show in one case these cells 
to be more tangentially elongated while the other shows their pro
nounced radial elongation complicates the matter further. The present

 ̂Quoted in Netolitzky (1926).



study clearly shows these cells to be tangentially elongated in the direction 
of the long axis of the seed.

There are divergent views regarding the systematic position of 
the Violaceae. Thus Bentham and Hooker (1862-83) place it in 
Parietales along with Pppaveraceae, Cruciferac, Resedaceae, etc., while 
Engler and Prantl (1889) assign it a place close to Turneraceae 
and Passifloraceae. Hallier (1912) considers it to be a primitive member 
of Polygaline and Bessey (1915) assigns it a position in Guttiferales 
with Turneraceae and Bixaceae on either side. Hutchinson (1926) 
places Violaceae and Resedaceae together in Violales.

The association o f Violaceae (which has anatropous ovule, Asterad 
type of embryo development and a massive endosperm in mature seed) 
with Resedaceae, a family with campylotropous ovule, Onagrad type 
of embryo development, curved embryo, and scanty endosperm in 
mature seed, is difficult to reconcile. A comparison of scedcoat deve
lopment of the two families, however, shows some resemblances. For 
the seedcoat development and structure of Resedaceae the account 
given by Netolitzky (1926) is considered. In Violaceae as well as in 
Resedaceae both the integuments take part in seedcoal construction. 
The main mechanical layer develops from the outer ep.’dermis of the 
inner integument in both families so does each cell of the inner epi
dermis of the outer integum;nt contain an oxalate crystal. The 
sclereid cells of Violaceae in the chalazal region of the seed have their 
counterpart in Resedaceae and they close'the chalazal opening between 
the cells of the main mechanical layer of the seedcoat in both families. 
Netolitzky {loc. cit.) also remarks the structure of the seedcoat of Violaceae 
closely resembles that of the Resedaceae. These resemblances, there
fore, provide further evidence in favour of Hutchinson’s view for putting 
the Violaceae and the Resedaceae together although the shape of the 
ovule, the mode of embryo development, etc., do  not support it.

It may, however, be further pointed out that the seedcoat structure 
of V. tricolor and /. suffruticosum also resembles that of other Parietales 
families, i.e., Caricaceae and Passifloraceae (Singh, 1959, 1960). Singh 
(1960) has revealed the similarities between the seedcoat structure of 
Carica papaya  with that of Violaceae. In Carica papaya  also both 
the integuments construct the seedcoat, the main mechanical layer 
develops from the outer epidermis of the inner integument, and 
the cells of the inner epidermis of the outer integument bear oxalate 
crystal. The seed coat development of C. papaya  difl^ers from that of 
Violaceae in the proliferation o f  the ep'dermal and sub-epidermal 
layers of the outer integument and that no chalazal sclereids develop, 
thus a chalazal gap is left o p ;n  between the cells of the main mechanical 
layer. Netolitzky (1926, page 46) considers that the conditions of the 
seedcoat of Caricaceae can be derived from Violaceae by the prolife
ration o f the peripheral layers of the outer integument. To ascertain 
real affinhies, however, further studies of more members of the twp 
families should be made.



S u m m a r y

Ovules are anatropous, crassinucellate and bitegmic in Viola tricolor 
and lonidium suffruticosum. Both of the integuments are three- 
layercd formed by tangential divisions in the cells of Iheir inner 
ep dermis. In Viola, cells o f the middle layer of the outer integument 
develop tannin. The vascular supp'y to the ovule after entering the 
chalaza fans out in an inverted umbrella-like structure.

The pollen tube enters through the micropyle and is rarely per
sistent. Double fertilization is observed. One embryo-sac in V. tri
color is observed to show reversed polarity.

Endosperm development is free nuclear and wall formation centri
petal. The embryo develcpment follows the Asterad type. Rarely 
a linear embryo tetrad is observed in V. tricolor.

Seedcoat develops from both the integuments and in its formation 
only the middle layer of the inner integument disintegrates. All other 
layers persist and undergo certain changes. Seed epidermis, formed of 
the outer epidermis of the outer integument, is cuticularized : and its cells 
in V. fricolor have reticulate thickening, w hile lamellate in /. suffruticosum. 
The cells of the middle layer of the outer integument persist in 
both the plants. In lonidium they become thick-walled and elongate 
at right angles to the cells of the mechanical layer. The cells bearing 
oxalate crystals form the third layer of the seedcoat. The cells of 
the outer epidermis of the inner integument which forms the main 
mechanical layer are elongated along the long axis of the seed. They 
become lignified and possess pits on their walls. The inner 
epidermis which become thick-walled persists in a mature seed in 
contact with the mechanical layer. '
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E x p l a n a t i o n  o f  P l a t e  I 

F igs. 1-4. Stages in seed development.

F ig s .  1,*2. V. tricolor.

F ig . 1. L.S. part chalazal tissue showing hyposfase and sclereid cells, x  185.

F ig. 2. L.s. part mature seedcoat, x 2 5 5 . .

F iq i. 3, 4. I. suffruticosum, same as in Figs. 1, 2, respectively x255 .

( « ,  chalazal sclereids; en, endosperm; ep, outer epidermis o f  ei; ep, inner 
epidermis o f  eei', inner epidermis o f  //; h  and h', hypostase; m, cells o f  the 
middle layer o f  ei\ s, sclerenchyma cells o f  the msrin mechanical layer).
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FIGS. 1 -4
Facing page 46
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