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PREFACE

During recent years the Council of Scientific & Indusirial Research
( CSIR ) has been giving much encouragement to the holding of symposia
and scientific conferences. An all-India Symposium on Plant Embryology
was held at the University of Delhi during November 11 to 14, 1960,

The late Prof. N. K. Sidhanta, Vice-Chancellor of the University of
Delhi, welcomed all those who participated in the Symposium and gave a
brief account of the history and present activities of the Botany Depariment:
In inaugurating the Symposium, Prof. M. S. Thacker, Director-General of
CSIR, emphasized the importance of fundamental research in the advance-
ment of science and spoke specially of the significance of biological research,
The Chairman of the Biological Research Committee then gave a review of
¢ The Past, Present and Futurc of Plant Embryology ' and pointed out that
although the study of plant embryology began in India only about 30 years
ago, it had already become onc of the most well-developed branches of plant
science in India.

Twenty-nine papers were read in the Symposium in seven sessions presided
over by Dr B, M. Johri, Prof. J. Venkateswarlu, Prof. B. G. L. Swamy, Dr K.
Subramanyam, Prof. K. N. Narayan, Dr M. A, Rau, and Prof. P. Maheshwari.

On the afternoon of November 14, 1960, a special session was held
for a discussion of the advancement of teaching and research in plant
embryology. In this session it was agreed that the time was ripe
for the production of an exhaustive volume on the * Systematic Embryology
of Angiosperms ’ on the lines of Schnarf’s * Vergleichende Embryologie der
Angiosperms’ or Metcalfe and Chalk’s * Anatomy of Dicotyledons and Mono-
cotyledons *. Il such a work can be written through the initiative of Indian
botanists with the cooperation of our colleagues abroad, it will indeed be of
great value all over the botanical world.

It is hoped that the publication of the papers presented at the Symposium
would prove to be asource of inspiration and encouragement to young workers.

in my dutics as the Convener of the Symposium, 1 had the fullest coopera-
tion and support of my colleagues in the Botany Department. Of them,
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special mention may be made of Dr B, M, Johri and Dr R. C. Sachar, To
them 1 extend my best thanks for its success. To the CSIR I am most
grateful for so kindly agreeing to bear all expenses not only for holding the
Symposium at Delhi but also for the publication of the papers presemted
by the participants.

P. MAHESHWARI
University of Delhi Convener of the Symposium
Delhi-6, India and Chairman, Biological
May 18, 1962 Research Committee, CSIR.
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Embryology of the Celastraceae

R, D. ADATIA® & 5. G. GAVDE
MN. M. Insinuic of Science, Andher:, Bombay

The family Celastraceae shows several important morphological variations
and the systemalic position of this family has bzen a subject of controversy.
Witile reviewing the carlier biterature on the embryology ol this fanuly, Ander-
soit {1931) describag the development of ovale. embryo sac, cmbryo and
endosperm in CelalTrus orbiculatus. €. scandens. Ewonyous bunzeanns, E.
ewropaeus, E. fatifolius and Triprerygium wiffordii. Mauritzon (1936a) made
some obscrvations on the ovules of Camprlostemon, Hippocratea cineras-
cents, H. clemarioides, H. grisebachii and Salacic sp. He (1936b) farther
recorded some obscrvations on the embryology and systematic limitations
of Tercbinthales and Celastrales.

The present paper deals with the embryology of Celasirus pamicutala
Willd., fElacodendron glaucum Wight & Arn., Grsmosporia roskimia Wight
& Arn., G. spinesa Fioti. and 1 Hippocratea grafumii Wight! "

MATERIAL AND METHODS

The material for the present stwdy was coliected from the suburbs of
Bombay, Katriz Ghat, Poona, Khandala and Matheran and hxed in formalin-
acetic acid-alcohol while some of the buds were fixed in acetic acid-alcohol
{ 1:3). The customary methods of dehydration and imbedding were tollowed.
Scctions were cut 5 to 15p thick and stained in iron-haematoxylin and
counterstained with fast green or orange G. The fermer combination proved
very satisfactory espccially for post-fertilization stages.

OBSERVATIONS

Microsporangium. The hypodermat  archesporium appears as (wo
groups of cells in the anther of Cefastrus and as four groups in Gywmwsporia

*Peesent address - K. 3. Somaiva Cobiepe. Ghatkopar, Bombay T According to
new nomenclature, Elacodendron roxburghii Wight & Arn. 1 According to new
nomenclature, Pristimera grahamii Wight
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the close of meiotic divisions the tapetal cells begin 1o lose contact with one
another and large vacuoles appear in their cyioplasm. Finally, the cells
disorganize and disappear.

The outermost parietal layer differentjates into an endothecium. Its
cells gradually enlarge and the walls get thickened. The inner and lateral
walls are thicker in Elgeodendron and Hippocrateq as compared to Celastrus
and Gyminosporia. The fibrous thickenings appear in all the genera investi-
gated ( Fig. 4). The endothecium is usually one-laycred but occasionally in
both the species of Gymmnosporia it becomes two-layered at some places,

At the time of dehiscence of anther the cpidermis usually gets ruptured,
but frequently in Celastrus, Gymnosporia spinosa and Flippocratea the cpidermal
cells may remain intact. In the latter the cclls contain tannin and become
papillate.  Such papillac arc alse scen on the calyx, corolla, ovary wall and
the disc in Hippocratea.

Microsporogenesis. The haploid number of chromosomes is 27 in
Gymnosporia spinosa Fiori., 12 in G. rothiana Wight & Arn. and 23 in Celastrus
panicufata Willd. ( Figs. 5-7). All the mother cells in an anther do not divide
simultaneously. Six secondary spindles were obscrved after the second
meijotic division. Cytokinesis takes placc by furrowing and the tetrads are
either tetrahedral or”decussate. Usually the microspores separate from one
another but occastonally they remain together in Gyrmnosporia spinosa,

Male Gametophyte. The microspore nucleus migrates towards the wall
and divides by an asymmetrical spindle. A small lenticular generative cell
is separated from a large vegetative cell by a thin membrane (Fig. 9).
Later the generative cell moves to 2 more central position in the pollen grain.
The cyloplasmic sheath can be easily identified by its denser cytoplasm. The
gencrative ceil is usually spherical, rarcly ii assumes a crescent shape in
Gymnosporig rothiana and in  Elacodendron it may be crescent, spindle
(Fig. 10) or loop-shapead. '

The generative cell does not divide prior to the shedding of polien grains,
In Gymnosporia rothiana the pollen grains may germinate in sitw and the
generative cell may migrate into the short pollen tube (Fig. 11).

The exine and intine develop i the normal manner and the former shows
reticulatc sculpturing. The intine protrudes out through the getm porc to
a considerable extent in Cefastrus and Hippocratea ( Fig. 8) while in
Gyinnasporig rothiana only a small protrusion is scen. Erdtman (1952)
described such pores as “ aspidote pores ™, while Hyde (1955) considered
them to be definite morphological characters and designated them as ** onci ™,
Such “ onci 7 also occur in the Betulaceae, Campanulaceae, Corylacecae and
Jugtandaceae. The pollen grains are usually tricolpate but rarely wenacol-
pate grains were observed in Celastrus and Hippocratea.

The pollen grains are usually 1¢-12u in diameter in Hippocratea grahamii,
12-14p in Gymnesgoria spinosa, 14 16p in G. rethiana, 15-18u in Celastrus
and  28-30p in Elgeodendron.  In onc loculus of Gymnosperia rotliiana giant

pollen grains with a diameter of 48p were observed along with the normal
pollen grains (Fig. 12),
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Megasporangium. The ovules are orthotropous and bitcgmic to start
with but become anatropous at the megaspore tetrad or 2-nucleate stage of
the embryo sac.  Usually the raphe is ventral but sometimes in Hippocratea
it may be dorsal. The inner integument makes its appcarance al the time of
differentiation of the archesporium. Both the integuments contribute to the
formation of the micropyle in all the plants studied except in Hippocratea
grahamii where only the inner intcgument takes part. However, Mauritzen
( 1936a ) reports that the outer integument also takes part in the formation
of the micropyle in the plants of the Hippocrateaccae studied by him. In
most of the genera studied the outer integument is 3- to 8-layered while
the inner integument is 3- to 4d-layered. In Hippocratea grahamii the inner
integument is 3-layered and outer integument is 3- to 4-layered. The integu-
mcents are swollen at the tips in all the plants except H. grahamir.

Usnally a single hypodermal archesporial cell differentiates in the young
ovule, as seen in Celastrus scandens, Euonymus bungeanus, E. ewropacus and
E. fatifolius {(Anderson. 1931). Occasionally wwo cells werc observed in
Gymmosporia rothiona (Fig. 13) and lour in Celastrus paniculata ( Tig. 14).
Anderson (1931) has ailso reported occasional occurrence of two atchesporial
cells in C. scandens.

The archesporial cell ditectly functions as megaspore mother cell in
Hippocratea grahamii and in both the species of Gymurosporia.  But in Celastrus
and Elacodendron it divides periclinaily foiming the primary parietal cedl
and the primary sporogenous cell. 1n Elgeodendron the primary parietal
cell rarely undergoes a longitudinal division (Fig. 15); but in Celastrus
panicufata three to four parictal cells are formed (Fig. 16). Mauritzon
{ 1936a ) reported a single parietal cell 1 Salacia and further stated that the
nuceltus of Hippocratea species should be identical. However, this is fot
supported by the present study on H. grahamii.

The nucelia celis get erushed by the developing gametophyie and the
latter comes in direct contact with the innermost layer of the inner integument
which differentiates mto an endothelium.  This may happen even at the tetrad
stage in Celastrus  paniculata { [ig. 19). The cells of the endothelium
elongate radially and their vacuolated cytoplasm stains deeply. The prescnce
ol endothelium in several plants of this family has also bcen rcporicd by
Anderson (1931).

: Megasporogenesis. The ovule usually shows only one megaspore mother
cell but occasionally in both the species of Gymmnosporia \wo cells may differ-
entiate. As a result of meiotic divisions a linear tetrad is forined in Celastrus
paricilata, Elaeodendron and Hippocrarea (Fig. 17},  T.shaped and oblique
tetrads were observed in both the species of Gymnosporia.  Anderson (1931)
reported linear tetrads in Celastrus scondens, C. orbiculatus and T-shaped
condition in Ewonymus bungeanus and £. larifolius. Occasionally twin tetrads
were observed in Cefastrus paniculata and Gymmnosporia rothiana { Fig. 18).

Female Gametophyte. Usually Lhe chalazal megaspore is functional,
although occastonally in Celasirus panicuiata any other megaspore may begin
to cnlarge simultaneously (Fig. 19). Even in such cases subscquently the
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chalazal megaspore enlarges faster and ultimately develops into the female
gametophyte, '

The development of the embryo sac is of the Polygonum type. Jonsson*
(1879-80) described bisporic development of the embryo sac in Fuonymus
latifolius.  Anderson (1931) contiadicted this and reported Polygonum type
of development. This has been supported by the present study.

Occasionally the organization of the nuclei at chalazal end of the embryo
sac may take place carlicr than that at the micropylar end in Elacodendron
and Gymmosporig rothiana (Fig, 20).

The synergids are pear-shaped in all the plants studied but in Hippocratea
grahamii they become hooked and develop filiform apparatus.  Anderson
(1931) observed hooked synergids in Celastrus scandens.

The polar nuclei usually meet at the centre of the embryo sac; but in
Hippocratea grahamii they were found to lie very close or behind the cgg
apparatus.  Jonsson* (1879-80), Anderson (1931) and Mauritzon (1936a)
reported the fusion of the two polar nuclei in ihe centre of the embryo sac
in the plants studied by them. The two-polar nuclei usually fuse before fer-
tilization but this may be delayed in Gymnosporia rothiana.

The antipodals are usvally ephemeral. Occasionally, however, in
Hippéc’ratea grafmii and Gymnosporia spinosa, the antipodals persisp till fer-
tilization. 1In Celastrus paniculata, sometimes the antipodals vacuolate in
such a inafiner as to simulatc the cgg apparatus ( Fig. 21). Occurrence
of such antipodals has not been recorded so far in this family. Occasionaliy
multiple cmbryo sacs are observed in Gymnosporia rotlhiana.

Endosperm. Endosperm development has been studied only in Celastrus
paniculata and Gymnosporia spinesa.  The endosperm nucleus divides carlier
than the zygole and the endosperm nuclei aggregate al the iwo ends of the
embryo sac. After the wroduction of about 200 endosperm nuclei, wall
formation begins at the periphery and proceeds centripetally. Anderson
{ 1931 ) has described a similar endosperm development in Celastrus scandens.

Embryo. In Gynmosporia spinosasihe zygete undeigoes a period of rest
for one or two weeks. The zygote divides by a transverse wall 1o form the
basal and the terminal cel! (Fig. 24). Both the cells divide to form a four-
celled proembryo ( Figs. 25, 26). They can be designated .as ¢i, m, F,
and /. The tiers I’ and [ divide transversely and vertically to form a globular
mass ( Figs. 27, 28). The cell m divides transversely 1o form fand d, while
ci gives rise to » and ', The tiers [ and !’ contribute to the formation of coty-
ledons, hypocotyl and radicle; o forms the root tip, while #, #" and f* form
the suspensor. According to Souiges’ classification the development of the
embryo is of Solanad type.

In Celastrus paniculata zygote undergoes a period of rest for 2 to 3 months.
The devclopment of the embryo is similar Lo that in Gymnesporia spinosa.
Anderson (1931) has reported the embryo developmient as Sagina variation
of Caryophyllad type in Enonymus europacns and Celastrus scandens.

*Cited in Andzrson (1931)
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Polyembryony. Polyembryony has been observed in Celastrus paniculata.
Qccasionally two or thiee embryos were found overlapping one another.
The occurrence of pelyembryony has also been recorded in Fuonymus europaeus
by Jagar* {1814}, Grabel® {1830) and Bailey* (1916) and in E£. americanus by
Braun* (1859).

False embryo-like siructures similar to those reported by Anderson
( 1931) were also observed in Celastrus paniculuta.

Seed Coat. Both the integuments take part in the formation of the sced
coat. In Gymuosporia spinosa afier fertilization, the inner integument becomes
seven- 1o cight-fayered while the outer becomes seven-layered with large
epidermal ceils.

At the six- to eight-celled stage of ithe cmbryo, the integuments thin out
due 10 degeneration of some of the layers. Uliimately only four layers of
the outer integument remain and the outer sced coat develops from these only.

Only the innermast layer of the inner integument, the endothelium,
remains and forms the inner seed coat.

In Celastrus paniculata the developmeni of the sced coats is essentially
similar.

Aril.  The development of the aril has been studied in Celasirus paiti-
culeta and Gymmosporia spinosa. In Celgstrus the aril appears ar the four
nucleate stage of the embryo sac, in the form of a smali outgrowih or hump
on the outer side of the outer integument near funiculus.  But further develop—
ment is delayed and only after fertilization it starts growing. Ti rapidly en-
larges and soon covers up the whole ovule. Tt also forms folds and wrinkles
( Figs. 22, 23 ) and at matutity becomes bright scarlet in colour. .

In Gymunosporia spinosa the arl arises in a similar manner but the entire
growth lakes place only after fertilization, It also develops folds and wrinkles
but does neither completely cover the seed nor develop any colouration.

Systematic Position of Hippocratea. The genus Hippocratea has been
included in the family Celastraceae by Haller (1912) and Bentham &
Hooker (1883) while Engler & Prant[ (188%), Bessey (1915) and Hutchinson
(1959) have separated the two families. Wertstein (1935) kept the genus
Hippocratea in the order Celastrales. Smith (1940) peinted out numerous
differences between the twe families, Celastraceae and Hippocrateaceae, but
still acknowledged the affinities of the two families. Sinith & Baileyt (1941),
white discussing the systematic position of the genus Brassiuntha have: peinted
out that the division between the two families Hippocrateaceae and Celast-
raceae is artificial. Metcalie & Chalk {1958) have pointed out a very close
relation baiween the two fanilies on anatomical grounds. Erdtman ( 1937 )
found great resemblance between the pollen grains of the two families.

The main similarities and differcnces in the morphology and embryology
of Hippocratea grahamii and Celastraceae are shown in Tables 1 and 2
respectively,

On the basis of the above-mentioned dissimilarities it is suggested that

*ited in Anderson { 1931) i Cited in Erdtman { 1952)
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TABLE 1— SIMILARITIES IN THE MORPHOLOGY AND EMBRYOLOGY OF

Character

Perianth

Tupctum

Pollen

Carpzls
Owvule

mbryo sac

Endosparm

Hippacratea grahamii

Two whorls of 5 cach, imbri-
cate

Glandular

Tricolpate, rarcly tetracolpate;
‘oncl” presant; exine reticu-
late

Tricarpellary, syncarpous

Andtropous, bitegmic

Polygonum typz, cndothelium
present

Nuclear

HIPPOCRATEA GRAHAMII AND CELASTRACEAE

Celastraceae

Two whorls of 5 cach, im-

bricate
Gilanduwlar

Tricoipate, rarely tetracolpate
in Celastrus,; * onci’ present
in Celastrus; exine reticulate

Tricarpallary, syncarpous
Andtropous, bitegmic

Polyzonum type, endothelium
prescent

Nucloar

TABLE 2 -— DIFFERENCES IN MORPHOLOGY AND EMBRYOLOGY OF

Characler

Habit

Inforescence

Stamens

Ovule

Fruits

Seeds

Hippocratea grahamii
Scandent shrub

Panicle ~

3, free, arising at the base of
ovary within the disc, anthers
dehisce  transverscly and ex-
troscly

Tenuinucelate, micropyle form-

ed by inner integument

Schizocarpic

Exalbuminous, winged, c¢x-

arillate

HIPPOCRATEA GRAHAMI! AND CELASTRACEAE

Celastraceas
Climbers, shrubs or trees

Dichotomously branched eymes,
panicles or fascicles

fuscd
with it, arising on the rim or

5, free, from the disc or

outside the disc, anthers dehisce

longitadinally and introscly

Tenuinueellate  in Gywinesporia,
weakly crassinucellute in Celas-
trus and Elaeodendron, micropy-

le formed by both integuments
Capsules, drupes or follicles

Albuminous, wings absent, aril-
late or cxarillate
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Hippocratea may be separated from the Celastraccac and placed in a separate
family Hippocrateaceae closc to the foimer.

SUMMARY

The archesporium in an anther appzars as two or four hypodermal
groups of cells. The tapetum 1s sccretory.

The endothecium shows fibrous thickenings. Occasionally in boih the
species of Gymmnosporia it becomes 2-layered.  The epidermal cells are filled
with tannin and develop papillac in Hippocratea.

The haploid chromosome numbers in Gymwosporia spinosa Fiot., G.
rothigna Wight & Arn. and Celastrus paniculata Willd, are 27, 12 and
23 respectively.

The cytokinesis takes placc by furrowing.

In Celastrus and Hippocratea, the pollen grains show ** ongl ™.

Giant pollen grains are observed in Gymmosporia rothiana.

The archesporium is generally single-celled. The ovules are bitegmic.
The micropyle is formed by both the integumenis in all the plants, cxeept
in Hippocratea erahamii where it is formed by the inner integument only.
An endothelium is present.

Oceasionally multiple tetrads are observed in Gymmosporia rothiuna and
Celastrus paniculata.

Embryo sac development is of the Polygonum type.

Hippocratea-grahamii shows hooked synergids with the filiform apparatus.
It also shows the polar nuclei very closc to the egg apparatus or behind it.
Qccasionally multiple embryo sacs have been obscrved in Gymnosporia rothiana.

The endosperm is free nuclear in Celastrus paniculata and Gymnosporia
spinosa.  The wall formation is centripetal,

The development of the embryo conforms to the Solanad 1ype in
Celastrus paniculata and Gymnosporia spinosa.

Polyembryony has been noted in Celastrus panicilata.

Both the integuments take part in the formation of the seed coats. Aril
arises on the cuter integument near the funiculus in Celastrus pariculata and
Gymmnusporia spinosa,

Separation of Hippocrafea L0 o new family Hippocrateaceae seems to be
justified from the morphological and cmbryological studics.

The authors are deeply indebted to Professor P. Maheshwari ana Dr
B. M. Johri of the Dzpartment of Botany, University of Decthi, for their valu-
able help.
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Morphological and Embryological
Studies in Dipcadi

M. S. CHENNAVEERAIAN & T. 5. MAHABALE
Botuny Department, Karnatak University, Dharwar and Botiny Department,
University of Pcona, Poona

The genus Dipcadi is chiefly African. Eight species of it are reporicd to
occur in India and some of them are endemic.  Distinguished from the rest
ol the genera of Scilloideae, Dipcadi is characterized by tuberous scupigerous
herbs with racemed flowers, cylindric perianth of six crect segments, the outer
recurved from about the middle and the inner at the tips only. The stamens
are included. The loculicidal capsule is many-seeded. The sceds are flat
with black membranous testa.

The ounly embryological study on this genus is by Buchner (1948) and
Chennaveeraiah & Mahabale (1959).  Buchner's study was on the
megasporogenesis, female gamecophyt: and other morphological aspects.
Chennaveeraiah & Mahabale, while studying both  miciosporogenesis
and megasporogenesis, have noted the occurrence of certain abnormalities
in this species. Buu a detailed embryological work in this gepus is wanting

and the present paper deals with D saverwmn Blatter and D. wrsulae Blatter.

The material of these wo species was colkected from their type localities.
D. saxorunt Trom the hills of Kanheri Caves, abouw 30 miles from Bombay
al an altitude of LOCO ft and D. wrswlue [rom the tablelond at Panchgani
at an altitude of 4,400 fi. Formalin-acetic acid-alcohol was widely used as
a fixing fluid. The customary paraffin method was employed and sections
were cut at 8 20 microns.  [ron-alum-haematoxylin staining was widely uscd.
Permanent acetocarmin preparations of pollen mother cells were made by
McClintock’s method. ’

OBSERVATIONS

Flower, The inflorescence is 5¢ ¢m. long and 12- 1o 23-flowered in
D. saxorim, and 15-30 cm. long and 8- to 15-flowered in D. wursulge. The
flowers are slighily [ragrant in the latier. The braects are caducous, ovate
and acuminate. The pedicels are long and stout. The six perianth lobes
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Figs. 1-12.—Dipeadi saxorim —SEPTAL NECTARY AND MICROSPORANGIUM ( Sz, Sepial
Nectary )¢ Fig. 1. T. s. ovary through the mid region showing three locules and three
septaf nectaries. Fig, 2. Scptal nectary when the megaspore mother coll is being formed.
Fig. 3. Same when the embryo sac is organizing.  Fig. 4. Same, at the time of anthesis.
Fig. 5 Same. when the embryo is two-celled. Fig. 6. T. s anther lobes showing
hypadermal archesporial cells. Figs. 7-9. T. 5. anther lobe showing stages in the develop-
ment of walt layers. Fig. 10. L. 5. anther lobe showing one- to two-seriate sporogenous
tisspe, Fig. 11. T. s, anther lobe showing secretory l.apr:tum'l, uninucleaie  microspores
and degenerating middle layer. Fig. 12. Same, showing stomium and fibrous endothecium

13
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are greenish white in D. saxorum whereas they are slightly pinkish brown on
the lower surface and greenish white on the upper surface in D, ursulae.
Their tips are glandular. The six stamens are attached to the perianth at the
base. The superior tricarpsllary ovary has a fairly long style which ends in
three bifid stigmatic lobes. The epidermal hairs are found distributed on
the stigmatic lobcs.

Septal Nectary. The septal neclaries are conspicuous (Fig. 1). They
extend from the base of the ovary to half the length of the style. The nectary
canals are surrounded by one- to three-lavers of cclls. They make their
first appearance when the megaspore mother ceil is being differentiated. The
nectary secreting cells at this stage is one-layered consisting of only a few
cells (Fig. 2). Tt remains in this condition 1l the two-nucleate embryo sac
stage. lLater, more layers aie formed and the nectary becomes very conspi-
cuous. [tis fully developed when the mawure embryo sac iz formed (Fig. 3).
When the flower opens, it beging 1o lose prominence (Fig. 4) and after
fertilization, as the embryo becomes twao-celled, it is completely disorganized
(Fig. 5).

Microsporangium. The transection of a four-lobed young anther shows
one or two hypodermal archesporial cells at each corner (Fig, 6). They
divide periclinally resuliing in an outer primary parietal laver and an inner
primary sporogenous layer (Fig. 7)., The primary parietal layer gives rise
to three wall layers and the wall of the anther thus consists of the epidermis,
endothecium, middle layer and the tfapeium (Figs. 8, 9). Meanwhile
the primary sporogenous cells divide and the sporogenous tissue, in a
longitudinal section, shows one row at the ends and two rows in the middle
( Fig. 10). To start with the tapetal cells are uninucleate, Later they be-
come two-, four- or even six-nucleate. The nuclel may fuse to form large
polyploid ones, The tapetum is of the secreiory type and as the anther
matures the tapetum and the middle layer degenerate ( Fig. 11). The endo-
thecial layer develops fibrous thickenings which extend even to some of the
cells of the connective ( Fig. 12}, The anther dehisces by two longitudinal
stomia.

Microsporogenesis. The microspere mother cells, as they prepare for
division, undergo typical synizetic stage. Six and ten bivalents have been
observed during Mciosis | in D. savorwm and D. ursulae respectively of which
one is comparatively smaller in size ( Figs, 13, 14). The larger bivalents in
both the species have interstitial chiasmata. There is normal disjunction
and as the end of the first division a wall is formed resultingin a dyad (Fig. 15).
After a brief interphase the second division sets in, and tetrads are formed.
These are mostly of the isobilateral iype as is typical of most monocotyledons
(Fig. 16). In addition, linear, obliquely linear and decussatc tetrads are
also formed ( Figs. 17-19 )

Male Gametophyte. The nucleus of the microspore moves towards
the wall before it divides and a large vacuole is formed on the other side,
The spindle formed during the division of the microspore nucleus is asymme-
wrical resulting in a small lenticular generative cell and a large vegetative cell.
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Later the wall between the two cells dissolves and the generative nucleus gets
into the cytoplasm of the vegetative cell. A sheath of cytoplasm remains
quite distinct around the generative nucleus. The latter is almost spherical
and much smaller than the vegetative nucleus. The pollen grains are shed
at the two-celled stage. A rare instance was observed in D. wrsulae where
the generative nucleus had divided to form two male cells before shedding.
The pollen grains are monocolpate as in species ol Massonia, Scifla, Oruitio-
galum, Veltheimia of the group Scilloideae (Erdtman., 1952).

The division of the generative nucleus was studied from germination
of the pollen grains in vitro. The pollen grains readily germinated on sugar-
agar (8% sugar) medium and formed the male cells in about three hours.
The germination is mostly monosiphonous. Usually the vegetative nucleus
first gets into the pollen tube and the generative nucleus follows it (Fig. 20).
Rarely the reverse may also happen (Fig. 21). Sometimes, the pollen grains
produced two pollen tubes (Fig. 22). When there arc two pollen tubes,
it is observed that one of the tubes may contain both the vegetative and gener-
ative nuclei (Fig. 23), or onc tube may contain the vegetative nuclecus and
the other the generative nuclcus.

The spindle of the dividing gencrative nucleus seems 1o be a weak one as
secen from the mctaphase and anaphase configurations. At the end of this
division there does not scem to be a wall formation, but a cleavage appears
and two male cells arc fermed. They are mostly of the same size. In D.
ursulae, some anthers were seen with germinated pollen.

Megasporangium. Two rows of anatropous. bitegmic and crassinu-
cellate ovules arc borne on axile placenta in each locule. The ovule undergoes
a curvature of 90” at the megaspore tetrad stage and becomes completely
anatropous at the four-nucleate stage of the embryo sac ( Figs. 24-28).

The inner integument makes its appearance when the megaspore mother
cell is being formed. whereas the outer onc differentiates when the megaspore
mother cell is dividing. Both are epidermal in origin. The micropyle is
forimed by the tnner imegumcn{.\ The latter is two-layered except in the region
ol the micropyle where it is three-layered (Fig. 505. A conspicuous annular
swelling is formed at the base of the funiculus. Such a thing has also been
observed by Eunus (1950) in Adlbuca transvalensis. 1t disorganizes soon
alter fertilization. The funicular strand cxtends upto the base of the nucellus
where it connects to a group of nucellar cells having dense contents. The
chalazal end of the ¢embryo sac abuts on this tissue.  Nutrition is conveyed to
the embryo sac probably through this tissue.

Megasporogenesis. In the young nucellus a hypodermal archesporial
cell with a conspicuous nucleus and dense cytoplasm differentiates (Fig. 29).
Somutimes two archesporial cells were noticed in both the species. - The arche-
sporial cell divides periclinally to cut off an outer parictal cell. The next
division in the latter is either anticlinal or periclinal (Figs. 30, 31). The
parictal tissuc formed finaily consists of two layers. Sometimes it may consist
of three layers,

The megaspore mother cell, as it starts dividing, undergoes a typical
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The lowermost megaspore of the tetrad is functional and the other three
degenerate. In one avule of D. saxorum the lowermost megaspore showed signs
of degeneration (Fig. 40), Otherwise the degeneration of the megaspores
in the linear tetrads of D. saxorum is basipetal (Figs. 41-43). In D. wrsulae,
the upper two megaspores degenerate first and the third onc a little later.

Certain abnormal features have keen noticed at the tetrad stage. Tn

“both the species some parietal cells with their Jarge size, conspicuous nuclei
and dense cytoplasm simulate the sporogenous eclls (Figs. 36, 37). Their
sporogenous nature is indicated by the fact that some of them are in syni-
zesis v age.  Such sporogenous cells have also been noticed in Ophiopsgon
wallichianus by Maheshwari (1934).

Female Gametophyte. The nucleus of the functional niegaspore divides
to give rise to a two-nucleate embryo sac (Fig. 44) followed by a four-
nucleate stage (Fig. 45). At this stage, the chalazal end of the embryo sac
grows considerably and develops a pouch. The chalazal nuclei. however,
do not migrate downwards into this pouch, bul remain in sirn, occupying
now a place in the centre of the einbryo sac (Figs. 45, 4¢). After the next
division of the nuclei, the chalazal group of four move down slightly towards
the pouch ( Fig. 47). No embryo sac has been observed to be without
this pouch formation in both the species.

The polar nuclei meet in the centre and fuse (Fig. 49) and the secondary
nutleus moves downwards and geis nearer to the antipadal cells (Fig. 50).

The egg apparatus consists of two synergids and an cgg cell. The syner-
gids have basal vacuoles (Fig. 49). Hooked synergids are also seen. Some-
times in D. wursufae the synergids simulate the egg (Fig. 50). The egg cell is
usually oveid having an apical vacuole.

Of the three antipodal cells, the lower onc is invariably large and vacuo-
late. The other two are comparatively smaller and the three antipodal cells
are arranged in a T-shaped manner. Sometimes the two smalter ones develop
vacuoles at their apical ends (Fig. 49).  All the antipodal cells may be lodged
within the pouch or only the lower, larger one may occupy it. They persist
fer a long time till the embryo and endosperm are fairly well developed,

o - —— ——

«Fics. 11-15-18, 21, 24-38 — D Saxorum: Figs. 14, 19, 20, 22, 23, 39 _ D yrsulae
MICROSPOROGENESIS, MALE GAMETOPHYTE, OVULE AND MEGASPOROGENESIS @ Figs, 13, 14. First
division of policn mother cell showing six and ten  bivalents respzctively in polar view.
Fig. 15. Dyad. ¥igs. 16-19. Isobilateral, linear, obliguely linear and decussate tctrads.
Fig. 20. Monosiphonous germination of the pollen showing degenerating vegetative nucleus
at the tip of the tube and the gencrative nucleus behind it Fig, 21, Same, showing the male
cells ahead of the vegetative nucleus in the tube. Fig. 22. Germinated pollen with two
tubes, the shorter one containing both the vegetative and penerative nuclei, Fig, 23. En-
largement of th: portion marked in Fig. 22 showing the depencrating vagetative nucleus and
the dividing generative nucleus.  Figs. 24-28. Stages in the growth and curvature of the
ovule. Fig. 29. L. <. nucetlus showing hypodermal archesporial cell.  Figs. 30,31. Same,
showing parictal cells, Figs. 32-35. Same, showing stuges in the Tormation of linear
tetrad. Fius. 36,37, Same. showing T-shaped and slightly obligue isobilateral tetrads with two
sporogenous parictal cells.  Fig. 38, Meiosis T -- oricntation of spindles indicate forma-
tion of inverted T-shaped tetrad. Fig. 39. L. s. nucellus showing isotilateral tetrad
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At the mature embryo sac stage. only the nuceillar epidermis overarches
it, as the parietal tissue gets crushed by the developing embryo sac.

in an abnormal embryo sac of D. savorum, the chalazal pouch containing
the antipodal cells was separated by a wall-like partition from the rest of the
embryo sac even before fertilization (Fig. 51). This precocious paitition
simulates the formation of Helobial type of endospsrm.

In both the species. some embryo sacs were observed with supernumerary
nuclei whose origin, however, could not be traced. In one embryo sac of
D, saxorum all the eight nuclei were groupad in the centhie (Fig. 48).

Fertilization is porogamous and traces of the pollen tube are seen up to
the two-celled stage of the embryo.

Endosperm. The development of the endosperm is of the Hclobial
type. The first division of the primary endosperm nucleus is followed by a
wall resulting, in a smaller chalazal chamber and a larger micropylar chamber.
Further divisions in both the chambers arc free nuclear, but the divisions in
the micropylar.chamber arc more than those in the chalazal chamber. Both
the chambers thus contain many nuclei. Wall formation starts when the
cmbryo is fairly advanced in development. Finally the entire endosperm
becomes cellular.

Embryo. The development of the embrys has not been studied in
sufficient detail.  On the whole the development is of the Caryophyllad type.
Further work is in progress.

DISCUSSION

The successive type of division of the microspore mother cells is charac-
teristic of most monocotyledonous plants, with certain exceptions, and like-
wise the formation of iscobilateral tetrads. In addition to the isohilateral
tetrads, the linear tetrads were frequent in the species of Dipeadi under in-
vestigation. Previously the linear tetrads were thought to bhe rare. They,
however, have been noticed in Habenarig (Swamy, 1946), Ortelia (lslam,
1950) and others. Kausik & Rao L1942) have reported that they have
always been linear in Halophila ovata. Végl (1947) has noted them in many
plants, such as Sagiftarie montevidensis, S. chinensis, Paris quadrifolia, Lilium
menryi. Yueea filameniosa, many species of Alfium, Tradescantia, Agapa-
nthus, Anthericum., Pistia, Colocasia and Spathiphyllum. The smear prepara-
tions of microspore mother cells in the species under investigation 1evealed
that the isodiametric and rounded ones gave rise to isobilateral tetrads, while
the elongated ones formed lincar tetrads.  Other types of tetrads were formed
by microspore mother cells of different shapzs. Thus it seems that the kind

of tctrad formation depends more or less on the shape of the microspore
mother cells.

The division of the generavive nucleus is fairly uniform. A spindle is
formed during this division, but it is not a prominent one. There is usually
monosiphonous germination of the pollen grains, but sonctimes two pollen
tubes were also seen.  Such a thing is not usaally observed in families besides
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Malvaceae, Cucurbitaceae and Campanulaceae. Tt will be of interest to
know whether this phenomenon occurs in other genera of Liliaceac besides
Dipeadi.

The megaspore wetrads in Dipeadi arc.usually linear. ot ‘obliquely linear
or T-shaped. Other kinds of tetrads like the isobilateral and inverted T-
shaped are also rarcly meu with. Tt hus been observed that if the megaspore
mother cell is narrowly elongated. both the spindles in the second division
of it are straight and result in the formation of a linear tetrad. If the upper
cnd of the megaspore mother cell is broader it results in an obliquely linear
or T-shaped icirad. Rarcly when the Jower end of the megaspore mother
cell is broader, an inverted T-shaped tetrad is formed. 1 the megaspore
mother cell is not clongated but is niore or less isodiametric, an  isobilateral
tetrad is foimed, Thus, it seems that the kind of tetrad formed depends on
the availability ol space in and the shape of the meguspoie mother cell.

A constant feature noticed in the specics of Dipeadi is the formation of
a pouch at the chalazal end of the embryo sac at the four-nucleate stage.
This has escaped the notice of Buchner (1948) who while studying D. sero-
tinum did observe the increase in the size of the embryo sac at the Four-nucleate
stage. Bur she added that the noteworthy feature of it was the arrangement
of the nuclei, the upper two situated normally side by side and the lower
two mostly superimposed and shifted rather a litile below the middie of the
embryo sac. Contrary to her observations, however, o careful study made
here showed the lower two nuclei do not shift their position; they rather
remain where they were and only the chalazal end of the embryo sac gets
elongated to form the pouch. '

Funus (1950) in his study on Albuca rransvalensis figures a four-nucleate
¢mbryo sac similar to the one with the pouch in Dipcadic-but he interprets
it as an abnormal embryo sac. His text figures 19 and 20 are both four-
nucleate embryo sacs, the former being considered as a normal one and the
latter an abnormal one. When these figures are compared wiih the correspond-
ing stages in Dipcadi, it seems that what Eunus (1950) has interpreted as a
case of abnormal four-nucleate embryd sac, is only a regular stage in the
devclopment of the cmbryo sac forming a pouch at the chalazal cnd. This
may be the situation in A/buca also since the genus is closely allied 1o
Dipeadi. A reinvestigation of Afbuca (s desitable in this respect.

The antipodals, of which one is considerably targe. are conspicuous and
mostly arranged in a T-shaped manncr.  The chalazal pouch containing these
antipodals abuts on the nucellar tissuc having dense contents connected to
the funicular strand. They are persistent also. All this suggests their nutri-
tive rele.  1n this connection it is interesiing to note that the antipodal cells
figured by Funus (1930) in  Albuca transvalensis look similar to those in Dip-
ctelt.

In many members of Scilloideae such as Eucomis, Veltheimia, Ornitho-
galum, Muscari, Puschkinia, Heloniopsis and Veratrum, the development of
the endosperm is of the Helobial typs (Cave, 1953). Dipcadi has also the
Helobial type of endesperm. Considering on the whole, the embryological
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Jdata presented here for Dipeadi rdve alT Such fedtures & vE ype
of embryo sac development. Helobial wype of endosperm, the lurge embryo,
spherical male cells, readily fall in line with those seen in the other genera
of the Scilloideae.

Usually the embryological characters of the species within a genus are
more or less constant. So also is the case in Dipeadi.  There is but a litle
variation regarding the kinds of tetrads formed and the sequence in the
degeneration of the nonfunctional megaspores among the species.

Regarding the systematic position of the genus in Scilloideae, Dipcadi
is closely allied 1o A/buca in having the common characters such as compressed
seeds. long embrye sac with three antipodal ¢:lls, the Helobial type of endo-
sperm and three-radiate stylar canal.  [n other genera of Scilloideae the
embryo sac may be broad or long and the endosperm nuclear or Helobial.
Dipeadi and Alhuca form a natural alliance with Ewcomis. Veltheiniia. Orni-
thogalum, Muscari, Puschkinia, Heloniopsis and Vergtrunt characierized by
the Helobial endosperm, rather than with Seilla, Hyacinthus, Camassia and
Gultonia, which have nuclear endosperm.  All the genera in Scilloideae o
the whole are well knit and distinct from Lilioideae, but within the subfamily
Scilloideae there appear to be two distinet series, one with Helobial and the
other with the Nuclear endospzrms. This warrants, pzarhaps, further exami-
nation of the subfumily Scilloideae from the systemalic point of view.

SUMMARY

The raceme in D. savorwn is 12-to 25-Aowerel, and in D. wsulue it is
8- to 15- flowered. The flowers are slightly [ragrant in the latter.

Conspicuous seplal nectaries are present,

[n the young anther one- to two-celled hypodermal archesporium  differ-
cnliates at cach corner. The wall of the anther consists of four layers. The
tapetum is of the secretory lype.

The microspore mother cells divide successively. Six and ten bivalents
are ceunted in D. saxorum and Dt wrsulae respectively.

The microspore tetrads are isobitateral, decussate, linear and obliquely
linear.

The pollen gains are monocolpale and are shed at the two-celled stage.
Their germination is mostly monosiphonous. but som:times two pollen Lubzs
par grain have been scen. -

The ovule is anatropous, crassinucellute and bitegmic. The micropyle
is formed by the inner integument. There is an annular swelling at the base’
of the funiculus.

The m gaspors lelrads are linear, obliguely linear and T-shaped. A
case of an inverted T-shaped and an isobilateral tetrad was met with in D.
saxorum and D. ursulae respectively,

The dcgeneration of the nonfunctional megaspores is gradual in D,
saxorum, butl in D. wrsylae it"is not exactly so.

The embryo sac development is of the Polygonum typz. At ihe four-
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nucleate stage a pouch is formed at the chalazal end. Later this becomes

lodged with the antipodal cells.  The tatter are arranged in a T-shaped manner
and are persistent.

The cndosperm formation is of the Helobial type. The embryo deve-
lopment conforms to the Caryophyllad type.
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Morphological and Embryological
Studies 1n the Commelinaceae

P, §. CHIKKANNAIAH
Department of Biology, R. L. Science [nstitute, Belgaum

The members of the Commelinaccae have been favourite objects for
cvtological studies (see Darlington, 1929; Rau, 1930; Anderson & Sax, 1934;
Y asui & Suita, 1939; Beatty & Alvin, 1953). In the field of experimental
morphology, the work of Walkar (1938), Eigsti (1940) and Swanson er af.,
{1949) may also be mentioned. ‘

Dimorphic flowers, both cleistogamous (underground and acrial) and
chasmogamous, occur in Tradescantia erecta (Henslow, 1879), Commeli-
nantiag  pringlei (Tharp, 1927y, Commelina forskalaei {Hagerup, 1932;
Maheshwari & Maheshwari, 1955; Maheshwari & Baldev, 1958), C. hengha-
lensis (Maheshwari & Singh, 1934; Maheshwari & Maheshwari, 1955) and
C. indehiscens’ (Barnes, 1949).  Some information is available regarding the
aumber and the distribution of different kinds ol flowers. The nature of
cleistogamy Is also discussed by various authors (Uphof, 1938; Maheshwari,
1960).

Earlier embryological work on the Commelinaccae has been ‘reviewed
by Schnarf (1931). Subsequently, comsiderable work has been donc by
Maheshwari & Singh (1934), Murthy (1934, 1938), Parks (1935}, McCollum
(1939). Tschermak-Woess (1947), Soulges (i958a.b) and Maheshwari
& Baldev (1958). As the information available on the morphology and the
embryology is inadequate the study on Commeling subulata Roth, Aneilema
paniculatum Wall., Floscopa scandens Lour., Cyanotis axitlaris D. Don.,
and Tinantia fugax Scheidw, was undertaken to fill some ol the gaps in the
existing data.

MATERIAL AND METHOD

The material was collected from Befgaum, Londa, Castle-Rock and Jog
Falls, Mysore State, during the months of July and August and fixed in
formalin-acetic acid-alcohol. Tinantia fugax, collected from Mussoorie, was
kindly passed on to the author by Professor P. Maheshwari.
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The customary mzthods of dehydration and imbedding were lollowed.
Scctions were cut 8-18p thick. Heidenhain's iron-haesmatoxylin with ery-
throsin as the counteratain was found satisfactdry for staining. The male
cells of Cyanotis axilfaris were studied after germinating the pollen geains
in distilled water at room temperature. The whole mounts of endosperm in
acelocarmine-glycerine (1 : 1) were examined.

OBSERVATIONS

Flowers. All plants studied by the author bear only aerial flowers. The
presence of underground flowers in Finantic fugax could not be confirmed
due to want of proper material.  In Commeling subufuta there are two to three
chasmogamous flowers in the spathe (Figs. 1, 2. 3). The first flower is
biscxual. The second flower may be bisexual ( 9 pzr cent ). male with pistillode
(64 per cenl) or without pusiillode (27 per cent). The third flower
is male, 15 per cent of which possess a pistillode and it rarely opesns if the
first two flowers producc fruits (Fig. 4). In Cranoetis axilluris the first three
flowers are bisexua! and chasmogamous while the fourth one is cleistogamous
and male, 36 per cent of which possess a pistillode.

The Aowers are trimzrous.  All the six stamans arve fertile in Floscopa scan-
dens, Tinantia fugax and Cyanotis axillaris. In Commeling subulaia and Ancilenta
paniculatum two to thres stamens are reduced to staminodes which sometime;
contain degenerating pollen geains in abortive microsporangia (Fig. 15 ).

Anther. The young anther is tetralocular. The hypodermal -arches-
porial cclis divide to producc the inner primary sporogenpus and an outer
primary parietal celts (Fig. 5). The latter by further divisions add (o the wall
of the anther which conststs of a parsistent epiderm’s, a fibrous endothccium,
a degenerating middle layer and a tapatum (Fig. 6). A pzriplasmodium is
{ormed in the early stage of microsporogenesis (Fig. 7) which is consum:d
by the developing pollen grains (Figs: 8. 9).  Division of the microspore
mother cells is of the successive typs and the wall formation is by cell-plate
mathod resulting in isobilateral and decussate tetrads.

Male Gametophyte. The pollen grain is oval, unisulcate and the cxine
is spinulose in Commelina subulata and Floscopa scandens (Figs. 9. 12) and
warty in others (Figs. 10, 11). The microspore divides to form a small
generative cell and a large vegetative cell. There is a considerable variation
in the form of the generative ccli, elongated and slightly bent in Conmnelina
subulata (Fig. 9. spindle-shapd in Aneilema panicwlarum (Fig.10} as well as
Floscopa scandens and worm-like in Cvanotis axillaris (Fig. 11).  The polien
grain is shed at the three-celled stage in Floscopa scandens (Fig. 12) and at the
two-celled stage in others.  The generative cell divides in the pollen tub: to
form two male cclis {(Figs. 13-14),

Ovule. The bitegmic ovule is orthotropous in Floscopa scandens (Fig. 16),
orthotropous with a slight bend in  Aneilema paniculatum (Fig, 19) and
hemianatropous in others (Figs, 17, 18). The ovule is tenuinuceilate in Anei-
lema panicwlation and Cpanotis axiflaris and crassinucellate in others. The
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ing. The cells of the nucclius at the micropylar region enfurge slightly and
after fertilization the integuments grow to cover the nuceliar apex. The
nuceliar cells at the micropylar end become greatly thickened during later
stages of seed development.

Usually a single hypodermal archesporial cell is present (Fig. 22). Rarely
two such cells may be seen in Commeling subulata and Cyanotis axillaris (Fig. 23).
But only one develops further. The archesporial cell directly lfunctions as
megaspore mother cell in Aneilema paniculatun and Cyanotis axillaris (Fig.
23) while in Commelina subulata, Floscopa scandens and Tinantia  fugax
{(Fig. 24) a vparietal cell is always cut off. The primary parictal cell may
or may not divide further and is crushed by the developing megaspores,
Meiotic divisions of megaspore mother cells result in lincar tetrads (Figs. 26, 27).
Rarcly T-shaped and occasionally oblique tetrads arc formed.

Female Gametophyte, The chalazal functional megaspore cnlarges and
the nucleus undergoes three successive divisions to form an &-nucleate embryo
sac (Figs. 28-30). The two polar nuclei fuse belore the entrance of the pollen
tube (Fig. 31). The antipodals arc ephemeral (Fig. 32). However, in
Tinantia fugax they are somewhat large and persistent (Fig. 31). Triple
fusion occurs earlicr than the syngamy (Fig. 33).

Endosperm. The endosperm is of the Nuclear type.  After a (ew free
nuclear divisions the endosperm becomes peripherally arranged (Figs, 34, 35).
Liter the endosperm extends basally beyond the collar and occupies the lower
part of the developing sced. Thus, it gradually assumes an inverted top-
shape (Fig. 36). At this stage in Floscopa scandens button-shaped enucleate
vesicles appear on the inner side of the endosperm (Fig. 37). In Tinautia
Sugax there is only an aggregation of nuclei and cytoptasm at the chalazal
end (Fig. 38) and in Cypanotis axiflaris a persistent chalazal haustorium is
formed (Fig. 39). The wall formation is centripetal. and starts from the
micropylar end. The outermost layer of the endosperm cells are narrow and
divide forming two similar layers (Fig. 42). The cells towards inside are
large and Irregular and usualy multinucleate. The division and fusion of .
nuciel in these cells are common. In Awaeilema paniculatum at the chalazal
end the outer two layers of endosperm cells are large and contain big nuclel
(Figs. 40, 41). Compound starch grains fill all the cells of the endosperm
except outer two layers in Commeling subulata (Fig. 42) and outermost
layer in others. )

Embryo. The zygote divides usually by an oblique wall to form the cells
ce and «h { Fig. 43). Both the cells divide vertically forming a four-celled
proembryo (Figs. 44, 45). The two derivatives of ¢b, m and ¢i are unequal
due lo slightly oblique-vertical wall (Figs. 44, 45) and are juxtaposed.
In Aneilema paniculatum the periclinal walls are faid down in ca cutting off
the dermatogen initials (Fig. 48). But in others a second vertical division
at right angles to the first in ca results in a quadrant ¢ (Fig. 47).  In Commelina
subnlata, Floscopa scandens and Tinantiu fugax the dermatogen initials are
cut off from ¢ at this stage (Fig. 64). But in Cyanotis axillaris an octant is
formed by the laying down of the diagonal walls in ¢ (Fig. 51). Tn the mean-
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time, ¢f divides transversely producing 7 and #” while m undergoes a vertical
division (Figs. 46, 47). Dcrmategen initials are cut off from all the segments
except n° (Figs. 49, 50). Later the segment n' also divides transversely
forming o and p (Figs. 52, 53).

Subsequent divisions are irregular resulting in a globular embryo (Fig. 54).
Due to rapid divisions in the basal region the embryo becomes subspherical.
At this stage a lateral depression appears scparating the derivatives of ¢ from
those of m (Figs. 54, 55). The terminal cotyledon is formed from the seg-
ment 4. The stemn tip is derived from the lateral part of m just above the
cleft.  The cotyledenary sheath and a lateral upper part ol the hypocotyl
are contributed by 1. The basal part of the hypocotyl and the root tip develop
from e. Lastly. p gives rise to the root cap (Figs. 55. 56).

Procambial strands differentiate in hypocotyl, and the traces to the coty-
ledon and lateral roots arc also formed. The fcaf surrounding the stem apex
is formzd at a later stage (Figs. 57, 58).

Thus, the embryogeny of the Commelinaceae follows the Asterad type
(Johansen. 1950) and may be represented as follows (ce, root cap; iec,
initials of central cylinder of root; peo, cotyledonary region: phy. hypocoty-
ledonary region; prt, shoot apex) :

l—cag‘qﬁf-——ﬂf‘o
|
' —m pyi -+ phy (one lateral upper part)
|
Zygote— | —#————————phy (other lateral upper part)
\ —e —n———phy{lower part) 1 fec
—cb - ,
—f ———N
—n’
—p co

Seed and Sced Coat. After fertilization the nuceltar cells at the chalazal
region enlarge somewhat and become thickened forming the hypostasc (Figs.
59, 61, 63). But in Cyanetis axillaris it is initiated before fertilization.  Some
of the cells of the hypostase are filled with dark brown material. The hypo-
stasc persists in mature seed. The cpistase begins to form before fertiliza-
tion and persists for some time during the devclopment of the seed but is
finally crushed.

Due to the diffierential growih n_the nuccllus between the chalazal
end and the micropylar, a shallow depression appears a little below the micro-
pylar end (Fig. 17). After fertilization the depression decpens into a narrow
constriction and the inner inlegument is thrown into a fold. The cells of
the outer integument lying opposite the groove divide forming a kind of ridge
which fits into this groove (Figs. 19, 20). But in Cyanotis axillaris such
a groove is not formed by the nuccllus.  As such the integuments do not take
part in the formation of the collar.  On the other hand, the cells of the inner
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The inner layer of the inner integument gets stretched and their cells arce
filled with brown materia! (}igs. 59 - 64). On the other hand, the cells of the
outer layer of this integument develop thickening. ( Figs. 61-64 ). In Com-
theling subulata and Aneilema panicufatum the cells of the inner layer of the
outer integument develop band-bike and reticulate thickenings, and their inner
tangential walls are partially thickened (Figs. 61, 62), whereas in other plants
these cells are fillea with refractive granules ( Figs. 63, 64). Rest of
the layers of this integument persist as a thin strip around the seed.

Similar changes take place in the collar region. The outer Tayers of the
outer integument divide and enlarge filling the cleft around the collar.

DISCUSSION

Cleistogamy is constitutional in somz, but in others it is controlled by
the environmental factors [ Uphof, 1838; Maheshwari, 1960. Summer
School, Bot. {Darjeeling} : 9-10]. The presence of three chasmogamous
flowers in the aerial spathc of Commeling subulata and a cleistogamous
flower in the aerial spathe of Cyanotis axillaris indicate that cleistogamy is
not determined by environmental factors alone.

Tetrahedrdl tetrads have been reporied in  Commneling  henghalensis
{(Maheshwari & Singh. 1934} and Cyanotis axillaris  (Murthy, 1934, 1938).
However, the author did not observe tetrahedral tetrads either in Cyanotis
axillaris or in any other plants investigated.

Some taxonomic books deseribe the ovules in this group as orthotropous
although almost all types of ovules, orthotropous, hemianatropous. campy-
lotropous have been described in this family. The present findings have.
revealed orthotropous in Floscopa scandens, orthotropous with a slight bend
in Auneifema paniculatum and hemianatropous in others.

Presence of a parictal cell has been reporied by some authors (Mahe-
shwari & Singh, 1934; Murthy, 1938; Maheshwari & Baldev, 1958) and absence
by others (Guignard, 1882; Murthy, 1938). The author has found the presence
of parietal cell in Commelina subulara, Floscopa scandens and Tinantia fugax.

Occurrence of monosporic {(Guignard, 1882. Mahceshwari & Singh,
1934; Parks, 1935; Murthy, 1934, 1938; Maheshwari & Baldev, 1958), bisporic
(Guignard, 1882; Walker, 1938) as well as tetrasporic (McCollum, 1939)
types of embryo sac has been reported in this family. However, only the
Polygonum type of embryo sac has been found to occur in the plants included
in the present work.

Although the endosperm is of the Nuclear typ: (Maheshwari & Singh,
1934; Murthy, 1934, 1938; McCollum. 1939), no detailed account of its deve-
lopment has been given except in Conuneling forskalaci {Maheshwar &
Baldev, 19538). The present investigation indicates that the endosperm
formation follows the conventional Nuclear type. In [Moscopa scandens
enucleate button-shaped vesicles appear on the inner side of the embryo
sac. The aggregation of endosperm nuclei in the chalazal region (Tinantia

Sfugax), the persistent chalazal haustorium (Cyanotis axillaris) and large
P.E. .3
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endosperm cells of the two outer layers at the chalazal region with hypartro-
phied nuclei (Aneilema panicularum) suggest different degree of the nutri-
tional activity of the endosperm at the chalazal ragion of the embryo sac.

The account of the development of the embryo in the Commelinacead
is incomplete (see Solms-Laubach, 1878; Sissenguth, 1921; Murthy, 1938;
McCollum, 1939 ). However, Soucges {1958a, b) working on the embryology
of Commelina comnumnis and Rhoeo discolor has brought certain features such
as {i) the juxtaposed orientations of m and ¢i, (ii) the division of these two
segments in diflerent planes, (ili) the derivatives of the embryonic part
other than the cotyledon from the segments of ¢4 and lastly (iv) the absence
of suspensor. Though all these indicate a relationship with Muscari variation
under the Asterad type they are so different that a special variation called
Commelina variation under Asterad type is created by Soucges. Maheshwari
& Baldev (1958) havc described the development of the embryo in Commeling
forskalaei. But they have failed to follow the segmentation correctly and
have misinterpreted the findings of Soucges. The author's findings are in
agrecment with those of Sougdges.

The hypostase and the epistase which are the characteristics of this group
have cscaped the notice of the previous workers.  The hypostase persists as a
pad like tissue in the mature seed. But the cpistase gets crushed during the
development of the seed.

There is a solitary report on the development of the seed coat ( Mahesh-
warl & Baldev, 1958 ). According to them the sced coat is formed mainly
from the outer integument, the inner integument is transformed into-a thick
cuticular layer. On the other hand, the present work reveals that both layers
of the inner integument and the inner epidermis of the outer integument con-
tribute to the formation of the seed coat.

SUMMARY

Only aerial flowers are produced in all the plants with the exception of
Tinantia fugax. Cleistogamous flowers are present in Cyanotis axiflaris.

The anther wall comprises the epidermis, fibrous endothecium, a middle
layer and an amoeboid tapetumn. Only decussate and isobilateral tetrads
are formed.

The pollen is shed at the two-celled stage in all the plants except in Floscopa
scandens where it is three-celled.

The bitegmic ovules are crassinuccllate excepting in those of Aneilema
paniculatum and Cyanotis axillaris. The ovule is orthotropous in Floscopa
seancdens, orthotropous with a slight bend in Aneilema paniculatum and hemi-
anatropous in others,

A hypodermal archesporial cell develops into a megaspore mother cell
after cutting off the primary parictal cell in Floscopa scandens. Commelina
subulata and Tinantia fugax. In others it develops direcily. The develop-
ment of the embryo sac is of the Polygonum type. The antipodals are ephe-
meral except in Tmantia fugax.
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The endosperm is of the Nuclear typz. A persistent chalazal haustorium
is formed in Cyanotis axillaris.

The embryogeny follows the Asterad typz and can be placed under the
Commezlina variation.

A hypostase. an epistase and a micropylar collar are present. The seed
coat is thick and is contributed by both the integuments.

The author is indebted to Professor P, Maheshwari under whose guidance
this work was taken up and to Dr C. 8. Venkatesh for his interest and
valuable suggestions during the course of this investigation. Thanks ar¢ also

due to Dr N. §. Ranga Swamy for help rendered during the preparation
of the manuscript.
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A Contribution to the Life-History
of Crinum defixuin Ker.

B. 5. M. DUTT
Andhra University, Waltair

About u century ago, Hofmeister (1861} investigated Crinum variabile
and C. capense. He mentioned the presence of single integument for the
oviles and found that the pollen tube branched in the micropyle of the latter
species.  Goebel (1889) described the ovules of C. asigticum as devoid of
integuments and found cork formation at the periphery of the endosperm.
Schlimbach (1924) reported an Adoxa-lype of embryo sac and nuclear
endosperm in C. asiaticum,

Stenar (1925) investigated C. fatifolium, C. longifolium, C. powelli and
C. amabile and agreed with Goebel in considering the ovules as devoid of
integuments. According to him the archesporial cell directly becomes
the megaspore mother cell without cutting off a parietal cell and the embryo
sac is probably of the Scilla (= Allium) type in C. latifolium and C. fongi-
Jofiunt, Tcmita (1931) considered the ovules of C. latifolium as ategumentary
and tenuinucellate and confirmed the occurrence of an Allium type ofembryo sac.
He also described the formation of a nuclear endosperm.  According Lo him,
there are two types of embryos: (1) those that are surrounded by endosperm
and (ii) others not accompanied by endosperm formation. Koshimizu {1930)
made carpobiological studies of C. asigricum var. japonicum and Merry
(1937) studied the periderm formation in the wounded sceds of C. asiaticum,

Swamy (1946) studied the structure of the maturc cmbryo sac of the
C. asiaticum and reported the occurrence of ** inverted polarity ” in some of
the embryo sacs, ¢ the remaining aspects of its life-history being reserved
for a later occasion. ” Johansen (195C) considers the embryo of C. capense
to correspond with the Anthericurn Variation. Referring to C. fatifolium
he states : ** it appears that the terminal cell of the two-cclled proembryo
divides first and transversely, and the basal cell then divides in the same plane,
Apparently the daughters of the basal cell do not divide further but remain
as a transitory two-celled suspensor.” Writing on atcgumentary ovules,
Maheshwari (1930) said : *“ a complete absence of tie integument is known
only in some members of the Balanophoraceae and Loranthaceae but it seems
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probable that it is a derived condition. ...... The case of Crinum (Amaryl-
lidaceae), in which the nucellus is cphemeral and integuments are said to be
absent (Tomita, 1931), deserves further study ™. Dutt (1957 a, b, 1959)
showed the ovules of C. defixum, C. asiaticum and C. latifolium to be unitegmic
and the embryo sac development to be of the polygonum type.

Many phases in the life-history of Crinum still remain unknown.

There are about 130 species of Crimum (Willis, 1948; Lawrence, 1951}
but according to Koshimizu (1930) their number is 161.

The present investigation deals with C. defixum Ker., an elcgant bulbous
plant, which produces umbels of mild scented white flowers with bright red
stamens. .

MATERIAL AND METHODS

The material for the present study was collecled at Gudivada (Andhra
State) and fixations were made in formalin-acetic acid-alcoliol. The usual
methods of dehydration and infiltration were followed. Sections were cut
8-12 thick for younger stages, 16-20u for older stages and slained in
Delafields Haematoxylin or safranin and last green,

OBSERYATIONS

Microsporogenesis and Male Gametophyte. There are six stamens in
two whorls of three each. The anthers are four lobed and the youngest stage
in which differentiation could be clearly made out, showed sporogencus
cells and two wall layces beneath ihe epidermis (Fig. 1). The sporogenous
cells undergo a few divisions to form the microspore mother cells, The ~
parietal cells divide further to form six wall layers below the epidermis’"(j:ig. 2).
The innermost of these forms the tapetum with radially elongated cells, and
the outermost the fibrous endothecium. Of the four middle layers the inner
two or three become crushed during the enlargement of the tapetal cells and
the microsporc mother cells, The tapetal cells have dense cytoplasm and
prominent. nuclei.  They later become 2-nutleate and develop vacuoles in
the cytoplasm. In seme tapetal cells the nuclei were found to fuse with each
other (Fig. 3). As the secretory tapetum is gradually absorbed, droplets corre-
sponding to ‘the granuies of ** Ubisch ™ (1927) and Kosmath (1927) were
seen lining the locule of the anther (Fig. 4). The mature anther wall consists
of the epidermis, the fibrous endothecium and the remaining middle layer
with fibrous thickenings (Fig. 10). A peint of interest is the presence of
stomata on the anthers (Fig. 11). The divisions of the microspore mother
cells are successive. During Meiosis I, a cell plate is [aid down separating
the two nuclei (Fig. 5). The tetrads are tetrahedral or isobilateral (Figs, 6, 7).
The pollen grains are 2 sulculate and the exine shows characteristic spinules
( Figs. 8, 9) and are shed at the 2-celled stage. Some of the polien .grains
may degenerate,

QOvary, Ovule and Embryo Sac. The ovary is inferior, tricarpellary and
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vacuoluted (Figs. 24-30). Even in advanced stages of endosperm formation
they persist in the hypertrophied condition (Fig. 32). The vascular bundle
supplying the ovule branches extensively in the chalazal part of the ovule,
The xylem ¢lements usually reach the base of the embryo sac.  Szptal nectaries
are present in the ovary and have the pockets with glandular lining.

Fertilization. About 60 hr. after the opening of the flower the pollen
tube reaches ithe embryo sac and enters the ovule through the micvopyle
(Fig. 31). Tt is probable that the knee-shaped bend of the funicle functions
as an obturator. In the entry of the pollen tube one of the synergids is
destroyed. Triple fusion does not seem 1o take place in every case, since
in some ovules endosperm is never formed and the embryos ultimately degene-
rate (Figs. 33, 34).

Endosperm. Division of the primary endosperm nucleus precedes the
zygote (Fig. 31). Tn the earlier stages the nuclei are disiributed in the peri-
pheral cytoplasm. Later the endosperm becomes completely cellular and
destroys the ovular cells around the embryo sac. The peripheral cells of the
endosperm, especially those near the chalaza, stain deeply angd they come
to lie practically in direct contact with the tracheids at the chalazal region
(Fig. 32). Tn more advanccd stages the endosparm abuts directly on the
ovary wall destroying some of its inner layers of the cells (Fig. 35» Finally
the peripheral cells of the endosperm even behave like a phellogen by under-
going tangential divisions and producing a few layers of cork tissue surrounded
by the thin pericarp. By this time all the cells of the ovule have been consum-
ed. The 3- or 4-layered cork cells are lignosuberized (Fig. 36). Ifa portion
of the endosperm is cut away, the exposed cclls behave fike a phellogen and
produce fresh cork tissue. Another feature of special interest is that chlo-
roplasts arise in abundance in the peripheral cells lying below the phellogen
even when the endosperm is covered by the thin pericarp. “Starch grains
accomulate in the cells of the endosperm (Fig. 37). In rarc instances, chlo-
roplasts extend cven to the inner layers of the endosperm.

Embryo. The fertilized egg enlarges considerably and divides by a trans-
verse wall (Figs. 38, 39).  The basal cell, wb, divides transversely (Fig. 40)
forming the middle cell, m, and the inner cell ¢i (Fig. 41) while the terminal
cell, ca, divides vertically. The two cells of ca again divide vertically at right
angles to the first division resulting in a quadrant ¢ (Fig. 42). Transverse
division of ¢/ results in two superposed cells, # and #’. The middle cell, m,
later divides longitudinally to form two juxtaposed cells, and »’ divides trans-
versely producing two superposed cells ¢ and p. The cells of tier ¢ divide
longitudinally and an oetant is produced. The derivatives of m again divide
vertically at right angles to the first producing four circumaxially arranged
cells. The cell # divides by longitudinal wall (Figs. 43-45). At this stage
the proembryo is 16-celled, disposed in 5 tiers. Dermatogen becomes differ-
entiated first in the tier g. The derivatives of cells of tier ¢ give rise to the
single cotyledon, those of m to the hypocotyl and stem tip, while the deri-
vatives of n give rise to the initials of the root. The root-cap is contributed
by the derivatives of o and the suspensor is formed by the derivatives of p






44 SYMPOSIUM ON PLANT EMBRYOLOGY

basal cells (ca and ¢b) of the two celled proembryo. Therefore, the develop-
ment conforms to Asterad Type (Johansen, 1950) and since the mature
embryo is monocolyledonous and # contributes to root initials, it keys out
to the Muscari vartion. The developing embryos are ehther spherical or
pear-shaped. It may be pointed out that the embryo becomes deep scated
before the differentiation of the cotyledon, radicle and plumule and comes
to lie in the endosperm cells by the growth of the endosperm beyond the
embryo. Starch grains are present in the cowyledon and amylase could be
detected in the cell sap as indicated by the hydrolysis of starch solution at
38 C.

Polyembryony. Two ovules with {win embryes have been met with,
In one the second embryo is presumably developed from the synergid (Fig. 50},
Tn the second the exact origin of the smaller ¢mbryo was difficult to decide
(Fig. 513, These ovules did not contain any endosperm.

Seed. It has been mentioned earlicr that all the cells of the ovule get
csushed and absorbed by the developing endosperm. The ‘seed’ there-
fore comprises the endosperm and the embryo. 1t is interesting to note that
about 65 per cent of the seeds have a specific gravity of about 0-95
while the rest of the seeds sink in tap waler (specific gravity, 1-001 at 27° C.).

Germination of the seed and bulb formation. The sceds begin to
germinate in about I5 to 20 days when put in moistcned saw-dust. Those
that are left in tap water germinated after 4 months while those (hat are cooled
to a temperature of 87 C, for § days germinated in about 20 to 25 days, Inthe
early siage of germination the radicle grows oui of the endosperm. The single
~otyledon enlarges considerably and its apical part takes up a haustorial function
within the endosperm. The lower part of the cotyledon forms a sheath around
the plumule when it emerges out of the seed (Fig. 52). Daring the early stages
of germination the lower part of the cotyledonary sheath becomes bulbous and
forms the outcrmost bulb scale. As the process of germination continues,
the radicle develops root hairs, becomes thicker and grows in iength, while
the first plumular leaf in its rolled condition pierces through the sheath of the
cotyledon (Fig. 53). During later stages. the starch grains previously
accumulated in the seed disappear and the basal parts of the plumular leaves
also become thickened within the enlarging cotyledonary sheath in which
accumulate starch grains and raphides abundantly, The bases of the various
leaves are arranged in concentric manner so that the bulb is of the tunicated
type. The earliest root shows a contracted nature and begins to disintegrate
while adventitious roots arise from the abbreviated axis (Fig. 54). The
germination of the seed is hypogeal.

DISCUSSION

During the develepment of the anther, the secrclory tapetum becomes
gradually used up and ‘ Ubisch * granule-like droplets appear on the inner
walls of the anther. Such bodies have not been reported by Stenar (1925},
who studied the anther structure of C. fatifoliuvm. The divisions of the
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microspore mother cells are successive and the tapetal cells are binucleatc as
in C. latifolivm {Stenar, 1925).

Stenar (1925) found two carp:ls in €. latifolium and considered it to
be an exceplionad feature in the Amaryllidaccac. Tomita (1931) has, however,
figured the usual three carpels and three losules. The ovules of C. capense and
C. amabile have been described as unitegmic (Holmeister, 1861). Stenar (1925)
and Tomita (19311 considered the ovule of C. larifolium as tenuinucellate, while
Wunderlich {1959) trcated it as crassinucellate. In the present investiga-
tion the ovule is found to be an undifferentiated structure with a narrow
micropyle. Tt seems best to describe the ovule of C. defivwn as anatropous
as ifs curvature during development is typical of an anatropous ovule. Two
to three nucellar epidermal cells above the archesporium divide periclinally
and produce a layer of variable thickness. The cells lying in this position
are characterized by periclinal divisions during development of the ovule
and seem to correspond {o nucellar epidermal cells of plants like Rubic,
though in C. defixum these cells are distinguished from the infegument tissue
which constitutes the bulk of the ovule only by the periclinal divisions. There-
fore, the ovule is tenuinucellate. The pollen tube creeps along the cells of
the knee-shapzd bend of the funicle and enters the embryo sac through the
narrow micropyle in the region of the egy apparatus.  According to Fagerlind
(1937) undifferentiated ovules can arise in two ways : (1) The ceils of the
cpidermis divide periclinaily; and (it) No such division takes place. While
reviewing the observations made by the earlier investigators, he assigned the
ovule of Crinwn to the latter typz, Since pezriclinal divisions do occur in
cells which correspond (o the nucellus, Fagerlind's assigmnent of Crinum
to the laiter category becomes untenable. The desceiption of the ovule by
Goebel (18893, Schlimbach (1924), Stenar (1925), and Tomita (1931)
as ategumentary and naked by Koshimizu (1930) and Rendle (1950) is
not appropriate.  Merry (1937) mentioned the * usual seed coats™ in C.
asiaticurt but did not clarify as {o what is meani by him by * usual ".

Swamy (1946) deseribed “‘a noun-stainable hyaline apical region”
for the synergids of C. asiaticutn. In C. latifolium (Stenar, 1925) and C.
defixuym studied by the author the synergids show a filiform apparaius. A
re-examination of C. asiaticsm (Dutt, 1957b) has also revealed the presence
of a filiform apparatus in the synergids. Swamy (1946} siated that the
unorganized 8-nucleate cmbryo sac of Crinwm asiaticum may organize in
three different methods and that the antipodal polar nucleus shows no move-
ment upwards, remaining stationary; “the micropylar nucleus moves down-
wards to the antipodal poltar nucleus and fusion takes place near the anti-
padals ( Fig. 1), The figure, given by him, however, shows only secondary
‘nucleus but no polar nuclet. Further his Figs. 2 and 2a indicate movements
of both the polar nuclei. According to Swamy {1946} ** both groups of 4
nuclei develop an egg apparatus and there is thus one at each end.™ Tt
follows that the two quartets form a polar nucleus and an * cgg apparatus
at each end. According fo him : * The synergids of the *antipodal” end
showed great similarity to typical synergids in their shaps, vacuolation and

-
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position of the nucleus (Figs. 3, 3a and 5); they even developed beak-like
p-ojections (Figs. 3a and4). However, the -only difference between
the synergids of the [ertilizable egg apparatus (developzd at the micropylar
end) and thosc of the cgg apparatus organized from the antipodal group
of 4 nuclei is that the apical non-stainable, hyaline region of the former is
absent in the latter.” In addition to the “ only difference ’ (mentioned by
him), the so-called * synergids’ at the antipodal end differ from those of the
opposite end in that the nuclevs is situated in the uppsr part in the former
and in the lower part in the latter. Further, his Fig. 1a rclating to C. asfaticum
shows no vacuoles for the synergids. Tncidentally, nonvacuolated synergids
are also found in C. fatifolium (Stenar, 1925; Tomita, 1931; Dutt, 1959)
and C. defixum studied by the author. The “ antipodal synergids ™™ do not,
therelore, resemble the normal nonvacuolated synergids with a basally placed
nucleus but are antipodals themselves. In the ‘inverted ' embryo sac re-
presenting the ‘ egg apparatus * at the ¢ Chalazal region’ (Fig. 2a of Swamy},
there is nothing to suppori the conclusion since the ‘ synergids * are without
hooks and are devoid of even the * hyaline apical part ™. On the other
hand, Swamy's interpretation of the three cells as the ‘egg-apparatus’ goes
against his earlier observation. * that the secondary embryo sac nucleus is
always nearer to the antipodals and not the egg apparatus ™ as the polar nuclei
are represented to be fusing with ¢ach other nearcr to  ‘ ¢gg apparatus .

While describing the endosperm of Haemanthus katheringe, Stenar (1951)
remarked that the Helobial endosperm might alse occur in  Crinum. The
endosperm  formation of C. asiaticumt (Schlimbach, 1924), C. latifolium
{Tomita, 1931) and C. defixum is of the frec nuclear typz and as-such Stenar’s
surmisc is not substantiated by actual obscrvation.

According to Johansen (1950) the embryo development of C. capense
follows the ** Anthercium variation of the Asterad type ™ and from his des-
cription of C. latifolium it appzars to foltew Solanad type. In C. defixum
1t follows the Asterad typs. In view of the” variation seen in the embryo
development, further work on the embryogeny of other species of Crinum
is desirable. Tomita (1931) stated that the embryo unaccompanied by the
endosperm flormation differentiates into radicle, plumule and cotyledon but
did not give any illustration in support of his findings. [t may be pointed
out that in C. defixum the ovules with embryos and no endosperm fail to develop
and become shrivel up, sooner or later. Koshimizu (1930) states that the
specific gravity of the seed of C. asiaticum var, Japonicum is always less than
one but this is not true of about 35 por cent of the seeds of C. asiaticum and
C. defixum. He states “ starch grains are not detected at all in the endospermt
even at the dormant stage of the seed ™, a feature already reported by Schli-
mbach (1924). He also remarks ““it 1s very intetesting thal starch is nof
reserved in the endosperm but only in the embryo . The author’s obser-
vations on the endosperm of C. asiaticum and C. defixum reveal the presence
of starch grains in the endosperm. Therclore, the findings of Schlimbach
(1924) and Koshimizu {1930) seccm to be incorrect. It may be pointed out
that starch grains disappear during the germination of the sceds presumably
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due to the hydrolysis brought about by amylase present in the embryo. The
rootlet of C. defixum has a distinct root-hair region and as such Koshimizu's
obscrvation that * the root of Crimum has no root-hair ** nezds modiftcation.
The presence of starch in the endosparm characterizes Juncinzae of Liliflorae
and in this respact Crinmmn resembles the membzrs of the Juncineas and differs
from Lilineae in having starch in ths endoparm.

SUMMARY

The anther shows six wall layers under th: epidermis of which the inner-
most forms the secretory tap:tum. The divisions of thz microspere mother
cells arc successive. Pollen tetrads are isobilatcral or tetrahxdral. The
pollen grain is 2-sulculate and two-celled.

Usually there are twelve anatropous ovules. A micropyle s organized.
Two or three nucellar epidermal cells lying above the archesporium  divide
periclinally.  The ovule is unitegmic.

The ovule shows a single hypodermal archesporial cell. A parietal
cell is not cut off. The embryo sac conforms to the Polygonum typa.

The pollen tube enters the ovule through the narrow micropyle. Ferti-
lization takes place normalily.

The endosperm is of the Nuclear typs. 1In later stages cell formation
takes place. The endosparm becomes green and at the peripheral region
a pheilogen is formed which gives rise to cork.

The embryo development conforms to the Muscari variation in the
Asterad type of Johansen. Two cases of polyembryony are described.

The germination of the seed is hypogeal.  During the course ol germina-
tion the cotyledon cnlarges considerably and its apical part plays a haus-
torial role.

The author expresses his grateful thanks to Professor J. Venkateswarlu
for guidance and encouragement and to Professor P. Maheshwari for scrutiniz-
ing the preparations and for many helpful suggestions.
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Embryological Studies in Relation to
Interspecific Hybridization in Jute

R. D. IYER
Division of Botany, Indian Agricultural Research Institute, New Delhi

Plant Embryology is no longer an isolated discipline of biology. This
science after having passed through the two developmenial phases, namely.
the descriptive and the phylogenctic, has now entered the threshold of
the experimental phase. This last phase represents the confluence of embryo-
logy with a galaxy of other sister sciences such as physiology. biochemistry,
cytogenctics and plant breeding.

The importance of interspecific hybridization for crop improvement
needs no emphasis, but this method often presents problems to the plant
breeder, owing to the existence of barriers to crossability, which may appeat
at any stage between pollination and seed maturity. To overcome this ob-
stacle, 1t is essential to locate the site of the incompatibility reaction which a
critical study of the embryological process in the cross alone can reveal. There
is evidence to show that in members of the Gramineae (Wakakuwa, 1934;
Boyes & Thompson. 1937; Reusch, 1959), Leguminosae (Ledingham. 1940,
Greenshiclds, 1954), Malvaceae (Weaver, 1957} and Solanaceac (Brink
& Cooper, 1947; Sachet, 1948 ) the embryological data have proved immensely
vseful in understanding problems of incompatibility, The present work on
jute i an additional proof of the positive value of such studics in interspecific
hybridization.

Each of the two cultivated jute specics, Corchorus olitorius L. and C.
capsularis L. possess several desirable qualities (Kundu, 1939) and jute
breeders have long been looking for a variety that yields a strong white fibre,
is early-maturing. has a tall and unbranched stem, is able to grow on all types
of soils and shows resistance to diseases and pests.  Attempts have hence
been made to hybridize C. ofitorius and C. capsularis (Finlow, 1911 cited
from Kundu, 1959) but only recently it has been possible to achieve this ob-
jective (Islam & Rashid, 1960, Swaminathan er a/., 1961). In the present
paper, the results of embryological studies made in connection with the suc-
cessful hybridization of the two jute species achieved at the Indian Agricultural
Research Institute (JARI) are summarized.

P.E.. 4
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MATERIAL AND METHODS

Some varieties of both the species of Corchorus obtained from the Jute
Agricultural Research Tnstitute (JART), Barrackpore, were used in the present
study, Two sowings were carried out during May, at a fortnightly interval,
Material for grafting was sown in pans and later transplanted to pots.  Actively
growing young plants 1-1-5 ft, high, were chosen for reciprocal cleft-gralting
and in every case, all loliage from the stock and most of it from the scion was
removed in order to promote aclive meristematic growth at the region of the
uition.

Buds for crossing were emasculated on the previous cvening and covered
by means of a hood of non-absorbent cotton which was replaced after dusting
pollen of selected parent on the lollowing morning. Over 2000 reciprocal
crosses were made during 1959-60. using ordinary. X-rayed as well as pollen
from grafted parents. Abscission of flowers following cross-pollination was
cflectively prevented by the application of a 10 ppm solution of x-NAA to
the pedicel with a brush. Smearing of ovary with 10 ppm cach of TAA,
TBA, B-NOA, and of 5 ppm casein hydrolysate in 2-5 per cent agar, was
also tried in order to improve sced-setting in the crosses.

Pollen irradiation was carried out by cxposing freshly dehisced anthers
to doses varying between 600r to 2500r of X-rays from a 50 KvP Philips
unit, at a distance of 15 em. from the source.

Fixations for cmbryological studies were made in  formalin-acetic acid~
alcohol at the following intervals after self- and cross-pollinations: 12 hr, 24
hr, 2, 3,4,5.6,7,9. 11, 13, 16. 21. 25 and 30 days. Material for microtomy
was processed in the customary way and  scctioned at 8-16p. Heiden-

ain’s iron-haematoxylin staining procedure was adopted, and wherever possible
dissected whole mounts stained in acetocarmine were also prepared.

EXPERIMENTAL RESULTS

A schematic comparison of the embryological sequences in selfed C,
olitorius and the cross between C. olitorius () and C. capsularis (J) is pre-
sented in Fig. |. The developmental stages in seifed C. capsularis (not shown
in figure) are essentially similar to those of C. olitorius with the only diff-
erence that, in the former, the embryo attains maturity quicker by about a
week or ten days and is somewhat bigger in size. The data reveal that fer-
tilization and early embiyogeny follow a similar course both in selfed and
hybrid material. The hybrid proembryo, however, does not develop beyond
the 8- io [0-cclled stage. Vacuolation occurs in the cells of embryo on the
eleventh day following cross-poliination, while the nucicar endosperm  shows
shrinkage and signs of degeneration on the fifteenth day. Eventually we get
from these crasses only shrivelled seeds with aborted embryo and dead re-
mains of the endosperm. A close examination of the nucellus and surrounding
tissues in the hybrid ovules showed no evidence of hyp:orplasia or other
abnormality.
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in 1958 in this combination a single F, hybrid was isolated in 1959 and its F,
progeny shows an interesting spectrum of segregation for characters of the two
parcnts (Swaminathan & lyer, 1961).

The use of C. capsularis pollen after irradiation with 600r o 1200r of
X-rays did not prove eflective. At higher dosages (2000r and 2500r), how-
ever, there was a marked improvement in the growth of hybrid embryo and
endosperm.  Onec more hybrid has been obtained from crosses made in 1959
between a grafied C. ofiforius (¢ ) and C. capsularis whose pollen was irradiated
with 2000r of X-rays.

As regards the other {echniques tried 1o effect the cross, the smearing of
cross-pollinated ovaries of C. ofitorius with 10 ppm of IAA, IBA. NOA, and
5 ppm cascin hydrolysate, resulied only in the swelling of the ovary wali
without any effcct on embryo or endosperm development.

DISCUSSION

One great handicap for all the previous workers interested in hybridizing
the two jute species, was the lack of pertinent informatien on the nature of
seed failure, Except for the work of Banerii (1932) on the devclopment of
the fenale gametophyte and fertilization in (. ofitorius, no data were avail-
able on the cmbryological processes following self- and cross-pollinations
between C. olitorius and C. capsularis. Srinath & Kundu (1952) observed
the course of the pollen tube in these crosses and found it to be normal in
either direction. Attempts have also been made at the JARI, Barrackpore,
to achieve this cross using techniques like stigma cutting. style grafting, applica-
tion of stigmatic paste. hormones and other chemicals, but without success
(sce Kundu, 1959).

Nothing further was known until the work of Ganecsan er al. ( 1957)
who showed for the first time that in the cross between C. ofitorius (Q ) and
C. capsulgris (2) a hybrid embryo and nuclear endosperm are formed after
normal process of fertilization, but that the embryo aborted at an carly globular
stage. They suggested that somatoplastic sterility is probably involved and
embryo culture of the occasional heart-shaped stages noted by them. might
prove useful in overcoming the incompatibility barrier.  Following up this
information, Tslam & Rashid (1960) have been able to obtain hybrids
from this cross by appliying 300 ppm IAA to the pedicel of flowers afier cross-
pollination. Simultancously. a similar hybrid has been obtained at 1ARI
by Swaminathan ef a/. (1961) using reciprocally grafied parents in the cross.
The isolation of one more F; hybrid from crosses made with irradiated pellen
and the cytogenetic analysis ofthe F, progeny (Swaminathan & Iyer, 1961)
cnables us 1o postulate the probable nature of the incompatibility barrier
that serves to-isolate the two species of Corchorus.

From a histological study of maternal tissues of hybrid ovules, the pos-
sibility of somatoplastic sterility as the cause for seed failure in this cross i
ruled cut.  The next hypothesis of the opcration of complementary genetic
lethals at the zygotic as well as endosperm levels, suggested by Sulbha &
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Swaminathan (1959), is hard to reconcile with the fact that the mere applica-
tion of TAA (300 ppm) or the usc of reciprocally grafted parents in the cross
could inactivate the incompatibility reaction. Studics on chromosome
association during meiosis in microsporocytes of the hybrids and the pattern
of recombination in F, plants indicate that cryptic structural differences between
the chromosome complements may be involved in the divergence of the two
species of jute,

In spite of these positive cvidences, it is surprising to note that Patel
& Datta (1960) do not find even the occurrence of a globular embryo in
the cross, and believe that the two species are not crossable because they are
phylogenetically wide apart.  Howecever, they have suggested the use of
cmbryo-transplantation and embryo-culture techniques as the futurc possi-
bilities for achieving success with this cross. Attempts so far made in this
laboratory (lyer et af., 1959) indicatc that both the above possibilities hold
remote chances of success. Tt will be clear from the above survey, that only
a systematic study of the embryolegical sequences in the parents and hybrid
combinations can give us an insight into the nature and cause of seed failure
in distant crosses.

SUMMARY

From a study of the embryology of the parents and reciprocal matings
of 1the two cultivated species of jute, it has been shown that the premature
abortion of the hybrid embryo and endosperm leading to seed failure in this
cross, is not due to somatoplastic sterility. Of the various techniques tried
to overcome the incompautibility barricr, such as hermone application, pollen
irradiation and grafting of parents prior to crossing, the last two methods
proved very cffective, and viable hybrids have bzen obtained in this way.
The efficacy of these techniques and the probable nature of incompatibility
between these two species, have been discussed. Tt is concluded that embryo-
logical studies in intcrspecifie crosses yield a wealth of information which
the plant breeder can make use of in devising suitable techniques to over-
come the barriers to crossability in plants.

The author is indebted to Dy B. P. Pal. Director, and Dr M. 5.
Swaminathan, Hcad of the Division of Botany. IARI, New Delhi, for their
interest in this study and encouragement., Sincere gratitude is expressed to
Mrs Sulbha Varma (séde Sulbha Kumari), formerly Research Assistant,
Division of Botany, for her valuable coiluboration in this investigation.
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Apomixis in Some Species of Pennisetun
| and in Panicum antidotale
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According to Englebert (1941), Muntzing who postulated agamo-
spermy in Poa in 1933 is usually credited with the discovery of apomixis in
Gramineae. However. the possibility of apomictic seed formation in Poa
had becn suggested carlier by Zollikofer in 1930 {(cited by Myers 1947} and
also by Stenar (1932) in his paper on Parthenogenesis in Calamagrostis.
Miintzing’s (1933) carcful work establishing this phenomenon in Poa, greatly
stimulated further researches in this field resulling not enly in an exhaustive
work on this genus, but also in showing that apomixis exists in about 72
species of grasses. I

The basis on which apomixis was postulated in Poa was the presence of
unbalanced or aneuploid chromosome numbers in-plants producing maternal
progeny with the same chromosome number as the parent.

The presemt findings concern with the occurrence of apomixis in Pennise-
rwn and in Panicum antidotale.

Y

OBSERVATIONS

Mcgasporogenesis and embryo sac formation in Pennisetum villosum
(2n=45), P£. setaceum (2n=27), P. orientale (2n=27), P. pedicellatum
(2n=-36 and 54 two races) show practically the same features as in other
apomicts, but with some characteristics peculiar to this group. The arche-
sporium consists of a single hypodermal cell which functions directly as the
megasporc mother cell. 1t undergoes the usual reduction divisions, resulting
in a lincar tetrad of megaspores. In a small percentage of ovules the three
micropylar mcgaspores degenerate, and the chalazal develops into a mature
embryo sac while in a large number of ovules either the megaspore. mothet
cell or s meiotic products undergo degencration, either autonomously or
by the aggressive growth of the aposporic initials in the nucelius. Ovules
containing as many as nine such aposporous iitials have been commonly
observed. The differentiation of nucellar cells into aposporous embryo sacs
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follows a set pattern. They may arise either in the vicinity of the megaspore
mother cell or of its products, or in the chalazal region, integuments, funi-
culus and. in extreme cases, even from the pericarpic regions. The growth of
these cells is marked by considerable elongation and vacuolation. The nuclei
in the enlarging cells usually lic towards one of the poles but sometimes they
may occupy a cenitral position.  The nucleus normally undergoes iwo successive
divisions and the resulting four nuclei lie at the same pole. These nuclei
organize themselves into an egg apparatus consisting of two synergid celis,
onte egg cell and a single polar nucleus, lying cither close to the egg cell or in
the centre of the embryo sac. The synergids arc cphemeral and hence the
matuse embryo sac shows only an egg cell and a polar nucleus. 1n a majority
of apomicts such four-nucleate embryo sacs are commonty found. In some
species, howcever, the third division also occurs and the embryo sac becommes
eight-nucleaic.

The simultancous origin of a large number of aposporous cells perhaps
conttributes to such irregularities as inverted polarity, and rarely, lack of or-
ganization, leading to the grouping of nuclei in any part of the embryo sac.
The present material appears to be an extreme one, not only on account of a
large number of such embryo sacs, but also due to their disposition in the
nucellus and in their origin. Frequently, ovules [ull ol embryo sacs, thus
rendering them almost hollow, were met with,

The next group of plants comprises three diploids, namely, P. rantosum
(2n=10), P. hohenackeri (2n  18) and Panictnr antidotale (2n=18 and
36y, There are two varietics of . rainosum, one exhibiting complete male
sterility and hence poor sced sctting, and the other, being fertile, showing good
seed setting, Both these varicties show normal megasporogenesis and the
cmbryo sac devclopment conforms to the Polygonum type. There arc
certain interesting features which deserve special mcntion.i/'ﬂﬁ fertile
varicty ovcasionally exhibited apospory.  In one ovule a conspicuous nucellar
cell resembling an aposporous initial was observed adjacent to the degenerated
tetrad. In another ovule, iwo embryo sacs were observed one below the other.

*Each of these showed an egg apparatus and two polat nuclel, but there were
no antipodal cells. A significant difference in ~the size of the nuclei in
these two cmbryo sacs suggests that the upper embryo sac with larger nuclei
is aposporous, while the lower with the smaller nuclei ts the product of a
megaspore.  In the sterile variety of £. ramosun no such aposporous embryo
sacs or aposporous initials were observed, A careful examination of the
spikelets of this varicty, howcever, showed that there was an occasional forma-
tion of sceds. The progeny raised from these seeds showed a remarkable
rescmblance to the mother plants in that they were also male sterile, thus
indicating that the sterile variety occasionally formed seeds, presumably by
apomixis,

A very striking feature of both the varieties of P. ramiosum is the presence
of conspicuous nucellar epidermal cells at the micropylar region. The
number of thesc cells varies from two to nine. At the tinie when the chalazal
megaspore is enlarging, these cells become clearly recognizable by their
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conspicuous size. They become prominently vacuolated and the single
mucleus undergoes one or even iwo divisions, leading to a iwo-or four-
nucleate condition. Such conspicuous nucellar epidermal cells are also
reported in other grasses like 2 latifolium  (Narayan, [955b), but they
appear to be unique in the present case as they become multinucleate.

P. hohenackeri (2n=18)  (Saraswathi, unpublished), resembles £
ramosum in essential features. Megasporogenesis and embryo sac development
conform 1o the Polygonum type and a normal eight-nucleate embryo sac is
usually formed. However, two instances of occasional formation of two-
embryo sacs in the same ovule were also observed. In another ovule, an
aposporous cell was seen encroaching upon what looked like a haploid embryo
sac. The above instances were the only three out of 600 ovules which
presumably showed aposporous embryo sacs.

Panicum antidotale Retz. (Shamakumari, 1960) comprises two races, a
diploid with 2n—=18 and a tetraplotd with 2n = 36. Microsporogenesis
in the diploid form is {airly normal cxcept for certain irrcgularities such as
laggards and random distribution of chromosomes over the spindle. The
pollen fertility is 70 per cent.

Microsporogenesis in the tetraploid race was marked by more frequent
occurrence of aberrations such as irregular distribution of chromosomes,
formation of micronuclei, eventually leading to the variations in size and
shapc of the pollen grains. Eighteen bivalenis are usually observed at diaki-
nesis, but the irregularities set in at later stages of devetopment and pellen
fertility is only 25 per cent. -

Megasporogenesis and embryo sac development showed that both the
races arc apomictic, although the incidence of apomixis differs.  In the diploid
race, oul of 700 ovuies only three were suggestive of an aposporous develop-
ment of the embryo sac while in the remaining the haploid embryo sac con-
forms to the Polygonum type. In a few ovules there was a degencration of
the megaspore mother cell or its melotic products.

In the tetraploid race. on the other hand, there was a predominant develop-
ment of the aposporous embryo sacs. 1In some ovules the megaspore mother
cell or its meiotic products had degenerated. A large number of ovules
showed the presence of many aposporous initials developing in the vicinity
of the functional megaspore. Thus there appears to be the development of
both aposporous and haploid embryo sacs. A striking feature of this material
is the presence of what appears to be diplosporous embryo sacs. The posi-
tion, size and shapc of these cells which sometimes had reached the four-
nucleate condition, and the fact that there are no degenerating masses re-
presenting either the megaspore mother cell or its metotic products, wogether
with the position and shape of the nuclei in these embryo sacs, suggest a diplo-
sporous origin. Thus, in this material all the three types of embryo sac,
namely aposporous, diplosporous and the haploid ones, are scen,

In the polyploid apomicts viz. P. setaceum {(2n=27), P. viflosum
(2n=45), P. orientale (2n=27), the mature unrcduced embryo sacs are
usually four-nueleate, and the single polar nucleus contributes to the forma-
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tion of cndosperm whenever it is formed. Embryo sacs at later stages of
development reveal well developed endosperm, while the zygote is still undi-
vided, or a well developed multicellular ¢cmbryo with the endosperm nucleus
stilt undivided, thus suggesting that the endosperm and embryo develop
independently of each other, However, well developed embryos without
there being any trace of endosperm are also more commonly met with. In
the same ovule embryo sacs with both embryos and endosperm, and others
with only embryos and no endosperm  are sometimes secen.  The occurrenee
of two cmbryos facing opposite directions suggests that they probably arose
from the disturbed polarity of one of the ¢mbryo sacs. More than one
well developed embryo in different embryo sacs of the same ovule without
any trace of endosperm was also observed.

DISCUSSION

Outside the Onagraceae the four-nucleate embryo sacs have been re-
ported only in apomictic forms. Their presence was first recorded by Narayan
{1951) in apomicts like P. rvillosum, P. setaceum and P. orientale.  Regent
work has shown that such functional four-nucleate embryo sacs are prescnt
in most of the apomicts of Panicoideac (Brown & FEmery, 1958). The
occurrence  of four-nucleate cmbryo sa¢s in apomictic species  prompted
Warmke (1954) to speculate on their evolutionery significance. According
to him the formation of an eight-nucleate unreduced embryo sac in apomicts -
leads to considerable unbalance of the tissues of the ecmbryo, endosperm and
1het taternal plant when endosperm is formed by inple fusion:  Suth a sivoa-
tion would lead 1o a 2n embryo, 5n endosperm and 2n maternal tissue. On
the other hand in apomicts that give rise to a four-nucleate unreduced embryo
sac, the normal ratio of 2n embryo and 3n endosperm tissue is believed to
be important for the propsr development of the embryo. Tt is possible that
such embryo sacs leading to the establishment of the ratio 2n: 3n: 2n would
be favoured over those with an embryo-endosperm-maternal tissue ratio of
2n:5n:2n. Brown & Emery (1958) believe that a large number of apomictic
Panicoideae produce typically unreduced four-nucleate embryo sacs with
onc or two exceptions such as Paspafunt secans (Snyder, 1957), where cight-
nucleate unreduced embryo sacs are formed. Examples of Panicoideae
producing unrcduced cigth-nucleatec embryo sacs scem to be on the increase.
Indications of the formation of such cight-nuclcate embryo sacs have been
seen not only in Paspalum secans (Snyder, 1957), but also in Pennisetum
clandestimon  (Narayan, 1955a), Panicum  maximum (Warmke, 1954) and
Cenchrus cifigris {Sharatchandra, unpublished). In view of the very plausible
speculation of Warmke that the Tour-nucleate embryo sacs have an advantage
over the cight-nucleate cmbryo sacs. it would be very interesting 10 ascertain
not only the incidence of the formation of the unreduccd eight-nucleate embryoe

sacs, but also whether endosperm formation in such forms is autonomous or
requires fertilization.
The endosperm is primarily a nutritive tissue. The embryo depends
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upon this tissue for its nutrition, at least in the earlier stages of its development
in the normal sexual forms. But the dependence of the embryo on the endo-
sperm in the specigs which are predominantly aposporous is not obvious.
This is indicated by the frequent occurrence of embryo sacs with embryos
but without any endosperm.  Such instances prompted some authors to suggest
that the dependence of the embryos on endosperm has been relaxed among
the apomicts.  According to Brink & Cooper (1944) the absence of endo-
sperm in the carlier stages of development indicates that either the cmbryos
in such plants do not need the nutritive environment of the endosperm, or
that some other mechanism exists which has taken over the role of endosperm.
This suggests that the embryo-endosperm relationship in the apomicts may
be different from Lhat observed in the sexual forms.  Presence of well developed
endosperm with an undivided cgg cell indicates that, the development of the
one does not influence the development of the other and that no functional
relationship between the embryo and the endosperm exists,

The presence of normal healthy embryos without any endosperm raises
also the question as to how such embryos were nourished in the earlier stages
of their development. Cooper & Brink (1949) observed onc ovule possessing an
2mbryo without endosperm in Taraxacum efficinale, an autonomous apomict.
and attributed the nutritive role to the food materials available in the ovules.
Whether such a nutritive role can be atiributed 1o the ovules in the species under
present study is doubtful because of th: extensive development of several
aposporous embryo sacs in the same ovule, thus depleting the ovular tissue and
rendering the ovule nutritionally inefficient. The presence of as m{ﬁly’ as seven
well developed embryo sacs in one ovule. in three of which there were well
developed embryos without any trace of endosperm, supports such a view.

Brown & Emery (1958) in their survey of 164 species of 64 genera
belonging to 16 tribes of the Gramincae, from the point of ascertaining the
method of reproduction, have come to the conclusion that a predomi-
nantly large number of Panicoiteac, viz. 54 specics, are probably apomictic.
The basts on which they have arrived at this conclusion is that the four-nucleate
embryo sacs arc unreduced and that species producing these four-nucleate
embryo sacs arc apomictic.  While it might be true that all four-nucleate
cmbryo sacs are unreduced 11 cannot be held that all cight-nucleate embryo
sacs are reduced, specially in view of the increasing number of species wherein
there are indications of the development of eight-nucleate unreduced embryo
sacs, Furthermore, species showing occasional apospory cannot be detected by
examining a few ovules, especially in view of the rare occurrence of apospory as
seen in P. ramoswum, P. hohenackeri and P, antidotale which appear (o be the only
diploid grasses where apospory has been observed.  This rare occurrence 0-1
apospory may be due to incomplete penetrance of factors responsible for apo-
mixis. The presencc of occasional apospory in diploid Panicum antidorale (2n=
18y and its predominant occurrence in a tetraploid race (2n— 36) of the specics
affords an example in support of the views expressed by Gustafsson (1947) that
“ the action of many of these apomixis influcncing gencs is stronger on the
polyploid level than it is on the diploid level  (cited by Stebbias, 1950).
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SUMMARY

Megasporogenesis and the development of the embryo sacs have been
studied in Pennisetun villosum (Zn=45), P. setacewn (2n=27), P. arientale
(In=27), P. pedicellatum (2n-=36, 54, two races), P. ramosum (2n=10, two
varieties), P. hohenackeri (2n==18) and in Panicuym antidotale (2n-=18 and
36, two races). The first four species are found to be predominantly apo-
sporous. The megaspore mother cell and its products if any, cither undergo
degeneration or get crushed by the apgressively growing aposporous cells
which give rise to diploid cmbryo sacs, The nucleus in these embryo sacs
divides only twice to give rise to four nucleate embryo sacs. The aposporous
initials arise in the chalaza, funiculus, integuments or even in the pericarpic
regions. They are also more numerous ranging from three to nine in most of
the ovules. The devetopinent of the embryo appears o be aulonomous
while the formation of the endospernt appears to depend upon the fertili-
zation of the single polar nucleus. Thus the endosperm and the ¢mbryo
develop independently of cach other. Polyembryony occurs.

In P. ramosum and P. holienackeri, the devetopment of the embryo sac
conforms to the Polygonum type. However, these species show the occas-
ional development of aposporous embryo sacs. Progeny tests in P, ramosum
reveal the occurrence of maternal plants tndicating apomictic teproduction.
In Panicum antidetale also, both the diploid (2n=:18) and the 1etraploid
(2n==136) races show not only the Polygonum type of embyro sac deve¢lop-
ment, but also the occurrence of apospory. The diploid race shows occa-
sional apospory while the tetraploid shows frequent apospory. In additicn
the tetraploid race appears to show signs of diplospory-also.

P, ramosum, P. hohenackeri and Panicum antidoiale are diploid grasses
in which apomixis is reported for the first time.
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The Ruminate Endosperm: Development
and Types of Rumination

K. PERIASAMY
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The occurrence of a ruminate endosperm is one of the peculiar features
met with in the mature seeds of higher vascular plants, Available data show
(Periasamy, 1955) that ruminate endosperm occurs in representatives of
at least thirty families of dicotyledons, one of monocotyledons and one of
gymnosperms. The only study that has been made to investigate this pheno-
menon in detail is that of Voigt (1888). Since then therc has been no attempt
to study this phenomenon in detail, except for some casual observations that
have been made by authors (see Pertasamy, 1959) while studying the other
embryological aspects of plants possessing a ruminate endospzrm. There-
forc. a study of the post-fertilization development of thirty plants with rumi-
nate endosperm. representing the families Apocynaceae, Araliaceae, Ari-
stolochiaceae. Caprifoliaceae, Ebenaceac, Polygonaceae, Rubiaceae and
Vitaceae was made with a view to enhance our knowledge of this phenomenon,
In this paper, certain general conclusions that have been arrived at as a resulv
of the study in regard to the development and types of rumination are pre-
sented. ~

~

DEFINITION OF RUMINATE ENDOSPERM

The word ‘ ruminate’ is derived from the latin term ° ruminatus * and
means ‘chewed ", Evidently the termi ‘ruminate cndosperm’ must have
been originally coined with the idea that the tissue of the endosparm becomes
eatenn away at the concerned places by ingrowth from the periphery of the
seed. This is indicated in the meaning given by Asa Gray (1879): * Ru-
minated — as if chewed; said of the albumen of a nutmeg ™.

The studies of Hegelmater (1886) and Voigt (1888) werc probably
the first to show that there is no ° chewing away ~ of any bit of endosperm
tissue but that the final appearance is brought about by peculiar 1types of "
growth activities of the seed coat and the endosperm. In the light of this
information the term ¢ ruminate endosperm ™ must have appeared as a rather



RUMINATE ENDOSPERM : DEVELOPMENT AND TYPES OF RUMINATION 63

inappropriate one for describing this featurc. Nevertheless. by virtue of its
long usage the term has established itself in botanical literature as a descrip-
tive one without any association of the idea with which it was originally
employed.

From the information available at present it may be stated that the only
difference between a ruminate and a non-ruminate endosperm pertains to the
surface which, in turn, is delinfited by the inner surface of the seed coat. The
surface of ruminate endosperm 1s irregular and uneven in contrast 1o the re-
gular and even surface of the non-ruminate cndosperm. The irregularity
and unevenness of the surface of the ruminate endosperm is, however, of
varying degrees and there is no possibility of fixing any exact limit to this
variability. Thus, not only a deep furrowing of the surface as seen in
Myristica (Fig. 9). Areca and others but also the less deep undulation of the
surfuce as seen in Passiflora calcarata (Fig. 10y and Apama siliquosa could
rightly be included under the category of ruminate endosperm. The ru-
minate endosperm may hence be defined as that endosperm which exhibits
any degree of irregularity and unevenness in its surface contour within the
mature seed, such contour being conditioned by the irregular inner surface
of the secd coat.

BEHAVIOUR OF THE SEED COAT

Irregularitics in the inner surface of the seed coat arise in two ways :
(i) by an unequal radial elongation of the cells of any one layer or the only

layer of the seed coat. and (i ) by a definite ingrowth or infolding of the seed
coat.

Only a few plants thus far investigated belong to the first category. In
Passiflora calcarata (Raju. 1956) the innermost layer of the outer integument
shows unequal radial elongation of the cells (Fig. 10). 1In cerlain plants
of the Scrophuluriaceae (Schmid, 1906; Krishna Iyengar, 1942) the cells
of the integumentary tapetum which persists in the mature seed undergo
unequal radial clongation and give rise to rumination of the endosperm
(Fig. 7).

The majority of seeds having ruminate endosperm helong to the second
category. In these, the ingrowths or infoldings are brought about in two
ways : (1} by excessive elongation or enlargement of ceils of the seed coat
and (2) by localized meristematic actvity, wherecby each ingrowth is the
result of a separate meristem in the secd coat. The former type of develop-
ment is found in the members of the Annonaceae and Aristolochiaceae. 1In
the Annonaceac either the inner or the outer integument or the peculiar middie
integument which occurs in certain genera (Fig. 1) may give rise to the in-
growths of the seed coat (Corner, 1949a; Periasamy & Swamy, 1961).
Whatever be the mode of origin. there is an excessive elongation of the cells
in the integumentary portion of the sced coat while multiplication of cells
remains confined to the vicinity of the perichalaza (Pcriasamy & Swamy,
1961 ). The cells elongate in a fibre-like manner in various directions and
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Fiss. 1-12 —(a. aril: end, endosperm; ep, epidermis; 7, inner integument: Jf, inner
layers; ir, integumentary tapetum; mi, middle integument; na, nucellus; of, outer infegu-
ment; i, vastular strand. Endosparm stippled, embryo black): Figs. [, 2. Canangn
adarare. Fig. 1. Trans-median longitudingl section of immature seed, Fig, 2. Enlargement
of portion marked in  Fig. . Fig. 3. L. s. devéloping sesd of Coccaloha avifera.  Fig. 4.
L. s. developing seed of Powelateio congesra.  Fig, 5. L. s, mature seed of dnnona squamesa
(after Corner, 1949a). Fig 6. T. s. mature szed of Ervatasiia heyneana,  Fig 7. L. s. mature
seed of Tevranemo mexicans (after Krishna [vengar, 19423, Fig 8L, 5. mature sced of Andro-
eraphis serpplfifolia tafter Mohan Ram, 1960),  Fig. 9. L. & mature seed af Myristica fragrans
{nfter Voigt, T888). Fig 10. T. 5. mature seed Pasviffora calcorara (afier Raju, 1956).
Figs. 11, 12. Cocenloba wiifera. Fig. 11, L, 5. mature seed.  Fig 12, T, 5. seed along line
shown in Fig. 11
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Apama siliquosa of the  Aristolochiaceae (Periasamy, 1959). Excessive
growth of the oatermost layer of the inner integument produces an undu-
late configuration in the inner as well as the outer surface of the seed coat.
The second type of development takes place in Degeneria vitiensis (Swamy,

Fres, 2337 — (emd, endosperm:  ep, epidermis; i, inner layers: an, nucellus): Figs,
2324, Milinse wightiona, Vg 23, L. s young developing seed.  Fig. 24 T. s. develop-
ing seed ata lnter stage. Figs, 23-27. T. s developing seeds of Cissus pallida, Leea
vsmbucing and Tavenna asitica respectively
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1949), Myristica fragrans (Voigt, 1888), Shorea talura (Nagaraja Rao, 1953),
Tiliacora racemosa ( Sastri, 1954), in the Vitaccac (Figs. 25, 26), in Dios-
pyros chloroxylon, D. tomentosa ( Periasamy, 1959 ) and the ruminate seeds
of the Palmae (Voigt, 1888; Venkata Rao, 1959). Except in the Vitaceae, the
distribution of the localized meristems and consequently the ingrowths do not
have a definite pattern nor are the ingrowths formed in exactly similar shapes.
In the Vitaccae, however, the meristematic activity becomes localized in the
seed coat 1o vary definite places in cach genus and the shapz of the in-growths
also appears to be constant for a species (Figs. 25, 26; Periasamy, 1959).

In most sceds that develop from unitegmic ovules. viz. Spigelia splendens,
S. amthelmia (Dahlgren, 1922}, Voacanga grandifolia, Ervaiamia  heyneana
(Fig. 6}, Psychotria spp. Randia malabarica and Tarenna asiatica and
bitcgmic Cocecoloba uvifera ( Fig. 12; Periasamy, 1959) ihe mature seed coat
consists of only one layer of cells which devclops from the cutermost layer
tepidermis) of the integumentary and chalazal tissues of the ovule. Delinite
infoldings of this layer make the endosperm ruminate.  During sced develop-
ment the epidermis becomes morphologically different lfom the inner layers
and produces infeldings or trregular undulations chiefly by cell enlargement.
Concurrent with the infoldings or undulations of the cpidermis, there is a
corresponding outgrowth and undulation of the inner layers of the integu-
ment and the chalaza, chiefly by meristematic activity (Fig. 27). Thus, in
tnese instances, both cxcessive enlargement of cells and meristematic activity
seem to be involved in the production of irregularities in the seed coat.

Elytraria acaulis {(Johrl & Singh, 1959). Andrographis serpyllifalia and A,
echioides (Mohan Ram, [960: Mohan Ram & Pushpa Masand, 1962) of the
Acanthaceae show a striking diference from all the above described plants.
Tn these plants the sced coat does not form infoldings of its own accord
but becomes consumed and pushed in an irregular manner by the unegual
peripheral activity of the enlarging endosperm.

BEHAVIOUR OF THE ENDOSPERM

The endosperm begins to increase in volume simultaneously with the
increase in size of the seed in Shorea tafura (Nagaraja Rao, 1953), Diospyros
chloroxylon. D. tomentosa, Myristica fragrans, Coccoloba wvifera (Fig. 3),
Viburnum foetens (Periasamy, 1959), the Scrophulariaceac (Schmid, 1906;
Krishna Ivengar, 1942) and the Palmae (Voigt. 1888. Venkala Rao, 1959).
Tn these plants the nucellus shows little or no increasc following fertilization
and becomes quickly replaced by the endosperm. The irregularities
which arise in the inner surface of the seed coat affect the suvface of the
endospermt directly as they develop and makc it ruminate even at the carly
stages of development. 1n Efyvtraria acaulis (Johri & Singli. 1939), Andrographis
serpyilifolic and A. echioides (Mohan Ram, 1960; Mohan Ram & Pushpa
Masand, 1962) the endosperm exhibits unequal pzripheral activity during
later stages of development and causes the seed coat to attain an irregular
configuration. Tn a relaiive sense all the abovc mentioned plants may be
considered as having an ecarly endosperm development.



68 SYMPOSIUM ON PLANT EMBRYOLOGY

In contrast 1o the above mentioned plants with early endosperm develop-
ment, in the sceds of the Amnonaceae (Fig. 23; Periasamy & Swamy, 1961),
Degeneria vitiensis (Swamy, 1949), Tiliacora racemosa (Sastri, 1954), Pgssi-
flora calcarata (Raju. 1956), those of the Vitaceae (¥ig. 26), Ervatamia heyneana,
Voacanga grandifoiia, Psychotria spp. (Fig. 4)., Randia malabarica, Tarenna
asiatica (Fig. 27), Apama siliguosa (Periasamy, 1959), Spigelia splendens and
S. anthelmig (Dahlgren, 1922), the endosperm does not increase in volume
as rapidly as the other tissues of the seed and remains small in a rather quies-
cent state until the seed enlarges almost to its maximum size. The bitegmic
ovules of this category show a marked increase of the nucellus after fertiliza-
tion (Figs. 23, 26) and the unitegmic ovules show a similar increase of the
inner layers of the chalazal and integumentary portions of the ovule (Fig. 27).
Since the endosperm remains quiescent, the irregularities in the seed coat do
not affect the surface of the endosperm directly as they develop, but give
rise only to a tuminate nucellus (Figs. 23, 26) or an irregular seed surface
(Fig. 27) as the case may be. Thus, rumination is performed in the tissues
that surround the endosperm. Later on, however, the endosperm hecomes
actively meristematic, increases rapidly in volume and consumes all the sur-
roupding tissues except those that serve as the mature seed coat. Since the
seed coat has a preformed ruminate configuration, the enlarging endosperm
exhibits during later stages an unequal peripheral activity to develop in the
form of lobes in between the preformed rumination ingrowths or infoldings
of the seed coat (Fig. 24). In these the endosperm may be considered as .
having a late development and the cause of rumination appears fo rest
finally with the endosperm.

BEHAVIOUR OF THE CHALAZA

Netolitzky (1926) considers the behiaviour of the chalaza as an important
feature of post-fertilization development., In regard to seeds with ruminate
endosperm the chalaza shows three types of post-fertilization activity.

1. The chalaza may continue to remain as a4 comparatively smaller
portion of the seed so that there is no appreciable alteration of its size (Figs.
15, 18) than that existed before fertilization (Figs. 13, 17).

2. The chalaza may show an overall increase in size so that a wider
part of the seed becomes occupied by the chalaza ( Figs. 16,19) than was the
condition before fertilization (Figs. 13, 17). _

3. The chalaza may show a unidirectional extension so that it loses its
initial radial symmetry in the ovule (Fig. 17) and attains a bilateral symmetry
(Figs. 20-22).

The last mentioned type of chalaza has already been termed as ° peri-
chalaza ’ and the seeds derived from this as * perichalazal > by Corner (1949a).
In conformity with this term the first type of chalazal activity stated above
may be termed ‘normal-chalazal’ and the second type as ‘massive-chalazal’,

it is not always easy to find what particular type of behaviour the chalaza
exhibits during post-fertilization development, because of the difficulty in
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demarking the cxact boundary of the chalazal tissue. According to Neto-
litzky (1926) the chalaza * is that region of the seed or its primordium which
is the place of origin of the integuments and which reaches up to the base of
the nucellus without being sharply demarkated from it...” Since chalaza
is the place of origin of the integuments it necessarily follows that there would
be no differentiation of individual integuments in the chalazal region. There-
fore, it may be stated that any region in the seed coat of a bitegmic seed where
there is absence of distinction between the individual integuments and other
tissues, belongs to the chalaza ( see Figs. 17 -22). In order to apply this cri-
terion it is necessary to study the developmental stages bccause the picture
may become confusing in the mature seed due to complete disorganization
of one of the integuments.

In the unitegmic ovlues, however, we have to rely upon the nucellus in
order to demark the boundary of the chalazal tissue.  All the tissues that
lie below the level at which the nucellus joins the intcgument is to be consi-
dered as belonging to the chalaza {Fig. 13). However, when the unitegmic
ovules are tenuinucellate the nucellus often disappears even before fertiliza-
tion or in any case immediately alter ferutization (Maheshwari, 1950}, When
the nucellus disappears, the only aid to demark the boundary of the chalaza
is the chalazal end of the endosperm tissue. But it the endosperm develops
carly and destroys most of the surrounding lissues soon after fertilization,
or if the endosperm elongates rapidly towards the chalaza and the micropyle
as in haustorial formations (Maheshwari, 1950) it would be impossible to
determine the relative contiibution ol the chalazal and integumentary parts
to the tissues surrounding the endosperm (Fig. 14).

In seeds showing late endosperm developmeni, however, the position
of the quiescent endosperm tissue within  the cularging sced would give a
sure indication of the relative growth of the chalazal and the integumentary
parts of the ovule after lertilization. 1f the chalazal part contributes more
to the tissues of the seed, the quiescent endosperm would appear to be pushed
more and more towards the micropylar part of the seed, without any marked
alteration of the distance between the endosperm and the micropylar end
(Fig. 16). On the other hand, if the intcgumentary part izkes the leading role,
the quiescent endosperm would appear to be pushed more and more towards
the chalazal part, without appreciable change in the distance between the
endosperm and the chalazal end (Fig. 15). In the first instance there is a
relatively greater growth of the chalaza, whereas in the second there is a re-
latively greater growth of the integument. The former would represent a
massive-chalaza and the latter a normal-chalaza,

Apama siliqguosa (Periasamy, 1959), Passiffora calcarata (Raju, 1956),
members of the Scrophulariaceac (Schmid, 1906; Krishna Tyengar, 1942),
Elytraria acaulis and Andrographis serpyififolia show normal-chalazal develop-
ment.

" Instances of massive-chalazal development are seen in Degenerig vitiensis
(Swamy, 1949}, Spigelia splendens, S. anthelmia (Dahlgren, 1922), Myristica
fragrans (Periasamy, 1961), Coccoloba wvifera (Fig. 3), Diospyros chivroxylon,
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D.tomentosa, Voacanga grandifvlia, Ervatainia heyneana, Psychotria spp.(Fig 4),
Randia malabarica, Tarevma osiatica (Periasamy, 1959) and those of the Palmae
(Venkata Rao, 1959). Perichalazal activity is seen in the Annonaceac (Voigt,
1888 Corner, 194%a; Periasamy & Swamy, 1961). Vitaceae and Tiliacora
racemosa {Periasamy, 1959). In these, chalazal extension takes place
along the median longitudinal plane of the ovule and the vascular sirand
traverses throughout the entire length ol the perichalaza. In all seeds with
perichalazal aor massive-chalazal activity, rumination is due to a definite
imgrowth or mfolding of the seed coat (Periasamy, 1959).

According to Corner {194%4), the chalaza “‘scems to act as the organi-
zational centre for the developing secd after fertilization, comparable with
the ncurophore, or the region of inflection. of the animal embryos™. Fucther,
he belicves thai rumination in the annonaccous seeds is due to overgrawth
of the intcguments. Indeed, in all cases of rumination, except perhaps in
Elytrariv acaulis, Andrographis serpyliifolia and A. echioides, therc can be no
doubt that some sort of overgrowth in the tissucs that constitute the seed coat
is involved in the production of irrcgulurities which cause the rumination.

In the ruminate seeds that are associated with chalazal hypertrophy of
the perichalazal or massive-chalazal type, it is seen that depending upon the
degree and nature of chalazal growth, the disiribution of the rumination in-
growths or infoldings and the activity of the nuccllus become altered in a
definite sequence. In the bitegmic perichalazal secds which may be constder-
ed as having a special and limited chalazal growih, the perichalazal region
is devoid of rumination ingrowths which therefore are confined only to the
integumentary portion of the seed coat. The nucellus, in these instances;”
shows a marked tncrease after fertilization (Figs. 23, 24, 26). Mtegmic
massive-chalazal seeds of Ceccoloba wvifera and these of the”Palmae show
an overall expansion of the chalaza and alse significant growih of the inte-
gumentary tissues. In these. the rumination becomes a product of not only
the tissues of the integument but also that of the chalaza. The nucellus shows
an increase after fertilization but never becomes as massive as in the case of
perichalazal seeds since it is replaced by the éndosperm at a comparatively
carly stage (Fig. 3. In Myristica fragrans (Fig. 9), the chalaza shows ex-
tensive overall growth after fertilization and the inner integument is comptletely
arrested. The integuments do not take any part in producing the rumina-
tion which becomes wholly a function of the chalazal tissue (Pertasamy, 1961).
The nucellus proper is replaced by the endospaim at a very carly stage.

During post-ferfilization development of the unitegmic, tenuinucellate
ovules of Psychonia spp. (Fig. 4), Tarenna asiatica (Fig. 27), Randia nala-
barica, Voacanga grandifofia, Ervatamia fheyneana  (Periasamy, 1939},
Spigelia splendens and S. anthelmia (Dahlgren, 1922), thc nucellus undergoes
early degeneration and there is a massive chalazal growth. The outcrmost
layer of the ovule becomes morphologically distinct from the inner layers,
produces the infoldings which cavse rumination and finally functions as the
only layer of the seed coat. The inner layers increase by meristematic acti-
vity to surround the quiescent endosperm {Figs. 4, 27), remain thin-walled,
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become ruminate by the infoldings of the outermost layer and finally get re-
placed by the endosperm (Fig. 6). In short the outermost layer behaves in
the same manner as the seed coat of bitegmic ovules, whereas the inner layers
undergo the same fate as the nucellus. Further, in Psychotria spp. which
exhibit pronounced chalazal growth, the rumination infoldings of the epider-
mal layer are confined 10 the region of the chalaza alone (Fig. 4), whereas
in others which do not show such marked chalazal growth, the infoldings
of the epidermis develop from both the chalazal and intcgumentary regions.

Netolitzky (1926) has expressed the opinion that secds which show
chalazal growth after fertilization repiesent a derived form from those without
chalazal growth, TIn conformity with this assuizption and in accordance
with the principle of “transfercnce of function™ ecnunciated by Corner
{1949, b. 1958). the above described chalazal behaviours indicale that in
sceds with ruminate endosperm there is a transference of the functions of the
integuments and thosc of the nucellus o the chalaza wherever it becomes
hypertrophied after fertilization.

TYPES OF RUMINATION

Classification of rumination types can be done in various manners
since the phenomenon involves a number of structural and developmental
characteristics. Dahlgren (1922) has already classificd rumination on the
developmental basis and has disiinguished four types (1) The Torreya
type, (2) The Spigelia typs. (3) The Calemus type and_(4)—The
Coccoloba type.  The basis Tor his clyssification is the tempéral relationship
that obtains between the devclopmeni of endogperm and the formation of
irregularities in the seed coat. This. evidently, doss not permit a clear-cut
segregation of the types and Dahlgren (1922} himself says that rumination
in the Annonaceae forms a transition between the Spigefie and the Calumus
types. Further, in order to fix the type on such a basis it is necessary to study
all the developmental stages, a procedure which will not be of much practical
value. A classification based on morphological featutes alone would best
serve for practical purposes and also permit a clear-cut segregation of the
types. In this regard it is sccn that variations which are cxhibited in the
behaviour of the mature seed coal and the bitegmic or unilegmic naturc of
the ovule arc alse indicative of the ontogenitic sequences that are involved
in the phenomenon of rumination. Using these criteria seven types of ru-
mination may be distinguished.

KEY TO THE IDENTIFICATION OF RUMINATION TYPES

la. The mature sced with uncqual radial clongation of any one layer
or the only layer of the sced coat.  Infolding of the seed cout absent

2a. Ovules bitegmic...... Passiflora type (Fig. 10)

2b. Ovules unitegmic.................. Verbascum type (Fig. 7)

1b.  The mature sced with definite ingrowths o infeldings of the secd coat
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3a. The mature seed coat is morc than one layered

4a. The ingrowths of the sced coat are supplied with vasculature.........
............ Myristica type (Fig. 9)

4b. The ingrowths of the seed coat are not supplied with vasculaturc
........................ Annona type (Fig. 5)

3b. The mature seed coat is only one layered

5a. Ovules bitegmic.................ooeni. Coccoloba type (Figs. 11, 12)
5b.  Ovules unitegmic
64. Rumination preformed in the tissues of the seed coal.........o.oconn.

Spigelia type (Fig. 6)
6b. Rumination due to uncqual peripheral activity ol the endosperm
-during later stages........occovvinennns. Elytraria type (Fig. 8)
On the basis of development, the rumination types could be grouped
as follows :
la. Chalazal hypertrophy abscut during post-fertilization development
............ Passiflora type, Verbascum type, Elyiraria type
Ib.  Chalazal hypertrophy present during post-fertilization develepment.
2a. Late endosperm devetopment...Annona type (except Shorea talura),
Spigelia type
2b. Early endosperm development.. Myristica type, Coccoloba  type
Plants with ruminate endosperm thus far investigated belong to the
following types :
1. Passifiora type : Passiflora calcarata (Passtfloraceae)
2. Verbascum type : Verbascumi montgnum, V. nigrum, Celsia coro-
mandalina, Vandellia hirsuta, V. scabra and Tetranema mexicana
(Scrophulariaccae) -

3. Muyristica type :  Myristica fragrans (Myristicaceae), Actinophloeus
ambiguus*, Areca catechu, A. concinna, Archontophoenix alexandrae,
Cuaryota  furfurcara®*, Chamerops  humilis, Nenga wandlandiana,
Pinanga kultlii, Prychococcus para\c.fo.rus, and Prychospermu elegans
(Palmae) -

4. Annona type : All the investigaled plants of the Annonaceae,
Apama siliquosa (Aristolochiaceae), Degeneria vitiensis (Degeneri-
aceae), Shorea talura (Dipterocarpaceae), Diospyros chloroxylon,
D tomentosa (Ebenaceae), Tiliacora racemosa {Menispermaceae)
Ampelocissus latifolia, A. tomentosa, Cayratia cariosa. C. pedata,
Cissus pallida, C. vitiginea, Leea aspera, L. sambucina, Tetrastigma
lanceolarium, Vitis vinifera (Vitaceae), Actinorhytis calaparia. Calamus
sp., Caryota mitis, C. urens, Licula sp., Livingstonia sp., Medentiu sp.,
Phoenix sp., Raphia sp. (Palmae)

* According 10 Voigt (1888), Actin phlecns ambignns and Caryota furfurcaia have
Myristica typz of rumination. But Venkata Rao (1959) reports non-ruminate endosperp
in Actinophlocs macarthurii {even though his own figures and account indicate presence

of rumination), and absence of vascular supply to the ingrowths in Caryeta mitis and
C. urens.
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5. Coccoloba type :  Coccoloba uvifera (Polygonaceac)

6. Spigelia type: Spigeliv  splendens, S. anthelmin (Loganiaceae),
Ervatamia heyneana, Vacanga grandifolie (Apocynaceae), Arthro-
phyvifum diversifolium. Hedera helix (Araliaceae), Viburiwun foctens
(Caprifoliaceae), Psychotria congesta, P. daizefli, P. ¢longata, P.
macrocarpa, P. reevesii, P, serpens, Randia malabarica, Tarenna
asiatica (Rubiaceae)

7. Elytraria ype : Elytraria acaulis, Andrographis  serpyififolia, A.
echivides (Acanthaceace)

SUMMARY

A ruminate endosperm is known to occur in 30 familics of dicotyledons,
one of monocotyledons and one of gymnosperms. An investigation of 30
specics belonging to 8 families of dicotyledons was undertaken.

The chief difference between a ruminate and a non-ruminate endosperm
pertaing to their surface. 1n the maturc seed the surface of the ruminaie
endosperm is irregular and uneven to varying degrees tn contrast to the
regular and even surface of the non-ruminate endosparm.

The cause of ramination appears to rest with the activity of either the
seed coat or the endosperm. Irregularitics on the inner surface of the
seed coat arc of two types: (i) a definite ingrowth or infolding of the sced
coat; and (i} an unequal radial elongation of the cells of any one layer or the
ouly layer of the seed cout.

The endosperm may begin active growth during the carly stages of sced
development, or remain in a quiescent state and of a small size until the seed
almost reaches its mature size. In the latter case a ruminate nucellus pre-
cedes the ruminate endosperm.

Seven Lypes of rumination have been distinguished on a morphologi-
cal basis. These are typically present in the following genera : Passiffora,
Verbascum, Annona, Myristica, Coccoloba, Spigelia and Elytraria.

~
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Review of Recent Work on the Embryogeny
of Some Families and Genera of Disputed
Systematic Position ‘

M. A. RAU
Botanical Survey of India, Dehra Dun

Tt is widely accepted at present that microscopic study of plants including
anatomy, embryology and cyviology is of considerable value in the proper
assessment of the systematic status of a taxon; external morphological study
alone is not adequate and has led to the anamolous placing of various families
and genera of flowering plants.  In recent years detailed work on the embryo-
genesis of a large number of species has been carried out by Souéges and his
associates in France. The rigorous methods cmployed by them for a complete
developmental history of the early embryo has revealed the existence of cer-
lain definite patterns of embryonal development and this has enabled them
to formulate a system of embryogenic classification. While a number of
families like Alismaceac, Juncaceae, Liltaceae, Chenopodiaccac, Caryo-
phyllaceae, Ranunculaceae, Cruciferae, Malvaceae, Oenotheraceae, Lythraceac,
Solanaceae, Scrophularigceae. Labiatae, Campanulaceac and Compositae are
remarkably uniform in their mode of embryonal developm:nt, other families,
particularly the large familics, Boraginaceae and Leguminosae show consider-
able heterogeneity. Considering the vast number of species of flowering plants
in existence at present, the number of investigated members is, as yet, very small
and further work on an extensive scale is necessary before a clear picture can
emerge in respzct of these heterogeneous lamilies. However, the work that has
already been done has helped in the clacidation of the evolutionary tenden-
cies within the families and genera. In addition, several small families and
individua! genera have been subjected to rigorous studies in recent years.

It is proposed to discuss in this paper some of these rccent studies of
Soueges and his co-workers which have helped to clarily the relationships
ol certain familics and genera of disputed systematic position.

CNEORACEAE

This small family includes the only genus Creorum with about a dozen
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species which arc restricted to the Mediterrancan and Canaries. The genus
is included in the Simarubaceae by Bentham & Hooker (1867) but is placed
as a separate family in the Geraniales by Engler & Prantl (1897) with close
affinities to the Zvgophyliaccae. Earlier, Endlicher (1836-40) had placed it
in the Rutales near the Burseraceae. It has also been placed ncar the Celas-
traceae (Hutchinson. 1926) and in Rhamnales near the Rhamnaceae {Van
Tieghem. 1906). The recent work of Soudges (1955) has indicated that the
relationship of the family should be Jooked for in Rhamnales near the Rhba-
mnaceac. Cneorum tricoccon (Figs. 1-5) belongs' to the first period in the
second group and 11 megarchetype in the embryogenic classification. This
megarchetype is typified by Gewm urbamom and (wo members of the Rhamna-
ceae. Ceanothus azwrenws and Rhamnus frangula belong here. A teirad  of
the B, category (Fig. 3) is formed which in the next stage gives risc o a group
of eight cells.disposcd in three tiers. An epiphysis (Fig. 4) is differentiated
from the quadrants and ultimately the cotyledons and the stem tip arc derived
from the quadrants, The hypocotyl in its entirety is derived from the in-
termediate cell, m, of the four-celled embryo. A suspensor is also differentiated,
It may be stated herc that the investigated members of the Zygophyllaceae
show an catitely different mode of embryo development  assignable to the
second period in the 9th group.

CALLITRICHACEAE

Maheshwari (1950) has already discussed the systematic position of this
small family and has referred to the work of J¢reensen (1923, 1925 which
indicates a close relationship of this family with Labiatac and Verbenaccae,
rather than with any other family like Haloragidaceae, Caryophyllaceae,
Euphorbiaceae with which this family had been associated in the past.
Jorgensen, however, to quote Maheshwari (1950} “*wisely refrained from com-
mitting himself further in the absence of adequate anatomical and cytological
data”. The rccent detailed work of Sougges (1952) on the endosperm and
embryo of Callitriche verna lends further support to the view that the real
affinities of this family are with the Verbenaceae. Jérgensen did not give a
detailed account of the development of the embryo and merely referred to it
in general terms as of the dicolyledonous type. The precise study of Soucges
reveals that Callitriche vernais ranged in the first period, first group and
1V megarchetype with a tetrad in A, category and the destiny of ¢« and
¢b being :

ca = pvt + pco + phy + icc
ch =iec+co + s

The embryonal development of Calfitriche thus conforms to the type
in Mentha and more so with Verbena in regard to details and hence supports
Further the view put forward by Jérgensen that the relations ol Callitrichaceae
are with the Labiatac and Verbenaceae rather than with any other family,
The mode of endosperm development in Callitriche and Verbena is identical
and thus indicates close affinities,
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DATISCACEAE AND LOASACEAE

These two familics are included in the Passiflorales of Bentham & Hooker
(1862-83) and in Parietales of Engler & Pranil (1897). While the relation-
ship of Datiscaceac to Begoniaceae has bzen clearly demonstrated by Crété
(1952), the position of Loasaceae appears to be different on embryological
grounds. The endosperin of Loasa lateritia witl its haustoria and the embryo
which resembles the course of development seen in the Solanaceae would
suggest that the real position of the Loasaceae would be in onc of the orders
of the Gamopetalac. Further work on the other members of the family is
needed before the family could he taken out of the Parietales,

PEGANUM AND OTHER GENERA

Tn regard to the systematic position of individual genera a few examples
may be considered. Pegarum. This genus with four species has been in
turn inctuded in the Rutaccae (Bentham & Hooker, 1862-67) and in the
Zygophylluceae (Engler & Prantl, 1897). Soulges (1953) has recently dis-
cussed the position of Pegamunt harmala in relation to Ruta graveolens, Tribulus
terrestris, Zygophyllum fabago and Radivla linoides (Linaceac). He is ol the
opinion that Peganum be placed in a separate family, Peganaceae in the Ger-
antales near the Linaceae. The course of embryo development in the above
members may be briefly discussed here. Ruta graveolens (Figs. 6-9) belongs
1o the first period, first group and 1V megarchetype with a first tetrad of cate-
gory, A, (Fig. 7), the destiny of cb being jec - co + 5. The two members
of the Zygophyllaceac investigated, Tribulus terrestris and Zygoplhyllum
Jabago (Figs, 10-14) show an altogether different course ol embryo develop-
ment being placed in the second period with a B, type of sccond tetrad. The
destiny of the televant cells taking part in histogenests relers these speeies
to the I megarchetype.

Radivla linoides (Figs. 15-18) of the Linaceac belongs to the first period
with a first tetrad ol C, {(Fig. 16) category and as such in the 3rd group and
TV megarchetype. The destiny of ¢b being iec + co + s, is the same as that
of Ruta but with this fundamental difference that the first tetrad is in  the
‘C" series.

Peganum harmala (Figs. 19-22) belongs to the same period, same group
and same megarchetype as Radiela. There ate, however, some differences
in later stages of development beyond the octant stage buot these are not of
much significance. The detailed studies of Soutges have thus clearly indi-
cated that the Peganaccac are connected very closely with the Linaccae
and the earlier placing of Peganum either in Rutaccae or in Zygophyllaceae
cannot be justified on embryological grounds.

We may also. incidentally. consider the case of two other genera which
have been the subject of dispute in so far as their systematic position is con-
cerned. The genus Parnassia has been counsidered somewhat anamolous in
the family Saxifragaccae and it has been in turn refcrred to widely different
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families. Lula Pace (1912) on the basis of the characters of the ovule and
embryo sac found it more closely related to the Droscraceae than to the Saxi-
ragaccae. Dicls (1906), however, refused to accept tlis genus in his treat-
ment of the Droseraceac in Pflanzenreich. Bentham & Hooker as well as
Engler & Prantl have both included ihe genus in the Saxifragaceae. A recent
detailed study of the embryogeny of the genus by Lebegue (1953), however,
reveals an entirely diffecent picture. Parnassia palustris belongs to the first
period in the first group in Il megarchetype. This mcgarchetype has the
destiny of the apical and basal cells of the t(wo-cclied procmbryo as
follows :

ca = peo + pvt + Lphy

ch = Lphy + icc + fec +-co -5

To this megarchetype and group also belong Polygonum, Oxybaphus and
Claytonia. The course of embryo development in Paruassia palustris and
Claytonia perfoliata (Portufacaceae) is very similar. Drosera is. however,
ranged in the second period, cleventh group and 1V megarchetype
and Soxifraga in the second period, ninth group and TV mepgarchetype
and are thus embryonomically far removed from Parnassia. While evidence
from other sources Is waniing to cstablish definitely that the affinitics of the
genus arc to be looked clsewhere than-the Saxifragaceae, the genus could be
tentatively placed in a separate family, Parnassiaccae and only further investi-
gations can determine its real position.

Another genus of the Saxifragaceae, the monotypic Californian Pelti-
phiyllum is an exception to the course of embryo development generally met
with in the Saxifraguceac. [n a recent study of Peltiphiylium peltaium supported
by more thaa 80 figures of different stages of embryo development. Lebegue
{ 1952) has conclusively shown that the course of embryo development in this
member is unique among the Saxifragaceae. Peltiphylfum is ranged in the
sccond period, ninth group and [l mcgarchetype along with Campanula
and Lobeliq with the destiny of ¢c and ed as follows :

cc == pv?—f-.pco
cd = phy + ice L jec - co - s.

All other investigated members of the Saxifragaceae with the exception o}
Parnpassia already referred 1o above, arc found to belong to IV megarchetype in
the ninth group of the second period. 1t is not, however. possible to decide the
systematic position of this genus on the basis of evidence of embryogeny alonc,

The above account is intended mainly to draw the attention of the workers
in the field to the great need for rigorous studies of embryo development
and also to emphasize the value of these studies in the elucidation of syste-
matic position and relationships of various genera and families though it
should not be taken that assignment 1o their respective systematic position
is to be on this basis alone. The recent studies have also indicated the various
evolutionary tendencies that arc cvident within certain large families and
genera. This is particularly illusirative, as indicated earlicr, in the large
families like Leguminosae and Boraginaceae.
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Pollen Development in Some Members
of the Cyperaceae’
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Elfving (1879) and Strasburger (1884) working independently on He-
leocharis palustris were the piloncers to establish the pollen development in
the Cyperaceae. Juel (1900), Stout (1912) and Heilborn (1918) investigated
the structure of pollen in Carex acuta, C. aguatilis and C. ericetorum respectively,
Juel described the formation of the generative cell by the process of * free celil
formation * while Stout considered that the generative cell is cut off by acetl
plate towards the periphery of the microspore, Working with Scirpus lacustris,
8. paluster and S. uniglumis, Piech (1924, 1928) confirmed Juel’s findings
but their observations that the male cells become devoid of cytoplasm was
explained by Kostrioukoff (1930} as an artifact due to poor fixation,

Tanaka (1937-1941, 1950) in his extensive work covering eight genera
believes that a plasma membrane separates the functioning microsporc nucleus
from the three cffete nuclei of a tetrad; the latter also get partitioned by similar
membranes. Tn Cyperus rotundus, Khanna (1956) observed a distinct furrow
separating the three smaller nuclei. Gupta (1958), however, denies a septum
separating the functional nucleus from the three abortive nuclei in Finthri-
stylis tenera. Duyansagar & Tiwari (1956} reported that in F. gquinguangu-
laris, the Tunctionzl nucleus moves to one side prior to division.

Selling (1947) suggested that the pollen of the Cyperaceac should he
termed © pseudomonads’ and ‘ the wall of the mature grain is nothing but
the wall of the pollen mother cell’ (see Erdtman, 1943).

The present paper deals with the pollen development in five genera of
the Cyperaceac.

OBSERVATIONS

The bisexual florel has a single stamen in Bulbostylis barkata Kunth,,
two in Kyllinga triceps Rotib. and three in Cyperus articulatus Linn.,

*This forms arpart of the Ph.D, thesis submitted to the Department of Botany,
University of Delhi in 1959,

P.E...6
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C. niveus Retz., Fleocharis palustris R. Bi. and Scirpus maritimus Linn. In
Carex wallichiana Presc., the spikes are unisexual and the male floret has
three stamens.

Each anther consists of four sporangia, Rarely, the two sporangia
belenging to different thecae fuse in Cyperus articidarus resulting in a trj-
locular condition (Fig. 42).

In each loculus the hypodermal archesporium differentiates as a single
file of cells running threugh its entire length (Figs. {7, 40). It undergoes
a periclinal division giving rise to an outer primary parictal layer and an inner
primary sporogencus layer. The former in turn divides to produce three
layers of cells, Thus. at the microspore mother celi stage, the anther wall
comprises an epidermis, the unthickened endothecium, one middle layer and
tapetum (Figs. 1, 18, 41).

In Carex the papillate epidermal cells persist cven at the time of shedding
of the pollen (Figs. 2, 3). These show yellow granular contents and some
of them may also contain tannin. In Bulbostylis, the cpidermal cells shrink
and form a flattened layet on the connective side, while the cells near the
stomium remain turgid (Figs. 19, 20).

The middle layer degenerates at the tetrad stage. The cells of the endo-
thecium become radiully elongated and from their inner tangential walls,
fibrous bands run upwards ending ncar the outer wall ol each cell. In
Chamaegyne the cpidermis of the anther develops fibrous thickenings and fune-
tions as endothecium: hence the genus is regarded as a highly reduced form
in the Cyperaceae (Suessenguth, 1954). In Cyperus, besides the endothecium
cells lying close to the connective also show fibrous thickenings. The anther
dehisces longitudinally by the breakdown of the thin-walled cells at the junc-
tion of the pollen sacs.

The tapetal cells are densely cytoplasmic and possess conspicuous nuclei.
They become vacuolate at the time of the sccond meiotic division and remain
uninucleate throughout. ~In Carex aquatilis, Stout (1912) sketched a tapetal
cell at an early prophase but further stages are wanting to prove their multi-
nucleate nature. In Cyperus tegetum, Padhye & Moharir (1958) have
repofted binucleate tapetal cells, but their figures are not at all convincing.
The tapstum remains intact till the microspores cnlarge and the prominent
* Ubisch * granules appear on its inner tangential walls. After the disappe-
arance of the tapetum, the granules come to lie against the inner wall of
endothecium (Fig. 43). Probably they contribute to the formation of
exine (see Maheshwari, 1950).

The sporogenous cells divide in such a manner that the resulting micro-
spore mother cells are wedge-shapad and disposed around a central axis.
Their acute apices point towards the centre of the cylinder (Fig. 18).

While the microspore mother cell prepares for meiosis, a special mucila-
ginous wall is secreted between the protoplast and the cell wall. The meiotic
divisions in the microspore mother cells proceed normally (Figs. 6-8. 21-24,
45, 47).  After Mciosis 1, an ephemeral cell plate is initiated but it disappears
soon (Fig. 4). The haploid chromosome number in Bulbostylis barbata is
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Figs. 416 - Carex  wallichiang.  MiCROSPOROGENISIS  AND
Figs, 4-8. Meiosis 1 and [i; one of the dyvad nucleus in
Fig. 9. A tetrad: ail the four microsnore nuclei have migrated to one side.
three of the microspore nuclel remain at one end of pollen grain while the functional nucleus

MALF GAMETOPHYTE!
Fig. 5 shows a tripolar spindle.
Fig. 10. Same,

migrates back to the centre.  Fig. [t Delimitation of pollen nucleus from the three mic-
ronuclei by a septum; one of the micronuclei is also separated [rom the other two, Fig. 12.
Metaphase of the functional nucleus; the three micronuclei also form minjgture metaphasic
plates.  Fige. 13-15, Two-celled pollen grains. Fig. 16. Three-gelled pollen grada
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five as determined by metaphasc counts during Meiosis [ and [1. The same
number has also been reported by Tanaka (1941). In Cpperus numerous
darkly stained bodies appear in the cytoplasm of pollen mother cells during
meiosis (Fig. 44). The spindles may be parallel or at right angles to cach
other resulting in tetrahedral or isobilateral arrangement of the nuclei but
cell plate is not formed. Linear arrangement of nuclei are not uncommon
in Cyperts (Fig. 46). Finally, all the four nuclei move towards the inner wall
of the mother cell.

Several cases of tripolar spindles have been observed in Carex during
Meiosis 11 (Fig. 5). The spindle fibres are directed towards the three acute
poles and the chromosomes are arranged on & triradiate plate in the centre
with the fibres attached to them. The melaphase separation seems lm-
probable; if the nuclei are at all formed, they may not have the complete
haploid constitution. Such spindles have been induced in Vicia fuba
(Sakamura, 1920) by treating the anthers with chloral hydrate and in Epilohium
(Michaelis, 1926) by intense cold treatment. Heitz (1925) and Hedayetullah
(1933} have observed a similar feature in Melandritn and Ocnothera nissouri-
ensis respectively,  In HUydrilla verticillata (see Maheshwari, 1950), the multi-
polar spindles gradually revert to bipolar condition.

After the second division, the pollen grains assume queer forms. All the
‘fetrads ’ in an anther undergo * contraction’” and appzar to be degenerating.
In sections, the grains show vivid forms. This is due to the uneven distribu-
tion of cytoplasm which is irregularly thin at the periphery and dense in the
centre.

Wodehouse {1935} observed an intergsting behaviour of microspores.
He stales: ** When the grain dries and shrinks, it generally does so with the
formation of three or four large concavities on its sides and a smaller one
at the large end causing it to become polyhedral, sometimes more or less tetra-
hedral, though there is much variation in this. In the expanded condition,
the grain as a whole assumes a symmetrically ovoid form.™  Suessenguth
(1920) and Tanaka (1939, 1940} also pleaded that the pollen grains give * diffi-
culties in observation  at one or the other stage of development. The preseat
findings support the view of the earlier workers. That this phenomenon is
not due to plasinolysis has been checked by observations of [resh pollen grains
mounted in plain water or acclocarmine.

All the feur microspore nuclei are of the same size in the beginning
(Figs. 9, 47), but soon the one situated in the outermost position grows larger
while the rest are pushed towards the inner corner (Figs. 10, 25, 26, 48) or
rarely they migrate in various directions. The degenerating nuclet are de-
linited by a hyaline plasma membrane and may be further separated [rom
each other by thin membranes (Figs. 11, 27, 49).

The three non-functional nuclei in Carex may undergo abortive divi-
sions which are generally arrested soon alter metaphase. Rarely, the division
is completed and 5 or 6 small nuclei are formed (Figs. 12-14). These nuclei
soon degenerate and their remnants lie closely adpressed to the intine and
can be seen as dark streaks upto the shedding stage ol the pollen. Tn Cyperus









B AR
oy Y

X

Frgs, 40-59 — Cyperns arifcaiarys, MORDZPORANGIUM, MICROSFOROGENESIS AND  MALE
GaMmeTornyTE (r, tannin-filled ccil) : Fig. 40. T. s. young anther shawing an archesporial cell
in cach lobe.  Fig. 41. T. x. anther lobe showing the development of the wall. Fig. 42,
T. s. abpormal anther with three microsporangia. Fig. 43, T. s. mature anther lobe.
Figs. 44, 45. Meatosis 1. Nowe the presence of darkly stained bodies in the cvteplasm.
Figs. 46, 47. Tetrads, Figs, 48, 49, 1:3 arrangement of microspore nuclei; in Fig. 49 the
three nueled are separated from the fourth one by a plasma membrane.  Fig. 50, Functionu!
nucleus at telophase.  Figs. 31-33. Twoe-celled pollen grains: note the presence of lour
abortive nuglei in Figs, 51, 53.  Fig 54. The generalive nucleus at metaphase. Fig. 55,
Three-celled pollen grain.  Fig. 56. Abnormal pollen grain where all the nuclei seeni to be
functional.  Fig. 57, Abnormal pollen grain with two similar puclei.  Figz 58, 59, Doubte
polien graing
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form of successive type. In Eleocharis palustris, Hakansson (1954) states,
“ It scemed that the formation of a cell plate was initiated but it was never
completed and was of an ephemeral nature. The changes in the cytoplasm
observed in Eleocharis seem reminiscent of successive pollen formation. *
Tanaka (1940) categorically writes, ** 1t may be assumed that the ‘reduzierter
sukzendaner Type® assumed by Wullf (1939) may be accepted only partially. *
Schnarf (1931) regarded the melotic divisions to be of the simultaneous type.
The present study on Bulbosrylis, Carex, Cyperus and Kyllinga confirms his
observation.

Seprum Farmation. Whether septa are formed amongst the gquartet
nuclet is a debated question. There are at least three different types of ob-
servations ¢

(i) Septum formation is entirely inhibited (Suessenguth, 1920; Piechs
1924, 1928; Tanaka, 1939; Gupta, 1939).

{iiy Sepia arise but are ephemeral (Elfving, 1879).

(i) Septum formation occurs as a regular feature (Strasburger. 1884;
Juel, 1900; Stout, 1912; Hakansson, 1928; Tanaka, 1939, 1940: Dnyansagar
& Tiwari, 1956),

Tt is interesting to note that cven for the same specics different opinions
have been expressed. In Heleocharis palustris. EMfving (1879) held the second
view, Strasburger (1884) the third and Picch (1928) the first view. However,
Piech has reported that the pollen nucleus and the effete nuclet in the corner
were separated by the secondarily (ormed callose membrane. In Scirpus
facustris, Piech (1924} could recognize no cell plate or membrane but Tanaka
(1940) reported clear scpta among them. In Fimbristylis, Tanaka €1939)
did not observe any septum, but Dnyansagat & Tiwari (1956) have noticed
a distinct septum which Gupta (1959} refutes.

Maheshwari (1950) has stressed that the following points need clari-
fication : (i) whether the functioning microspore nucleus is separated from
the three non-functioning nuclei of the tetrad by a partition wall, (if) whether
the non-functioning nuclei are scparated from one another by walls and
(iii) what is the possible fate of the non-functioning nuclet ?

The author finds that during carlier divisions a septum is formed between
the pollen nucleus and the three small nuclei and at the same time or some-
what later, septa are also formed in between the three small nuclei. These
septa gradually disappear,

Thus, the septum formation is normal but the statement of previous
authors (Piech, 1928; Tanaka, 1939, 1940} that there are exireme difliculties
in observation is instructive. The phase of contraction in pollen mother
cell probably cxaplains their difficuliy. They did observe contracted graing
but concluded that those are abortive pollen grains having various shapes.
The author has ncver observed the entire degeneration of the grains in any
anther loeulus.

Dnyansagar & Tiwari (1956) in Fimbristylis quinguangularis found that
the septum persists even when the non-functional nuclei had degenerated.
Ou the contrary, the author finds, the sepia are formed in ali the five genera
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studied and arc destroyed prior to the disintegration of the three nuclei. A
septum between the functional and the three non-functional nuclei, additienal
to all the above mentioned septa, has been reported in Cyperus tegetum by
Padhye & Moharir (1958) which in the author’s opinion is very doubiful.

Finally, the three nuclei degenerate and appear as darkly stained rod-
like bodies which are closely adpressed to the intine, Divergent views
exist regarding the course of degeneration of the three abortive nuclei. Some
authors regard that they are absorbed in the cytoplasm (Elfving, 1879;
Strasburger. 1884). Witle (1882, 1886) reports their fusion with the pollen
nucleus.  Still others conjecture that degeneration is owing to lack of space
for proper functioning (Juel, 1900; Hakansson, 1928: Piech. 1928: Tanaka,
1939; 1940).

Microspore Nucleus. In the majority of angiosperms the microspoic
nucleus comes to lie at one end of the cell due to the formation of a large
vacuole. Tn the Cyperaceae, no vacucolation is seen in the microspores.
Both asymmetrical and symmetrical spindles have been observed during
the division of the functional nucleus. A ccll plate Jaid between' the two
nuclei rests upon the septum separating the vegetative from the three effete
nuclei,

According to Piech (1928) the division of the functional nucleus which
gives rise to the generative and vegetative nuclei occurs in the centre of the
pollen grain. Consequently the cell plate extends round the generative cell
forming a complete sphere. Juel { 1900) also reported a similar feature
which he termed as * free cell formation ™, but Stout (1912) did not
support i .

Generative Cell. As mentioned earlier, the generative cell is not formed
free in the cytoplasm bul initially rests upon the plasma membrane separating
the functional nucleus from the remaining three effete nuclei. Although
some of Piech’s figures ¢his text Fig. 8, Plate 2) shows a generative ce!ll lying
free in the cytoplasm, his other figure (his text Fig. 7, Plate 2) clearly indicatcs
that the generative cell rests on the plasma membrane.  Rhyncospora (Tanaka,
1940) is the only exception in which the generative cell is formed as a free cell
due to the migration of the three eflcie nuclei on the reverse side to that of
the generative cell. Further studies are necessary to decide this issue.
Dnyansagar & Tiwari (1956) report that the young pollen grains of Fim-
Bristylis quinguangularis have vacuolated cytoplasm and it is claimed that the
functional nucleus which lies at first in the centre migrates 1o one side prior
Lo its division. However, they do not give any figure in support.

Maheshwari (1949} writes that the pollen grains of the Cyperaceac are
shed at 3-celled stage almost without exception, 1In the plants studied by the
author the * pscudomonads * are always shed at the threc-celled stage. How-
ever, Dnyansagar & Tiwarl (1950) in Fimbristylis quinquangularis and Gupta
( 1959) in Kyllingia triceps report a 2-celled condition. Their observa-
tions are probably based on the study of immature pollen. Tt is surprizing
that Tanaka ( 1950) reported the 3-celled condition only in Carex capri-
cornis.
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SUMMARY

Microsporogenesis and male gametogenesis have been studied in Bulbo-
stylis barbata, Kyllinga triceps, Cyperus articulatus, C. niveus, Eleochgris
palustris, Scirpus maritimus and Carex wallichiana.

Due to failure of cytokinesis after Meiosis II a tetranucleate mother cell
is formed. Only one of the nuclei is functional and is delimited from the other
three by an ephemeral plasma membranc. The abortive nuclei get further
scparated from each other by delicate membranes, and seem to have a feeble
capacity for further divisions but eventually all the daughter nuclei coalesce
together forming an irregular darkly stained black mass,

The pollen grain assumes quecr forms after the second division. That
this phenomenon of contraction is not due to plasmolysis has been checked
by observations of fresh pollen grains. Piech (1924; '1928) and Tanaka
(1937; 1950) did observe contracied grains but considered them to be abor-
tive. The author has not observed the entire degeneration of the grains in
any anther loculus, * '

The young microspores are richly cytoplasmic with a centrally situated
nucleus. 1In the pollen grain cell plate separating the generative nucleus is
not situated in the centre but along the wall separating the functional nucleus
from the three cfiete nuclei. The * pseudomonad ® is shed at the 3-celled
stage but the tube nucleus shows a tendency towards degeneration. Qcca-
sionally, double pollen grains or the four nuclei of a tetrad were observed
in a healthy state. ‘

The author is greatly indebted to Professor P. Maheshwari, Drs B, M.
Johri. R. C. Sachar and §. C. - Maheshwari for their helpful suggestions.
Thanks arc due to the Ministry of Education, Government of India for awarding
the author a Scnior Research Training Scholarship.
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Embryology in Relation to Systematic
Botany with Particular Reference
to the Crassulaceae

K. SUBRAMANYAM
Botanical Survey of India, Calcutta

Bailey (1949) has rightly pointed out that if a natural sysiem of classi-
fication is to be attained, jt must be based upon ** the analysis and harmo-
nization of evidence from all organs, tissues and parts . The recent researches
from vatious disciplines of botany have clearly shown thal contributions
to systematics can come from any of these branches. Some of ihe branches
which have played a significant role in plant taxonomy arc embryology, wood '
and floral anatomy, palynology, cytology and cytogenetics and ecology.

Eminent botanists like Hofmeister (cited from Maheshwari, 1950 and
Strashurger (1902), many years ago indicated the posstbility of utilizing embryo-
logical characters in taxonomy. Unfortunately there was great delay in
the recognition of its value because the preparation of the material for embryo-
logical study involves time and requires a great deal of patience and skill.
It such studies are carried out carefully in a comparative manner it is possible
to_arrive at some conclusions of systematic significance. Embryological
studies in the past fifty years have made rapid strides and the data accrued,
considered along with information from other sources, can help to arrive at
a natural sysiem of classification. 1In this paper the importance of embryo-
logy in relation to systematic botany is presenied with particular reference
to the Crassulaceae.

In several important sysiems of classification (Bentham & Hooker,
1862-83; Bessey, 1915; Weitstein, 1935; Engler & Diels, 1936 and Rendle,
1952) the family Crassulaceae is placed in the order Rosales, closely adjacent
to Saxifragaceae. Hutchinson (1926) includes the families Crassulaceae
and Saxifragacecae in ms order 14, Saxifragales under the division Archichla-
mydeae. Hallier (1912) treats Crassulaceae under Caryophyllineae. A
comprehensive comparative investigation of six taxa of Sedum * (Crassulaccac)

*Sedum palmeri 5. Watson, S. aizoon L., 5. ternatum Michx., 5. stenopetalunmt Pursh,
and S. chrysanthun ( Boissier ) Raymond-Hamlet
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supplemented by available literature on the embryology of Crassulaceae was
undertaken (Subramanyam. 1955) to assess how far embryological characters
can be used in determining the relationship of this family with such closely
allied families as the Saxifragaccae, Podostemaceze and Hydrostachyaceae.
Bessey (1915) in his phylogenetic airangement of flowering plants places the
Rosales close to the Ranales. Hutchinson (1926) regards the Saxifragales
as herbaceous groups closely connected with the Ranales but slightly more
advanced. So an attempt has also been madc to compare the embryological
characters of Ranales and Saxifragales.

-

TABLE 1--RESEMBLANCES BETWEEN CRASSULACEAE AND SAXIFRAGACEAE

Embrvological characters

Anther wall

Division of pollen
mother cells

Number of nuclei in mature
pollen grain

Number of germ pores in
pollen grain

Number of ovulcs

Ovule

Archesporial cells

Megaspore quartet

Embryo sac development
Fusion of polar nuelci
Antipodalis

Starch grains

Endosperm

Endosperm haustorium

Embryo development

Crassulaceae

Crété (1946a, b); Dahlgren
(1927, 1939); Erdtman (1952);
d'Hubert (1896); Johansen
(1950); Martin (1946); Maurit-
zon (1930, 1933a); Souéges
(1925, t927); Present study

Multilaycred

Simultaneous

3-colporate

Many

Crassinucellate, bitegmic

One ot-nore

Linear, T-shaped, oblique
T-shaped and isebilateral

Polygonum type
Before fertilization
Usually 3 small cells

Present in embryo sac and
sometimes even in egg cell

Cellular
Present

Sedum variation, Caryophyl-
lad type

Saxifragaceac

Dahlgren (1927, 1930, 1939);
Erdtman (1952); Herr (1954);
Johansen  (1950); Martin
(1946); Mauritzon ( 19334);
Raghavan &  Srinivasan
(1942); Soudges ( 1936b, ¢ );
Wiggins (1959)

Multilayered

Simultaneous

2

Wt& o poly~olporate

Numerous

Crassinucellate,
usually

bitegmic

Onec or more

Linear, T-shaped,
T-shaped

obhlique

Polygonum type
Before fertilization
3 small cells

Sometimes present in embryo
sac and occasionally in egg
cell

Cellular
Nuclear

or Helobial or

Sometimes present

Sedum variation, Caryophyl-
lad type
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TABLE 2—DIFFERENCES IN EMBRYOLOGICAL CHARACTERS BETWEEN
CRASSULACEAE AND SAXIFRAGACEAE

Embryological characters Crassulaceae Saxifragaceae
Mauritzon (1930, 1933a): Dahlgren (1928, 1930, 1938);
Prescnt study Herr (1954): Mauritzon

{ 1933a }; Raghavan & Sri-
nivasan (1942); Souéges

- . (1936a); Wiggins (1959)
Anther tapetum Secretory type Secretory or amoeboid type
Ovary Apocarpous, supetior Syncarpous 1-3, somctimes

even inferior
Ovule Usually crassinucellate, Sometimes tenuinucellate,
bitegmic bitegmic or unitegmic
Integumentary  tupetum or  Absent Sometimes present
Endothelium

Synergids Not hooked Usually hooked
Endosperm Cellular always Cellular, Helobial or Nuclear
Endosperm haustorivm Chalazal Absent but when present may

bechalazal or micropylar

Basal cell of two-celled Tlocs not divide but becomes  Slightly enlarges and divides
proembryo large and vesicular in into a group of cells: does
shape; encloses a promi- not develop haustorial
nent hypertrophied nucleus proccssis//-/'
and develops  haustorial -
processes

Table 1 shows how the Crassulaccae resembles Saxifrapaceac in a number
of embryological characters. These evidences indicate that the families,
Crassulaceae and Saxifragaceae are closely interrelated. Erdtman (1952)
states : ** Pollen grains 4 similar to those in Crassulaceae occur in Rosaceae
and Saxifragaceae, etc.’”” The differences in the embryological characiers
of these two families are presented in Table 2. Furthermaore, a survey of embryo-
logical characters shows that from an evolutionary point of view, the Saxi-
[ragaceac are more advanced than the Crassulaceae. Some ol the more
important of these characters noticed in the Saxilragaceae are : Syncarpy and
epigyny: tenuinucellate ovule, which is sometimes unitegmic: and the deve-
lopment of an endothelium. It may alse be recalled that these features are
characteristic of the various lamilies of the Sympetalae which are regarded
as definitely advanced in the scale of evolution.

Podostemaceae and Hydrostachyaceae are two other families in the
Rosales which are usually placed very close to the Crassulaceac and se a
comparison of their embryological characters was made (Table 3) . It is in-
teresting to find that such embryological characters as, presence of a large
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number of tiny ovules, a narrow clongated nucellus with a small embryo
sac situated at the apex and a characteristic behaviour of (the basal cell which
becomes vesicular and lorms haustorial processes, are common to all these
families. Further. the Podostemaceac resembles the Crassulaceae in having
a secretory type of anther tapetum. binucleate polien grain, presence of starch
grains in both pollen and embryo sac and finally Dwarf type of internal mor-
phology of the sced. Tt is also significant that the endosperm in both Crassu-
lauceae and Hydrostachyaceac is cellular.. In addition to these features
Crassufa aguatica, a member of the Crassulaceae, has a mode of life somewhat
simifar to that of Podostemaceae. It has the most reduced endosperm in the
Crassulaceae ahd this may well form a transitional stage leading 10 the complcte
suppression of this tissue in the Podosiemaceae. 1t may also be pointed out

TABLE 3—-COMPARTSON OF EMBRYOLOGICAL CHARACTERS OF CRASSU-
LACEAE, PODOSTEMACEAE AND HYDROSTACHYACEAE

Embryological Crassulaceae Podostemucene Hydrostachyaceae
characters
Martin (1946 ); Dahlgren  (1927); Dahlgren  (1927);
Mauritzon (1930, Hammond (1¥37); Mauritzon (1933b,
1933a); Rombach Magnus (1913); 1939); Palm (1915);
(1911); Soueges Martin (1948} Schaarf © (1931
(1927 ); Present Mauritzon  (1933b, Warming (18%2)
study 1939): Razi (1949);
Went (1909, 1910,
1912, 1926, 1929) i
Anther tapetum Secretory Scoretony
Number of nuclel in 2 2

maturc pollen grain

Size and pumber of
ovules
Shape af nocellus

Position of cmbryo
siC

Starch grains

Endosperm
Division of fertilized
53424

Basal ccil of
susSponsor

Seed {internal
morphology}

Small and many Smail and many

Natrow _an d Narrow and  clongated
clongated .

Upper  part  of Upper part of nuecllus
nucellus

Present in mature
pollen grain only

Present in mature
pollen  grain  as
well asembryo sac

Cellular

Present

No endosperm Celluiar

Results in two
unequal cells

Results in two
u_ncqual cells

Enlurges, beecomes

Enlarges, bccomes vestcular and
vesicular  and haustorium
forms a hausto-
rium

Dwarf type Dwarf type

PLE.LT

embryo sac only
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TABLE 4—_DIFFERENCES IN THE EMBRYOLOGICAL CHARACTERS OF
CRASSULACEAE, PODOSTEMACEAE AND HYDROSTACHYACEAE

Embryological
characters

Pollen grains
Ovule
Pseudo embryo sac

Development of
bryo sac

eny-

Number of pofar
nuclei

Antipodals

Endosperm and

haustorium

Pasal cell of suspensor

Crassulaceae
Erdtman (1952);
Mauritzon (1930,
19334); Souéges
(1927); Present
study
Single, 3-colporate

Crassinuccllate,
bitegmic
Absent

Polygonum type
2

3 small cells

ah infre cellular; cha-
lazal  cndosperm
haustorium present

Remains undivided;
encloses a large
hypertirophied
nucleus and is not
partitioned by a
wall

Podostemaceae

Erdtman (1945, 1952);
Hammond (1937):
Magnus (1913); Razi
(1949y;  Went (1909,
1910, 1912, 1926, 1929)

Single
dvads

or united in

Tenuinucellate,  biteg-
mic

Present

Reduced Allium  type

Usually a single polar
nucleus or cell

Usually absent; rarely
a single antipodal
celt or nucleus

Absent right [rom the
beginning

Usually the nucleus
divides and becomes
coenocytic

Hydrostachyaceae

Erdiman (1945,
1952); Paim (1915);
Warming {1882)

Un#ed in tetrads,
non-aperturate

Tenuinueeltyte, uni-
tegmic

Absent

Polygonum typc

Cells (1)

Cellular; endosperm
haustorium absent

Ata later stage the
coenocytic  basal
cell becomes
cellular by the
laying down of
irregular walls

here that on the basiy of embryological featurcs Maheshwari (1945) has con-
cluded that it is * almost certain that the Podostcmaceae are much reduced
apetalous derivatives of the Crassulaceae. ”

At the same time it must be indicated that the Crassulaccae. Podo-
stemaceac and Hydrostachyaceae show some differences in the embryological
characters ( Table 4),

The Podostemaceae differs strikingly from the Crassulaceae in having
a highly reduced Allium type of embryo sac without antipodals (when present
reduced to one), a new structure — the pseudo embryo sac and a complete lack
of endosperm right from the beginning. These arc probably derivative
characters due to the special mode of life of these plants, Certain peculiari-
ties in embryology are also found in other specialized families like the parasitic
Torantbaceae {Correa, 1958, Dixit, 1958a, b; Maheshwari, Johri & Dixit,
1957; Narayana, 1958a, b; Rutihauscr, 1937), Bantalaccae (Paliwal, 1956;

Ram, 1957, 1959a, b) and Balanophoraceac (Fagerlind, 1945), the



EMBRYOLOGY IN RELATION TO SYSTEMATIC BOTANY 99

insectivorous Lentibulariaceae (Kausik, 1938; Khan, 1954), and in someof
the mangroves (Treub, 1883; Mauritzon, 1939). .

The present study has yielded some interesting data in respect of the origin
of Saxifragales. A comparison of the important embryological characters of
Crassulaceae, Saxifragaceae, Podostemaceae, Hydrostachyaceae and the various
familics of Ranales has been made (Tables 5, 5A, 5B, 5C and 5D). Tt is signi-
ficant to find that the Crassulaceae and Saxifragaceae resemble the diffetent fami-
lies of the Ranales in having multi-layered anther wall; simultancous division
of pollen mother cells (except Lauraceae, Myristicaceae and Ceratophyllaceae,
and somte Anncnaceae where it is of the successive type); two nucleate condi-
tion in mature pollen grain; apocarpous pistil; crassinucellate, bitegmic ovules;
linear arrangement of megaspores; Polygonum type of embryo sac; fusion
of polar nuclei before fertilization: three small antipodal cells (except Ranun-
culaceae and Berberidaceae, where they are large); and a cellufar type of endo-
sperm (except some Magnoliaceae sensu stricto, Lauraceae, Ranunculaceae
and Berberidaceae, where it is nuclear). Further, muhiple archesporial
cells which are sometimes present in Crassulaceaec and Saxilragaccae are
also noticed in some families of the Ranales like Lauraceac, Ranunculaceae,
Nymphacaceae and Calycanthaceae, Starch grains in mature embryo sacs
are reported to occur in some members of Crassulaceae, Saxifragaceae,
Annonaceae, Ceratophyllaccae, Nymphaeaceae and Berberidaceae, Even
the development of peculiar megaspore tubes noticed in two species of
Urassulaceae is found in one member of Lauraceac (Bambacioni—Mezzetti,
1935). In Crassulaceae, after the first transverse division of the zygote, the
basal cell enlarges and never divides {urther; this is alss observed in Cerci-
diphyllaceac. These similarities in embryological features point towards
a possible origin of Rosales (which includes the Saxifragales of Hutchinson)
[rom the Ranales, thus supporting Bessey (1915) and Hutchinson (1926).
The affinities of the Saxifragales from cmbryological grounds are brought
out in the following diagram. -

Podosternaceae —>» Hydrostachyacece

\ /

PODOSTEMONALES
Crassulaceae » Saxifragaceac

\ /

SAXIFRAGALES

NV

R A NALES
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TABLE 5—~COMPARISON OF EMBRYOLOGICAL CHARACTERS OF CRASSU-
LACEAE, SAXIFRAGACEAE, PODOSTEMACEAE AND HYDROSTACHYACEAE

ENGLER & PRANTL,
1930 *

OF ROSALES

R os ALES

HutcHinson, 1926 SAXIFRAGALES PODOSTEMONALES
Crassula- Saxifraga- Podostema- Hydrosta-
ceae ceae ceae chyaceae
Créte (1946a. b) Dahlgren (1927, Dahlgren (1927) Dahigren (1927)
Dahigren (1927, 1930, 1939) Erdtman (1945, Erdtman (1945,
1939) 1952) 1952)

Erdtman {]952)

Johansen (1950)

Martin  (1946)

Mauritzon
(1930, 1933a)

Soutges (1925,
1927)

Present  study

Anther wall
L]
Anther tapetum Sccretory type

5-layered

Division of pollen Simultancous

mother cells
Number of nuclei 2
in mature
4% pollen grain
Pollen grains sin-
gle or united

Single

Number of germ  3-olperate

pores in pollen

grain
Ovary Apocamous
Number of ovules - Many
Ovule Crassinucellate,
bitegmic

Number of arche- One or meore

sporial cells

Erdtman (1952)
Herr (1954)
Johansen (1950}

Hummond (1937) Mauritzon (1933b,
Magnus (1913) 1939)
Martin (1946) Patm (1913)

Martin (1946} Mauritzon Schnarf (1931)
Mauritzon (1933b,1939) Warming (1882)
(1933a) Razi {1949)

Raghavan & Went (1909, 1910

Srinivasan (1942) 1912, 1926, 192%)
Souéges : .
(1936h, )
Wiggins (1959)
4-layered 4.layered
Secretory or  Secrctory typ:2
amoeboid type
Simultancous Successive —
2 2

Single or rarely ~ Single or united United in tetrads

united in “in dyads |
tetrads
Usually 3-col-  3-colpate Non-aperturate
porate
1-3, syncarpous  1-3, syncarmous 1
Nunterous Nunmcrous Numetous
Usually  crassi- Tenuinucellate, Tenuinucellate
nucellate, biteg- bitegmic unitegmic
nic; sometinwes
tenuinucellate,
bi- or unitegmic
Onc or more One or two One
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TABLE 5 ( Comid. )

ENGLER & PrAanTL,
1933

R os ALES

Hutcninson, 1926 SAXIFRAGALES PODOSTEMONALES
Crassula- Saxifraga- Podostema- Hydrosta-
ceae vedc ceae chyaccae

Nature of mega-
spore quartet

Lincar, T-shap-
cd, obligue
T-shaped ;
sometimes
isobilaterat

Development  of

embryo sac

Polygonum type

Starch grains In  Present
mature embryo

sac

Number and fu- 2
sion of polars

potar nuclel
fuse before
fertilization

Antipodals Y cells,  small,

rarcly large.

Nature of endo-  Cellular
sperm

Endosperm haus-  Present, usually
torta chalazal

Development  of  Sedum variation,
cembryg Caryophyllad

type
Basul cell of om-  Tnlatges, does

not divide; de-
. velops hausto-
rial processes

bryo

Nature of frun Follicle

Secd  (internal Dwarf 'typ:

morphology)

Vacant columns mean no information avatlable

No linear quar- Linear

tet

Lincar, T-shap-
ed, oblique
T-shaped

Polygonum type Reduced Allium  Polygonum type
type
Present

Present Present

2 palar nuclei fuse
betore
fertitization

Usually a single
polar nucleus
or rurely o
poiar cell

2 polur nuclei
fuse before
fertilization

3 cells, smali Usually absent, Ceils (D
rarely asingle
antipodal cefl
or nucleus,
smaldl
Cellufar, Helo- No endosperm Celtular
bial or Nuclear
Present, micro- Absent Abscnt
pylar or “
chalazal
Lsually of the
Sedum  vart- .
ation, Caryo-
phyitad ype
Enlarges, but Enlarges and the Enlarges, be-

comes  coeno-
cytic and later

nucleus divides,
thus  bzcoming

divides into a
group of cells;

does not deve-  cocnocytic; de-  septate:  Jeve-
lop haustorial  wvelops hausto-  lops  inta  a
Processes rial processes haustorivm
Capsule Septicidal cap- Small copsuie
sule
Dwarl type, Dwarf type

sometimes  of
the linear or
spatujate type

50 far,
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TABLE 5A -COMPARISON OF THE EMBRYOLOGICAL CHARACTERS OF
MAGNOLIACEAE, TROCHODENDRACEAE, CERCIDIPHYLLACEAE
AND ANNONACEAE OF RANALES®

ENGLER & PraNTL,
1920

HutcHiNsoN, 1826

Trochodendra-
ceae

iy Magnolia-
ceae*
(Sensu lato)
Bailey & Nast
(19434, b, 1945)
Bailcy & Smtth

Erdtman {1952}
Martin (1946)
Nast & Builey

(1942} (1945)
Canright (1952,
1953, 1955, 1959)
Earle (1938)
Erdtman (1945,
1952y
Johanscn (1950)
Manewal (1914)
Martin (1946)
. Schnarf (1931)
Swamy (1949,
1952)
Anther wali 5-6  to many
{ayered
Anther tapetum  Secretory type
Division of pollen  Simultangous
mother cells
Nuinber of nuclei - 2
in mature pollen
grain
Pollen grains sin- Singic, someg- Singie
gle or united times adhere
in tetrads
Number of germ  1-sulcate 3(-4)-colporoi-
pores in pollen date
grain
Ovary Apocarpaus ot Almaost apacac-

syncarpous ar
solitary

pous

]
—

MAGNOLIALES

R ANALES

Carcidiphylta-
ceae

Erdtman (1952)
Swamy & Bailey
{1949

Secretory 1ype

Simultaneous

Single

3-colpale

Apacarpous

ANNONALES

Annonaceae

Asana & Adatia
(1947)
Corner
Dahlgren
1939)

(1949)
(1927,

Erdtman ({1945,
1952)

Martin {1946)

Periasamy &
Swamy (1956,
1959)

Sastry  (1955a,
1957a, b)

Schnarf (1931

;

5-6 layercd

Secretory type

Simultaneous
successive

2

or

Single or united
in tetrads

Non-aperturate or
I-sulcate

Anacarnous
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TABLE 5A (Contd.)

ENGLER & PraNTL,

1930
HutcHmNgoN, 1926

Number of ovules

Ovule

Number of arche-
sporial cells

Naturc of mega-
spore quartet

Development  of
embryo sac

Starch grains in
mature embryo
sac

MNumber and fu-
sion of polars

Antipodals

Nature ol endo-
sperm

Endosperm  hau-

storia

Development  of
embry o

Basal cell of
embryo

Nature of fruit

Seed (internal
morphology)

RANALES

M AGNOLIALES
Magnolia- Trochodendra-
ceac* ceae

1.2 or more Several to 1

Crassinuceliate,
bitegmic

Crassipuceliate,
hitcgmic

One

Linear

Polygonum type

Absent

2 polar nuelei
{use beforc fer-
tilization

3 cells, small

Cellular, some- Cellular

fimes nuclear

Absent Absent
Onagrad tyre

Divides into a
group of cells ]

Follicle, capsule  Follicle which is

or berry dehiscent or
samaroeid
Rudimentary Spatulate  type

type; some-
times of the
linear typs

Cercidiphylla-
ceae

Muny

Crassinucellate,
bitcgmic

One

Linear
Polygonum type

Absent

2 polar nuclet

fuse before fer-
tilization
3 cells, simal’

" Celiular

Absent

Enlarges but
does not
divide

Cluster of 2-6
lollicles

ANNOMALES
Annonaceae

Many to one

Crassinucellate,
bitegmic

One

Linear

Polygonum type

Present

2 polar nuclei fus:

before fertiliza-
tion

3 cells, smail
Cellular

Absent

Onagrad type

Divides into a
group of cclls

Etacrio

Linear type

*Includes available information on Winteraccae and Degencriaceac. Yacant colmnns
mean ng information available so fac,
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TABLE SB—COMPARISON OF EMBRYQLOGICAL CHARACTERS OF MONIMIA-
CEAE, LAURACEAE AND MYRISTICACEAE QF RANALES

ENGLER & PranTL, 1930
HuTtcHinson, 1926

Anther wall
Anther tapetunt

Division of pollen mother celis

Number of nuclel in mature
pollen grain

Pollen grains single or united

Number of germ pores tn pollen
Egrain

Ovary

Number of ovules
& Ovule

Number of archesporial cells

Nature of megaspore quartet

Decvelopment of embryo sac

Starch grains in mature embryo
540

Number and fusion of polars
Antipodals

Nature of endosperm
Endosperm haustoria
Development of entbryo

Basal cell of embryo
MNature of fruit

Seed (internal morphology)

* Includes avaitable information

information available so far.

RANALLS

LAURALELS

Menimiaceae*
(Sensu lato)
Bailey & Swamy
{1948, 1949)
Erdtman (1945,

1952)

Money, Bailey &
Swamy (1950)
5-6 layered

Sccretory type

Simuitancous
3

Single, rarely unit-

ed in tctrads

Non-aperturate or
2 {-3) sulcate or

monocolpate
Usually apocar-
pous
One
Crassinucellate,
bitegmic
Celiular

Drupaceous

Lauraceae

Erdtman (1952)
Johansen {1950)
Schnar! (1931)
Schrocder (1952)
Stern (1954)

Sastry (1956, 1958)

4-5 layered

Myristicaceac

Erdtman (1952)
Joshi (1946)
Schnarf (1931)
Voigt (1888)
Sastry (1955b)

S-layered

Secretery or amoe- Scerctory type

boid
Successive
2

Single

Non-aperturate

One

One

Crassinuceilate.
bitegmic

Onc or severaf

Linear

Polygonum type

Absent

, 2 polar nuclei fuse

Successive
3

Single

1-sulcate

One
Crassinucellate,
pitegmic

before lertilization

3 nuclei or cells,
inconspicuous

Nuclear

Abscnt

Nuclear
Absent

tn Amboreliaceae.

Piperad or Asterad
or Onagrad type

Divides into a
eroup of cells

Bacenie or
Drupaceous

Fleshy, dhiding
by two valves

Yacant columns mean no
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TABLE  5C — COMPARISON OF

EMBRYOLOGICAL

CHARACTERS OF

RANUNCULACEAE, CERATOPHYLLACEAE AND NYMPHAEACEAE OF RANALES

EnGiLir & PranrL, 1930
Hurctiinson, 1926

Anther wall

Anther tapetum

Division of pollen mother cells

Nuniber of nuclei in mature pol-
len grain

Pollen grains single or united

Numbser of germ pores in polien
grain

Ovary .

MNumber of ovuls
Ovule

Nuwmber of archesporial cells
Nature of megaspore quartet

Development of embryo sac
Starch grains in  mature
embryo sac

Number and fusion of polars

Antipodals
Nature of endosperm

Endosperm haustoria
Developnent of embryo
Basal cell of cmbryo

Nature of fruit

Seed (iffernal morphology)

Ranun:ulaceae
Coulter (1898)
tarle (1938)
Erdtman (1952)
Hafliger (1943)
Johansen (1950)
Muartn (1946)
Motticr (1895)
Schnart (1931)
Singh (1936)
Soueges (1934)
4-Javered
Secrclory type
Simultancous
2,3

Single

(2-)3-colpate

Apocarpous

Numerous

Crassinucchiate,
rarety tenuimuce!-
fate, uni-or
bitegmic

Several or 1

Lincar, T-shaped,
oblique T-shaped

Pohyxgenum type

Absent

2 polar nuclei fuse
before fertilization
3 cells, large
Nuclear

Absent

Onagrad type

Divides inte a
group of cells

Bunches of folli-
cle or dry achen-
es or berry

Rudimentary type,
sometimes of the
tincur type

RanatrLes
Ceratophylliceae
Dahlgren (1927)
Erdtman (1952)
Johansen (1950}
Schnarf (1931)
Strasburgher(1902)

4-layered
Amoeboid type
Successive

2

Single
Non-aperturate
One

Onc
Crassinuecilate,
unitegmic —

/

-

One

Linear, T-shaped,
oblique T-shaped

Polygonum type

Present

2 polar nuclei fusc
before fertilization
3 cells, sinall
Cellular

Absent

Asterad type
Divides into a

group of cells
Nut

Yacant columns mean no information available so far.

Nymphaeaceae
Cook (1902, 1906,
1909)
Dahigren (1927)
Erdtman (1945,
1952)
Johansen (1950}
Murtin (1946)
Schnartf (1931)

Secretory type
Stmultaneous
3

Single, rarely unit-
ed in tetrads
Usually 3-coipate

Apocarpous
Syncarpous
Many to one

or

 Crassinuceilate,

bitegmic

1 or severa]
Linear

Polygonum iype
Present

2 polar nuclei luse
belore fertlization
3 cells, smail
Cellular,
Helobial (7
Chalazal hausto-
rium present
when celtular
Asterad type
Divides into a
group of cells
Indchiscent  ped
or spongy berry

Broad type
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TABLE 5D-—-COMPARISON OF EMBRYOLOGICAL CHARACTFRS OF BERBER]-
DACEAE, LARDIZABALACEAE, MENISPERMACEAE AND CALYCANTHACEAE

ENGLER & PRANTL,
1930

HurtcHiNnsoN, 1926 Berberida-

Anther wall
Anther tapetum

Division of pollen
- mother cells

Number of nuclei
in mature pollen
grain

Poilen grains
single or unifed

Number of germ
pores in pollen
grain

Ovary

Number of ovules

Ovule

Number of arche-
sporial cells

Nature of mega-
spore quartet

Deveiopment  of
embryo sac

Starch grains in
mature embryo
sac

OF RANALES

RANALES

BERDERIDALES
Lardizaba-
laceae

Clark (1923} Erdtman (1952)

Dahlgren (192"!) Schnarf (1931)

Erdtman (1945, Swamy (1953)
1952)

Johansen (1950)

Johri (1935)

Martin (1946)

Mauritzon {1936)

Schnarf (1931)

5-6 layercd

ceae

S-layered

Secretory type Secretory typs

Simultaneous Simuitaneous
2 2
Single, some- Single

times united in

tetrads
3-colpate 3-colpate -
One Arocarpous
Few to Numerous  or
NUMErQus solitary
Crassinucellate, Crassinucellate,
sometimes bitegmic
tenuinucellate,
bitegmic
One One
Linear Lincar

Poiygonum type Polygonum type
A

Present Absent

Menispet- RosALEs
maceae Calycantha-
ceae

Erdtman (1952) Erdtman (1945,

Joshi (1937, 1952)
1939) Schnarf (1931)

Joshi & Raman

Rao (1933)

Martin (1946)
Sastri (1954a, b)

5-layered

Secretory type Sccretory tvpe

Simultaneous Simultaneous
2
—-'"/’.J 7
Single Sirigle, sometimes

united in tetrads

i

3-colpate or 2-3-sulcate

J-colporate

Apocarpous Apocarpous
Two 1o 1 Sclitary  or 2,

superposed

Crassinucellate, Crassinucellate,
bitegmic bitegmic

One One to several
Linear Linear

Polygonum type Polygonum type

Absent o
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TABLE 5D ( Contd. )

ENGLER & PRANTL
1930

RanaLers

Hurcainson, 1926 Berberida- BERBERIDALES Menisper- ROSALES
ceae Lardisaba- maceae Culycantha
laceac ceae
Number and 2 polar nuclet 2 polar  nuclei 2 polar  nuelei
lusion of polars fuse before {use belore fer-  fuse before fer-
fertilization lization tilization
Antipodals 3 cellg, large 3 cetls, small 3 cells, small 3 smail
Nature of c¢ndo- Nuclear Ccllular Nuclear Cellular
sparm
Endosperm haus- Absent Absent Abscnt
toria
Development of Onagrad type Onagrad type
embryo
Basal cell of Divides into a Divides into a
cmhryo group of cells group of cells
Nature of fruit Berry or capsute  Fleshy, indehis-  Drupaccous Achene
cent or dehis-
cent
Sced  (interpal  Usually  linear Usually linear
morphology) type; somelimes type; some-
spajulate or times spatu-
rudimentary late type e

tvpa

Vacant columns mean no information available so far,

SUMMARY

In several important systems of classification the Crassulaceae is placed
in Rosales, closely adjacent to Saxifragaceae. Hutchinson includes Cras-
sulaceae and Saxifragaceac in Saxifragales under Archichlamydeae. A
comprehensive investigation on six taxa of Sedum (Crassulaceae) supplemented
by available literature on the embryology of Crassulaceae was made with a
view to find out how embryological characiers can be used in determining the
relationship of this family to such closely allied families as the Saxifragaceas,
Podostemaceae and Hydrostachyaceae. Bessey places the Rosales close 10
the Ranales. Hutchinson regards the Saxifragales as herbaccous groups
closely connected with the Ranales but slightly more advanced. The embryo-
logical characters of Ranales and Saxifragales have also been compared.

It is seen that the Crassulaceae resembles Saxifragaceac in a number of
embryological characters which indicate that the Crassulaceae and Saxi-
fragaceae are closely interrelated.  Furthermore, a survey ol embryological
characters shows that from an evolutionary point, the Saxifragaceae are more
advanced than the Crassulaceae.
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Podostemaceae and Hydrostachyaceae which are usually placed very
close to the Crassulaceac resemble the latter in a number of embryological
characters. Crassula agquatica has a mode of lile somewhat similar 1o Podo-
stemaceae.

A comparison of the important embryological characters of Crassulaceae,
Saxifragaceae, Podostemaceae, Hydrostachyaceac and the various families
of Ranales has been made. It is significant to find that the Crassulaceae and
Saxifragacecac have a number of embryological characters in common with
different families of Ranales, thus supporting the views ol Bessey and Hut-
chinson.

ACKNOWLEDGEMENTS

Sincerc appreciation and grateful thanks are extended to Professor Harlan
P. Banks of the Cornell University, under whose capable guidance this study
was executed. His patient interest, constructive criticism and advice are
decply appreciated. Thanks are also due to Professor P. Maheshwari for
having initiated the author into this field of systematic embryology and for
his kind cncouragement and valuable suggestions during the course of the
embryological studics.

LITERATURE CITED

AsaNa, J. 3. & Apania, R D. 1947, Contributions to the cmbryology of the Annonaceae.
Bombay Univ. J. B 16 : 7-21, 7

BalLEY, |. W. 1949, Origin of the angiosperms | need for a breadenced outlook. J. Ariold
Arbor, 30 : 64-70. s

Baitey, [. W. & Nast, C. G. 19434, The comparauve morphology of the Winteraceae, L.
Pollen and stamens.  J. Aruedd Arbor. 24 @ 340-346.

Barky, 1. W, & Nast, C. G, 1943b. The comparative morphology of the Wintcraccae,
1i. Carpels. J. Arnold Arbor. 24 : 472-481.

Baitey, 1. W. & Nast, C. L. 1945, The comparatisve morphology of the Winteraceae, VIl
Summary and conclusions. J. Arnold Arbor. 26 ; 3747,

BaiLky, 1. W. & SmitH, A, C. 1942, Degencriaceae, a new family of flowering plants from
Fiji. J. Arnold Arbor. 23 : 356-365.

Bariey, I, W, & Swamy, B. G. L. 1948, Amborella trichopoda Baill., a new morphological
type of vesselless Dicotyledon, J. Arnold Arbor. 29 @ 245-234,

Bamiy, | W. & Swamy, B. G. L. 1949 The morphology and rclatonships  of
Austrobaileya, J. Arnold Arbor. 30 @ 211-226,

BAaMBACIONI-MEZZETTI, V. 1935 Ricerche morfologiche sulle Lauraceae. Lo sviluppo
deil’ovulo dei sacchi pollinici nel Lawrus nobilis L. Ann. Bot,, Roma 21 : 1-19,

BenTiAaM, G. & Hooker, J. D. 1862-83.  Genera Plantarum (Lovell Reeve & Co., London).

Bessey, C. E. 1915, The phylegenctic taxonomy of lowering plants.  Anun. Mo, bot. Gdn
2 108-164.

CAnriGHT, 1. E. 1952, The comparative morphology and relationships of the Magnolia-
ceae. 1. Trends of specialization in the stamens. . dwier. J. Bor. 39 ; 484-497.

CANRIGHT, J. E. 1953, The comparative morphology and relationships of the Magnoliacéne.
. Significance of the pollen. Phyronwrphology 3 1 355-365,



175

EMBRYOLOGY IN RELATION TO SYSTEMATIC BOTANY 109

Canmicnt, J. E. 1955, The phylogenetic significance of the foral morphology and seedling
anatomy of the Annonuccae. Yearb, Amer. phil. Soc. : 158-160.

CANRIGHT, J. E. 1959.  Phylogenetic importance ol the stamens and poflen of the Annonaceae,
Proc. 11th Ine. bot, Congr, Montreal, 2, 2A.

CLark, L, 1923, The embryogeny of Pedoplvllunt peliatum. Ming. Stud. Pl Sci. V11126,

Coox, M. T. 1902, Devclopment of the embryo sac and embryo of Castalin odarata and
Nymphaea advena.  Bull. Torrev bor. C{. 29 ; 211.220,

Cook. M. T. 1906. The embryogeny of some Cuban Nymphacaceae.  Bor. Guz. 42 : 376-392,
Cook, M. T. 1909, Notes on the embryology of the Nymphacaceae., Bot. Gaz. 48 ; 56-60,

Cornrr, E. ). H. 1949, The Annonaccous seed and its four integuments.  New Phytol,
48 : 132-364.

Correa, I. P. 1958, Morphological and embryological studies in Loranthacese-Viscoideae
Ph.D. Thesis, Dethi Uaiy.

CouLTER, 1. M. 1898, Contribution to the life history of Rawunenlus. Bor. Gaz. 25 : 73-88,

CRE'Té, P. 1946a. Embrvopénie des Crassulacées. Dévcloppemem de l'embryon chez le
Cofytedon umbificus L. C. R. Acad. Sci,, Paris 222 1 1311-1313.

Curivk, P. 1946b. Fmbryogénie des Crassulacées. Développement de " afbumen et formation
des haustoriums cher e Conledon umbilicns L. C. R, Acad, Sci., Puoris,
222 ; 1454-1455,

DaHLGREN, K. V. O. 1927. Uber das Vorkommen von Stirke in den Embryosicken der
Angiospermen.  Ber. disch. bat. Ges. 45 @ 374-384.

DaHrGreN, K. V. O. 1928, Hakenformige Leistenbildungen bei Synergiden. Ber. disch.
hot. Ges. 46 1 434-443,

DaHLGREN, K, V. O, 1930. Zur Embryologie der Saxifragoideen. Svensf_cjpl;?t‘dsk‘ffﬂ:
429-448, -

DartGren, K. V. O. 1938, Hakenbiidungen bei Synergider}:Mi;'k bot. Tidskr, 32 1 221-237,

DAHLGREN, K. V. 0. 1939, Sur la presénce d"amidon dans Je sac embrvonnaire chez les
Angiospermes.  Bar. Notiser: 221-231.

Doat, S, N, 19584, Morphological and embryological studics in the family Loranthaceae—
W, Amyverma Van Tiegh.  Phytomorphology 8 1 346-364,

Dixir, 8. N. 1958b. Morphological and ¢mbryological studies in the family Loranthaceae —
V. Lepcastegeres genunifforus (Bl) Bl Phyrameorphology 8 : 365-376.

Earcg, T. T. 1938. Embryology of certain Ranales.  Bot. Gaz. 100 : 257-275,

ENGLER, A. & Diels, L. 1936, Syllabus der Pflunzenfamilien. Aufl. 11 (Gebriidet
Bornteiiger, Berlin).

ErnTMAN, G. 1945. Pollen morphology and plant taxonomy. V. On the occurrence of
tetrads and dyads. Sveisk bhoi, Tidskr. 39 : 286-297.

ErprMan, G. 1952, Pollen morphology and plant taxonomy. (Almgvist & Wiksell,
Stockhotm).

Faceruinn, F. 1945, Bildung und Entwicklung dcs Embryosacks bei sexuellen  uwnd
agamospermischen Balanophora-Arvten. Svenask bor. Tidshr. 39 : 65-82.

Hiruger, E, 194). Zytologisch-cmbryologische Untersuchungen  pseudogamer Ranunkeln

. der Auricomus-Gruppe. Ber. schweiz. bot. Ges. 53 : 317-382,

HaLLEr, H. 1912, L'origine et le systéme phylétique des angiospermes.  Arvch. aderd.
Sei. 11 146-234, -

Hamsonn, B. L. 1937, Development of Podosteman ceratophyllum.  Bull. Torrey bot. Cl,
64 : 17-36.

Herg, J. M. 1954, The development of the ovule and female gametophyte in Tiarella
cordifolia, Amer. J. Bot. 41 : 333-338.



110 SYMPOSIUM ON PLANT EMBRYOLOGY

d'HuserT, E. 1896. Recherches sur le sac embryonnaire des plantes grasses. Amn,  Sef.
Hat. 2+ 37-128.

Hutcinson, J, 1926, The familics of flowering plants, Dicotyledons 1 (Clarendon Press,
Oxford).

JoHanseN, D. A. 1950. Plant embryology (Chronica Botanica, Waltham, Mass., U. 8. A).

Jourr, 8. M. 1935, The gametophytes of Berberis nepalensis Spreng.  Proc. Indian Acgd.
Sei. B 1 : 640-649.

Josui, A. C. 1937, Contributions 1o the embryology of the Menispermaceac V. Coceylus
vitfosus DC,  Proc. Indian Acad. Sci. B 3 57-63.

Jostr, A. C. 1939, Morphology of Tinospora cordifolia with some observations on the 0.1.-igin
of the single integument, nature of synergidac and affiinities of Menispermacege.
Amer. J. Bot. 26 : 433-439,

Josui, A. C. 1946, A notc on the development of pollen of Myristica fragrans Yan Hovsten
and the affinities of the family Myristicaceae. J. fndian bot. Soc. 25 1 139-143.

Joshr, A, C. & RamaN Rao, B, V. 1935, A study of microsporogenesis in two Menisper-
maceae. Cellufe 44 : 221-234,

Kausik, 3. B. 1938, Polien development and seed formation in Utricularia corrideg 1,
Beik. bot. Zbl, 58A : 365-378. ,

Khan, R. 1954, A contribution to the embryolegy of Utricularia flexiosa Vahl.  Phytoyor.
phology 4+ 80-117.

Magnus, W. 1913, Die atypische Fmbryosackentwicklung der Podostemaceen.  fiprq,
Jena 105 : 275-136.

MantsHwARL, P. 1945, The place of angiosperm embryology in rescarch and teaching
J. Indian bot. Soc. 24 : 25-41,

Manestwari, P, 1950. An introduction to the embryology of angiosperms
{ McGraw—Hill Book Co., Inc., New York).

Manzsuwarl, P., Jours, B, M. &lem', S. N, 1957, The floral morphology and embryo..
logy of the Loranthoideae (Loranthaceae). J. Madras Univ, Centenary Nunpber
27B :121-136. P

Manewal, W, E. 1914, The development of Magnolfa and Liriedendron. including a dig.
cussion of the primitivencss of the Magnoliaceae.  Bot, Gaz. 57 1-31.

MAaRTIN, A. C. 1946, The comparative internal morphology of secds,  Amer. Midl, ngr.
36 : 573-660.

MauriTzon, J. 1930. Beitrag zur Embryologie der Crassulaceen.  Bot. Notiser : 233250

MauriTzon, J. 1933a.  Studien Uber die Embryologie der Familien Crassulaceae ypd
Saxifragaceae. Diss. Lund.

Mavrrtzow, 1. 1933b. Uber die systematische Stellung der Familien Hydrostachyaceae
und Podostemonaceae. Bot. Notiser @ 172-180.

MAURITZON, J. 1936, Zur Embryologic der Berberidacecn. Acta hort. gothoberg. 13 -
1-18.

MAURITZON, J. 1939, Contributions to the embryology of the orders Rosales and Myrtales,
Acta Univ, Lund. 2 : 1-120.

Money, L. L, Baiky, L. W. & Swamy, B. G. L. 1950. The morphology and relationships
of the Monimiaceae, J. Arnold Arbaer, 31 : 372-404.

Motmier, D. M. 1895. Contributions to the embryology of the Ranunculaceae. By
Gaz. 20 : 241-248, 296-304.

Naravana, R. 1958a. Morphological and embryological studies in the family Loranthacege—
II.  Lysiana exocarpi {Behr.) Van Tieghein Phytomorphology 8 : 146-168,
NarAYaNa, R. 1958b, Morphological and embryclogical studies in the family Loranthaccge—

HI. Nuysia floribunda (Labill) R, Br,  Phytomorphology 8 ; 306-323.



EMBRYOLOGY IN RELATION TO SYSTEMATI(C BOTANY 11l

Nast, C, G. & Baiey, I, W, 1945, Morphology and relationships of Trochedendron and
Tetracentron, 11, Inflorescence, flower and fruit. J. Arnold Arbor. 26 : 267276,

Pariwar, R. L. 1956, Morphological and embryological studies in some Santalaceac.
Agra Univ. J. Res. (Sci ) 5: 193-284.

Paim, B. 1915, Studien iber Konstruktionstypen und Entwickiungswege des Embryosackes
der Angiospermen. Diss. Stockholm,

Periasamy, K. & Swamy, B. G. L. 1956, The conduplicate carpel of Cananga odorata.
J. Arnold Arbor. 37 : 365-372. :

Periasamy, K. & Swamy, B, G, L. 1959, Studies in the Annonaceae—I. Microsporogenesis
in Cananga adprata and Milivsa wightiana.  Phytomorphoiogy 9 1 251-261,
Raguavax, T. 8. & Srivivasan, V. K. 1942, A contribution o the life history of Vghlia

viscosa Roxb. and  Vallia oldenlandivides Roxb. Proc. Indian Acad. Sei,,
B 15 : 83-105,
RaMm, M. 1957. Marphological and embryological studies in tbe family Santalaceag, 1—
Comandra umbellata (L) Nutt. Phyromorphology 7 : 24-35.
M. 1959a. Morphological and embryological studies in the family Santalaceae, 1j—
[“xocarpus, with a discussion on its systematic position.  Phytomorphology 9 : 4-19,

Ram,

Ram, M. 1959b. Qccurrence of cmbryo sac like structures in the microsporangia of
Leprameria biflardierii R. Br.  Nawre, Lond, 184 : 914-915.

Razi, B. A. 1949. Embryological studies of two members of the Podostemaceac.  Hor.
Gaz. 111 : 211-218.

RENDLE, A. B. 1952. The classification of flowering plants, Dicotyledons, Il (University
Press, Cambridge). )

RoMpacH, §. 1911, Die Entwicklung der Samenknospe bei der Crassulaceen. Rec. Tragv.
bot. neéerl. 8 @ 182-200. -

Rumwavsen, A 1037 Blidenmorphalogische wind Cytolagischie Tinte rsochamgaT ay der
Viscoideen Korthals-lla opuntia Morr. und -Ginalloa linearis Dans.  Ber. scfweiz
bot, Ges, 47 : 5-28.

Sastri, R, L. N. 1954a, Development of the embryo of Cocenlus viflosus DC.  Curr.
Sei. 23 ; 187-188.,

Sastri, R. L. N. 1954b. Embryological studies in Menispermaceae 1. Tiliacora rocemosa
Colch.  Proc. nat. Inst. Sei. India 20 : 494-502.

SasTri, R. L. N. 19553, Development of the embryo of Polyalthia longifolia Hook, f. &
Thoms.  Curr. Sci, 24 ; 51,

Sastri, R. L, N. 1955b. Structure and development of nutmeg seed. Curr. Sci. 24 :
172-173,

Sastri, R, L. N. 1956, Embryo sac haustovia in Cassytha filiformis Linn. Curr. Sct, 25 :
401-402.

SasTr1, R, L. N. 1957a. On the division of pollen mother cells in some Annonaceas, Sei,
& Cult. 221 633-634.

Sastri, R. L. N. 1957b. The vascularization of the ovules in  Succopetalum tomentosum
H. f.and T. Curr. Sci. 26 : 183.

Sastri, R. L. N. 1958. Studies in Lauraceae 1T, Embryology of Cimnanomum and Litseq.
& Indian bor. Soc. 37 : 266-278.

ScuNARF, K. 1931, Vergleichende Embryologie der Angiospermen (Gebriider Borntriger,
Berlin),

ScHroeDERr, C. A, 1952, Floral development, sporogenesis and embryology in  the
Avocado, Persea americana.  Bot. Gaz. 113 : 270-278.



112 SYMPOSIUM ON PLANT EMBRYOLOGY

SmeGit, B. 1936, The life history of Ramumcilus seleratus Linn,  Proc. Indian Acad. Sci.
B4:7594].

Soukces, R. 1925, Embryogénic des Crassulacées. Développement de I'embryon chez
le Sedum acre L. C. R. Acad. Sci.. Paris 181 @ 521-522.

Soukces, R. 1927. Déve!oppcmcnt de'T'embryon chez lo Sechm acre L. Bull. Soc. bot.
Fr. 74 ; 234-251. )

Soukcrs, R. 1934. Titrcs el travaux scientifiques, (Audré Brulliard, Saint-Dizier).

SoukGes, R. 19362, Modifications au tableau récapitulatif des lois de développement chez

le Sechm aere L. Le type embryonomique de cette espéce chez les autres Crassulacées.
Bull. Soc. bot, Fr. 83 : 13-18.

Soukces, R. 1936b. Embryogénic des Saxifragacées, Développement de I'embryon chez
le Saxifraga granulata L. C. R. Acad. Sci., Pavis 202 : 240-242.

Soukces, R. 1936c. Les relations embryogéniques des Crassulacées, Saxifragacdes et
Hypéricacées. Bull. Soc. bot. Fr. 83 : 317.329.

Stern. W. L. 1934, Comparative anatomy of xylem and phylogeny of Lauracese, Trop.
Woods 100 : 1-72.

STRASBURGER, E. 1902. FEin Beitrage zur Kenntnis von  Ceratophyllum submersimn und
phylogenetische Frorterungen.  Jb. wiss, Bor, 37 1 477-526.

SusraMaNyAM, K. 1955, Morphological studies in some specics of Sedumn. Ph.D. Thesis |
Cornell Univ.

Swamy, B. G, L. 1949. Further contributions to tbe morphology of the Degeneriaceac.
J. Arnold Arbor. 30 @ 10-38,

Swamy, B. G. L. 1952, Some aspects in the embryology of Zvgogyrum bailloni. Proc,
nat, fust. Sci., India 18 : 399-406.

Swamy, B.G. L. 1953, Some observations on the embryology of Decaisnea insignis
Hook. ct Thoms, Proc. nat. Inst. Sci., India 19 1 307-310.

Swamy, B. G.L. & Baney, [. W, 1949, The morphology and relationships of
Cercidiphylffum.  J, Arnold Arbor, 30 : 187-210.

Treus, M. 1883. Notes sur I'embryon, le sac embryonnaire et I'ovule. 1. J—’ﬂ‘@lm grandis,
2. Avicenmia officinalis,  Amn. Yurd. bot. Buitenz. 3 : 77-87,

VoigT, A. 1888. Untersuchungen iiber Bau Entwicklung Samen Mit Ruminieriem
Endosperm aus den Familien der Palmen, Myristicaceen und Annonacen,  Ann,
Jard, bot. Buitenz. 7 1 151-190.

WarMING, E. 1882, Fumilien Podostemaceae Swadien 1! Afh. IV, Fruktifikation-
sorguncene hos Podostemon eeratophylfivn Michx., Mniopsis weddeliana Tul. og
Glazioviana Warming, Dicraea elongata Tul. og algaeformis Bedd. og  Castelnavia
principes Tul. et Wedd., K. danshe vidensk. Selsk. 3 : 56-38.

WrINT, F. A, F. C. 1909. The development of the ovule, embryo sac and egg in Podoste-
maceae.  Ree. Trav. bot. néeri. 51 1-16.

WEnT, F, A, F. C. 1910. Untersuchungen iiber Podostomaceen, [, Verh. Akad. Wet.
Amst. 11, 16 (1),

WENT, F. A. F. C. 1512, Untersuchungen iiber Podostomaceen. 1. Verh. Akad. Wet.
Amst. 11, 17 (2).

WeNT, F. A, F. C. 1926, Untersuchunaen iiber Podostomaceen, 1L Verh. Akad. Wet
Amst. 11, 25 (1).

WENT, F. A. F. C. 1929. Morphological and histological peculiarities of the ( Podoste-
maceace. Proc. fmt. bot. Conpr. Ithaca. N.Y. 1 351-358,

WETTSTEIN, R. 1935, Handbuch der systematischen Botanik., (Franz Deuticke, Wien &
Leipzig).

WiGains, 1. L. 1959. Development of the ovule and megagametophyte in Saxifraga hieraci-
Solia.  Amer, J. Bor. 46 ; 692-697.



The Embryo of Monocotyledons :
A Working Hypothesis from
a New Approach

B. G. L. SWAMY
Department of Botany, Presidency College, Madras

*In the early stages of development, the proembryo stages. the embryos
of dicotyledons and monocotyledons lollow similar sequences of cell division,
and both become cylindrical or club-shaped bodies. The difference in develop-
ment becomes evident when the formation of the cotyledon begins. In the
absence of a second cotyledon the monocotyledon embryo does not became
two-lobed at the distal end...,” This quotation from Esau (1960) accuratcly
sums up our contemporary understanding of the refationships of the mong-
cotyledonous and dicotyledonous embryos.

1f the early stages of embryonal development in the 1wo groups of angio-
spermous {axa are alike, then at what precise step and in what manner does
the divergence manifest itself ? Adequate answers to such queries have not
yet been put forward.

Leaving aside those plants where the first division of the zygote is eilher
by a vertical or oblique wall (such instances being rare) the partition wall
is laid down in a transverse plane in the large majority of angiosperms, thus
giving rise to a superposed arrangement of the daughter cefls.  Of these, the
cell that is nearest the micropyle is the basal cell (conventionally designaied
¢b) and the one that is away fromn the micropyle is the terminal cell {conven-
tionally designated eq). During the division of these cells the wall 1s laid
down gencrally in transverse or in longitudinal plane. The subsequent mode
of segmentation and behaviour of the daughter cells of the basal cell (ch)
are variable; on the other hand, the ontogenetic sequences in the daughter

__cells of the terminal celt (ca) are more stabilized. Tn the four-celled proembryo
the cells are generally arranged cither in a linear row (Fig. 1 A) or in a T-shaped
manner in which the daughter cells of the terminal tier are adjacently placed
in a single tier (Fig. | B ).

In the lincar kind of four-celled proembryo, the superposed daughter
cells of ¢« first divide by a vertical wall, and the resulting cclls again by another
set of walls in the same plane but oriented at right angles to the previous

PE. .8
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partition. Thus, a body of eight cells (octant) is formed in which the cells
are arranged in two superposed tiers (fand /') of four cells each; the compon-
ent cells of each tier conform to the isobilateral plane of construction (Fig. 1 C).
The formation of the octant stage in a T-shaped procmbryo follows either
of the two courses as follows: (i} The adjacently placed cells divide by a ver-
tical wall that is at right angles to the previous partition, thus giving rise to
a four-celled tier. These cells undergo the next division by transverse walls,
thereby producing the octant stage. The component cells thus become dis-
posed in two superposed tiers (7 and /') of four cells each. The end preduct
resembles the octant derived from the linear type of four-celled proembryo
(Fig. 1 D). (ii) The first division of the adjacently placed cells results in
a four-cclled tier as described for the previous course (Fig. 1 E). The next
division in each of the cells is accompanied by the deposition of a wall in the
periclinal plane. Thus an octant is produced in which an axial group of
four cells becomes confronted peripherally by their sister cells (Fig. 1 F).

Thus. in the angiosperms in general, two typss of octant configurations
are seen irrespective of the category of the four-celled proembryo from which
they are derived : (i) the component cells are disposed in two superposed tiers
of equal number of cells in each tier. and (ii) all the cight cells are disposed in
a single tier.  The diverse methods through which the octant stage is reached
is also common to both monocotyledons and dicotyledons. In this respect
the embryos of these two groups of flowering plants bear obvious sintilarity
until the attainment of the octant stage. At this stage of embryogencsis the
destinations of the component cells become determined, thereby laying the
foundation for {uture histegenesis and morphogencesis,

The share contributed by the derivatives of the basal and terminal celis
of the two-celled proembryo toward the construction of the mature embryo
is highly variable in angiosperms. In fact, the relative guantum of cells and
tissues produced by these two cells has formed one of the major criteria for
the delimitation of the presumed types of embryogenesis (see Johansen, 1950).
At onc end of the gamut of variability are the embryos wherein both the
basal and the terminal cells contribute a somewhat equal share, while at the
other end stand those embryos wherein the whole of their body is built solely
by the derivatives of the terminal cell, the basal cell persisting as a suspensor.
In all cases, however, the ultimate tier of the octant (if the component cells
are disposed in two ticrs) or the entire plate of octant cells functions as the
seat of origin and differentiation of the cotyledons as well as of the shoot
apex {epicotyl); frequently the function is shared by the terminal and sub-
terininal tiers, the former engendering the shoot apex and the latter engender-
ing the cotyledons. Therefore, in the dicotyledons as a whole, the ultimate
tier of the octant or the octant itself may be looked upon as the telescoped
shoot system of the plant.

Two methods of initiation of the shoot apex are generally encountered
amongst the dicotyledons irrespective of the disposition of the octant cells:
(i) directly from a group of cells of the terminal tier (Fig. 2 A), and (ii) through
the formation of an epiphysis which in turn functions as the initial (Fig. 2 B).
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two very different ontogenetic courses of the octant, the courses being specific
to the taxon. Thus, what would have engendered a pair of lateral seed leaves
(i.e. cotyledons) and terminal shool apex in the dicotyledons develops into a
single terminal cotyledon in the monocotyledons. The shoot apex in the
latter group of plants. however, has been consistently described as arising from
a lateral locus in the subterminal tiers, 7z or {” (Fig. 4). Tt is rather disappoin-
ting that in spite of the carefully documented studies on embryogenesis of
angtosperms that have become available, very little attention has been devoled
to the origin and early ontogeny of the cotyledons and of the future epicoty-
ledonary part. Most contributors have contented themseives by giving a
rough idea of the rcgions of the proembryo cngendering the cotyledons.
There are. however, a few investigators who have painstakingly and meti-
culously followed the detailed development of the cotyledons (Noll, 1935;
Steffen, 1952; some contributions of Souéges and of his pupils).

In the dicotyledons, the initials of the stem apex and of the cotyledons
are delimited at the octant stage itself. After the formation ol dermatogen
{protoderm) in the terminal. somewhat hemispherical tier (Fig. 3 A), the inner
derivatives (the cotyledonary initials) divide by periclinal walls, thereby de-
limiting the outer mc¢ and the inner sy (Fig. 3 B).  Anticlinal divisions follow
in the outermost and in the middle layers; divisions in the cell sy are essentially
in the periclinal plane. As-.a result, the derivatives of the dermatogen, me
and nrv give rise respectively to the epidermis, periblem and plerome of the
cotyledons (Fig. 3 C, D). Due to this mode of growth, the cotyledonary pri-
mordia become raised above the level of the shoot apex initials {Fig. 3 D, E).
The latter group of cells remains relatively quiescent, or if the cells divide,
the divisions are few and the walls laid down are essentially in the anticlinal
planc. In cither case, the cotyledonary primordia grow in diverging direc-
tions and the terminal part of the embryo becomes notched while the embryo
as a whole assumes a heart-shape (Fig. 3 E).

A review of availablc literaturc on the behaviour of the terminal tier in the
monocotyledons leads to the Tegognition of two extreme patterns as follows :

A. Afier the delimitation of eclls corresponding to those of the initials
of the stem apex and cotyledons (Fig. 3 A) the divisions in the latter group
of cells follow the same pattern as in the dicotyledons. The initials of the
‘shoot apex’, however, do not remain quiescent but divide simultaneously
with the ‘cotyledonary * mitials (Fig. 3 F); the planes of cell division also
simulate the pattern occursing in the cotyledonary initials of the dicotyledens.
As a cumulative result, the hemispherical terminal ticr as a whole expands
pari passu;, the general cell alignment in median longisections appears some-
what fan-shaped (Fig. 3 G). The subsequent growth, however, takes place
in the direction of the vertical axis (Fig. 3 H).

B. The carly planes of division in the cells corresponding to the initials
of the shoot apex and cotyledons are predominantly transverse, divisions in
other planes occurring sporadically (Fig. 3 1. J). Thus, from the beginning,
the growth of the terminal tier is caused essentially in the direction of the
proembryonal axis.
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It should be noted that in both the extreme patterns of variahility de-
scribed above as well as in the intergrading kinds the cells corresponding to
the initials of the dicotyledonous shoot apex do not remain quiescent, but
keep pace in meristematic activity with the cells that correspond to the coty-
ledonary initials; in some cases, the bulk of tissue produced by the * shoot
apex initials ' exceeds that engendered by the ° cotyledonary imitials *. How-

B T

Fig, 3 — DEVELOPMENT OF THE TERMINAL TIFR IN DICOTYLEDONS (B-E) ann  MoNO-
COTYLEDONS {F~H)
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ever, it is only in the initial stages of growth that the derivatives of the two
types of initials are likely to be recognized distinetly, because, the borders
merge with one another at later stages. The en bloc derivatives assume the
form of a stub, and the embryo as a whole becomes somewhat cylindric or
spindle-shaped (Fig. 3 H ).

On the basis of available literature, the significant difference in the embryo-
geny of dicotyledons and monocotyledons thus appears to concern the be-
haviour of the hemispherical terminal tier, which is the potential locus of ini-
tiation of the cotyledons as well as of the shool apex. 1In the dicotyledons,
this tier engenders the corresponding structures while in the monocotyledons
it is supposed to devclop into a single cotyledon.

Considerations such as these raise a basic question. Arc we justified
in accepting that all the derivatives of the terminal tier of the monocotyle-
donous oclant as representing a single cotyledon and in asserting that it
occupies a terminal position n the embryo ? Judging from the consensus
of opinion in regard to the homology of octants, it is to be assumed that both
the cotyledonary and stem apical initials beecome involved in the morpho-
logical expression of the so-called “single terminal cotyledon ™. Thus,
it follows that. as compared with dicotyledons, the conventional cotyledon
of the monocotyledons is identical and homologous with the complex of
cells that builds the two cotyledons as well as the shoot system in the former
taxon of angiosperms. The ‘cotyledon’ of the monocotyledons attains
considerable morphological prominence in that it becomes exomorphologically
differentiated into the so-called sheath, lamina, etc. Jrnion-endospermous
sceds it functions as a storage organ and in endospérmous seeds, presumably
as an absorptive organ, the fecder, foot, ov sucker,

A strict adherence to the ourrent opinion necessitates the following argu-
ment : The initials of the shoot apex and of the cotyledons having failed
to produce normal struclures in normal topography. a new functional shoot
meristem has become substituted™in the monocotyiedonous embryo. The
locus of initiation of this meristem has invariably bcen assumed to lie in a
lateral position either in the tier m or {', both tiers being posterior to the so-
called cotyledon (Fig. 4). :

There are, however, stray records of the monocotyledons, wherein the
shoot apex is said to arise from a terminal locus as in the dicotyledons, thereby
contending that both the cotyledons and the stem apex are engendered by a
common group of initials. Such a condition has been recorded by Solms-
Laubach (1878) in Tirnantia and Heterachtia (Commelinaceae), by Campbell
(1897) in Zannichellia (Zannichelliaccae), by Suessenguth (1921) and Goebel
(1933) in Tradescantia (Commelinaceac), by Haccius (1952) in Oftelia (Hydro-
charitaceae) and by Baude (1956) in Strafiofes (Hydrocharitaceae). The
conclusions reached by Selms-Laubach and by Campbell, probably by virtue
of their belonging to a period when the technique of preparation of material
was inadequate and the methodology of the study of embryogenesis had
not become standardized. have failed to appeal to modern embryologists.
Because of the restricted scope of the studies of Siessenguth and Goebel,
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while those of the other school contend that the suppression or abortion of
one of the cotyledons of dicotyledons has led to monocotyledonous condition.
The existing ontogenetic cvidence fails to support cither view. Thus, if it
15 taken 10 be a fusion of cotyledons only, we arc faced with the fact that it
is not a fusion of these two structures alone, but it is an amalgamation of the
two cotyledons plus the shoot apex enclosed between them. 1F it is taken to
be a process of suppression of one of the cotyledons, we are faced with the
problem of discovering the second cotyledon.

A word of comment is necessary in regard to the instances of * mono-
cotyledonous " dicotyledons or of dicotyledons possessing onc normally develop-
ed and the other somewhat ill-developed cotyledons that have often been
adduced as representing transitional stages in the attainment of monocoty-
ledony. That such endeavours are contemporancous is instanced by the
publication of Haccius (1954) on Clayteniu virginica.  Although there appears
te be an apparent plausibility in this type of argument, more complete dis-
cussion is not possible for want of ontogenetic data on the monocotyledons.
However, strictly following the current coucepts, the so-called cotyledon of
the monocotyledons cannot be considered to be the homologue of either
one or boih the cotyledons of the dicotyledons. as the so-calied cotyledor
of the monocotyledons represents the consolid - ted product of three distinet
structurcs, the two cotyledons and the primary shoot apex. Thus, the latent
cotyledonary number in the monocotyledons also should be two,

The salicnt poinis of the foreguing discussion may be briefly stated as
follows ; e

1. In both dicotyledons and monocotyledons thiere is general agrec-
ment in regard to the obviousness ol ontogenetic similarity until the attain-
ment of the octant siage.

2. In both the groups of flowering plants, on the basis of contemporary
undersianding, Lhe initials of the two cotyledons and of the terminally post-
tioned shoot apex are recognizable.

3. In the dicotyledons the derivatives of the concerncd initial cells engen-
der the corresponding structures.  In the monocotyledons, on the other hand,
the derivatives should be considered as having become consolidated into a
morphogenetically sterile structure which has been conventionally identi-
fied as the single terminal cotyledon.

4. In the dicotyledons the cotyledonary initials begin growth early while
those of the shoot apex remain relatively quicscent at least until the cotyle-
douary growth is well ahead. TIn the monocotyledons, on the contrary, the
growth of the * shoot apex initials " and of the * cotyledonary * initials begins
simultancously, the derivative cells soon merging into a single structure.
Therelore, the monocotyledons also should be presumed to possess fundiu-
mentally two cotyledons.

5. Too much reliance on the concept of the monocotyledonous embryo
as possessing a single terminal cotyledon and on the supposed dicotyledonous
ancestry has obscured [undamental homologies and created wholly un-
warranted problems.
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Attention may be drawn at this stage to another feature of the mono-
cotyledonous embryo, a feature that is well recognized and perhaps adds more
flavour to the trend of argument presenied in this paper. This concerns the
radicle part of the embryo. It is this part that matures into the tap root
in the dicotyledons. In the monocotyledons, in general, the radicle never
develops into a permanently functional tap root; in some cases it may remain
active for a certain length of time, in others it may not develop at all. In
either case, a system of adventitious roois develops sooner or later and lakes
on the functions of anchorage and absorption. Thus, in the monocotyle-
dons, just as the primary shoot pole of the embryo has been rendered mor-
phogenctically sterile, the opposite pole also has suffered a similar fate al-
thoughin a lesser and variable degree.  Just as a new functional shoot mzristem
becomes substituted on a lateral side of the embryo, an adventitious system
of functional roots becomes substituted at a relatively lateral position, generally
on the opposite side of the functional shoot meristem.

Wardlaw (1955) has advanced the following working hypothesis : A
fertilized ovum may be regarded as a complex, gene-determined reaclion
system. According to the components of this system and the susiaining en-
vironmental conditions, characteristic chains of reactions will be set in motion,
and the resulting biochemical pattern, or patternized distribution of meta-
bolites, will constitute the basis for the visible morphological and histological
developments.” A consideration of embryogenesis in dicotyledons and
monocotyledons against this background leads 1o the following postulates ; .

The internal as well as external factors and the resulting metabetic gradient
systems operate in such a way as to produce an octant proembryo through
similar means in both dicotyledens and monecotyledens. Presumably as
a consequence of a change in the gene-controlled biological system of gradient
which becomes established at this stage, the consequent ontogeny follows
wholly divergent courses in the two groups. In the dicotyledons, the change
manifests itself in the establishment of an acropetal gradient of decreasing cell
size and in the organization of a group of cells that further differentiate as
the two cotyledons and the shoot apex. Working on the basis of contem-
porary concepts evolved by embryologists, in the monocotyledons, on the
other hand, the establishment of the acropetal gradient should fail to involve
the terminal tier of the octant. Therefore, the very poles that organize the
root and shoot meristems of dicotyledons should be assumed as having been
rendered morphogenetically sterile in the monocotyledons, the terminal pole
more so than the basal pole. As a consequence, the principal seal of growth
and morphogenesis should have become localized in the derivatives of the
subterminal tier, The functional shool meristem becomes organized at such
a pole.

In conclusion, the essential differences between the dicotyledonous and
monocotyledonous embryoes will have to be looked for neither in the number
of cotyledons mor in their topographical relationships, but in the moerphogenetic
potentialities of the primary terminal meristems, especially the one at the
shoot pole. In the dicotyledons these tissues develop into the functional



.

EMBRYO OF MONOCOTYLEDONS | A WORKING HYPOTHES]S 123

oot and shoot systems. In the monocotyledons, on the other hand, the
primary shoot meristem should be assumed to have become sterile and reduced
to a stub-like termination in which are consolidated the derivatives of the
two cotyledons as well; the activity of the terminal root meristem is also
similarly suppressed or is only transitory.
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Forms of Ovules in Euphorbiaceae

R. P. SINGH
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The earlier classification of ovules into threc types. viz. orthotropous,
anatropous and campylotraopous has been modified by Warming (1913) and
Goebel (1933). Maheshwari (1950) stated that mature ovules are usually
of five types. These types are based on the position of the micropyle in re-
lation to the hitlum and chalaza. and that various forms of ovules may
sometimes intergrade into one another, or the same ovulec may undergo various
forms during the course of its development.

Bocquet (1939) has suggested that the classification of ovular forms
should be based on the imtial stages of development of ovules as well as the
position of the vascular strand in the funiculus.  According to hivn, the basic
groups of avule are orthotropous and anatropous. The curvatures which
give rise to campylotropous or amphitropous conditions arc modifications
of these two basic types.

The earlier workers on the family Euphorbiaccae mentiont that ovules
are mostly ana- or hemiana-tropous (see Schnarf. 1931 Banerji & Dutt, 1944
Banerji, 1949, 1951; Singh, 1954; Kapil, 1956). Thathachar (1953), however,
considers that the ovules in Breyuia patens are orthotropeus. None of the
above mentioned workers on the Euphorbi\accac have considered the ovular
forms on the basis of their development, as well as on the nature of the vas-
cular strand in the ovules, @lhe present paper deals with the ovular forms in
Melanthesa rhamnoides® Wt.; Croton bonplandianum Baill. and Trewia poly-
carpa Benth. belonging to the family Euphorbiaccae from the above men-
tioned points of view.

MATERIALS AND METHODS

Flowers and fruits of different stages of Melunthesa rhamaoides and
Croton banplandianum were collected locally while those of Trewia polycarpa
were obtained from Dchra Dun. The materials were fixed in formalin-
acetic-alcohol and stored in 70 per cent cthyl alcohol.  These were dehydrated
and cleared through ecthyl alcohol-xylol series, as well as rer.-butyl alcohol-

LMelanthesa rhamnoides Wt. (syn, Breynia rhammoides Muell. Arg.)
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ethy! alcohol series, and imbedded in paraffin in the usual way. Seclions
were cut 9 to 20p thick and statned in Hetdenhain's iron haematoxylin,
safranin fast green, and crystal violet-erythrosin ¢ombinations.

OBSERVATIONS

In Croton honplandianim a single ovular primordium and in Melanthesa
rhamnoides two ovular primordia arise on the axile piacenia in cach locule of
the trilocular ovary. At their inception, these primordia are placed laterally
at the base of loculus (Figs. 1.2). They are composed of homogcheous mass
of parenchymatous cells, Very soon the curvature starts so that their apices
come o face the apical part of the ovary. The two integuments also make
their appearance and the nuccliar apex begins to grow into a heak-like stru-
cture. In the {ormation of the nucellar beak. the epidermal and the hypo-
dermal cells divide predominently in anti- and peri-clinal planes. The two
integuments grow [urther, the outer grows beyond the inner. but neither
of then is ever able 10 enclose the nucellar beak completely: a micropyle is
thus never formed in these two species.

In Croton bonplandignum the ovular curvature is accompanied by the
shifting ol the position of its attachment region on the placenta. The ovule
arises laterally on the placenta at the basal region of the loculus. The placenta
below the region of attachment of the ovule grows and the latier -is tarried
higher up so that the ovule finally becomes pendulous {Fig. 3). Landes
(1946) also observes that in Acalypha rhemboidea the ovules arise from the
placenta at the base ol the loculi and on account of the more rapid growth
of the basal part of the placenta the attachment region of the ovule is soon
carried upward.

In Melanthesu rhanmoides, on the other hand, the attachment region
of the ovule on the placenta always remains al a lower level in the locules as
the growth of the placenta occurs mostly above this region. Thus. the ovule
in this case is more or less erect and basal (Figs. 7, 8).

In C. bouplandianun the vascular supply 1o the ovule descends suffi-
ciently down through the raphe to reach the chalaza. Thus the buadie in
the raphe and the ventral carpellary bundles run more or less parallel (Fig. 3).
After reaching the chalaza the bundle of the raphe divides into two or some-
times into three main strands which, while ascending through the inner in-
tegument undergo further divisions {Figs. 4-6).

The ovule in M. riamnoides, on the other hand. has an appreciably
broader attachment region. Besides this, the vascular supply to the ovule
also originates in the basal region of the loculus from the ventral carpellary
bundles and ascends more or less obliquely to reach the chalaza (Figs. 7, 8).
There are no integumentary bundles in this plani,

The ovules in these two plants, in spite of having many featurcs in commeon,
such as two integuments, an elongated and curved nucellar beak, the mic~
ropylar end facing the apical part of the ovary, show that their form. as well
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Fias, 1-9—Croton bonplandianem ( en, endosperm: /i, Inner integument; sh, nucellar
beak; oh, obturator; ei, outer mntegument: ev. ovalar primordium: rb, raphe hundie);
Fig. 1. L. 5. part of ovary showing ovular primordium at the buse of the Jocule. Fig. 2.
Melanthese rhanmnoides, L. 5. ovary showing ane ovule primordium in cach locule, Fig. 3, C.
bonplandianun:. L. s. ovule hefore fertilization.  Figs. 4, 3. 6. O honplandiaran. T, s, deve-
loping sced. Figs. 7, 8. AL rhamnoides. L. s. ovule at megaspore tetrad and zygofe stages
respectively. Fig, 9. Trewia pofvearpa, L. s. ovule before fertiliziion.  Vascular supply
is partly reconstructed in Figs, 3, 7, 8 and 9
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as organization and the course of the vascular supply are quite different be-
fore fertilization as well as in subsequent stages of seed development.

Trewia polycarpa, tike C. bonplandianum, possesses a single ovule in cach
locule, but in contrast to the larter its ovules are fused with the placenta al-
most throughout their length with no indication of a definite raphe (Fig. 9).
Duec 1o non-availabilily of the material of earliest stages the development of
ovule in this plant and its actual mode of fusion with the placenta could not
be studied. At the mature embryo sac stage, the ovule in 7. pofycarpa, how-
ever, possesses a massive nucellus and two integuments and in contrast to
M. rhamnoides and C. bonplandicomm possesscs a distinct micropyle. The
beak-like nucellar apex in this plant is fully encircled by the two integuments
and reaches only up to the base of the cndostome which faces the stigmatic
side of the ovary.

The vascular supply to the ovule in T. polvcarpa is very interesting, for
it presents marked difference over those commonly found in other members
of the family (Singh, 1939). Fig. 9 shows that a2 number of vascular strands
are given out from the ventral carpellary bundles to the ovule at different
levels. A vascular strand, comparable to the raphe bundle of other members
of the family, originates fromn the ventral carpallary bundles: it grows down-
ward through the fused part of the ovule and the placenta and reaches the
chalazal region. In the chalazal region this strand gives out branches which
enter the ouwter integumeni. The residual vascular tissuc grows upwards
and ofganizes Into a cup-shaped structurc at the base of the nucellus. This
is also confirmed from the transverse sections where the vascular strands
are present in-the form of a ring. No supply is given to ithe nucellus or the
inner integument. Slightly above the origin of the raphc bundle, a number
of vascular strands are given out from the ventral carpetlary bundles. These
strands enter the ouier integument. \

»a

DISCUSSION AND CONCLUSION

N

From the above mentioned observations it is clear that in the ovules of
Croton bonplanfignum the shifting of the attachment region is brought about
by the active growth in the region of the aitachment, as well as in the region
below it during the overall growth of the ovary. As a conscquence of this,
the vascular supply of the ovule has to descend considerably down to reach
the chalaza. (n the other hand, in Melanthesa rhamnoides the attachment
region of the ¢vule remains confined in the lower region of the locule as
more active growth takes place above this region. The vascular supply,
therefore, only Jollows an obliqué ascending course to the chalaza.

1t may, therefore, be suggested that the pendulous and non-pandulous
nature of the ovules in the family Euphorbiaceae can be achieved stmply due
to differential growth in varying regions of the placenia. The ovules which
are pendulous approach the anatropous form while those which are atiached
only in the lower region extending up to the base of the chambear approach
the orthotropous type,
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Trewia polycarpa, because of the fusion of ovule with the placenta through-
out the major part of its length, poses a fresh problem in the classification
of ovular types. The course of the so-called raphe bundle, however, suggests
that the ovule in this plant is a modification of the anatropous type where
the ovule has fused with the placenta on the ventral side.

Tt is a pleasure to offer the sincere thanks of the author to Professor
Bahadur Singh under whose guidance this work has been accomplished,
and to I R. K. Singh, Piincipal B. R. College, Agra for facilities and
encouragement.
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In vitro Induction of Adventive Buds from
Embryos of Cuscuta reflexa Roxb.

P. MAHESHWARI & B. BALDEY
Department of Botany, University of Delhi, Delhi

Attempts have been made to induce adventive embryony so as to obtain
more than one plant {rom a single secd. Haberlandt (1921, 1922) claimed
to have obtained two embryos in Qcnothera by merely pricking the ovules.
He thought that a so-called * necrohormone” is liberated by the wounded
cells which causes other cells to divide and form embryos. However, this
work remains unconfirmed. Van Overbeek ef al. (1941) injected various
chemicals into the ovaries of Datura stramonium. In a few ovules infegu-
mentary protiferations resembling emnbryos were observed but these remained
undilterentiated and are now considered to be tumorous growths. Fager-
Tlind's (1946) experiments on Hosta indicate that though it is possible to induce
the ovules of this plant to produce adventive embryos by the application of
suitable chemicals, endosperm development fails without normal fertilization,
In the abscnce of the endosperm the arlificially induced adventive embryos
failed to develop further and such ovules ultimately shrivelled and died. All
the experiments mentioned above were carried out on fowers which were
attached to the parent plant and it was naturaliy difficult to regulate the supply
of nutrients to the embryo sac.

With the advent of the in vitro culture technique this problem has received
a fresh impetus. By this method individual tissues or organs can be studied
under controlled nutritional as well as environmental conditions. Such
studies were undertaken on the embryos of Cuscuta reflexa, whose life-
history has been studied earlier by Johri & Tiagi (1952),

MATERIAL AND METHODS

Cuscuta reflexa. a total parasite on many angiosperms, flowers and fruits
at Delhi during the months of Octlober-February. Cultures of embryos were
started in January 1960, Fruits of various sizcs were surface-sterilized by
dipping in 95 per cent cthanel and then flaming.” Sceds were dissected out of the

fruits and the embryos excised with the help of needles under aseptic conditions,
P.E...9
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.
<

Two different siages were chosen : (a) undifferentiated ovoidal embryos,
0-5-1-0 mm. long: and (b) oldac ones, 1-5-2-5 mm. long, with a well marked
shoot apex and a large radicular end. They were inoculated on a basic
medium containing minerals * <- vitamins § 4 glycine (7.5 mgl./1.} 5 sucrose
(59) + casein hydrolysate (400 mgi./1.) -- indole-acetic acid (1 mgl./1.), unless
mentioned otherwise.

Following the customary methods of dehydration and imbedding, the
cultured embryos were cut at a thickness of [0y and stained with safranin-
fast precn. Some whole mounts were also made after dehydrating 1 the
alcohol-xylol series.

OBSERVATIONS

When the young and ovoidal embryos were cultured on the basic medium,
they failed to show any appreciable response during the first two weeks.
Later they became greatly swollen and rounded. A month after inocula-
tion, outgrowths appeared on the surfaces of the embryos (Fig. IR ). In six
weeks these overgrowths had cealesced to form a hypertrophied mass and
small whitish or greenish protuberances simulating young cmbryos wete
observed all over the surface of this mass (Fig. 2). These have been designated
here as adventive embryos.

Older embiyos grown on the same medium responded differently. During
the first week they showed very little growth (Fig. 3). 1n the second week
the radicular end became swollen and produced many hair-like processes§
while the plumule elongated into a slender stem (Fig. 4). Gradually the radi-
cular end became still more massive; 2 month after inoculation it callused
either at a few points or even over the cntire surface (Fig. 5). As with
the younger ovoidal embryos, adventitious growths emerged all over this
callus mass or developed as separate cntities from other regions of the radicle
(Fig. 6). A

Most of the adventive growths closely resembled the embryo arising from
a zygote (Fig. 14). They also had a dome-shaped shoot apex surrounded
by two scale leal’ primordia (Fig. 13). However, the ° plumular leaves’
often showed many abnormalities in their development. Some e¢mbryos had
only one leaf, still others had nonc.

In Nature the zygote undergoes a transverse division resulting in a 2-
celled proembryo. Further divisions produce a filamentous structure from
whose apical end differentiates a globular embryo. The subsequent deve-

* MgSO,  TH,0 (360 mg./1.), Ca(NOy)y- 4H,0 260 me./1), Na,80, (200 mg./L.).
NaHPO, (165 mg./l.), KNO; (80 me. /i), KCl (65 me/l), MnSO, 4H,0 (3mg/l),
ZnS0, THL,0 (05 mg /L), HyBO, (0025 mg./l}, CuSO, 5HyO (0-025 me /L), NaMoO,
(0-025 mg. /1), CoCl (0-025 mg./1.). FeCoOsH, SH,0 (10 mg./1).

1 Niacin (1-25 mg. /1), thiamine hydrochloride (0-25 meg./1.), calcium pantothenate
{(-025 mg./1.) and pyridoaine hydrechioride (0-025 mg./1).

§ Haccius & Troll (1961) point cut that there is no primary root in Cuscufa and
hence the hairs cannot be called root-hairs.

\
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Fras. [-6 — CULTURES OF EMBRYDS GROWN ON BASIC MEMUM (AL, adventive embryvos; ¢,
callus): Fig. 1. Thirty day-old cuitures of undifferentiated embrvos showing callus formation.
Fig. 2. Forty day-old culture; adventive embryos arising from the mother embryo, Figs. 3-6,
Stages In the germination of older and differentiated embryvos.
tiate from their radicular ends

Adventive embryas differen-
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lopment is unique in that the embryo docs not attain the heart-shaped stage
and cotyledons arc not formed even at maturity. Tnstead, it elongates and
a stem tip flanged by two plumular leaves differentiates at the apical enl.
Further growth results in the coiling of the embryo within the seed (see Johri
& Tiagi, 1952).

Microscopic observations showed that in the cxeised cmbryos, grown
in the culture medium. some of the cpidermal cells eniarged and became
denscly cytoplasmic and their nuclei becanie very prominent { Fig. 7). Such
cells divided to produce 2-celled structures looking like proembryos (Fig. 8).
Sometimes both of these cells again divided transverscly but this was not
always so. By further irregular divisions, they developed into globular
embryos (Figs. 9-11! which elongated {Fig. 12) and ultimately their distal
end differentiated into the characteristic  stem tip surrounded by two
* plumular leaves * (Fig. 13). Since there wws no problem of space, the
embryos inside the culture tubes did not coil, but directly gave rise to normal
vegetative shoots (Fig. 14).

When the callus obtained from zygotic embryos was subcultured on the
basic medium, it showed a capacity for unlimited proliferation. In the first
week of the transfer it usually turned brown and appeared like a dead tissue.
Growth was, however, resumed; the callus grew profusely and after another
eight weeks it produced a fresh crop of embryos (Figs. 15-17).  On subcul-
turing, the adventive cmbryos too callused on their * radicular* end giving
rise to a fresh crop of embryos (Fig. 19). When such embryos were trans-
ferred to the basic medium without indole-acetic acid many of them
produced normal shoots {(Figs, 14, I8), _

DISCUSSION

Attempts to induce the formation ol additional embryos from the same
ovule have generally proved unsuccessful. However, Skoog (1944) obtained
root and shoot differentiation in  culiures of the pith-tissue ol tobacco.
Similarly, Levine (1947) obtained differentiation in carrol root tissues grown
in vitro In media containing «-NAA. From further work on tobacco
callus tissue, Skoog & Tsu (1943), Miller & Skoog (1933} and Skoog &
Miller {1957y postulated a synergistic effect of auxins and purine derivatives
(adenine and kinctin) as a factor controlling organogenesis.

Steward er al. (19584, b) went a step further and obtained carrot plants
from free cells 1solated from the root-phloem callus. The first few stages
in the development of these free cells to differentiated plants resemble some
events of the early embryogeny of carrot as described by Borthwick (1931).
Of special interest are stages recalling the formation of a dicotyledonous
embryo. This tndicates that even plantlets produced [rom vegetative
tissue have the tendency o pass through stages which strongly resemble those
of a normal embryo. Coconut milk was found to be essential for differentia-
tion {see Steward & Pollard, 1958: Mitra ef /., 1960) and shoots were obtained
only when the rooting callus mass was transferred to an agar medium,
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Figs. 7-13 —-Huaﬂam FROM TRANSECTIONS OF ZYGOTIC |MBRYOS CULTUSFD 0N BASIC
MU SHOWING Mmm DEVELOPMENT OF ADVENTIVE BMaRYos.  (EMB INT, embryo
initials: L, leaf peimordium; PE, 2-celled prosmbryo: S4, shoot apexi & Figs. 7, 8, Seme
of the epidermal cells of the aygolic embryos have become richly cytoplusmic with a

large nucleus. They divide rransversely (Fig. T) to produse 2-celled proembryo-like struetures.

ﬂp .11, Stages in 1!-1; formation of globular embryos Figs. 12, 13. The globular
embryas undergo v ulumnﬂm (Fig, 12) and ultimately the distal end differentiates
hﬁ:m shoot apex by léafl primordin.  Fig 13 represents 4 whole mount




Figs. 14-19 — (AE. adventive embryo; NS, pormal sheot): Fig, 14, Siges in the
-development of adventive embryos leading to the formation of 4 normal shoot {in basic
medium without [AA}; note the prosimal end which is ulways broader than the distal end
which differentiates into the shoot apex. Figs. 15-17.  Subcultures of callus on basic medium,
Fig. 15 shows the initial size of the inoculum which profiferated in ten weeks into 2 mass of
partly differentinted cullus containing some adventive embrvos. Fig. 18,
culture grown on basic medium without [TAA: note the formation of a normal shoot.
Fig. 19. An adventive embrvo isolated from the culture shown In Fig. 6; the arrow
indicutes the differentistion of a fresh embryo

Ten week-ald
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The above observations raise hopes that if appropriale measures are
taken, almost any living cell grown in a cutture mcdium could perhaps be
induced to become merisicmatic and organize inlo a whole plant. This
would naturally be even more applicable 1o a tissue which is a normal
source of advenlive embryos. In Citrus microcarpa Ranga Swamy (1958)
has reported the proliferation of nuccllar tissue and the formation of
‘pscudebulbiis’. “Parts of this callus mass, on sub-culture, diffeientiated into
embryos which ultimately gave risc to plantlets. Curlis & Nichol (1948)
obtaingd proliferation from zygotic embryos of ceriain orchids. These
calloid masses were capable of unfimited growth and produced numerous
shoots. Another work, in this laboratory. on the embryos of Dendroplithoe
faicata (lohri & Bajaj, unpublished ), indicates similar possibilitics.  After
passing through some stages of germination the embryo of this plant
proliferates at (he * root ” region giving rise to vegetative buds,

In Cuscura the young and undifferentiated embryos only callused, while
differentitated embryos produced normai scedlings and ailso formed a callus
at the ‘radicular end’. The latter produced adventive embryos which on
subculturing produced a callus and additicnal cmbryos. thus continuing the
cycle (Fig. 200. Seme of the newly difiercntiated embryos produced normal
scedlings when JAA was excluded from the medium, while others merely
- grew inlo unorganized masses.  The development of thesce artifictally induced
embryos has been traced and seme important stages. otherwise typical of-the -
zygotic embryo, have been Hlusirated. T
adventive embryo * is commonly used for the embryos arising
from the nucellar or integumentary cells of a number of plants. They do
not pass through all the conventional stages of embryo development but
the mature form is similar to that of -the zygotic embryo {see Maheshwari,
1950). The artificially induced embiyos in Cuscuta, arising from the zygolic
embryo itself, pass through stages of development which are not very differ-
ent from 1hose of nucellar embryos. Thus the extension of the term ‘ad-
venlive embrycs’ to these structures scems justified. The plants arising from

such adventive embryos should be genetically similar to those from the main
embryo itself.

6

The tcrm

SUMMARY

Cultured embryos of Cuscura reflexz proliferated and gave rise to ad-
ventive cmbryos.  After passing through some stages of development re-
sembling those of truc embryos they produced normal shoots. The pro-
liferations obtained on subculiuring showed the capacity of the adventive
embryos {or unlimited growth and differentiation.
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Some Observations on the Embryology of
Dicraea stylosa Wight

A. J. MUKKADA .
Department of Botany, University of Delhi, Delhi

The Podostemaceae, as a group of aquatic dicotyledons, have posed
some baffling morphological and embryological problems, among which
may be mentioned the nature of the plant body, the mode of development of
the female gametophyte, the occurrence and function of the pseudo embryo
sac, and the nutrition and differentiation of the embryo in the absence of an
endosperm. Embryological studies in the family were initiated by Went
(1908, 1910) who observed a reduced Allium type of embryo sac in several
members. He noticed that the nucleus of the functional dyad cell divides
to form two nuclei of which the chalazal degenerates very early while the
micropylar divides twice to give rise to a four-nucleate embryo sac which comp-
rises an egg apparatus and a single polar nucleus. He also drew attention
to the absence of triple fusion, the lack of endosperm, and the presence
of a pseudo embryo sac. In his account of the embryology of Podostemon
subulatus, Hydrobryum olivaceum and Dicraea elongata, Magnus (1913)
reported a greatly reduced cmbryo sac—the so-called * Podostemon * type—
where the nucleus of the chalazal dyad cell divides only twice resulting in a
four-nucleate embryo sac. According to him the first division of the nucleus
of the functional dyad cell in Dicraea is followed by a wall resulting in two
cells which by another division form a four-celled mature embryo sac comp-
rising a single synergid, an egg and two antipodal cells.

The account of Magnus has often been criticized by other writers. With
a view to verify his findings, material of a species, Dicraea stylosa Wight, was
collected from the Punalur region of Kallada river, Kerala State, and fixed
in formalin-acctic acid-alcohol. The Howers and fruits were prepared for
microtomy by the usual methods. Sections cut at 7y gave the best results.

Heidenhain’s haematoxylin counterstained with erythrosin proved most
suitable.

OBSERVATIONS

Microsporogenesis and Male Gametophyte. The vyoungest anther
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showed the microspore mother cells (Fig. 1) which undergo normal meiotic
divisions ( Figs. 2-6). Afler tetrad formation thc microspores separate
in pairs, resulting in the double pollen grains characteristic of several
members of the family. The cxine is thick and echinutate. An ellipsoidal
generative cell is cut off from each cell of the double pollen grain (Fig. 7).
The scparating wall later dissolves and the generative nucleus comes to lie in
the general cytoplasm although stitl surrounded by a definite sheath of dense
cytopiasm (Fig. 8).

Megasporogenesis and Female Gametophyte. The ovule is anatropous,
tenuinucellate and bitegminal with the micropyle formed by the outer in-
tegument alone (Fig. 9). The inner integument is usually two-layered,
but may be thicker towards the tip. The outer inlegument 1s usually more
than two-layered.

The hypodermal archesporial cell functions directly as the megaspore
mother cell (Figs. 10, 11). 1t divides to form two unequal dyad cells of which
the micropylar degenerates promptly. The nucleus of the chalazal dyad
cell divides to form a two-nucleate embryo sac (Figs. 12-15)." According to
Magnus (1913) in Dicraea efongata a wall is laid down at this stage scparat-
ing the two nuclei. In the author’s preparations of Dicraca stylosa no evidence
of this has been found. Even in D, efongaia the observations of the author
failed to reveal a cell wall. Both the nuctei undergo a simultaneous division
{Fig. 16) and cell formation takes place at the four nucleate stage. The
mature embryo sac comprises a single synergid, an egg and two juxtaposed
antipodal cells (Fig, 17).

Meanwhile, the nucellar cells just below the megaspore mother cell break
down leaving a large cavity—the pseudo cmbryo sac—which is bounded by
the inner integument (Figs. 12, 17).  This sac contains several free nuclet and
dense cytoplasm. It serves 1o enclose and nourish the embryo. thus making
up for the absence of endosperm tissue. The cells of the inner integument
undergo considerable enlargement.

Embryogeny. The first division of the 7ygote is transverse (Figs. 18, 19).
This is fellowed by three further transverse divisions resulting in a five-celled
lincar procmbryo (Figs. 20-22).  The terminal cell then undergoes two vertical
divisions at right angles to cach other thus forming a quadrant (Figs. 23, 24),
The subterminal cell alse divides by a longitudinal wall (Fig. 25).  The embryo
then passes through the octant stage (Fig. 26) and procceds to the globular
stage (Fig. 27). By this time the embryo grows down into the pseudo embryo
sac. Gradually the cotyledons develop (Figs. 28. 29). The embryogeny
conforms to the Solanad type.

It is interesting to note that the basal cell of the procmbryo cnlarges
considerably (Figs. 20, 22} and generally has two hypertrophicd nucler. 1t
sends out a variable number of protuberances which later develop into cons-
picuous tubular haustorial branches (Fig. 27).

Since the inner fayers of the outer intcgument break down. it has not
been possible to tracc the precise course of the haustoria in scctions except






OBSERVATIONS ON THE EMBRYQLOGY OF DICRAFA STYLOSA 143

family, however, (see Went, 1908, 1910; Hammond, 1937; Razi, 1949, 1955}
the functional dyad nucleus divides thrice but at the two-nucleate stage the
primary chalazal nucleus degenerates so that the micropylar alone divides
twice to form four nuclei (Fig. 30). Tt was suggested by Maheshwari (1950)
that owing to the ephemeral nature of the chalazal nucleus Magnus might
have missed it in Dicraea. Magnus also stated that the first division of the
functional dyad is followed by wall formation resulting in a (wo-celied embryo
sac. Of the two cells the upper divides transversely to give rise to a synergid
and an cgg while the lower divides longitudinally to form two antipodal cells.
Thus, there are no free nuclear divisions preceding the organization of the
embryo sac, a situation unique among angiosperms.

The present investigation seems to confirm the account of Magnus re-
garding the presence of a bisporic four-nucleate embryo sac, but wail forma-
tion after the first division of the dyad cell nucleus has not been found. 1In
this the developmental details are extremely telescoped and it probably
marks the culmination of reduction. In other members of the family,
like Terniola, Indotristicha and Zeylanidium, the author was able to confirm
the degeneration of the chalazal nucicus of the two-nucleate embryo sac but
this is not so in Dicraea.

{nlike other angiosperms where the synergids are sister cells Dicraca
is also peculiar in that the synergid and the egg are sister cells. The egg
apparatus with an egg and one superposed synergid is also unique. There
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is no polar nucleus, The adjacent position of the iwo chalazal cells. their
early degeneration, and the complete absence of the endosperm indicate their
antipodal nature. Thus in Dicraea the polar nuclei and the accompanying
triple fusion are completely eliminated. Tn other members of the family
the embryo sac comprises two synergids, an cgg and a chalazal nucleus which
is referred to as the polar. Razi (1949) calls it a polar ccll in Griffithelia
hookerigna. Razi’s (1949, 1955) report that in Lawig and Griffithella the
chalazal end of the mature embryo sac is continuous with the pseudo embryo
sac is not true of Dicraea.

In the absence of an endosperm, the development of the suspensor
haustorium may be an alternative device to draw nutriments from the external
tissues, The pscudo embryo sac is likely to conserve food materials in the
fluid that is reported to fill it in the early stages of embryogeny. The complete
difierentiation of the embryo even in the total absence of an cendosperm,
which besides nourishing the embryo is believed to supply certain morpho-
genetic substances, offers problems whose critical evaluation is bound to
add fresh information to our concept of the vole of endosperm in higher
plants.

SUMMARY

Microsporogenesis is ol the successive type and double pollen grains are
formed. The ovule is bitegminal with the micropyle formed by the outer
integument alone. A pseudo embryo sac develops just below the normal
embryo sac, The organized cmbryo sac has a single synergid. an egg and
two antipodal cells, but no pelar nuclei. The development of the embryo
conforms to the Solanad type.

To Professor P. Maheshwari and Dr B. M. Johri the author expresses
his gratitude for suggesting the problem and encouragement. He is also
grateful 1o Dr R. N. Chopra and Dr S, C. Maheshwari under whose guidance
this work has been carried out.
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Intraovarian Pollination in Eschscholzia
californica Cham. and Papaver rhoeas L.

P. MAHESHWARI & KUSUM KANTA
Department of Botany, University ol Delhi, Delhi

Plant breeders are usually confronted with many problems, such as (i)
failure of pollen grains to germinate on a foreign stigma, (ii) dying or bursting
of the pollen tubes in the style, and (iii) slow growth of the tubes so that the
ovary shrivels before they are able to reach the ovules. Several mechanical
devices have been suggested for overcoming these difficultics (see Maheshwari,
1950; Gardella, 1950; and Hecht, 1960). Intraovarian pollination seems to
be one of the most promising of them as it aims to bring the pollen grains
directly in the vicinity of the ovules. In the present study Eschscholzia
californica and Papaver rhoeas were wsed for trying this technigue,

MATERIAL AND METHODS

The method invoives the following steps : (1) determination of the time
of anthesis, dehiscence of anthers and pollination, (ii) emasculation and bagging
of flower buds, (iii) collection of pollen grains, {iv} determination of the
proper cultural conditions for optimum germination of the pollen grains,
and (v) injection of pollen into ovary.

After emasculation the flower buds were enclosed in a cellophane bag.
In some experiments the stigmatic lobes were smeared with collodion so as
to render them incapable of supporting the germination of the pollen.

Poller suspensions were made in 2 ml. of sterile double distilled water,
or solutions of boric acid (100 mg./1. and 200 mg./1.). Each drop contained
100 to 300 pollen grains.

The ovary was surface-sterilized with rectified spirit. Two punciures
were made, one at the base of the ovary and another on the opposite side
near the top. The pollen suspension was injected through the former and the
ovarian cavity was considered full when the fluid started cozing out from the
second hole. For injections. an all-glass “insuline’ syringe was used. Care
was taken fo shake the syringe before each injection to prevent the pollen
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grains from settling down. After the operation the holes were sealed with
petroleum jelly.

Faur scts of experiments were made. (o the fiest 22t the ovaries of emas-
culaied and bagged flower buds were pricked with the needle and left as such.
The second and third sots of ovaries were injecied with suspensions of pollen
in double distilled water with 100 mg./l. and 200 mg. /1. of boric acid. Tn the
fourth dry pollen was introduced as such into the ovary through a slit. For
control. one set of the flowers was allowed 1o become pollinated naturally.

Both freehand and microlome sections were prepared and stained by the
customary methods. Dissections and whole mounts were staiped with
acelocarmine or cotton-blue in lactophenol. Chromosome counts were
made by squash methods using seedling root-tips pre-treated with a solution
of 8-hydroxyguinocline (0-002 M),

OBSERVATIONS

Eschscholzia californica.  In Delhi gardens the plants flower in February.
The flowers are self-compatible. The majority of them open in the morning and
the anthers dehisce before noon.  Pollination occurs soon after and on the
following day many pollen grains may be seen germinating on the stigma.

The stigmatic papillag are present all over the radiating arms of the
stigma and similar hairs are also present along the placentac. Each papilla
is an elongated, uninucleate cell.  After the pollen grains have germinated
(36 hr after anthesis) the papillae begin to collapse. The stigma staris drying
three days after anthesis as indicated by its curled condition (Fig. |B),

Fitr. | — Eschyeholzia californica, MATURALLY POLLINATED OVARIES (NAT. $1zE) @ A,
On the diy of anthesis. B-D. Three. six and eighteen days afier anthesis, E. Same as
I3, et vertically 1o show the developing ovuies
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In sterile double distiled water the pollen grains invariably burst.
Germination occurs in 025 to 0-$ M sucrose solutions but the size of the
polien tubes remains smail, and only 2-4 per cent of them aftain a length of
200u. n a boric acid solution (200 mg./1.) the pollen tubes attained & length
of 394 within 6 hr. The pollen grains are heteromorphic, the largest
having a diameter of 48 showed 50 per cent germination. The smaller
(20-28y1 <liameter) invariably shrink or burst,

The ovary is about 0-9 c¢m. long on the day of anthesis (Fig. 1A). In
the first week it grows to almost four times its original size (Fig. B, C). The
maximum length is attained in nature in two weeks (Fig. 1D, E) after which
it starts shrinking so that the mature fruit is much smaller. The ovules are
bitegminal. Both the intcguments form the micropyle. The mature seeds
are opaque and have prominent ridges on their surface. The endosperm is
free nuclear during the first week but by the second week the endosperm be-
comes cellular. The growth of the embryo is at first slow, but early in the
second week a filamentous proembryo is formed and the globular stage is
attained by the cnd of the second week; 27-day-old embryos show the differ-
entiation of cotyledons. Pluricotyly is frequent.

Unpollinated ovaries remain healthy for about a weck and cven show
some elongation. but later turn brown and dry up. A few ovaries (about
1 per cent} develop parthenocarpically but the seeds abort.

Pricking of unpollinated ovaries with the hypodermic needie does not
hinder their early prowth in any way, but like the cmasc%‘aﬂd bagged
ovaries they dry up after a week. .

Ovaries injected with a pollen suspension made in boric acid (100 mg./1.
or 200 me./1.) show slower growth than naturally pollinated ovaries (Fig. 2A-F).
The maximum size is attained by the third week. The wound generally re-
mains although sometimes it heals up (Fig. 2E) duc (o a hypertrophy of the
adjacent cells. Seventy-two hours after injection pollen grains with long
pollen tubes arc observed on the placentae and the surfaces of the ovules
(Fig. 3 A, B). Many pollen tubes are also scen entering the micropyles (Fig.
ic, D).

The growth of the ovules is slow in the beginning but sometimes
it surpasses even that of the ovules in naturally pollinated ovaries (Fig.
2 G-H).

Although stages in double fertilization were not seen by us, this may
be assumed to take place normalfly, for the development of the embryo and
citdosperm follows the normal course reported by Sachar & Mohan Ram
(1958) (Fig. 4 A-C). The embryo becomes d-celled five days after injection
and a long filamentous 8-celied proembryo is seen within Il days. The
embryo attains the heart-shape within 18 days and in a 27-day-old seed a
well differentiated embryo showing pluricotyly i1s observed (Fig. 4 A-C). 1In
seeds obtained by intraovarian pollination the mature embryos are as larpe
or longer than those in naturally pollinated ovaries.  Thie endosperm remains
free nuclear for ten days. after which wall formation starts from the periphery.
In mature seeds the endosperm is completely cellular and rich in food reserves.
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Fig. 2 — Ovaries OF Eschseholzia californica 1NTO WHICIE POLLEN WAS [MIECIED ART
FICTALLY (ARROW SHOWS TIE PLACE OF INJECTION) 1 A—H., Owiiries injected with pollen - 20
muz. b boric acid. A, Ovary at the ime of injection. B-F. Ovaries 3, 6, 11, {7 and 23
days after injection. G, Samz as F, eut verticully to show developing ovules. H. Same as
D, split vertically. 1-M. Owaries into which pollen was inserted as such through o sl
Two and nine days after insertion of pollen; slit through which pollen grains wers introduced
is clearly seen in T; in J it is obscured by a curvature of the ovary, K. Anovary 4 days after
insertion of pollen, split o show the ovules, som: of which are developing while others are
abortive. L. Front view of the slit in J, enlarged to show the developing ovules. M. Fruit
20 days after insertion of poilen
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The fruits require the same time for maturation as those from naturally
pollinated ovaries (25-30 days). The number of seeds per fruit varies from
2 to 30. The size of the mature fruit is directly propoctional to the number
of seeds that develop within it. The seeds germinate after about five months
and give risc to normal healthy seedlings (Fig. 4 D).

[ g

1l

B

Fic. 3 — Escischolzin californica, OVARIES INJECTED WITH A SUSPENSION OF POLLEN
200 . (L. goric aci {ov, ovale; ov. w,, ovary wall: pr, pollen grain; pl, placenta; po,
pollen tubg):  A. T.s. of part of anovary 72 hours after injection of peilen suspension.
A few of the pollen grains have germinated. B. Portion of placenia enlarged from an ovary
72 hours afler injection; some of the pellen grains have germinated. C. Whole moont of
an ovule from an ovary, injected 4 Jays earlier with a pollen suspension; note pollen tube
in micropyle. . Same, micropylar end enlarged 10 show perminating polien grain
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In some ovaries pollen is introduced directly through a slit in the ovary
wall (Fig. 2 I-M). Duc to some arrest in growih on the cutside the
ovary often curves as shown in Fig. 2 J-K. The fruits are smailer than
those [rom naturally pollinated ovaries or from ovaries injected with policn
suspensions.  The ovules near the slit grow better than those away from it
(Fig. 2 K). This is no doubt due to their more favourable position from the
point of view of pollination. The number of sceds per fruit is smaller than
that in ovaries injecied with suspensions of pollen (Fig. 2 M), but the endo-
sperm and cmbryo show the normal course of development.

Papaver rhoeas., At Delhi the flowers start opening in fanuary in the
morning and continue 10 do so until about 10 a.m. Dehiscence of the anthers
begins nearly 12 hr beforc anthesis. Tn the peak blooming season {February)
it continues till next day, although later (March) it is completed by 10 a.m.
on the same day as anthesis.

The nodding flower buds straighien and become completely erect on the
day of anthesis. Tn the bud the ovary is pale yellow, but i {urns green
by the day of anthesis when 1t measures 1-6 ¢m. in length (inclusive of the
stigma) and 1-5 cm, in diameter. The stigmatic papillac are uniceliular,
elongated and blunt. The nucleus is situated tn the centre and on each side
of it there is a Jarge vacuole. Rarely a papilla shows two nuclet. '

The flowers are generally self-pollinated. In a flower, which has just
opened, the stigmatic lobes already show germinating polien grains.  As in
Eschscholzia the pollen grains are dimorphic.  The large pollen grains
(36 across) are full of starch and oil globules. Along with these occur many
smaller ones (diameter, 28yu) in the same anther.  Thetr percentages, however,
vary from anther to anther. The smaller grains stuin lightly and are mostly
nonviable,

1n sterile double distilled water only 2 per cent of the pollen grains ger-
minate, but the tubes burst soon. The addition of sucrose in low concent-
rations (0- 1M 1o 0-3M) enables beMer germination but a boric acid solution
(100 mg./1.) in distilled water proves to be the best. In this 73 per cent of the
poilen grains germinate and form fairly long tubes (990u).  Combinations
of boric acid and sucrose solutions of different concentrations do not im-
prove the percentage of germination. Solutions of ascorbic acid promote
the length of the tubes (10504) but the percentage of germination (209} is
much lower than that in boric acid. The best results are obtained in boric
acid within a pH range of 5-5 to 6-8.

During the first three days, the naturally pollinated ovary grows rapidly.
Tt is twice its original size (3-2 cm. in tength and 2-9 cm. in diameter) by the
end of the first week. Nine days after pollination the size of the ovaries
ranges {rom 3-0 to 4.6 cm. in length, and 3:1 to 36 cm. in diameter. The
maximum length (4-4 cm.) is attained in two weeks (Fig. 5 A-C), but the ovaries
continue to increase in diameter untif the third week.  After this the ovary

starts drying and shrinking. The capsules ripen and dehisce in about 30
days.



Fic. d4~—Eschischolzia cafifornica © A~C. 11, I8 and 27 day-old embryos from uvarics
injected with pollen suspension. D. Ten day-old se2dling resulting [rom sexd obtained [rom
injecled ovary, LE. Same, from naturally pollinated ovary

FiG. 5« Papuver riosas. NATURALLY POLLINATED OVARIES (NAT. size): A—C. 9, 15
and 21 days after anthesis. D--F. Same as in A-C, verlically cut to show the develop-
ing ovules. In F some of the ovules becams= detached during fixation



Fii. 6§ — Papaver theeas {ov, ovale; pr, pollen grain: pr, pollen tube) : A-B. L, 5.
of ovules from muturally pollinated ovaries afier 6 and 9 davs respectively.  C. Germinat-
ing polten grains on the surface of o ovule: 3 days alter insertion of poilen grains through a
slit.  D. Micropyiar end af an avule from an ovary injeeted with pofien - §00 me, /[ boric
acid, & days after injection. E. L.s, of an ovule 21 days alter pollinution fram an ovary
injected with pollea suspension mude in 106 mg /1. boric acid: note 1 persisting antipodal
cefl.  F. 21 day-eld embryo from ovary infectedt with pollen suspension i double distilied
water. (. 26 day-old seedling reared in White's basic madiuvm I'rom seed obtained by in-
travvarian pollination
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The ovules grow at a more rapid rate than the ovary. On the day of
anthesis they generally measure 1-2 mm. < 0-9 mm. and show mature embryo
sacs but altain a size of 2 7 mm. = 2.3 mm. within a week. After this the in-
crease in size is negligible, and 21 day-old ovules measure 29 mm. = 2-5 mm.
Six days after pollination the ovules show many free endosperm nucle
distributed along the periphery of the embryo sac. After nine days the ovules
show endosperm cells tull of oil globules (Fig. 6 B).

The zygole remains undivided for 4 or 5 days from the day of anthesis.
Six days after poliipation the ovule shows a 2- to 4-celled filamentous pro-
embryo (Fig. 6 A) and after nine days a globular proembiyo (Fig. 6 B) is
observed,  In another week the embryo becomes heart-shapzd. and is about
200p long and 130y broad. By the third week it mezasures 764p - 191y,
and the seeds are ready to be shed.

Fig. 7 — Papaver rhoeas, OVARIES IN WHICH A POLLEN SUSPENSION WAS INJECTED (ARROW
SHOWS THE PRICK) (NAT. :12E) : A—C. 1, 6 and 9 days after injeciion. D-F. Same as
B and C, cut vertically to show the ovules
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In early stapes the growth of ovaries of even cmasculated and bagged
flowers matched well with that ol the naturally pollinated ovartes, but it gradu-
ally declined. The ovules in these parthenocarpically developed ovaries were
transparent and devoid of contents. The growth of the unpollinated ovaries
pricked with a hypodermic needle did not differ much from that of the un-
pricked ovaries.

When unpollinated ovaries were injected with a suspension of pollen grains
in a solution of boric acid (100 mg./1.), their growth matched that of naturally
pollinated ovaries (Fig. 7 A-C). However, the seeds thus obtained were slightly
smaller (2:8 mm. x 2-5 mm.) than naturally formed seeds and the seed set
was only aboui 40-75 per cent of the naturally formed seeds (Fig. 7 D-E).

Ovules from ovaries fixed six days after injection showed zypotes or two-
cetled proembryos (Fig. 6 D). During the second week the embryo grew
faster than in nature. The plumule and root tip became differeniiated in the
third week. However, in some c¢vules the egg remained undivided even up
1o fifteen days afier injection and these were abortive.

Very often the antipodals persist even in mature sceds (Fig. 6 E).

When ovaries were injected with a pollen suspension made in double
distifled water only, they grew normally but the seed setting was only about
20 per cent.  Although a longer time was needed, thc maximum size attained
by such ovaries sometimes surpassed that of the controis and the mature
embryo was also slightly larger {Fig. 6 F) than in nature.

Even dry pollen grains when introduced into the ovary through a vertical
cut, germinatcd readily in the ovarian cavity (Fig. 6 C). However, only about
10 per cent of the ovules grew to maturity.

Seeds coblained from intraovarian pollinations are fully viable and their
behaviour was identical with that of normal seceds. Both scts of seeds remained
dormam for nearly three months. After this, soaking in tap water for 24
hr and then culiuring on a modified White’s medium results in 100 per cent
germination (Fig. 6 G). The root tips of the seedlings show 24 chromosomes.

SUMMARY AND CONCLUSIONS

From time to time several techniques have been tried to overcoms the
various barriers in fertilization.  Yasuda (1931} grafted the siyle of one flower
on the ovary of another in Petunia violacea. 1In a cross between Zea (¢ ) and
Tripsacum{ 2 ) Mangelsdorf & Recves (1931) shortened the style of Zea to suit
the pollen tubes of Tripsacum and obtained an intergeneric hybrid. Buchholz et
al. {1932) removed the middle portion of the style in Datura and joined the
upper and lower paris together.  Hecht (1960) successfully grafied the wpper
part of the style of an incompatible strain of Oecnothera argattensis on ihe
lower half by means of a *“splint” made of lactose gelatin. The pollen
iubes grew into the scion overcoming stylar incompatibility. This method,
however, is impracticable in plants having thin styles.

A more effective method may be to introduce the pollen grains directly
instde the ovarian cavity. But for a few cursory reports such intraovarian
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polhinations have not been tried extensively. Dahlgren (1926) was able 1o
biing about fertilization in the ovules of Cedvnopsis ovata by removing the
style and placing the pollen grains on the cut end of the top of the ovary.
The experiments of Cappelletti (1937) on Digitalis purpurea, and of Bosio
(1940) on Helleborus foetidis, H. viridis, Paeonia anomuala, P. officinalis and
P. peregring also gave some promising resulis. The most recent report is
that of Kanta (1960) on Papaver.

Intraovarian pollinations may prove uscful to gencticists when failure to
secure desired hybrids is due to incompatibilities resulting in lack of proper
growth of pollen tubes and fertilization. By the direct introduction of pollen
into the ovary it may be feasible to cross species or varietics and obtain plant
types which might otherwise be impossible,

We are indebted to Dr N. 8. Ranga Swamy for his help and keen interest
during the course of this study.
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Embryological Studies on the Loasaceae
with Special Reference to the Endosperm
Haustoria

V. GARCIA®™
Department of Botany, University of Delhi, Delhi

Embryological data on the family Loasaceae arc vather meagre. After
some [ragmentary observations of Hofmeister (1859), the first investigation
was by Kratzer (1918) comprising nine species belonging to the genera Lodsa,
Cajophera, Blumenbachia, Menizclia and Gronovia. Although he pointed
out the presence of chalazal and micropylar endosperm haustoria, many of
his descriptions are either not illustrated at all or arc accompanied by only
a few stages of development. Later Crété (1946a. b) gave a more
detailed account of the endosperm and embryo development ~in Loasa
lateritia Gill,

MATERIALS AND METHODS

The three species studied by the author are : Cajophora silvestris (Poepp.)
Urb et Gilg. Loasa bergii Hier. ind Mentzelia laevicaulis (Doupl.) Gray. The
first two were collected in Junin de los Andes, Neuquén, R. Argentina,
Material of the last was obtained by Prof. P. Maheshwari through the cour-
tesy of Prof. H. Savitsky from Salt Lake City, Utah, U. 5. A. The flowers werc
fixed in formalin-acetic acid-alcohol and the customary methods followed for
preparing the material for microtomy. Sections were cut 8-20 microns thick
and stained with Heidenhain's haematoxylin counterstained with fast green or
erythrosin.  Whole mounts of dissections stained with acetocarming
proved more useful than sections for a study of the fully developed
cendosperm haustoria.

OBSERVATIONS

An interesting feature of this family is the presence of bristles showing

¥Permanent address 3 Instituto ™). O. Hall™, Facultad de Ciencias Exactasy
Naturales, Universidad de Bucnos Aires, Habana 3870, Buenos Aires, R. Argentina
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slight variations in the different genera and sometimes accompanied by
stinging hairs. The flowers are hermaphrodite, actinomorphic and penta-
merous. In some genera the petals are induplicately valvate. There are
numerous stamens with their filaments free or joined into bundles. Some-
times the external stamens arc petaloid and in Cajopfiora and Loasa they func-
tion as nectaries. The inferior ovary is unilocular and the calyx tube is ad-
nate to the ovary wall, There are numerous ovules borne on parietal place-
ntae. The ovary wall is ribbed; in Cajophora it is spirally twisted and develops
into a multiseeded capsule. : -

In most members of this family the ovules arc anatropous, tenuinucel-
late and unitegmic. There is a long micropyle. According to Kratzer
(1918) the megaspore mother cell differentiates from the single cell of the
archesporium without cutting off the parietal cells. This, he says. forms a
tetrad of which the uppermost cell develops into the embryo sac. However,
in Loasa bergii it is found that it is the chalazal megaspore that functions.
Occasionally the third megaspore may also remain healthy for some time.
Like other tenutnucellate ovules, the innermost layer of the integument de-
velops into a well differentiated endothelium. The functional megaspore
develops in the normal way giving rise 10 an 8-nucleate embryo sac of the
Polygonum typc. The mature embryo sac consists of enlarged micropylar
and chalazal portions separated by a narrow constriction. From these en-
larged portions the micropylar and chalazal endosperm haustoria. originate.

Although the first division of the primary endospsrm nucleus is not
observed, many ovules show a lincar row of about a4 dozen endosperm cells
which divide longitudinally. In all the three species well-developad micro-
pylar and chalazal haustoria are present. In Loasa bergii the chalazal haus-
torium (Figs. 1-8) is balloon-shapzad and shows conspicuous vacuoles connect-
ed by cytoplasmic strands. Usua![y a single hypertrophied nucleus is present,
but haustoria with more than one nucleus, possibly originated by fragmen-
tation, have also been observed. The chalazal haustorium can be easily
detached from th: nzighbauring tissue consisting of partially digested cells
and was studied in scctions as well as in dissections.

The micropylar haustorium is coenocytic and possesses hypha-like pro-
jections, which sometimes attain an enormous size (Fig. 1). These branches
ramify inside the ovule and the funiculus, sometimes reaching even the place-
ntae (Fig. 8). It cannot be easily separated from the neighbouring tissues.
The presence of branches in this haustorium is not a constant feature for it
is found in some fruits but not in others. Kratzer (1918) suggested that the
development of the branches is associated on the one hand with the vigorous
development of the embryo and on the other with the differential resistance
of the surrounding tissues. The chalazal haustorium remains healthy up
to the time of initiation of the cotyiedons. TEven in later stages the remains
can be seen bztween the main portion of the endosperm and the seed coat.
Kratzer reported the branching of the chalazal haustorium in all the three
species of Loasa studied by him. However, the author has never observed
any branching of the chalazal haustorium in L. bergii.
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Out of the ten or more layers originally present in the integument only the
thickened epidermis and two layers of compressed hypodermal cells remain.

In conclusion, it may be said that a comparative study of the embryology
of the different genera and species of the Loasaceae may throw some light
on the systematic position of the family about which therc is so far no agree-
ment. Bentham & Hooker (1862-83) include it in the Passiflorales along
with Samydaceae, Turneraceae, Passifioraceae, Cucurbitaceae. Begontaceae
and Datiscaceae. Engler & Diels (1936) include it in the Parietales, an
order of doubtful phylogenetic significance and the same has been done by
Wettstein (1935). Hutchinson (1959) assigns it to the order Loasales along
with the Turneraceae. Recently Takbhtajan (1959} has kept it with some
reserve, in the Polemoniales on the basis of some aflinities with the Bora-
ginaceae and Hydrophyllaceae.

The embryological data so far available on this family indicate a close
resemblance to the gamopetalous families. The devclopment of the embryo
is comparable to that found in Solanaceae, some forms being related to Hyo-
scyanmus and others to Sofgmem. A similar embryonal development asso-
ciated with cndosperm haustoria is also found in some members of Hydro-
phyllaceae (see Crété, 1951). Further work is in progress.

The author is indebted to Prof. P. Maheshwari for critical suggestions
and advice. Thanks are due to Dr R. C. Sachar for his help during this
investigation and to Ing. A. Burkart of the Darwinion Botanical Institute,
Buenos Aires, for the identification of the species of Loasa and Cajophora.
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Embryology of Quinchamalium
chilense Lam.

SAROJ AGARWAL
Department of Botany, University of Delhi, Delhi

The embryology of Quinchamalium chilense (Samtalaceae), a native of
South America, has not been studied so far.

The material was processed through fert. - butyl alcohol scries and
prepared in the usual way for microtomy. The study of tortuous embryo
sacs and endosperms was supplemented with dissections. For this purpose
the ovaries were pretreated with 4 per cent potassium hydroxide solution
at40° C. for 2 to 4 hr. The whole mounts were stained with acetocarmine,
mounted in glycerine jelly tinged with acetocarmine and sealed with pold size, -

OBSERVATIONS

The flowers are spirally arranged in compressed spikes. They are
sessile, bisexual, pentamerous and thonochlamydeous, and are borne in a
cupular outgrowth of the pedunclc. The morphological nature of the cupule
is controversial and while Miers (1878) designated it as a calycle, Pilger (1935)
considered it to be formed by the coalescence of bract and bracieoles. The
perianth is preceded by a whorl of four appendages which surrounds the
ovary, the anterior member being much larger than the others. FEach of these
shows a distinct vascular supply (Figs. 10, 26). These appendages were
regarded as calyx by Miers (1878) and as ‘Becherkeleh” (calyx cupule) by
Pilger (1935). Smith & Smith (1942) interpret them as bracts because*
(i) in other genera of the Santalaceae, below the ovary, there are one or more
appendages which are obviously bracts, (ii} in Buckleya, where a whorl of
similar appendages is fused with the ovary, the vascular tissue in upper part
of the ovary is derived only from the inner whorl of appendages, and (iii)
it seems illogical to have the calyx tubc free from the ovary and the corolla-
staminal tube fused with it.

The perianth forms a long tube and in the bud condition its lobes remain
united due 1o interlocking of the marginal epidermal cells (Fig. 10). There

* Personal communication to Dr B. M, Johri
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with a long style which grows beyond the level of the anthers making self-
pollination rather difficult.

Ovule. The conical placenta bears three “hemianatropous ovules which
show a massive integument and a reduced nuceilus.

Megasporogenesis and Female Gametophyte. The archesporium com-
prises a single cell or a group of cells which function directty as mega-
spore mother cells (Figs. 1-3). They undergo reduction divisions forming
linear tetrads (Fig. 4) and 2- and 4-nucleate embryo sacs are formed as usual
from the chalazal megaspore (Figs. 5-7). At the 4-nucleate stage, the tip
of the gametophyte extends beyond the ovular epidermis and grows upwards
in between two ovules or between the placenta and the inner wall of the ovary.
Similar extension of the embryo sac 1s also known in Santglum (Paliwal, 1956,
Bhatnagar, 1959), Leptomeria (Ram, 1959} and Mida (Bhatnagar, 1960),
However, in Leptomeriz the gametophyte becomes extra-ovular only afier
organization,

Another nuclear division produces eight nuclei which organize into the
egg apparatus, two polars and three antipodal nuclet (Fig. 8). The mature
embryo sac is either U- or J-shaped (Fig. 9). Sometimes as many as seven
embryo sacs may develop within the same ovary.

The synergids are large with prominent nuclei. Even before fertiliza-
tion, in closed buds, their tips elongate and protrude beyond the wall of the
embryo sac (Fig. 9) forming tubular extensions (Figs. 11, 12, 15, i7-24).
The latter grow through the stylar tissue along the vascular supply reachifg
up to one-third the length of the style (Figs. 11, 12). Qcecasionally the acti-
vity of one of the synergids may be checked (Figs. §, 20, 23) and, therefore,
sometimes only one synergid persists.

Similar but less extensive synergid haustoria are known in some members
of the Compositae. Dahigren (1924} observed that in Calendula arvensis,
Mutisia candofleana and Ursinia anthemoides the synergids elongate so much
that their tips project to a considerable extent into the micropyle and even
beyond it, sometimes reaching as far as the funiculus.

Paliwal's (1956) report about the protrusion of tips of synergjdq of
Santalfum album and S. yasi, after fertilization, to form dichotomously branched
haustoria has been contradicted by Bhatnagar (1959). According to Bhat-
nagar, in Sanfalum aglbum and S freycinetianum, the synergids degenerate
soon afler fertilization and what have been interpreted as synergid haustoria
are really the pollen tubes which adhere to the embryo sac. 1In fact, as
early as 1836 and 1843, Griffith had observed such persistent pollen tubes
in Saatalum and had pointed out that these tubular structures are formed
only after the action of pollen on the stigmatic surface. .

The antipodal nuclei are separated by a transverse wall from the rest
of the embryo sac (Fig. 8) and they do not organize into individual celis. The

tip of the antipodal chamber elongates, traverses through the funiculus reaching
up to the apex of the placenta where it branches (Figs. 13-16) and invades
the placental tissue (Figs. 13, 14). The nuclei become hypertrophied, multi-
nucleolate (Fig. 15) and sometimes undergo divisions forming 5-7 nuclei (Fig. 9).

!
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Flus. 9-16 —- FEMALE GAMETORHYTE (enf, antipodal haustorium; ¢, cupule; o, disc; ov,
ovule; ovw, ovary wall: p, perianth; ple, placental column: s, stamen; 51, style; spf,
synerzid haumoriumy  (Figs. 15,16 from whole mounts, rest from microlome sec-
tions) : Fig. 9. Mauature embryo sac with live nuclei in the antipodal chamber, sccondary
nuclens and egg apparatus; note the elongation of the tips of the synergids, the
nucleus of one of the synergids could not be traced. Fig. 100 L.s. Aower showing
disposition aof Noral avgans, Fig. Ul Enlarged view of the lower portion from Fig,
1. Fig. 12. Magnifizd vizw of portion muarked A in Fig. 11; the tip of the embryo
sac has becom» extra-ovular anl hag grown along the outer macgin of the placenta, the
tips of the svnzarzid haustoria havz reached up 1o the base of the style, and tip of the
antipodal chamber has aisg exténded into the funiculus, Fig, 13, Ls. ovary showing
antipodal haustoria.  Fig. 14, Ealarged view of antipodal haustoria from Fig. 13. Fig. 13.
Mature embryo sac showing extspsive synargid and aptipodal haustoria.  Fig. 16, Same,
note the branched antipodal haustorium, the nuclei were not traceable; the synergid
haustoria have been omitted
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A pronounced antipodal haustorium has also been reported by Rao
(1942) in Scleropyrum wailichianum. He says that the antipodal nuclei lic
free in the eytoplasm and after fertilization migrate into the antipodal extension
(haustorium) of the embryo sac. Subsequently the haustorium grows rapidly
and the antipodal nuclet also enlarge. On reaching the base of the placenta,
the haustorium branches and curves upwards growing along the endocarp
reaching up to the base of the siyle. The antipodal nuclei also multiply,
become hypertrophied and migrate into the branches. He interprets the
antipodal haustorium and endosperm haustorium as separate entities. How-
ever, his illustrations (see his Figs. 44-47) show a haustorium only afier the
formation of the endosperm and it appears that he mistook the antipodal
caccum for the antipodal haustorium which, after the division of the primary
endosperm nucleus, acts as the chalazal endosperm haustorium. This is a
common feature in the Santalaceae.

Endosperm. The division of the primary endosperm nucleus is accom-
panicd by a transverse wall forming a micropylar and a chalazal chamber
(Fig. 20). The micropylar chamber divides transversely and the two daughter
cells (Fig. 21) dividc vertically (Fig. 22). Further divisions are irregular
and the derivatives contribute to the endosperm proper (Figs. 23-28). The
chalazal chamber undergoes two successive divisions at right angles to each
other forming four cells arranged in an isobilaterab fashion (Figs. 21-24).
These are the initials of the endosperm haustoria. They elongate and extend
along the course of the antipodal haustorium of the embryo sac (Figs. 25, 26),
reaching up to the apex-of the placenta. Their remnants can be recognized

#till the late giobular stage of the embiyo (Fig. 26).

The mature embryo is dicotyledonous, and occupies almost the entire

length of the endosperm (Fig. 28),

-~

SUMMARY AND CONCLUSIONS

The flowers are sessile, bisexuval and pentamerous and are enclosed in a
cupular structure. The ovary is inferior with a short placenta which bears
taterally three hemianatropous ovules. The latter show a massive intcgu-
ment and a reduced nucellus.

The embryo cac conforms to the Polygonum typc. At the 4-nucleate
stage the micropylar end becomes extra-ovular and grows towards the style.
The mature embryo sac is U- or J-shaped. The antipodal nuclei are separated
by a wall from the rest of the embryo sac and do not organize into individual
cells. The tips of the synergids protrude beyond the wall of the embryo sac
and grow in between the placenta and inner wall of the ovary reaching up
to nearly one-third the length of the style. The tip of the antipodal chamber
also extends through the funiculus forming a conspicuous haustorium which
ramifies along the vascular tissue.

The endosperm is Cellular. The first division of the primary endosperm
nucleus is transverse forming a micropylar and a chalazali chamber. The
micropylar chamber alonec forms the endosperm proper. The chalazal
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chamber undergoes two divisions forming four cells which give rise to endo-
sperm hauwstoria.  The embryo is dicotyledonous.

On the basis of the presence of a perigonium, the genus Quinchamalium
was [irst assigned to the Family Santalaceas (De Candelle, 1856). The pre-

Figs., 17-28 — Ennospess (anh, antipodal haustarium; ce, chalazal chamber; emb, em-
brya ; end, eaduspec | erdh, cadosperm haustorsant; me, miccopylar chamber; ple, plagenta;
sy, synergid; sph, synereid haustorium; z, zygete)  (Figs. 21, 26-28 from microtome sec-
tions, rest from whole mounts.,  The remaanis of antipodal huustoria have been omitted in
Figs. 17-20):  Figs. 17-19, Fertiliead embryo sacs, note the synergid houstoria, the nuclei
of the synergids were not seen in Fig. 19, Fig. 20, Two-celled endosperm.  Fig, 21, Two-
celled micropylar chamber, the chataenl chamber has divided into four cells; the antipodal
haustorium is still persisting. Figs. 22-25. Progressive stages in the development of
endm:'p.::m and chalazal eadospzrm  haustoria, Fig. 26, L.s. ovary showing endosperm
al the globular stage  of prozmbryo, the endoipsrm heustoria have extended through the
funiculus, Figs. 27, 28. Endospeoms al early and late dicotyledonous stages of embryo
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sence ol a distinct calyx ourside the corolla tube led Miers (1851) to remove
this genus (along with Arjona and Myoschilos) to the lamily Olacaceae., Tn
1878 he placed them under a separate tribe Arjoneae, where cach flower is
supported by a calycle. Van Tieghem (1896) kept Quinchamalium and
Arjona in a separate family Arionacées and justified it on the basis of (i) the
epigynous disc instcad ol calycinal as is common in the Sanmalaceae, (i) the
hairs at the base of the stamens arising from the epidermal cells of the peri-
anth in A4rjona instead of from the hypodermis as in the Santalaceae, and
(1) the ovary being unilocular in the upper region and plurtlocular with one
ovule in each loculus in the lower region.

As far as the first point is concerned, Smith & Smith (1942) pointed
out that the epigynous disc is not a distinctive character of the family. Second-
ly, even in the Santalaceae the hairs originate from the epidermis and not from
the hypodermis and in this respect Van Tieghem's observation is incorrect.
Lastly, the pluritocular condition of the ovary in the basal region is met with
in several genera of the Santalaccae, e.g. Choretrum, Leptomeria, Osyris.
Thus, in all the three characters, Arjona and Quinchamalium resemble other
members of the Santalaceae. Besides, there are additional similarities like
the nature of the placenta, the cxtra-ovular extension of the embryo sac at
the 4-nucleate stage, Cellular endosperm, and formation of endosperm haus-
toria from the chalazal chamber.

Therefore, the taxonomic assignment of Quinchamalium should await
studics of the two allied genera, Arjong and Myoschilos.

The author 1s grateful to Dr B. M. Johri and Professor P. . Maheshwari
for guidance and encouragement. Thanks are due to Mr V. Garcia, Uni-
versity of Buenos Aires, Argentina, for providing the maiterial, to Dr S. P.
Bhatnagar for comments and to the Council of Scientific & TIndustrial
Rescarch for financial assistance.
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Effect of Some Growth Substances and
Calyx on Fruit and Seed Development of
Althaea rosea Cav.

R. N. CHOPRA
Department of Botany, University of Delhi, Delhi

The in vitro culture of ovaries was initiated by LaRue {1942), who apart
from obtaining rooting of excised floral parts, achieved appreciable growth
of ovaries of many plants. Since then this technique has been improved
upon and is useful for investigating problems of fruit development. Owvaries
of tomato (Lycopersicum esculentum), tobacco (Nicotiana tabacum), sirawbeny
(Fragaria chiloensis x F. virginiana), gherkin (Cucumis anguria) and bean
{ Phaseolus vulgaris) were grown in vifro with varying degrees of success
by Nitsch (1949, 1951, 1952). Jansen & Bonner (1949) duplicated the
result- with another species of tomato, Lycopersicum pimpinellifolium.  From
in vivo studies on a self-sterile strain of tomatoes {John Baer), Leopold &
Scott (1952) concluded that fruit sct is dependent upon the presence of
mature leaves. When flowers were grown on different media, it was found
that a large number of nutritive materials could be substituted for leaf re-
quirement. Rédei & Réder (1955) cultured pollinated ovarics of wheat
and later obtained normal plants from the embryos excised out of these.
de Capite (1955) grew the ovaries of Fragaria and Pisum, but the fruits produced
in vitro were smaller than those iz vive. Anantaswamy Rau (1956) studied
the influence of colchicine on the embryo and endosperm of Phlox drummondii,
from the ovaries maintained on artificial medium,

Nitsch (1951) reported that the general pattern of ovary growth in vifrois
the same as in vivo. This indicates that the growth responses of the ovaries main-
tained in artificial media are dependable, and allow for reasopable comparisons,

The present paper deals with the cffects of some growth substances and
calyx on fruit and sced development in Althaca rosea.

MATERIAL AND METHODS

Plants of Aithaea rosea (hollyhock), grown in the Botanical Gardens of
the Department of Botany, University of Delhi, were used for the present
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Fici, 1—-Flower at anthesis: the stigmas are still within the staminal tube, Fig. 2. Same,
showing {he emergence of stigmas.  Fig, 3. A mature lryit produced in nature 30 days
after pollination. Fig. 4. Sceds of the above, Fig. 5. Ovary al the time of inoculation (3
days after pollination). Fig, 6. A 25-duy-old mature fruit from an ovary planted with intact
calyx pn NBV. Fig. 7. Germinating seeds from another froit (40.day-oid) maintained on
NBY. Fig. 8. A 20-dav-old fruit cultured on NBY — GA (235 ppm).  Fig. 9. Another
fruft (30-day-cld) grown on NBY = 1BA (20 ppm). Fig. 10. A 25-day-old fruit cultured on
MBY 4 1AA (5 ppmip + kinetin {0+ 5 ppm)
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study. The flowers were tagged on the day of anthesis and werc picked three
days after poilination. 'The corolla and the staminal tube were removed.
The calyx and the epicalyx were trimmed in most of the flowers, but were
retained in some. Surface stcrilization was done by kecping the ovaries in
a 15 per cent decanted solution of calcium hypochlorite for 15 minutes. At
the time of inoculation a short distal portion of the pedicel was trimmed.

The basic medium {(abbreviated as NBV) comprised Nitsch’s (1951)
mineral salts and sucrose and a mixture of vitamins and glycine (modified
from White, 1943). This medium was supplemcnted by indoleacetic acid,
(IAA, 5 ppm). indolebutyric acid (IBA, 1,5, 10,20 ppm), gibberellic acid
(GA, 1,5, 10, 25 ppm), kinetin (¢-1, ©-2, ©-5,1, 2 ppm) and colchicine
(50, 100, 200 ppm) and was jelled with 0-8 per cent of Bacto agar. Ovaries
were also maintained on plain agar to see how far the development pro-
ceeds without any nutrients,

Rimless ‘pyrex’ tubcs, plugged with nonabsorbent cotion (wrapped
in a piece of cheese-cloth), werc used as containers. The pH of the medium
was adjusted to 5-5. Tn each tube 10 ml of the medium was dispensed and
these werc autoclaved at 15 1b. pressure for 20 minutes. The cultures were
maintained at laboratory temperatures (17-21° C.), and while the majority of
them received diffused daylight, some sets were kept in total darkness.

Twenty-four ovaries were planted in cach medium, except the one with
gibberellic acid in which only [2 werc sown. An incrcase in diameter was
taken as an index for growth, and a change in colour, from greenish yellow
to black, as the criterion for maturity. s

The development of endosperm and embryo was studicd mainly by dis-
sections.  Microtome sections of the seeds were cut at the thickness of 12-14y,
and Heidenhain's haematoxylin was used for staining.

1

OBSERVATIONS

Studies In Vivo. The anthers start dehiscing a day or two after anthesis
and the stigmas, which are at first enclosed in the staminal tube (Fig. 1), come
out and spread in 3-4 days (Fig. 2). After pollination the corolla closes in
a couple of days and is eventually shed along with the style and the staminal
tube. The calyx and the cpicalyx are persistent (Fig. 3). Depending upon the
season. the fruits attain their inaximum size of 17-20 mm. diameter in 10-18
days aflter pollination. Maturation occurs in about 30-35 days (in February)
and this period gradually shortens with the advance of season; in April
the fruits mature in 20-25 days. After maturation the mcricarps scparate
and are dispersed by wind. Fruit sct is about 95 per cent.

The removal of the calyx from the pollinated flowers did not affect the
growth of the fruits (Fig. 11).

Development of Seed. At Lhe time of inoculation (three days after polli-
nation) the ovules showed free nuclear endosperm and a globular proembryo
(Fig. 12). In some only the zygote and primary endosperm nucleus were
observed. Eight days after pollination the ovules showed mostly heart-
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shaped embryos and the endosperm had become cellular, with the conical
chalazal part alone containing free nuclei. Within 25 days the normally
developing seeds showed a mature embryo (Fig, 19). However, aboul 15-20
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per cent seeds did not develop properly and were either empty or contained
globular or heart-shaped embryos.

Studies In Vitro. With the advance in season the diameter of the ovary
at the time of inoculation also increased. In February the maximum dia-
meter was 12 mm., in March 14 mm. and in April 15-8 mm. This resulred
in a lesser and lesser capacity for growth after inoculation. Therefore,
the comparisons between different media are based on the percentage of the
total possible increase in diameter in each experiment (Table 1).

Fig. 5 shows an ovary three days after pollination in the month of
February. Unless otherwise mentioned all the ovaries were planted without
calyx and were maintained in diffused daylight. The behaviour of the ovaries
is given scparately under each of the media used.

Plain Agar. The increase in diameter of the ovary was only to the extent
of 0-4 mm. and there was no maturation.

NBY. About 58 per cent of the ovaries showed growth and the average
diameter obtained was 12 mm. No maturation was observed. In another
set of 24 ovarics kept in dark, the average fruit diameter was 14-4 mm. and
one of the fruits showed signs of maturation 40 days after inoculation,

The presence of the calyx was beneficial for the growth and maturation
of the fruits (Fig. 11). Nearly 85 per cent fruits attained an average diameter
of 19 mm. The seeds were also comparable to those in nature (Figs. 4, 7).
Of the T2 ovaries planted late in season (April), eight started turning black
after 15 days and four of these were fully mature by the 20-25th day (Fig. 6).
In one fruit many of thc embryos germinated in sitw (Fig. 7). P ’

NBV -i- Coichicine. In 50 ppm of colchicine only 20-8 per cent of the
ovaries increased in diameter by 0-5 mm. while the rest did not grow at all.
No signs of maturation were observed. With 100 ppm 66-6 per cent of the
ovaries increased appreciably in diamewer. Two fruits showed signs of
maturation after 30 days. A still higher concentration (200 ppm) was less
effective than 100 ppm (Table 1).

NBV - Gibberellic Acid. Only 16-6 per cent of the ovaries planted
on NBV + GA (1 ppm) grew well.  One of the fruits started maturing after
30 days. With 5 ppm. 33-3 per cent of the ovaries grew and onc (ruit turned
slightly black. In 10 ppm, 40-2 per cent of the ovaries grew and the final
d.ameter exceeded that in 5 ppm. Two fruits showed signs of maturation
but only one turned fully black. The best results were obtained with 25 ppm
GA (Table 1). In this 50 per cent of the ovaries increased in diameter, two
fruits turned almost black by the 20th day (Fig, 8) and a third started matur-
ing after 30 days.

NBV +IBA. Out of ithe 24 ovaries planted in each concentration,
a set of 12 was kept in diffused daylight whilc the other set was kept in total
darkness.

In the first set, (1 ppm) IBA did not prove any better than the basic medium,
In 5 ppm about 50 per cent of the ovaries showed good growth and a couple
of fruits matured. The next two concentrations (10, 20 ppm) did not improve
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growth very much over the basic medium and only two fruits matured in
20 ppm (Fig. 9).

In darkness, with | ppm 1BA, 25 per cent of the ovaries showed an average
increase of 0:8 mm. in diameter and one fruit cxhibited signs of maturation.
In higher concentrations (5, 10 ppm) fruit growth increased considerably.
The best results were obtained in 20 ppm IBA (Table 1). About 90 per cent

TABLE 1—COMPARISON OF DIFFERENT MEDIA BASED ON THE PERCENTAGE
OF INCREASE IN DIAMETER

Treatment Initial Total possible Actuud Increase
diam. increase (19-x)*  increase mm. %
mm.
Fir vive 14-5 4-5 4-5 H
NBY 10+ 1 89 1-9 21-4
{dark) 11-3 77 3-1 4¢3
(+ calyx) 145 4-5 4-5 100°0

NBYV 4 colchicine

50 ppm 15-8 32 0-2 6-0
100 ppm 9-9 91 32 35-2
200 ppm 9:3 9-7 2-6 26-8
NBY + GA .
1 ppmn 15-6 34 06 --17-6
5 ppm 15-1 39 0-8 205
10 ppm 156 34 13 80
25 ppm 15-0 4:0 1-8 45:0
NBY 4 IBA (dark)
1 ppm 15-1 39 08 20-5
5 ppm 153 37 141 29-7
10 ppm ' -1 - 79 2-7 342
20 ppm 151 3-9 3-4 27-0
NBV + 1AA
5 ppm 14-6 4-4 0-4 9-0
NBY | kinetin
01 ppm 15- 3-2 01 30
0-2 ppm 15 3-7 0-6 16-2
0:5 ppm 13-1 5:9 1-7 258
1 ppm t4-3 4-7 2-1 44-7
2 ppm 137 53 -7 32-0

* 19 mm. is the average final fruit size, x is the initial fruit diameter.
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of the ovaries showed good growth and the average fruit diameter was 185
mm. The maximum diameter was attained in 10-15 days after inoculation
and 6 fruits out of 12 matured in 25-30 days. ‘

NBY -+ IAA. Only 8-3 per cent of the ovaries increased in diameter
from 14-6 to 15 mm. One of them started turning black after 30 days,
but did not marture.

NBV - Kinetin. In §-1 ppm kinetin the increase in fruit diameter was
onkty 0-1 mm, and none of the fruits matured. The addition of 0-2 and 0-5
ppm kinetin improved growih. A couple of fruits started turning black,
but full maturity was not attained. A slight increase in the girth of pedicels
was noticed in some cultures. With | ppm kinetin the increase in fruit dia-
meter was still greater. Four fruits started maturing but only one matured
fully. In 2 ppm, although the percentage of ovaries which grew was greater,
the increase in fruit diameter was less. A couple of fruits turnced slightly black.

NBVY -+ IAA + Kinetin. The concentration of IAA (5 ppm) was kept
constant while that of kinetin was varied. With a combination of 0-1 ppm
kinetin and TAA, fruit growth and maturation improved as compared to 0-1
ppm kinetin or 5 ppm [AA used individvally. In this case 40-2 per cent of
the ovaries grew and the average fruit diameter was 17 mm. With 0-2 ppm
kinetin fruit growth also improved. The next concentration of kinetin (0-5
ppm) proved to be even better. About 70 per cent of the ovaries grew and
increasc in diameter was 55 per cent of the total possible increase. The
maximum diameter was attained in 10-15 days, and maturation started in
three fruits, of which two ripened in 20-30 days {(Fig-10). Ina few cultures
the pedicels showed a slight increase in girth. With 1 ppm kinetin, 50 per
cent of the ovaries showed good growth, and one fruit turned slightly black.
With 2 ppm kinetin, the percentage of fruit set as well as the increase in fruit
diameter was lower, and matugation of fruits failed to occur.

Development of Seed. Dissections of thirty-day-old ovaries, maintained
on plain agar, revealed only unhealthy heart-shaped embryos. No endo-
sperm could be found. Development of the endosperm and embryo showed
marked differences in fruits grown on NBY with and without calyx. When
grown without calyx the endosperm remained free nuclear and the embryo
progressed only up to the pre-heart or heart-shaped stage (Fig. 13). On the
other hand, many of the embryos showed well developed cotyledons in fruits
cultured with intact calyx (Fig. 14). In one of the [ruits most of the embryos
had reached their normal size and germinated in site. In general, however,
the size of the embryos was much smaller as compared to that in nature. En-
dosperm development scemed to be normal.

In NBV - colchicine (50 ppm)} some of the embryos showed the ini-
tiation of cotyledons, and the endosperm became cellular in the micropylar
region. In higher concenirations (100, 200 ppm), on the other hand, the
embryo remained at the globular stage and there was no c¢ll formation in
the endosperm. The embryo at times became very large (Fig. I5), but its
differentiation was checked,
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With other supplements {e.g. GA, IBA. TAA. kinctiny the growth of
the embryo and endosperm was inhibited to a greater extent than with colchi-
cine. Most of the embryos remained at the globular stage, or rarely develop-
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ed to heart-shaped stage (Figs. 16-18). The endosperm showed just a few
cells, if at all, at the extreme micropylar end. In all such cases the contents
of the embryo sac gradually degencrated and the seeds were reduced to flat
papery structures. '

DISCUSSION

LaRue (1942) reported a fivefold increase in the size of tomato ovaries.
The fruits of Kalancho? developad practically to full size, though the seeds
did not contain cmbryos. Forsythia fruits, whether rooted or not, remained
alive in culture for a year and rcached almost their maximum size. Caltha
fruits grew to about half of their normal size and burst open, exposing imma-
ture seeds,

Nitsch ([951) observed that pollinated ovaries of tomato could be easily
raised on a basic mediuvm comprising mineral salts and sucrose only, With
the addition of tomato juice to the medium, fully mature tomatoes were ob-
tained, but their final size was smaller than that of fruits ripening on the
plant. Ovaries of gherkins, strawberry, bean and tobacco also produced
small fruits in the basic medium.

Sachar & Baldev (1958) report that in Lingria maroccana the most
favourable medium for ovary culture was Nitsch's basic medium supple-
mented with vitamins, glycine and yeast extract {O-5 per cent), but the control
ovaries in field grew to a larger size. Similarly in Tropaeolum magjus (Sachar &
Kanta, 1958) even the largest fruit, produced in Nitsch’s basic medium with
vitamins, giycine and thiamin {i1G¢ ppm}, failed to come up to the size of natural
fruits. Tn Iberis amara (Nirmala Maheshwari & Lal, 1958) the fruit growth
in vitro paralleled to that in vivo. With the addition of [AA to the medium
the fruits were sometimes even larger than rhose i nature.

In Althaea rosea the best results were obtained with IRA. when the cul-
tures were maintained in darkness (see also Chopra. 1958). The average
diameter of the fruits was 18-5 mm. as compared to 19 mm. in nature.

The above findings indicate that the requirements for best [ruitl growth vary
with different plants and in some none of the tested chemicals give good resulis.

Effect of Calyx on Fruit Growth. The calyx has a beneficial effect on fruit
growth. Sachar & Kanta (1958) observed that in Tropaeolum the presence
of the calyx and corolla increased the diameter of the fruit from 2-5t0 5 mm.
(in plain agar), while ovaries planted without calyx attained a diameter of
only 4-2 mm. Nirmala Maheshwari & Lal (1958) also report that ovaries
of fheris with calyx and corolla always outgrew those in which these had
been removed.  In Afthaea the ovaries raised without calyx in the basic
medium grew to a diameter of 12 mm., while those with inlact calyx produced
the largest fruits measuring 19 mm. in diameter.

Seed Development. Nitsch (1951) stated that in the basic medium
normal seeds failed to develop in the pollinated ovaries of tobacco and tomato.
In gherkins also, most of the fruits showed only underdeveloped seeds with
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soft seed coats, although when tested for germination a few produced “appar-
ently normal seedlings.” In Phlox, Anantaswamy Rau (1956) observed
mulfinucleate embryonal cells and a nodular organization of the endosperm
under the influence of colchicine. Early embryogeny proceeded normally,
but the ovaries which remained in the colchicine medium for morc than
12-14 days showed considerably malformed seeds with degenerated endo-
sperm and embryes. In Tropacofunm (Sachar & Kanta, 1958) the embryos
from ovaries grown in the basic medium did show some growth and differentia-
tion comparable 1o that in nature. However, thesc embryos were always
smaller than the normal embryos ol the same age and Jater showed signs
ol dcgencration. The addition of various growth substances did not
bring about any improvement (see also Sachar & Chopra, 1959).

Sachar & Baldev (1958) report that the development of endosperm
and embryo in Linarig procecded alike both in cultured and in natural fruits,
except that there was a greater deposition of starch in the endosperm of the
former. In fheris as well (Nirmala Maheshwari & Lal, 1958) the ovaries
maintained on Nitsch's basic medium with vilamins and glycine (NBV) and
NBV with TAA {5 ppm) showed normal growth of the endosperm and embryo.
In other cultures of Theris, with 2, 4-D and kinctin, the growth of the endo-
sperm and embiyo was arrested.

In Althaea none of the chemicals promoted the growth of the endosperm
and embryo. The endosperm mostly remained free nuclear, while the growth
of the embryos was arrested at the heart-shaped stage. Al such sceds were
eventually reduced to thin papery structures.

Effect of Calyx and Other Maternal Parts on the Development of Endo-
sperm and Embryo. Rédei & Rédei (1955) planted ovaries of Triticum in
the culture medium 3-4 days after pallination. If the ovaries were deprived
of the lemma and palea. the embiyo seldom developed further. On the
other hand, in ovaries enclosed by these parts the embryo displayed continued
differentiation, although the cndosperm showed only a jellied appearance.
When the embryos were excised 8-12 days after inoculation and transferred
to a fresh medium, they produced normal plants,

In Althaea normal endosperm and embryo development took place only
in the ovaries planted with calyx on the basic medium. Although in some
fruits germination started in the test tubz, the size ol embryos was usually
much smaller than that in nature,

SUMMARY

Pollinated ovaries of Althaea rosea have been successfully cultured in
artificial medium. The presence Or absence of the calyx did not make any
appreciable influence on fruit growth in vive. In vitro, on the other hand,
the calyx not only affected fruit growth and maturation, but also the deve-
lopment of the endosperm and embryo. The ovaries planted in the basic
medium without calyx produced fruits which were only 12 mm. in diameter,
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while those with intact calyx formed much larger fruits (19 mm.) which were
comparable to those in nature. Further, normal endosperm and embryo
development was observed only in ovaries cultured with calyx. The ovaries
devoid of calyt revealed only f{ree nuclear endosperm and heart-shaped
embryos,

Of the suppléments used, TBA proved to be the best for the growth
and maturation of fruits. Tn 20 ppm 1BA the average fruit diamcter was 185
mm. (in dark) and 50 per cent of the fruits matured. Darkness increased
fruit size and tlie percentage of maturation,

None of the growth substances promoted the growth of the endosperm
and embryo, 'The former remained mostly in the free nuclear condition
and the latter did not progress beyond the heart-shaped stage. Tn all such
cases the embryo sac contents eventually degenerated and the seeds were
nonviable.

The author takes this opportunity to thank Profcssor P. Maheshwari
for his keen interest in this work.,
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In Vitro Production of Onion Seeds

SIFRA GUHA
Department of Botany, University of Delhi, Delhi

In recent years extensive researches have been carried out on the cul-
ture of dicotyledonous tissues and organs, but the monocotyledons have
received much less attention. Robb (1957) cultured explants from the bulb
scales of Liffum speciosum which proliferated and differentiated into bulblets
in 15-16 weeks. Clark & Heath (1959) studied the changes in the growth
substance-content of onion plants during buibing.

The present paper deals with the in vitro production of seeds of Allium
cepa var. Pusa red.

EXPERIMENTAL PROCEDURE -

Pollination of flowers occurs on the day of anthesis. The flowers were
collected two days afier pollination (Fig. 1), sterilized for 5 minutes in chlorine
water, washed thoroughly with sterile water and inoculated aseptically in
* Pyrex ” culture tubes containing 15 ml, of sterile nutrient mediumn.  The basal
medium (BM) comprised half-strength Knop's major salt solution, minor
salt solution (Nitsch, 1951), vitamin solution (White, 1943: modificd by
the addition of calcium pantothenate and increasing the original concentration
by 2-5 times). 5 per cent sucrose, 0+7 per cent Difco Bacfo agar and 10 mg./1.
ferric citrate, To this medium were added several growth substances like
casein hydroelysate (CH), yeast extract (YE), gibbeiellic acid (GA), indole-
acetic acid {LAA), naphthalene acetic acid (NAA), kinetin (K) and tryptophane.

OBSERVATIONS

Growth In Vive. Two days after pollination the ovary is 3 io 4 mm.
in diamcter, and in 21 days attains the optimal size (6-7 mm.). The ovary
has three, rarely four loculi, each of which usually contains two ovules. The
fruits mature and dehisce In six weeks. Seeds germinatc immediately after
shedding. first producing a coleorrhiza which grows into the soii and with the
developmeni of the cotyledonary leaf, the secd is carried upwards above the
surface of the soil. The second leaf originates from the upper part of the



Fios. 1=10 — GROWTH oF EXCISED FLOWERS @ Fig. |, Flower at the time of inoculation
2 davs after pollination). Fig. 2. A six-week-old nvature Fruit on BM « [AA (1 ppm) + GA
(4 ppm) <+ K (05 ppm). Fig 3. Seedling lormed on BM. Fig. 4. Fruit cullured on BM -+
GA {4 ppm) showing in sitn germiination of seed: the ovary is pushed up due to the
elongation of ihe cotyledon (nat. size), Fig. 5. M sive germination of seeds on BM 1+ 1AA
(I ppmi: instend of prowing Jdownwards the root-end extended upwards, note the
initidtion of root from the tip of the axis. Fig: 6. Secdling produced on BM < NAA (2 ppa);
arrow points to the rogt bearing root hairs outside the medium, the portion inside the medi-
uin fcks them. Fig 7. Bulb produced on BM £ JAA (-5 ppm): the roots ate short and thick.
Fig. 8. Seedling showing branched rool system produced on BM L JAA (1 ppm) ~ GA
(2 ppm). Fig. 9. Bulbs prasluced on BM = TAA (1-0 ppmy -~ K 05 ppm. Fig. 10,
Eight-week-old abnormal embrvos an BM -+ NAA (2 ppm)
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These scales turn crimson and form a miniature bulb., The roots remain
stunted and thick (Fig. 7). Green leaves rarely appear on BM -+ JAA even
four weeks after germination. BM - TAA 4 K also fails to induce the for-
mation of green leaves but bulb formation is much better than on BM -i- 1AA
(Fig. 9). BM -+ GA gave strikingly different results as compared to BM -+
IAA. The radicle entered into the medium and produced a long root.
After two weeks many roots developed and attained a length of 12 o 15 em.
Many leaves also developed from the upper portion of the stem (Fig. 4).

On BM -- TAA + GA, the relauve concentrations of TAA and GA
determine the type of seedling, e.g. with 1AA | ppm and GA 2 ppm there is
profuse leaf formation and a branched root system (Fig. 8) but bulb forma-
tion is rare.

On BM -i- NAA 2 ppm the seedlings have a much smaller bulb (Fig. 6)
than on BM - TAA.

When tryprophane is substituted for JAA, bulb formation is com-
pletely inhibited, but a number of leaves and fibrous roots are produced.

SUMMARY AND CONCLUSICONS

At the time of inoculation of flowers of Alfium cepa, the ovules contained
the organized embryo sac and in nature the embryo develops in four weeks.
In flowers reared on BM only 5 per cent seeds showed normal embryo and
endosperm. On BM -- [AA (0-5, 1 ppm) and BM - GA (4 ppm) 20
per cent fertile seeds were produced. The best growth of segds. was -
obtained on BM - tryptophane (2 and 5 ppin) where 30 per cent sceds
were  viable. -

Usually, the fruits grown in artificial media remain smaller than the
size of natural fruits, e.g. in Cooperic (Sachar & Kapoor, 1958 ). Linaria
(Sachar & Baldev, 1958) and Tropacolwn (Sachar & Kanta, 1958). In fheris
(Maheshwari & Lal, 1958), however, natural-sized or even slightly bigger fruits
are produced. This is also true of Aliwm. The natural size of fruits is
reached on BM — TAA (0-5. | ppm) and BM — GA (4 ppm) but larger fruits
are produccd on BM —+ [AA + GA — K although in the latter case only
| per cent seeds are viable, It may be presumed that the role of fertile seeds
in fruit development has been replaced by the supplements added to the
nutrient medium. Similar results were also obtained in Ranunculus (Sachar
& Guha, 1960).

The development of seed coat is independent of the growth of cndosperm
and embryo since healthy-looking seeds were frequently empty. Tn almost
all the media tried, the size of embryo was comparable to that produced in
nature.

The author records with pleasure her gratitude 1o Dr B. M. Johri for his
guidance and to Professor P. Maheshwari for comments and advice, Thanks

are also due to the Council of Scicntific & Industrial Research, New Delhi,
for financial assistance.
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Development of Exembryonate Seeds
in Foeniculum vidgare Mill.”

SHRISH C. GUPTA
Department of Botany, University of Delhi, Dethi

Some of the healthy-looking secds of funnel are often non-viable and this
may be due to (i) failure of endosperm development, (ii) occurrence of rudi-
mentary or otherwise defective embryos, or (iii) ¢mbryolessness. The third
cause of non-viabillly has been swudied.

OBSERVATIONS

A cursory examination of the mericarps of Foeniculum vuigare showed
a hole in the fruit-wall indicating the cscape of an insect. The microtome
sections of the young fruits containing globular embryo and cellular endos-
perm tevealed an insect larva and the dissection of mature fruits yielded
a phytophagous chalcid fly, Systole albipennis Walk, (family Eurytomidac)
or one of the two hyperparasites, Tetrastichus sp. (family Eulophidae) or
Liodontomerus sp. (family Torymidae).

Usually one (rarcly two) egg of Systofe is laid in the mericarp between
the infegument and the endosperm (Fig. 1). At this time the endosperm is
partially or completely cellular, and the proembryo is filamentous or
globular. Concomitantly with the growth of the fruit, the chalcid egg de-
velops into the larva, pupa and adult fly (Fig. 6) at the cost of the endos-
perm and embryo (Fig. 2).  After maturation, it gnats a hole in the pericarp
and escapes (Fig. 5).

QOwing to the insect attack the embryo, sometimes even the endosperm,
fails to develop in approximately 40 per cent mericarps (Fig. 4). Occasionally
the proembryo may continue to develop for some time although the growth
of the endosperm is arrested (Fig. 3). Since the insects which escape
from the fruits infect fresh mericarps, the percentage of exembryonate seeds
increases during the late season. These seeds cannol be distinguished from
the embryonate ones by their external appearance, size or weight.

*Part of the thesis entitled <Morphological and Embryological Studies of some
Umbelliferous Spices™ approved for the Ph.ID. degree by the University of Delhi.
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At times, the phytophagous chalcid larva may be overlaid by the egg
of one of the two hyperparasites (Fig. 7). Tetrastichus sp. or Liodontomerus

:T-ma 14—-Lqmﬁemm OF DEVELOPING FRUITS QrFoun!caIm.-; vidgare {demb, degenerat-
ﬁqﬁ&mden‘demwted endosperm; dov, degenerated ovule: e, € ey developing insects;
ndosparm: i, integument; peat, Droembryn} Fig. 1. Shows ipsect egg between the

erm und integument.  Fig. 2. The proembryo and endosperm have been partially
m‘wﬂ:ﬂw developing insects, Fig. 3. Arrested growth of endospsrm. Fig. 4.

[
Both the endosparm and embryo have degenerated

T
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sp.  The hyperparasites develop into adults at the cost of Systele larva but
do not destroy cither the embryo or the endosperm.  However, as the hyper-
parasites grow in size. some of the surrounding cells may be crushed. Thus,
in some fruits an adult Terrastichus or Liodentomerus may be lying side by
side with a normal embryo.

To trap the insects (Systole. Tetrastichus and Liodontonierus), the fer-
tilized ovaries of Foeniculum were cultured on modified White's medium
(see Ranga Swamy, 1961) jelled with 0:8 per cent Difco Bacto agar.
Sucrose (5 per cent) was-used as the carbon souree. The pH of the medium
was adjusted to 5:9. The cultures were kept at - 25" C, and £30 per cent
relative humidity in diffuse sunlight.

At the time of inoculation the young mericarps confained globular pro-
embryo and cellular endosperm with the larva of Systole, or it had been al-
ready hyper-parasitized by Liodontomerus (Fig. 8) or It etrastichus (Fig. 9).
Tn a few cultures, 10 days after inoculation, the adult insects escaped by boring
a hole in the fruit-wall and survived for 11 to 17 days inside the culture tubes,

Fias, 5-9 — ParasiTe asD Hyveerpakasites (L froit: fiv, forewing: Ap, hyperparasiic;
i, insect; @, ovipositor; g, parasite) @ Flg. 5. Inseet emerging out of the fruit,
Figs. 6-8. Whole mounts of insects dissected from the fruits of Foewiculum. Fig. 6.
Systole albipennis. Fig. 7. Parasite and hyperparasite larvee, Fig. 8, Liodontomerus sp.
Fig. 9. Tetrastichus sp. from o fuil of Feerdculum cultured dn vitro
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SUMMARY AND CONCLUSIONS

Flemion and her co-workers {1941; {949; 1954; 1955) have reported that
embryolessness in the umbelliferous seeds is due to the external feeding by
Lygus bug which is said to deposit toxic oral secretions inside the fruits
causing abortion of the embryo and endosperm (see Flemion, 1955). This
view has also been supported by Kho & Braak (1956).

Neither the toxic nature of the oral sccretions has so far been demon-
strated, nor is there any direct evidence to support the view of Flemion et al.
(1954) that Lygus translers micro-organisms to the ovarics which cause
embryolessness.  According to Flemion & Henrickson (1949) the climatic
conditions, types of soil, genetic influence, etc. have ne effect on embryoless-
ness, The author did not notice Lygus bug feeding on the (Tuits of Foenictdum
and his observations indicate that the cxembryonate-sceds are produccd
due to damage caused to the cmbryo and cndosperm by the growth of
Systole albipems.

It giveg the author great pleasure to express his gratitude to Dr B. M.
Johri, under whose guidance this work was carried out. and o Professor
P. Maheshwari for his constant encouragement and advice. The insects
were identified by Dr B. D. Burks (U. 5. National Museum, Washington)
and Dr J. F. Perkins (British Museum, Natural History, London) to whom
the duthor is most grateful, Thanks arc aiso due to the Indian Council of
Agricultural Research, New Delhi, for financial assistance.
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Female Gamctophyte of the Santalales

B. M. JOHRI
Department of Botany, University of Delhi, Delhi

The earliest embryological studies on the Santalaceae and Loranthaceae
are those of William Griffith (1836a. b), Assistant Surgeon in the Madras
Establishment of the East India Company and later attached to thc Botanical
Garden and the Medical College at Calcutta, who studied several spacies of
these familics. He not only used spirit tor preserving the material to be exa-
mined laler but also employed the technique of dissection,  Without the latter
method it would be almost impossible to study the tortuous course of embryo
sacs in the Samalales and the author also used it with great advantage.

During the last ten years, many members of the Santalales have been
investigated at the University of Delhi and the results swmmarized by Johri
& Bhatnagar (1960). They agiee that this order should comprise two sub-
orders: Santalincae and Loranthineae, but point out that the Santalineae
should include only four families—Olacaceae, Grubbiaceae, Santalaceae
and Myzodendraceae, and the Lozanthineae two [amilies—Loranthaceae
and Viscaceae. The Santalaceae may be subdivided into six 1ribes—Coman-
dreae, Thesiwae, Osyrideae, Santaleae, Opilicac and Anthoboleae.

OLACACEAE

In Olax imbricata the development of the embryo sac conforms to the
Polygonum type (Fagerlind, 1947) whereas in Q. wigltiana (Shamanna, 1954)
it is of the Allium type. Saroj Agarwal ( University of Delhi) has re-
cently confirmed bisporic development in Q. wightiana and observed Poly-
gonum type in another species —OQ. scandens. The tip of the d-nucleate
embryo sac grows between the ovule and the placental column or the inner
wall of the ovary. All the nuclei of the embryo sac now divide producirg
the B-nucleate gametophyie and the egg apparatus and polar nuclei are
organized as usual. The antipodat nuclei do not oiganize into individual
ceils but remain limited to a common cell cut off at the base of the embryo
sac. Somectimes two cells may organize and one of these is binucleate. At
this stage a lateral caecum arises just above the level of the antipodal chamber,
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branches repeatedly and traverses through the funiculus reaching up to the
apex of the placental column.

" The embryo sac of Anacolosa frutescens (Fagerlind, 1947) and Sirombosia
ceylonica (Agarwal, 1961) also conform to the Polygonum type and it does
not cxwend beyond the ovule.  In Strombosia starch appears at the 4-nucleate
stage and sometimes it is so abundant that the nuclei may bc altogether
masked. The antipedal nuclei organize into individual cells.

GRUBBIACEAE

The development of the female gametophyte has not been studied in
Grubbia.

SANTALACEAE

In this family all the members so far investigated show the Polygonum
type of embryo sac, Some of the characteristic features of each tribe are
dealt with below.

Comandreae. Comandra umbellata (Ram, 1957) has been studied in
detail. Jus. below the level of the egg apparatus a lateral caecum arises on
the funicular side. grows through the ovule, enters into the placenta and ex-
tends along the vascular strand. The polar nuclei lie at the mouth of the
caecum. Sometimes only two antipodal cells (one binucleate) are formed.
The synergids and antipodal cells degenerate even before fertilization. A
gingle embryo sac develops in each ovule and by the rime it reaches maturity
most of the ovular tissue is consumed.

Thesicae. Bhatnagar & Agarwal (1961} have recently studied Thesium
alpinum and T. wightianum. The embryo sac shows the normal organization
and a caecum arises from the chalazal end leaving the antipodal cells in
situ. The latter degencrate before fertilization. The tip of the embryo
sac is somewhat swollen and it~ gradually consumes the integumentary
tissue.

Agarwal (1962) has pointed out several new features in Quinchamalium
chilense. In contrast 10 other members of the Santalaceae, neither the syner-
gids nor the antipodal nuclei are ephemeral. Moreover, even before ferti-
lization, the tips of synergids produce tubular haustorial processes which
grow through the stylar tissue reaching up to one-third the length of the
style. Quinchamalium has perhaps the longest synergid hausworia so far
known in any angiosperm. There is also a much branched antipodal haus-
torium which invades the placental tissue.

Osyrideae. Joshi (1960) reports that in Osyris wightiana (syn. O. arborea)
the 4-nucleate cmbryo sac elongates considerably, destroys the ovular epidermis
and its tip lies exposed in the ovarian cavity. A lateral caecum arises from
the chalazal end leaving the antipodal cells j» site. The caecum elongates
and invades the funiculus and the placental column.

In Seleropyrum wallichianum (Rao, 1942) the tip of the gametophyte does
PE. .13
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not extend beyond the ovule and the antipodal nucle! are said 1o lie free in
the embryo sac. An aggressive ** antipodal haustotium”™ develops from
the chalazal end and it enters the placental column before fertilization. Later
on the haustorium grows up to the base of the placental column and undergoes
branching, These processes curve upwards, undergo further branching,
grow into the endocarp and some of them reach up to the base of the stylar
canal. The antipodal nuclel enlarge and divide and the daughter nuclei
migrate into the haustorium. It is likely that Rao mistook the endosperm
haustorium for the antipodal haustorium and this point requires a careful
reinvestigation, '

Santaleae. We have considerable information on this tribe and the genus
Santalm has been studied by several persons (see Paliwal, 1956; Bhatnagar,
1959). The tip of the 4-nucleate embryo sac extends beyond the ovule and
grows towards the style between the placental column and the inner wall of
the ovary. A chalazal caecum is also produced which grows downwards
into the placental column leaving the antipodal cells i sifr.  The so-called
synergid haustoria reported by Paliwal appzar to be the remnants of the per-
sistent pollen tubes (see Bhatnagar, 1959). The embryo sac of Leptomeria
cunninghamii, L. acida (Ram. 1939b) and Mida salicifolia (Bhatnagar,
1960} is similar to that of Sagntafum, except that in Leptomeria the gameto-
phyte becomes extra-ovular only after organization of the nuclei,

Opilieae. The tip of the embryo sac of Opilia ameniacea (Shamanna,
1955) does not grow beyond the ovule but the chalazal end produces a large
caecum leaving the antipodal cells in sifu. The caecum invades the placenta.
Swamy (1962) has pointed out that it extends into the solid-part of the gynoe-
clum in the direction of the pedicel so that the chalazal arm of the embryo
sac becomes nearly three times longer than the micropylar arm.

Swamy (1960) has also studied Cansjera rheedii. The embryo sac re-
sembles that of Opilia, With the initiation of the chalazal caecum the antipodal
nuclei migrate into it but rapidly dcgenerate, The upper part of the embryo
sac enfarges and crushes the adjoining integumentaly tissue {except the outer-
most layer) so that the micropyle is demolished and the egg apparatus
becomes exposed. Considerable amount of starch accumulates in  the
gametophyte,

Anthoboleae. Ram (1959a) investigated three species of Exocarpus—
E. cupressiformis, E. sparteus and E. sérictus, and E. menziesii has been worked
out by Fagerlind (1959).  Ovules, which normally develop on the placenta, are
distinguishable into the integument and nucellus but in this genus the embryo
sac develops in the placenta itself and the ovules are absent ( see also
Fagerlind, 1959). The tip of the embryo sac grows upwards beyond the
placenta and thc egg apparatus becomes exposed. Finger-like haustorial
processes develop in E. stricius and these are much more extensive in
E. menziesii,

In Myzodendron punctularum and M. quadrifforum (Skotsberg, 1913)
the embryo sac is of the Polygonum type and the antipodal end of the embryo
sac extends info the placental column.
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LORANTHACEAE

The embryo sac is of the Polygonum type and in some members, e.g.
Macrosolen (Maheshwart & Singh, 1952), Lepeostegeres (Dixit, 1958b) and
Atkinsonia (Prakash, 1961) the two lower nuclei of the 4-nucleate embryo sac
divide eariier than the upper nuclei. Thus, a 6-nucleate stage precedes the
B-nucleate gametophyte. In the latter two plants, embryo sacs may someuimes
show reversed polarity.

In most of the members the lower end of the cmbryo sac extends up to
the base of the hypostase leaving the antipodal cells in situ.  The upper end
may remain limited to the ovary or may ascend into the style and stigma.
This is the only family of angiosperms where such a behaviour has been ob-
szrved. The ovarian, siylar and stigmatic tissues adjoining the gameto-
phyte are usually rich in starch and sometimes starch accumulates in the
cmbryo sac also,

Elytrantheae. The tip of the cmbryo sac extends only up 1o the base
of the style in Macrosofen (Maheshwari & Singh, 1952} and Peraxilla
(Prakash, 1960), siightly above the base of the style in Lepeosiegeres
(Dixit, 1958b), and up to almost half the length of the style in Lysigna
(Narayana, 1958a).

Lorantheas. The upper end of the embryo sac reaches up to middie to
two-thirds the hetght of the style in Amivena (Dixit, 19583), Dendrophthae
{Singh, 1952), Helicanthes (Johri, Agrawal & Garg, 1957) and Toelypanthus
(Dixit, 1961), and up to the stigma in Barashranthus (Garg, 1959y, Helixmihera
hookeriana (Schaeppi & Steindl, 1942), Tupeia (Smart, 1952) and Tapinostemima
(Garg, 1959). In Helixanthera ligusiring (Maheshwari & Johri, 1950) i
comes to lie just below the stigmatic epidermis.

Nuytsieae. The apical portion of the embryo sac does not extend beyond
the base of the style in Arkinsonia (Prakash, 1961} but in Nyyrsin (Narayana,
1958b) it ascends up to two-thirds the length of the style. In both the genera
a caecum develops from th@\upper end of the embryo sac.

-

VISCACEAE

This is the only family in the Santaiales where the deveiopment is bi-
sporic and the problem of polarity of the embryo sac is of counsiderable
interest (see Maheshwari, 1950).

Phoradendreae. The embryo sac is U-shapzd in Dendrophthora (York,
1913), Ginaliea (Rutishauser, 1937). Korthalsella (Correa, 1958) and Phora-
dendron (Billings, 1933; Rizzini, 1950). The curvaturc takes place at the
4-nucleate stage so that the lower end of the embryo sac containing two nuclet
grows out of the mamelon, curves and elongates in the carpellary tissue.
Eight auclei arc formed as usual and the egg apparatus and the upper polar
nucleus organize in the outer arm of the embryo sac which reaches a higher
level than the other arm.  The latter remains within the mamelon and contains
the antipodal cells and the lower polar nucleus. Three synergids have been
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reported in Dendrophthora and Phoradendron. Billings also reported four
antipodals in the latter plant which appecars to be unlikely since the syncrgids
and antipodals are usually cphemeral. Tn fact, Biilings and York's observa-
tions are far from satisfactory and tetrasporic origin of embrye sac in Phora-
depdron may be tejected. This genus as well as Dendrophthera require a
thorough reinvestigation.

Arceuthobieae, The embryo sacis straight and only seven nuclei have
been observed in Areccuthobivm americanum (Dowding, 1931), A. oxyeedri
(Johnson, 1888) and A. minutissimum (Correa, 1958). This is probably due
to an early fusion of the polar nuclei

Visceae, In Viscim (Steindl, 1935: Schaeppi & Steindl, 1945) also the
embryo sac s straight and the synergids simulate the egg.

SUMMARY AND CONCLUSION

In the entire order Santalales the embryo sac is of the Polygonum type,
except in the family Viscaceae where it is bisporic. The exfcnsion of the
embryo sac at both ends and the formation of prominent haustoria are also
common features. The extensive synergid haustoria of Quinchamalium is a
unique feature and it would be of great interest to know if this is common
to some other species in this order. In the family Loranthaceac the upper
part of the pametophyte may ascend to various heights in the style until in
some genera it comes to le dircetly below the stigmatic epidermis.

We have practically no knowledge about the female gametophyte of
several important genera, e.g. Agonandra, Anthobolus. Arjona. Gaiadendron.
Grubbia, Myoschilos, Octoknema, Okoubaka, Psitracanthus, ete.  An investi-
gation of these and allied genera would be very helpful in correcting some
of the earlier observations and tracing the inter-relationships of the Santalales.

The Santalales are widely distributed, sometimes in  inaccessihle regions,
and the collection of the required material is not an casy task. We have
been greatly helped in this project by numerous friends and co-workers and
it would be appreciated if fellow botanists could send us preserved material
of the plants mentioned above.,

Thanks are due to Dr S. P. Bhatnagar and Miss Baroj Agarwal for
assistance in the preparation of this article. '
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In Vitro Growth of Cotton Ovules

P, C. JOSHI
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During recent vears artificial rearing of embryos, ovules and ovaries has
received much attention (see Maheshwari, 1959). Controllied growih of ovules
is helpful in understanding their growih requirements and interdependence
of the various parts, namely, integument, nucellus, endosperm and embryo.

Withner (1943) advocated ovule culture as a quick method (or obtaining
scedlings of orchids. White (1932) obtained callus from the integumentary
ceMs of Antirchinum ovuies and LaRue {1942) prew the ovules of Eryiironium
americanum which increased to four times their initial size. None of these
authors followed the histological changes or the development of the endo-
sperm and emblyo i vitro.  This credit goes to Nirmala Maheshwari (1958)
who cultured the ovules of Papaver somniferum containing the 2-celled pro-
embryo and a few endosperm nuclet.  The ovules developed to maturity and
germinated /n situ. Ranga Swamy (1959} obtained novrmally developed em-
bryos in the ovules of Citrus miicrocarpa which were inoculated at the time
ofl initiation of nuecllar embryos. Kapoer (1959) rcared to maturity the
ovules of Zeplyranthes at the zyghte and primary cndosperm nucleus stage,

This paper deals with a preliminary account of the in vitre growth
of ovules of Gossypium hirsutum var, Indore-2.

MATERIAL AND METHODS

The basal nutrient medivm (BM) included modified White’s minerals,
vitamins, glycine (se¢ Ranga Swamy, 1961), sucrosc {4 per cent) and indole-
acetic acid (JAA—! ppm), and was jelled with 0-7 per cent Difco Bacto
agar. The pH was adjusted to 5-5. Casein hydrolysate (CH — 250, 500,
750, 1000, 1500. 2000 ppm). gibberellic acid (GA — 2, 4, 6, 10 ppm), 1AA
(0-5, -5, 2 ppmj, kinctin (K —0-5, 1, 2, 4 ppm) and ycast extraci (YE — 500
ppm) were used as supplements. In some experiments ovule exiract was
also added. This was prepared by crushing 100 g.  of ovules (11 days after
-pollination} and diluting the extract to 1 litre.

The Aowers of G. hirsutum were plucked six days after pollination and
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after removing the epicalyx and calyx, the ovaries were surface sterilized
by dipping in rectified spirit and Aaming. The ovaries were then excised,
ovules scooped out with a sterilized scalpel and inoculated. The cultures
were mamtained at 23-25° C., 40 to 50 per cent relative humidity, under diffuse
sunlight,

OBSERVATIONS

Ovule. At the time of inoculation the ovules mostly showed a 12-celled
proembryo (Fig. 1) and about 300 c¢ndosperm nuclei. The inncr integument
was starchy and 13 or 14 cells thick while the outer was five or six cells thick
with prominent uniceliular cpidermal hairs. The ovules developed satis-
factorily on BM + 1000 ppm CH. The growth was much better it 5 ppm
GA was also added. The ovules started rurning brown in 30 days afier
inoculation and the maximum size (16:<7 mm.) was recorded in %6 days
afler tnoculation. Tn nature the maximum size of ovule {107 < 63 mm.) is
attained in about 45 days after pollination (Figs. 6-8). Callusing often
occurred from the outer intcgument (Fig. 9} and occasionally chlorophyli
appeared in the epidermal cells. The cpidermal hairs failed to grow and
some darkly-statning contents appeared in them,

Embryc. Attempts to culiure the young excised embryos of eotton have
not been successful so far. Embryos planted 15-20 days after pollination only
caltused and finally succumbed {Lofland, 1950). Addition of cascin hydro-
lysate, coconut milk. sodium nucleate and tomato juice extract proved ol
no valwe. When mature embryo (27 days after pollination) was c¢ultured,
it germinated into a normal seedling. .

Dure & Jensen {1957) studied the influence of JAA and GA on the in vitro
growth of embryos i which cotyledons had already developed. The esnbryo
weighing 33 mg. did not show any division or elongation of cells while
the axis of embryo weighing 64 mg. divided and elongated. Mauney (1958)
s been able to rear them (rom heart-shaped stage to maturity on White's
medium (salts raiscd to 5 times the original level) supplemented with co-
conut milk, adecnine and CH. K, 1AA and GA were [ound to be dctrimental
to normal growth. Weaver (1958} cultured hybrid embryos of Gossypium
arbareum x G. hirsutum to matucity on White's medium, age ranging from
20 days after pollination. Varying degrees of growth were obtained and oniy
one embryo produced a normal seedling.

In the author’s experiments a maturc embryo was produced by rearing
the ovules containing a 12-celled proembryo but the rate of growth was in-
variably slower than that in nature. In vive the embryo matures within 35
to 40 days after pollination. On BM + 500 ppm CH it reached the heart-
shaped stage 30 days after inoculation and dicotyledonous stage alter 8l
days. Howcever, the size (1-7 < 0-4 mm.) was less than one-fifth of the
natural embiyo (5-5 % 35 mm.}. Addition of 750 and 1000 ppm CH pro-
duced a hcart-shaped embryo in 75-80 days after inoculation but if the
concentration was raised to 2000 ppm a young dicotyledonous embryo
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{0-3::0-2 mm.) developed during the same period. The addition of 5 ppm GA
or | ppm K to BM - 1000 ppm CH did not improve the growth of the embryo.
However, it was slightly better if GA and K were replaced with 500 ppm YE.
The cotyledons differentiated 1il days afier inoculation but one of them
remained arrested.

Different concentrations of TAA did not prove stimulatory to the embryo,
-5 ppm produced only a heart-shaped embryo in 66 days after inoculation
and occasionally thc growth was irregular. The embryo reached only up
to late globular stage with 1-5 ppm while 2 and 2-5 ppm proved inhibitory.

The addition of 0-5 ppm K produced a dicotyiedonous embryo (0-8 x
0+4 mm.) with enlarged, rounded cotyledons 15 days after inoculation, while
in 1 ppm a much larger embryo (1-8 x 0-7 mm,) with folded cotyledons de-
veloped within 81 days after inoculation (Fig. 10). 2 and 4 ppm were inhi-
bitory.

BM —+ 30 per cent ovule extract stimulated the growth ol the embryo
and It reached the heart-shaped stage {5 days after inoculation and dicoty-
ledonous stage (0-6 < 0-3 mm.) alter 36 days.

The following abnormalities were met with :

{) The cells of the suspensor became hypertrophied and accumulated
starch grains on BM - 250, 1000 ppm CH, | ppm X, 10 ppm GA and }-5
ppm TAA (Figs. 5, 11). The nuclei became amoeboid and the cell walls
became thickened.

(it) Budding of the embryonal mass, either at the apical or the basal
end, was very common on BM -+ 500, 1000 ppm CH, 0-5 ppm K (Fig. 12)
and 10 or 20 per cent ovule extract. One of the cotyledons usually deve-
loped much better with 0-5 ppm K. -

Endosperm. In nature more than 1000 free nuclei are formed in scven
to cight days after pollination when centripetal wall formation is initiated.
The endosperm becomes completely cellular within the next cight to nine
days. The sequence of endosperm development could not be followed in vitro
but ccliular condition was observed on (i) BM -+ 250, 750, 1500 and 2000
ppm CH, (ii) BM - 1000 ppm CH - | ppm K, (iii) * BM -{- 0-5 K (Fig. 14),
(iv) * BM -+ 2and 6 ppm G4, (v) BM + 0-5 ppm IAA and (vi) BM H- 10
per cent ovule extract. 2 and 25 TAA; 1, 2 and 4 ppm K and 10 ppm
GA proved inhibitory. The ceils of the endosperm became much cenlarged,
accumulated starch grains, cell walls thickened and the nuclei became amoe-
boid (Figs. 2, 3). Occasionally, the endosperm cells developed in isolated
groups along the periphery of the embryo sac (Figs. 4, 13).  The walls of the
endosperm cells showed pittings on BM + 250 ppm CH.

SUMMARY AND CONCLUSION

Maximuim growth of ovules was observed on BM -+ 1000 ppm CH 4 5
ppm GA. The addition of 0-5 and 1 ppm K produced a satisfactory develop-

*In these experiments the basal medium did not contain 1AA,
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Floes. 6-14 — Fig. 6. Ovales at the stage of inoculation, note the epidermal hadrs. Fig, 7.
Mature ovule in nature, note the heirs.  Fiz, 8. Oyale, 96 days afier inosulation reared on
BM - 1000 ppm CH -5 ppm GA. Fig. ©. Same, note the callusing of the outer integument.
Fig. 10. 8l-day-old dicotyledonous embryo with folded cotyledons in | ppm K. Fig. 11.
f6-day-old embrye with hypertrophicd suspensor cells on BM & 1-5 ppm IAA. Fig (2,
15-day-old embryo on BM -+ 0-5 ppm K showing badding at the basal end marked with an
arow. Fig. 13, 36-day-old embryo and a group of endosperm cells (marked with an arrow) e
on BM + 1300 ppm CH. Fig. 14, 66-day-old embryo and endesperm on BM +0G- 3 ppm K
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ment of the embryo but the rate of growth was slower than that in nature.
The addition of 250, 750, 1500 and 2000 ppm CH, 1000 ppm CH -- 1 ppm
K, 0:5and 1 ppm K, 2 and 6 ppm GA, 0:5 ppm TAA and 10 per cent ovule
extract stimulated the growth of endosperm.

The author is grateful to Dr B. M. Johri and Professor P, Maheshwari
for guidance. Thanks are also due to the Indian Central Cotton Committee
for financial assistance.
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Studies in the Family Ranunculaceae :
I. The Embryology of Caltha palustris L.

R. N. KAPIL & S. JALAN
Department of Botany, University of Delhi, Delhi

The embryological literature on the genus Caltha is confined to the works
of Mottier (1895), Thomas (1900}, and Grafl (1941). Mottier gave an account
of the development of embryo sac in nine species of the Ranunculaccae and
noted a multicelled archesporium, absence of a parictal cell and the Poly-
gonum type of embryo sac in C. patustris. Thamas observed that triple fusion
precedes syngamy. According to Grafl the f{usion of mitotic spindles in
the antipodal cells results in irrcgular polyploid nuclei.

Kavina (1943) has made interesting tcratological observations on this
plant. The chromosome number in Caltha varies with the alutude, and

tetra- and hexaploid forms are common in C. palustriv (see Leoncini,
1950, 1951),

MATERIAL AND METHODS

The genus comprisgs nearly 40 species distributed in  the cooler
parts of the world, mostly in southern hemisphere and especially in New
Zealand and the Andes of Seouth Aflrica. In India, C. palustris forms extensive
perennial tufts beside brooks and streams on the Himalayas (usually above
7,500 f1),

Preserved buds, flowers and fruits of different ages were obtained by
Professor P. Maheshwari 1hrough the courtesy of Professors Th. Eckardt
{Berilin), M. Ernst-Schwarsenbach {(Ziirich), O. Hagerup (Copenhagen), E,
Séderberg (Stockholm), and W, van Heel (Netherlands); Drs F. A. L. Clowes
(Oxford), Rhoda Garrison (Petersham), T. M. Harris (Recading), B. M.
Johri (Swansea), Nirmal Kapil (Wisconsin}, . C. Mitra (Manchester),
and J. L. Ramaut (Belgium); B. N. Kaul (Srinagar), and Miss Usha Bhagat
(1thaca). Our gratelul thanks are due to aill of them. Some material
was also collceted lrom Kedarnath (Western Himalayas, altitude 11,500
lt) during May 1959, by Dr Hardev Singh and one of us (8. Jalan).

The material was fixed in formalin-acetic-alcohol and later pieserved
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in 70 per cent ethyl alcohol. Customary methods of dehydration and
imbedding were followed. Sections were cut at 7-f4 microns and stained
with safranin and fast green. Acctocarmine smears of pollen mother eells
were also examined,

OBSERVATIONS

The flowers appear during April-May and are borne singly or in groups
of two or three in the axils of cauline leaves. They are large (diam., 1-2 in.),
yellow, pediceliate, actinomorphic and bisexual. The perianth consists of
five or six deciduous tepals. The androecium shows numerous free, centri-
petal stamens. The gynoccium is apocarpous and comprises 6-14 superior
pistils arranged in a whorl. Each carpel is laterally compressed and ends in a
narrow, linear stigma. Numerous nectar secreting glands are present on the
lateral sides of the ovary near the dorsal suture (Figs. 33-35).

Microsporcgenesis and Male Gametophyte. The anther is dithccous
and its wall consists of five or six layers—the epidermis, endothecium, two
or three middle layers and a secretory tapetum. The epidermal cells are
isodiametric and divide anticlinally in the young anther. Subsequently as
the pollen sac enlarges, they clongate, their outer walls become wavy and a
thick cuticle is deposited. The endothecial cells attain twice their original
size and develop fibrous thickenings. The cells of the middle layers are narrow
and become compressed due to the enlargement of the cells of the endothecium
and the tapetumn. The middle layer next to the tapetum is the first to disorga-
nize, gradually the others also degenerate. The tapetal cells become pro-
minent due to increase in their size and density of cytoplasm. Their nuclei
undergo mitotic divisions to produce two or more nuclei which often fuse

form irregular masses. After the formation of microspore tetrads the
tapetal cells begin to degenerate but their remnants may persist as granular
bodies even after the dehiscence of the anther.

The meiotic divisions in the microspore mother cells are simultancous.
Tetrahedral and decussate tetrads are formed as a result of centripetal fur-
rowing. The young microspore is oval but becomes more or less spherical
at maturity. Tts nucleus divides to form a large vegetative and a small genera-
tive cell. The mature pollen grain is tricolpate but sometimes pollen grains
with four or five colpi were also pbserved. The pollen is shed at the 2-celled
stage. The squash preparations of stigma also showed pollen tubes containing
only two nuclei. Usually a single pollen tubc emerged from a poilen
grain but rarely polysiphonous condition was also noticed.

During maturation of the anther, the rcgion between the adjacent sacs
of each theca becomes slightly grooved and the cells of the septum start de-
generating, To begin with a few cells disorganize below the groove but
gradually the remaining layers also disintegrate and the adjacent sacs become
confluent. The flaps of the anther wall at the grooved region may be held
together for some time by a few deformed cells of the epidermis. As a re-
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sult of shrinkage of the cells in the epidermis and the connective region, the
flaps become disconnected and the pollen grains are liberated.

Ovule. Six to twelve ovules are borne in two rows on the marginal
placenta of wnilocular ovary. They are anatropous, bitegminal and cras-
sinucellar. FEach ovule appsars as a papillate outgrowth and becomes
anatropous during the development of the embryo sac. Rarely orthotropous
ovules were also observed; Figure 7 shows onc such ovule in which the outer
integument has grown in reverse direction. Both the integuments arise
almost at the same time but during the curvature of the ovule, the inner in-
tegument grows beyond the outer and forms the micropyle.

Megasporogenesis and Female Gametophyte. A multicelled arche-
sporium differentiates in the young nucelius (Fig. i). However, only one
archesporial ccll divides to form the primary parietal and the primary spo-
rogenous cells, The epidermal cells of the nucellus often divide earlicr than
the archesporial cell and contribute a major share in the formation of the
parietal tissue. Conscquently the megaspore mother cell comes to lie helow
2-5 layers of nucellar cells (Fig. 2). The first meiotic division of the mega-
spore mother cell results in two dyad cells of which the lower one is bigger.
Rarcly the spindles arc obliquely oricnted during Meiosis 1. During Meiosis
TI the orientation of the spindle in the upper dyad cell may be in line with or
at right angle to that in the lower dyad cell (Fig. 3) resulting in a linear or
T-shaped tetrad (Fig. 4). Rarcly, however, the upper dyad cell degenerates
without undergoing division and leads to the formation of a triad. The
chalazal megaspore functions and the upper three degenerate in an aecropetal
order. This is in contrast 1o Mottier's observation ihat the micropylar mega-
spore may also function. The nucleus of the functioning megaspore divides
to form two nuclei which move to opposite poles of the young embryo sac.
Subsequent divisions lead to 4- and 8-nucleate stages (Fig. 3). Thus, the de-
velopment of the female gametophyte conforms to the Polygonum type.

The antipodal cells arc large and persistent. In the beginning they are
uninucleate but before the polar nuclei fuse, they undergo mitotic division
and become binucleate (Figs. 8,9). The two daughter nuclei either fuse
(Fig. 10) or divide further and the resultant nuclei also fuse (Fig. 11). These
nuclei repeat the processes of division and fusion and form irregular poly-
ploid nuclei (Figs. 6, 12, 13). A fully developed antipodal cell is obovate
and rich in cytoplasm; vacuoles sometimes appear towards its broader end
(Fig. 6). Tn mature embryo sacs of the same ovary, the antipodal cells
are frequently of different size and show various stages of development.
They usually remain healthy up to the octant stage of the embryo and de-
generate thereafter.

Pollination is effected by insccts. Figure 14 shows a fertihzed embryo
sac. According to Thomas (1900) in C. pafusiris triple fusion precedes
syngamy. Qur observations confirm this statement.

Endosperm. After fertitization the embrye sac enlarges considerably
and the primary endosperm nucleus undergoes repeated divisions to form
a number of nuclei {Figs. 15, 16) which occupy the periphery of the embryo
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in shaps. They are uninucleate, richly cytoplasmic and contain oil globules
(Fig. 18).

Embryo. After the imitiation of wall formation in the endosperm, the
zygote (Fig. 19) divides transversely into a smaller apical cell and a larger
basal cell (Fig. 20). Next, the cell ¢b divides transversely to form m and i,
and the cell ca divides vertically to give rise to a 4-celled procmbryo (Figs.
21, 22).

The cell ¢i undergoes a transverse division to produce the tiers 7 and »’
(Figs. 23-27) which by subsequent irregular divisions develop into a short
suspensor of 6-8 poorly cyvtoplasmic, vacuolate cells. The tier mr divides
twice verticully to produce four cells (Fig. 27) which by tangential divisions
for =» the hypophysis,

The apical cell undergoes longitudinal and transverse divisions to sive
rise to the quadrant and octant stages (Figs, 24-27). Further divisions re-
sult in globular and  heart-shaped embryos (Figs. 28, 29). The derivatives
ol [ form the cotyledons and the stem apex while those of I give 1ise to the
hypocotyl. The mature embryo is small and straight with two cotyledons
(Fig. 30).

Seed and Testa. The mature seeds are small (0-2-0'4 mm. long)
with a smooth, reddish brown testa. A ring-like groove across the seed
separates the upper tough endospermous portion from the lower flaccid non-
endospermous region.

In the young ovule the outer integument shows four or five layers of cells
while the inner is always two-cell thick. The cells of the outer integument
are isodiametric except those of the outer epidermal layer which arc longer
than broad. After fertilization the cells of the hypodermal layers including
those of the inner epidermis enlarge considerably and their cytoplasm be-
comes more granulate. During subsequent growth of the endosperm and the
enlargement of the outer cpidermal cells, the inner epidermis is crushed while
the cells of the middle two or three layers become compressed (Figs. 31,
32). In a nearly mature seed the cells of the epidermis develop a thick cuticle
(Fig. 32} and are filled with tannin.

Concomitant with the changes in the outer integument the inner integument
becomes flattened and crushed in the mature seed (Figs. 31, 32). However,
its cells at the micropylar region become thick-walled and constitute the hard
beak of the mature seed.

Fruit and Pericarp. The fruit comprises 6-14 follicles, each containing
6-12 seeds arranged in two rows along the ventral suture.  Prior 1o fertiliza-
tion the ovary wall consists of five ot six layers of parenchymatous cells.
Later, some of the cells divide periclinally and the wall becomes eight- or
nine-layercd (Fig. 37). A large number of unicellular glands arise from the
epidermal cells (Figs. 34, 35). Stomata are also present on the pericarp
(Fig. 36). During maturation of the fruit, the middle layers of the pericarp
become flattcned (Fig. 37) while the outer and inner cpidermal layers
elongate radially and a thick cuticle is deposited on the epidermis,
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Figs. 31-37 — BEED COAT AND PERICARP (emb, embryo; end, emdosperm; gl, glands;
ky, hypostase; 4, inner integument; of, outer integument; wvs, vascular supply): Fig. 31
L. 5. young seed. Fig, 32. Enlargement of the portion marked *X " in Fig. 31, Fig. 33,
Carpel showing glands. Fig. 34, Same. in. I s. Fig 35, One gland enfarped.  Fig. 36,
Stoma on the ovary wall.  Fig, 37. Enlarged view of o portion of pericarp

SUMMARY AND CONCLUSIONS

The flowers of Caltha pafustris arise singly or in groups of two or three
in the axils of cauoline leaves. They are fncomplete, actinomorphic and bi-
sexual. The androecium consists of numerous centripeta! stamens and the
gynoecium of 6-14 free, superior pistils, Rendle (1952) mentions that in
C. palustris * there are no honey-leaves but a nectary is present on the carpel 7.
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According to Hutchinson (1955) “nectar is secreted in a shallow depression
on each side near the base of the carpels’. QOur observations, however,
indicate that abundant unicellular glands are present on the ovary wall
rather than a nectary or a shallow depression.

The anther wall comprises the persistent epidermis, fibrous endothecium,
two or three middle layers and a secretory tapetum. Coulter (1898) reported
that the tapetum ariscs from the sporogenous tissue in some species of Ranun-
cufus. A similar origin has been noted {or Myosurus minintus by Swingle
(1908). The validity of a sporogenous derivation of the tapetum has already
been questioned by Singh (1936) who has shown that in Ranunculus sceleratus
the tapetum has a parietal origin,  Our preparations reveal that in C. pafustris
also the tapetum originates from the primary parietal layer. The reduction
divisions in the microspore mother cclls are simultaneous. Tetrahedral
and decussate tetrads are formed by centripetal furrowing, The mature
pollen grains are tricolpate and two-celled at the time of shedding.

The ovules are anatropous, bitegminal and crassinucellar, Rarely they
remain orthotropous. The archesporium is multicelled but only one c¢ell
functions to cut off the primary parictal and the primary sporogenous cells.
Mottier (1895) recorded that in the family Ranunculaceae, except in Aqui-
legia canadensis where a parietal cell is occasionally cut off, the functioning
archesporial cell directly develops into the embryo sac. Dahlgren {1927)
also remarked: * lunerhalb dieser Familic kommen indessen Teilungen von
Epidermiszellen haufig vor. Deshalb erhiclt man manchmal leicht den
Eindruck, dass Deckzellen abgegeben werden, auch wenn das nicht der Fall
ist . This statemcnt obviously rules aut any possibility of a parietat cell
being cut off in the family Ranunculaceae. A perusal of the lite;at,urc,’ﬁow-
ever, reveals that the situation is somewhat different. Dahlgren himself
has listed five species, namely Clematis vitalba, Helleborts foetidus, Helleborus
sp., Thalictrum purpurascens and Paeonia sp. where a parietal cell has been
reported. A parictal cell is also formed in Ranuncufus parviflorus (Salisbury,
1931) and our preparations leave no doubt about its occurrence in C.
palustris.  The megaspore tetrads aré Jinear or T-shaped. The female
gametophyte follows the Polygenum type of development. Mottier (1895;
his text Fig. 15) has noted that in onc ovule the upper dyad cell failed to divide
while the lower one gave rise to a two-nucleate embryo sac.  This will lead
1o a bisporic devclopment. Such a condition was, however, never observed
by us.

The antipodal cells are large and persisient.  Grafl (1941) concluded that
in C. palustris the nuclel in the antipodal cells undergo synchronous mitotic
divisions and become hexa- or octaploid due to the fusion of spindies. in
contrast to this we find that polyploid nuclei are formed due to nuclear fusions
rather than the fusion of spindles (see also Thomas, 1900). Mottier (1895)
noted a similar phenomenon in Anemoncila thalictroides, Hepatica acutiloba
and some specics of Ramunculus. However, in Aconitum napelius, Thalictrum
purpurascens, and Delphinium spp. the process of polyploidization is differ-
ent. In Thalictrum the antipodal nuclei undergo amitotic divisions (Overton,
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1902) while in Aconitrum and Delphinium they show endomitosis (Oster-
walder, 1898, and Tschermark-Woess, 1956). In Trautvefreria palmaia and
some species of Hepatica not only the antipodal nuclei become polyploid
but the antipodai cells also increase in number (see Schnarf, 1931).

Triple fusion precedes syngamy. The endosperm is Nuclear and the
embryogeny conforms to the Onagrad type.

The seeds are small with a smooth reddish brown testa which is formed
by the epidermis and the compactly arranged middle layers of the outer in-
tegument. The inner integument is crushed leaving a thin discontinuous
strip of degenerated cells bordering the endosperm. The fruit is an etacrio
of follicles. The pericarp comprises 6-8 laycrs of parenchymatous cells which
pecome elongated and are closely placed at maturity.

We are indebted to Professor P, Maheshwari and Dr B. M, John lor
guidance, invaluable help and suggestions throughout the course of this
investigation.  One of us (8. Jalan) is grateful to the Council of Scientific
& Industrial Research, New Delhi, for the award of a Junior Research
Fellowship.
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Embryology of Paeonia Together with a
Discussion on its Systematic Position

PREM MURGAL
Department of Botany, University of Delhi, Delhi

In 1957, Yakovlev & Yoffe published their observations on the em-
bryogeny of Paeenia. The embryo development in this plant has been des-
cribed as unique in that the first division of the zygote is not accompanied
by wall formation. The resulting two nuclei also undergo many free nuclear
divisions so as to form a coenocyte in which the nuclei are arranged peri-
pherally, the centre being occupied by a vacuole. Wall formation takes
place at a later stage after which certain peripheral cells become meristematic
and form localized groups of cells which serve as the embryonal -primordia .
While there are several such meristematic centres, ntormally only one develops
further and attains maturity. The close resemblance of the embryogeny
of Paeonia to that of certain gymnosperms like Ginkgo has been considered
by Yakovlev & Yoffe 1o be a feature of great imporance.

This unique type of embryo development prompted the prescnt lnvesti-
gation,

N

MATERIAL AND METHODS

Paconia is a genus of temperaic regions, 1In India it grows in the Western
Himalayas at an altitude of 5,000 - 10,000 {t (see Collett, 1921). Material
of scveral species was obtained by Professor P. Maheshwari from various
countries and botanical gardens through the courtesy of Professors Th.
Eckardt, Q. Hagerup. E. Sisderberg, P. Crété, H. Kihara, M. Kumazawa, M.
Ernst-Schwarzenbach, N, Higinbotham, T. M. Harris and W, A. van Heel:
and Drs Y. Nozu , B. M. Johri, Nirmal Kapil, A. N. Rao, B. Saha and H. Y.
Mohan Ram. .

The customary methods were [ollowed for preparing the material for
microtomy. Sections were cut 15-30p thick and stained with safrapin-
fast green and crystal violet-crythrosin.  The Jatter proved more satisfactory.
The study of endosperm was also supplemented by dissections.

The seeds were treated with 5 per cent KOH solution for 12-16 hr to
facilitate the dissection of the endosperm which was then stained with
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Delafield’s huematoxylin and mounted in a mixture of the stain and Zirkle's
medium (sce Johansen, 1940). ‘

OBSERVATIONS

External Morphology. Paeonia is generally a herb with large, solitary
bisexual flowers of various colors. The sepals vary from 5-8 in number,
In Fig. 2, the threc bigger sepals are more or less rounded while the smaller
2 have a pointed apex. The petals are numerous and spirally arranged
(Fig. 3). Therc are many centrifugal stamens which are also spirally arranged
(Figs. 1, 3). The pistil is apocarpous and comprises 2-5 carpels. The carpels
as well as the stamens are borne on a hypogynous disc (Figs. 1,4). Each
carpel has a style that ends in a sessile bifid stigma (Fig. ). The

placentation is marginal (Fig. 6). The fruit is an etacrio of follicles (Figs. 4. 5).
The Ovule, The ovule is anatropous, crassinucellate. bitegniic and is borne

or a placental projection (Fig. 7). Both the integuments form the micropyle.
The outer integument is 25-30 layers thick at the sides and grows beyond the
inner one which is only 4-6 layers thick. A hypostase is present ar the chalazal
end which becomes more pronounced during the posi-fertilization stages.

Megasporogenesisand Female Gametophyte. Thearchesporial cells vary
from fcw to many in number. Figure 8 shows three megaspore mother

cells which might have been formed from a corresponding number of arche-
sporial cells. Generally a T-shaped ietrad is formed of which the chalazal
megaspore functions (Fig. 9) to give rise to an 8-nucleate embryo sac. The
development of the embryo sac thus conforms to the Polygonum type. An
organized embryo sac has a well developed egg apparatus, two polar nuclei
and three antipodal cells (Fig. 13). The polar nuclei fuse in the centre of the
embryo sac soon after their formation (Fig., 10). The synergids aie beaked
and have a filiform apparatus (Fig. 11). The antipodal cells have large nuclei
{ Fig. 10) and persist during the early post-fertilization stages (Fig. 14).
Occasionally accessory antipodal cells are also formed (Fig. 12). Formation
of twin embryo sacs is a common feature (Fig. 13). They probably develop
from two megaspore mother cells.

Endosperm. The endosperm is of the nuclear type. The division of the
primary endospcrm nuclcus precedes that of the zygote and a large num-
ber of free nuclei are formed (Fig. 14). Nuclear fusions giving rise to irregular
polyploid nuclei are very common especially at the chalazal end (Figs. 19, 20).
The chalazal portion of the endosperm grows out into an haustorium
(Fig. 16) at a stagec when the embiyo has a coenocytic suspensor (Fig. 13).
The nuclet in the haustorium present varying shapes' and contain many
nucleoli (Figs. 16, 19). Wall formation is centripetal and is wusually ini-
tiated at the micropylar end just when the coenocytic suspensor has become
completely cellular (Figs. 17-19). In Fig. 17 wall formation has cxtended almost
up to the base of thc embryo sac; the haustorium is stilt free nuclear.

The haustorium attains its maximum activity and becomes completely
cellular at the early globular stage of the embryo. At a somewhat advanced
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stage of the globular embryo, the haustorium degenerates (Figs, 21-23). The
thick-walled cells of the hypostase (Fig. 23) give a famished appearance with
the growth in the haustorium. The mature seed is filled with endosperm
cells (Fig. 24). The seeds are thus albuminous.

Embryo. As already mentioned on page 215, Yakovlev & Yoffe ( 1957)
reported a free nuclear embryo in Paeenia. They reported omission of wall
formation during the first few divisions of the zygote and compared this
unique type of cmbryo development to that of certain gymnosperms.

I studied the embryogeny in P. actifiora, P. alhiflora, P. suffruticosa, P.
bakeri, P. delavayi and an undetermined species. According to my obser-
vations ( see also Murgai. 1959 ), in all the species the first division of the zy-
gote nucleus is definitely followed by a wall resulling in an apical and a basal
cell (Fig. 25). Free.nuclear divisions now [ollow in the basal cell { Figs. 26-
29 ) and give rise to a cocnocyte ( Figs. 30, 31 ) in which the nuclei occupy a
peripheral position with a vacuolc in the centre ( Fig, 30). The apical cell
divides only rarely, although in one ovule it was found to have undergone a
vertical division ( Fig. 27). The [urther fate of the apical cell could not be
traced because of the paucity of good material.

In 1961 Cave et al. published their observations on the embryogeny of P,
califernica and P. brownii. In both species they confirmed the results of the
Russian workers in that the first and the subsequent divisions of the zygote
nucleus were not followed by a wall. They interpieted the two cells of the
proembryo obtained by me as the result of juxtaposition of the zygote and a
persisting synergid. Encouraged by this Yakovlev & Yoffe ( 1961 ) once again
emphasized the occurrence of the coenocytic phase in the embryogeny of
Pgeonia and its significance in the phylogeny of higher plants. They too have
interpreted my two-celled proembryo as the zygote plus onc of the persisting
synergids.

My more recent investigations based on the material of P. gromala ob-
tained from Srinagar have confirmed that a cell plate /s laid down after the
karyokinesis of the zygote. The next and the subsequent divisions of the
basal cell arc free nuctear. On the other hand, the apical cell seems to de-
generate and its rempants are clearly visible at the 2-, 4- or 8-nucleate basal
cell stage. In that case tlie embryo proper must be derived from the basal
cell only.

After many free nuclear divisions, the coenocytic basal ccll becomes cell-
ular { Figs. 33-35). Some of the peripheral cells now divide more actively
than others and form groups of cells. One such group develops into an embryo.
The mature embryo 15 small, dicotyledonous and surrounded by copious
endosperm [ Fig. 24 ).

Systematic Position. The systematic position of the genus has becn
much disputed.

In 1908, Worsdell studied the vascular anatomy of different [amilies
of Ranales and found that Paeonia offers greater resemblance to the Magno-
liaceae than to the Ranunculaceae. On the basis of vascular anatomy and
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certain characters of the leaves and fruits, Worsdell came to the conclu-
sion that ‘“‘Pgeonig constitutes a natural and independent order of plants,
viz, the Paeoniaceae, and is much more closcly allied to the Magnoliaceac
rather than the Ranunculaceae.”

On the basts of wood anatomy, Kumazawa (1935) separated Paconia
from the Ranunculaceae and assigned to it the status of a family with closer
affinitics to the Magnoliaceae than to the Ranunculaceac or the Berberidaceae.

The floral structure of Paeonia differs much from all other genera in
the Ranunculaceac. Eames (1951) studied the floral anatomy of the Ranun-
culaceac and found that Paconia is cntirely different from other members
of the family.

Wodehouse (1936) distinguishes Paeonia from the rest of the family
on the basis of structure of exine of the pollen grain.

Gregory (1941) has found that the basic chromosome number in Paeonia
is 5 in contrast to 7. 8 and 9 met with in other genera.

Embryologically also the genus deviates from most genera of the family
in possessing ovules borne on placental projections, massive bitegmic ovules in
which the outer integument is longer than the inner {in other genera the condi-
tion is just the reverse), Iong embryo sacs with beaked synergids (beaks are
absent in the other members excepting Caltha patustris, Kapil & Jalan, 1960),
occurrence of multiple embryo sacs, a chalazal endosperm haustorium, a large
multinugleate suspensor cell and hypogeal germination.

Thus evidences from various fields of study strongly support the re-
moval of Paeonia from the Ranunculaceae and establishment of a separatc
family. the Paconiaceae. The next question that naturally arises is : Whar
are the probable affinities of this new family Paconiaceae ?

In the anatomy of the leaf and the stem, the Paeoniaccae resemble the
Magnoliaceae while in a few morphological and embryological points it
shows similarities with the Ranunculaceae.

Corner (1946) considers the order of development of the stamens to be
of considerable phylogenctic significance and places Pgeonia with its centri-
fugal stamens in a separate family Paeoniaceae close to the Dilleniaceae.
Hutchinson (1959) is not at all convinced that this eharacter alone is sufficient
to class Paeonia near the Dilleniaceae and he therefore places the Paeoniaceae
between the Ranunculaceae and the Hclleboraceae in the order Ranales.
According 1o him the most distinctive features of the Paeoniaceaeare :the arillate
sceds, the hypogynous disc and the centrifugal stamens. Further work is
necessary before it is possible to make a choice between :he view points of
Corner and Hutehinson.

Both the Ranunculaceae and the Dilleniaceae have centrifugal stamens,
an androecial disc and similar vascular supply to the stamens. Further, the
Paconiaceae resemble the Dilleniaceae in having scalariform vessels, abundant
wood rays and a massive bitegmic ovule in which the outer integument is
longer than the inner.



222 SYMPOSIUM ON PLANT EMBRYOLOGY

SUMMARY AND CONCLUSIONS

Faeonia is a herb growing in temperate climates. The flowers are bisexual,
large and showy. There is a spiral arrangement of the floral parts. The
sepals vary from 5 to 8 and the petals are indcfinite.  The centrifugal stamens
as well as the 3-5 free carpels are borne on a hypogynous disc. The placen-
tation is marginal and the fruit is a follicle.

The anatropous ovule is bitegmic and crassinucellatc and is borne on a
placental projection. The outer integument is massive and longer than the inner,

The presence of multiple archesporial cells is a common feature. A
T-shaped tetrad of megasporesis formed and the chalazal megaspore functions.
The development of the embryo sac is of the Polygonum type. The mature
embryo sac possesscs a well developed ¢gg apparatus, a large central nucleus
and three antipodal cells. The synergids are beaked and have a filiform
apparatus. The antipodals persist during the early post-fertilization stages.
Occasionally accessory antipodal cells are also formed. Formation of twin
embryo sacs is very common in Paeonia and these arc probably formed
from two megaspore mother cells.

The endosperm is of the nuclear type. The chatazal portion of the endo-
sperm forms a haustorium. Later thc haustorium becomes cellutar and
degenerates at the advanced globular stage of the embryo. A hypostase is
present at the chalazal end and is gradually consumed as the embryo advances
in age. Almost the entire cavity of the mature seed is filled with endosperm
thus rendering the seeds albuminous.

Yakovlev & Yoffe (1957, 1961) and Cave er al. (1961) reported a
free nuclear embryo in Paecnig. Investigation on a number of specics has
clearly demonstrated that the embryo is cellular and not free nuclear. The
coenocytic structure misinterpreted as the embryo by the Russian and
American workers is in reality the massive suspensor haustorium. The
mature embryo is small and surrounded by copious endosperm,

The systemattc position of the genus has been discussed. Morpho-
logical, anatomical, cytological and embryological cvidences point to the
removal of Paeonia from the Ranunculaceae to a scparate family, the
Paconjaccae. The affinities of the Paconiaceae have been discussed.

The author is deeply indebted to Professor P. Maheshwari under whose
valuable puidance this research was carried out. Thanks are also due to
Dr R. C. Sachar for help and interest and to the many botanists abroad
who supplied the material.

LITERATURE CITED

Cave, MarioN 8., ArNOTT, Howarp J, & Cook, SranToN A. 1961. Embryogeny in the

California peonics with refercnce to their taxonomic position. Amer, J. Bot. 48 ;
397-404,

CoLLert, H. 1921, Flora Simlensis {Thacker, Spink and Co., Calcuita and Simla).
Comrner, E. J. H. 1946, Centrifugal stamens. J. Arnold Arbor. 27 5 423-437.



EMBRYOLOGY OF PAEONIA : ITS SYSTEMATIC POSITION 22}

. EaMes, A, ). 1951, Floral anatomy s an aid in generic limitation.  Chron. bot. 14 ; 126-132.

GREGORY, W, C. 1941. Phylogenstic and cytological studies in the Ranunculaceae, Tra#s.
Amer, phil. Soc. (N, §) 31 : 443-521.

Hurcurnson, J. 1959, The Families of Flowering Plants, Part 1. Dicotyledons (Clarendon
Press, Oxford).

Jonansen, D. A. 1940. Plant Migrotechnique (McGraw-Hill Book Co. Inc., New York).

KapiL, R. N. & JaLaN, S. 1962, Embryology of Caltha palustric L. Proceedings of the
Symposiunt on Plant  Embryology, 1960 (Council of Scientific & Industrial Research,
New Delhiy: 205-214.

KuMazawa, M. 1935, The structurc and affinitics of Paeowia, Bot. Mag., Tokyo
49 :306-315.

MURGaI, Prem 1959, The development of embryo in Paconia—a reinvestigation.  Phyto-
morphology 9: 275-277,

Wonexouse, R. P. 1936. Pollen grains in the identification and classification of plants
YiI. The Ranunculaceac. Bull. Torrey bot. Cl 63 : 495-514.
WorspeLL, W. C. 1908. The affipitics of Paeonia. J. Bot., Lond. 46 : 114-116,

Yakoviev, M. 8. & Yorrg, M, D. 1957. On some peculiar features in the embrycgeny
of Paeonia L. Phytomorphology T 74-82.

Yakoviev, M, 8. & Yorrg, M, D. 1961. Further studics of the new type of embryogenesis
in angiospcrms. Bor, Zh. S. S. S. R. 46 : 1402-1421.



Embryological Studies in Some Members
of the Zingiberaceae

M. G, PANCHAKSHARAPPA
Biology Department, R, L. S, Institute, Belgaum

The order Scitamineac has been generally accepted as well-knit assemblage
of highly advanced monocotyledons. distributed in the tropics and sub-
tropics, It forms a natural group of four allied families: Musaceae, Zingi-
beraceae, Cannaceae and Marantaceae. Among these perhaps, Zingiberaceae
is the best represented in India, there being 21 genera including morc than
200 species (Chakravorti, 1948). Several mcembers are prized sources of
spices and other food products.

The Zingiberaceae are of special interest from the taxanomic stand
point.  On the basis of morphological characters, Schumann {1904} divided
them into two subfamilies: Zingiberoideac and Costoideae. This distinction
is further supported by the available data from other fieldS such as geogra-
phical distribution (Locsner. 1930). vegetative anatomy (Tomlinsen., 1956),
cytology {Raghavan & Venkatasubban, 1943; Chakravorti, 1948), secdling
morpholegy (Boyd, 1930, 1932} and palynology (Erdtman, 1952).

The work on the embryology of the family is very meagre and fragmentary.
The earliest work 1s that of Humphrey (1896) on the development of the
seed in Scitamineac, based on (ree-hand sections only. The investigations
of subsequent workers namcly Bochm {(1931). Gregory (1936), Mauritzon
(1936), Banerji (1940). Raghavan & Venkatasubban (1941) and Harling
(1949) are confined mainly to sporogenesis and gametogenesis. Recenily,
Berger (1958) has studied the seed structurc of certain species of Elettaria,
Amomunt and Aframomum.

1t can be said that the embryogeny is diagnostic in deciding the disputed
systematics. But it has not been studied by previous workers perhaps due
to the difficulties in dealing with the material. Such a study was considered
all the more important, since these plants that occur in inaccessible arcas
of the world, have remained practically unexplored. Therefore, with this
point in view, the embryological study of somc five genera namely Costus
speciosus Smith, Elettaria cardamomum Maton, “Hitchenia caulina Baker
angd Zingiber macrostachyum Dalz, was undertaken,
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MATERIAL AND METHODS

The materials were collected from the districts of Belgaum, Karwar
and Dharwar in Mysore State and fixed in formalin-acetic acid-alcohol. The
ovary wall was trimured to facilitate infiltration. Hard seeds were softened
with 15 per cent hydrofluoric acid (in 70 per cent ethyl alcohol) or 5 per cent
potassium hydroxide. Both ethyl alcohol-xylol and ethy! alcohol-fert.-butyl
alcohol series were used for dehydration. Heidenhain's haematoxylin with
erythrosin as counterstain proved quite satisfactory. Pollen grains were

stained in basi¢c fuchsin and mounted in glycerine jelly (see Wodchouse,
19335).

OBSERVATIONS

Flowers. These are arranged in spikes (Figs. 1, 4. 5, 9, 10, 13). They
show a typical trimerous arcangement and are characterized by the presence
of a large labellum and a single feritle stamen (Figs. 1-3, 6-8, 11-15). The
staminodes (Figs. 6-8) and “epigynous glands™ are present in Efertaria and
Hitchenia. The ovary is inferior, tricarpellary and syncarpous. The seceds
are numerous and arillate,

Anther and Male Gametophyte, The archesporial cells are hypodermat
in origin which divide to form parietal wall layers and sporogenous cells (Figs.
16, 21). The anther wall consists of 6-8 Jayeis of cells, innermost forming
the secretory tapztum (Figs. 17, 22). The pzriplasmodial type has been re-
ported only in Nicelaia arropurpuregq (Boehm, 1913). The uninucleate cells
of the tapetum commonly undergo periclinal divisions, intrude in between the
sporogenous cells and degenerate when microspores are being formed.
In Costus speciosus some of the tapetal cells also show binucleate condition
(Fig. 17).

The sporogenous cells are one-layered in Cosius (Fig. 17). The spore
mother cells undergo successive meiotic divisions and give rise to jsobilateral
tetrads (Fig. 24). In Nicolaia atropurpurea, tetrahedral type has been re-
ported by Boehm (1931). ExlranucSear bodies of unknown constitution that
take haemaroxylin stain were observed in microspore mother cells, spore
tetrads of Costus and Elettaria and even in the cells of the anther wall of the
latter (Figs. 21-23). These seem to be feulgen negative and are abundant in
Elettaria in which raphide bundles were also observed frequently in the mi-
crospore mother cells (Fig. 23).

The pollen grains contain large amount of starch (Fig. 18). bui in Elettaria
cardamomum some of them contain worm-shaped bodies (Figs. 25, 27).  These
are refractive and their chemical nature could not be determined. The
exine is spinuliferous in Costus (Figs. 19, 20), reticulate with longitudinal
ridges in Zingiber macrostachyum (Fig. 29} and smooth in other members.
Tt shows a single furrow of various shapes in Costus speciosus (Figs. 19, 20).
Occurrence of two furrows reported by Banerji (1940) is erroneous. In
Zingiber, only a single pore could be observed (Fig. 29).

P.E...15 :
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Fias, 1-15 — (o, anther: b, bud: br, bract; ¢, corolla: £, flament: f, flower; fr, fruit;
k, calyx: L labellum: ps, petaloid staminode; s, stamen; s, style: sig, stigma; ¥fl,
voung flowery; Figs. 1-3, Costus speciosus.  Fig. 1. Spike. Fig. 2. Labellum fucing the
stamen. Fig. 3, Front view ol stamen. Figs. 4-8. Hirehehtie canling, Fig. 4. Compound
spike. Fig. 5. Spikes in the axil of bracts, exposed. Figs. 6-8. Flowers and their paris.
Figs, 9-12. Zingiher macrostachywy.,  Fig. 9. Long peduncled spike.  Fig. 10, A bud at the
axil of a brati. Figs. 11, 12. Flowers and their parts. Figs. [3-15. Elettaria cardamomum.
Figs, 13. A portion of a panicle. Figs. 14, 15, Flower and its components
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Ovule and Female Gametophyte. The ovules arc numerous, anatro-
pous, bitegmic, crassinuceliate and the micropyle is formed by the inner
integument only (Figs. 30, 37, 43). They arc arranged on axile placenta.
Gregory (1936) reported hemianatropous condition in Elertaria, but the ovule
which he has illustrated are immature. A rare instance of orthotropous
condition was noticed in Hitchenia cauling (Fig, 44). The cells of the nucellar
epidermis at the micropylar end are rich in cytoplasm and become radially
elongated forming the ** nucellar pad ” (Figs. 41, 46, 95, 96). Thesc by peri-
clinal divisions add to the persistent nuccllar tissue in ail the membcers cxcept
in Costus.

The hypodermal archesporial cell gives rise to a parietal cell and the
megaspore mother cell.  The development of embryo sac follows Polygonum
type (Figs. 31.32, 38-41, 45, 46). However, * Lilium type ~ has been rcported
in an unidentified species of Costus (Humphrey, 1896y and Costus igneus
(Mauritzon, 1936) which nced reinvestigation. The synergids and the anti-
podals are ephemeral and the fusion nucleus lies in the narrow “ventricle”
(Figs. 32, 41, 46).

Hypostase and epistase are formed during the development of the ovule
(Figs. 32, 41, 46). These apparently inhibit the extension of the embryo sae,
but the latter continues its downward growth around the hypostase which
appears to project into the former forming the ** postament » (Figs. 47, 48,
51, 53. 105).

Abnormalities. In Costus some of the embryo sacs were observed to
contain supernumerary nuclei (Fig. 33) termed as * wandering nuclei™ by
Madge (1934). These arc perhaps nucellar in origin and get consumed
by the enlarging cmbryo sac. Such instances have been reported by Boehm
(1931), Madge (1934) and Harling (1949).

Pollination and Fertilization, The style is hollow. The stigma is simple,
but the inner surface is lined with glandular cells in Costus (Figs. 34-36, 42).
Pollen grains germinate on the surface of stigma excepting in Elettaria
in which they cnter the stylar canal (Fig. 42). The division of the generative
cell takes place in the pollen tube, as observed in Cosrus. Fertilization is
porogamous. Syngamy and double fertilization occur in close succession.

Endosperm. The endosperm is Helobial (Figs. 47, 51, 53). The wall
layer, separating the two chambers, is conspicuous in Costus speciosus (Figs.
47, 48), whereas in others, it is merely a thin plasma membrane (Fig. 51). The
micropylar chamber becomes cellular and stores plenty of alcurone grains
and also starch in Hifchenia cauling and Zingiber macrostachyum. but only
fat in Costus. At the micropylar end, a thin layer called * aleurone layer™
persists (Figs. 50, 52, 55, 56).

The chalazal chamber does not proceed beyond 2-nucleate stage and
finally degencrates (Figs. 51, 53). However, Costus is cxceptional in pos-
sessing a multinucleate basal apparatus containing dense cytoplasm and

hypertrephied nuctel (Figs. 47-49). The latter phenomenon has also been
observed in Hitchenia cauling (Fig. 54).
Embryo. The zygote divides transversely (Figs. 57, 66, 74, 76). The
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The role of aril is not clear. 1t has been described as third integument
(Maheshwari, 1950) and nutritive sheath (Raju, 1956). Ncither of the roles
seems to be applicable to the members of Zingiberaceae. As Humphrey (1896)
surimised, it might have somc role in the dehiscence of fruit and in the
dispersal of seeds. ,

A cirevlar collar develops from the outer integumeni due o periclinal
divisions of the cells (Figs. 95-97, 102, 105). The nucellus also grows upward
on either side of the collar and facilitates deeper growth of it. The state-
ment of Humphrey (1896) and Bochm (1931) that the inner integument con-
tributes to the collar is not acceptable.

The outer integument also contributes to a well developed micropylar
lid in Costus speciosus (Figs. 97, 98). It consists of polygonal cells with pitted
thickenings and develops 2-3 layers removed from the inner epidermis,
Along the outer border, there are thin walled cells which give way to the lid
during the germination. The lid is of quite a different constitution in Eleftaria
cardamomum (Figs. 102, 103). The thickened cells of the inner epidermis
(excepting a few cells along the margin of the collar) and 1hose filled with
refractive material above it together form a lid, as reported by Humphrey
(1896) and Berger (1958). On the contrary, Mauritzon (1936) has reported
its origin from thc inner integument in Alpinia, Roscoea and Costuy igneus
which may be reinvestigated, on the basis of present lindings. The function
of lid is perhaps protection and it 1s absent in other members.

Another featurc of interest is the chalazal tissue that persists below the
nucellus where the vascufar strand terminates (Figs. 97, 99, 100). {t consists
of radially elongated cells of epidermis and hypodermis filled with refractive
material and the inner group of cells densely cytoplasmic (Fig. 100). The
innermost cells that belong to nucellus also contain refractive material which
perhaps acts as hypostase in the seed (Figs. 97, 99). Such a chalazal tissue
is present in Costus, less developed in Elettaria (Fig. 102), but is absent in other
members studied.  According to Humphrey (1896) Glebba shows the beginning
of the tissue, Amomun and Efettarja are intermediate in this character and

FiGs. 95-110— {a, aril; ¢, collar; cr, chalazal tissue; e, epidermis; emb, embr;c;:
end, endosperm; je, inner epidermis; #, inner integument; [, lid; ap, nocellar pad; i,
nucellus; o, opening; of, outer intcgument; p, perisperm; r, cells with refractive materiaf;
s, seed; »f, stone celis):  Figs. 95-100. Costus speciosus, Figs. 95, 96. L. s. micropylar part
of ovules showing the dsveiopment of aril and collar from the outer integument. Fig. 97,
L. s. seed showing the lid. Fig. 98. Magnification of portion marked x in Fig. 97. Fig. 99.
Enlargement of the region marked y in Fig. 97. Fig. 100, Portion marked x in Fig. 99
enlarged to show the deposition of refractive material in the cells,  Figs. 101103, Elettaria
cardamomnm. Fig. 101. Mature sced enclosed within the thin veil-like aril (diagrammatic).
Fig. 102, L. s. mature seed (reconstructed). Fig. 103, Micropylar part of the seed enlurged 1o
show lid-like organization in the outer integument at the micropyle. Figs. 104105, Zingiber
macrostachyum. Fig. 104, Mature seed with a thick sheath of an aril terminating in quill-
like fringes (diugrammatic). Fig. 105. L.s. of a young seed.  Fig. 106, Mature seed with
the fobed arif (diagrammatic). Fig. [07. Costus speciosus.  Portion of the seed coat of a
mature seed. Fig. 108, Efettaria cardamtomeumn. Portion of the sced coat. Figs. 109, 110.
Hitchenia cawlinag and Zingiber macrostachyun rFespectively, Magnified portions of the
seed coat
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identified by Netolitzky (1926) and Berger (1958) as silica (Figs. 107, 108).
In Hitchenia and Zingiber the hardness is due to thickened walls of the inner
epidermis and also perhaps due to refractive material present in the middle
layers (Figs. 109, 110).

SYSTEMATIC POSITION

The status of the subfamilies, Zingiberoideae and Costoideae, is a taxa-
nomic puzzle. The available data from various fields have shown that the
division made by Schumann (1904) on the basis of morphology is well justi-
fied. But in Costoideae, only Cosrus has been investigated in detail and how

" far some of these conclusions can be applied to theisubfamily as a whole can

only be revealed by further research. However, Tomlinson (1956) opines
that the results obtained with Cosfus are equally applicable to its related
genera.

Embryologically, Costoideae is distinct from Zingiberoideac in having
an unilayered sporogenous cells and fibrous thickening in the anther, coeno-
cytic and persistent basal apparatus, fat storage in endosperm, Caryophyllad
type of embryogeny, mature embryo of different nature, bulbous aril, mic-
ropylar 1lid and a well developed chalazal tissue.

On the basis of vegetative anatomy and other evidences, Tomlinson
(1956) advocated that Costoideae forms distinct and natural group and suggested
that it should be given a family rank because of its unique and advanced
features. In the aothor’s opinion, however, this suggestion is inappropriate.
As far as embryology is concerned, although there are a few unigu&{?d{ures,
numerous characters that are common to both the subfamilies namely, single
anther with equal number of wall layers, secretory tapetum, isobilateral tetrad,

®iwo-celled pollen grains at the time of shedding, Polygonum type of embryo
sac development, presence of hypostase and epistase in the ovule, Helobial
endosperm, persistent perisperm, aril, collar and host of similar embryological
characters, speak for an underlying basic similarity between the two groups
and bind them in a single family.

Hutchinson’s (1934) suggestion that all the members allied to Costus
may be grouped into a tribe Costeae, amouints to degradation of the subfamily
to the tribal level. The emphasis of Raghavan & Venkatasubban (1943) to
raise the status of the genus Costus to a tribe or a subfamily, on the basis of
chromosome morphology, is an extreme view. However, data on other genera
of the subfamily Costoideac are required for determining the rank of
Costus. Till then it seems best to retain the existing rank, Costoideae.

SUMMARY

The anther wall consists of 6-8 laycrs with a secretory tapstum. The
spore tetrads are isobilateral. 1In Costus and Eletraria extranuclear bodies
are present in the sporogenous cells, even in the anther wall layers in the latter
member. Pollen grains are shed at two-celled stage. Exine has warty thick-
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enings with a furrow in case of Costus, but a pore in Zingiber, whereas in
other members, it is smooth.

The ovules are anatropous, bitegmic and crassinucellate, arranged on
axile placenta. The micropyle is formed by the inner integument. The
ovules show chaiacteristic nucellar pad, hypostase and epistase. Development
of the embryo sac follows Polygonum type.

The pollen grains germinate on the stigmatic surface, but are interstylar
in Elettaria and the division of the generative cell takes place in the pollen
tube only. Fertilization is porogamous. Syngamy and double fertilization
occur in close succession.

Endosperm is Helobial. The basal apparatus is multinucleate and
persistent in Costus, whercas it degenerates at two-nucleate stage in others.

Embryo development follows Caryophyllad type in Cosfus and Asterad
type in other members., Tendency for adventive embryony was noticed in
FEietraria, Hitchenia and Zingiber.

In the mature seed starchy perisperm persists and the micropylar aril
and collar develop from the outer integument. The aril is butbous in Cosrus
and only a sheath in others. Cosfus is characterized by its prominent micro-
pylar lid and the chalazal tissue which are less developed in Eletraria, but
absent in others. The seed coat is formed by thickencd outer and inner
epidermal layers of the outer integument only. 1In Elettariz, a crystalline
substance is deposited in the cells of the inner epidermis.
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In Vitro Culture of Nucelli and Embryos
of Citrus aurantifolia Swingle

P. S. SABHARWAL
Department of Botany, University of Delhi, Delhi

The usefulness of nucellar embryos, especially in Citrus, is well known
{see Maheshwari, 1950), and of late nucelli and nucellar embryos have also
been cultured i vitro (Maheshwari & Ranga Swamy, 1958; Ranga Swamy,
1958a, b, 1961). This paper deals with the effect of a few chemicals on the
growth ol the nuceill and embryos of Citrus aurantifelia (iemon).

MATERIAL AND METHOD

The material for these experiments was obtained from lemon planis
growing in an orchard in Panipat, about 40 miles from Delhi. The plants
flowered in March-Apri! and cultures of the nucelli and embryos were started
in June-July, 1959, Dissections were carried out under sterile condttions
under a stereoscopic microscope. The young {ruits were cut transversely,
slightly above the equatorial region. The ovules were squeezed out of the
cut fruit on a slide and sectioned into halves by a sterilized scalpel after which
the nucelll were excised from them. Those containing adventive globular
embryos were cut transversely. The micropylar halves were further slit
longitudinally to expose the embryos prior to inoculation. It was not possible
to distinguish the zypotic embryo from nucellar embryos under a dissecting
microscope. However, in all cases the proembryo situated at the extreme
micropylar end (presumably the zygotic embryo) was removed as a regular
procedure. 1n all the explants, some endosperm nuclel were seen adhering to
the wall of the embryo sac.

Some globular embryos (0.051-0.102 mm.) were also excised and cul-
tured separately,

White's modified nutritive medium (see Ranga Swamy, 1961}, jelled with
0.8 per cent Difco Bactoagar, was used in all the experiments. This
basal medium was supplemented with casein hydrolysate (200, 400, 600,
or 800 ppm). coconut milk (40 per cent by volume, autoclaved), gibbereilic
acid (1, 5 or 10 ppm), indoleacetic acid (5 or 10 ppm) and yeast extract (200,
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500 ppm) with a view to stwdying their effccts.  The pH of the medium was
adjusted to 5.8 after dissolving the agar, ‘

The cultures were maintained at a temperature of 25 & 17 C., and at
a relative humidity of 50 to 60 per cent in diffused light (2 te 10 foot - candles).
Fifty cultures were run for each experiment. But in the experiment with the
mediwm containing casein hydrolysate (400 ppm) 120 cultures of the micre-
pylar halves of nucelli were maintained.

OBSERVATIONS

The chalazal halves of the nucelli showed no response on any of the media.
They remained guiescent for about three months then turned brown and ulti-
mately degenerated.

On the basal medium, the micropylar halves of nucclli bearing [ to 4
adventive globular embryos (Fig. 1) showed a slight enlargement, bui the
embryos did not differentiate further. Some of the embryos turned slightly
green while the others remained yellow. The addition of indoleacetic acid
(5 or 10 ppm) had no marked effect. In media containing gibberellic acid
(1, 5 or 10 ppm) the embryos somctimes turned deep green in colour. When
autoclaved coconut milk (40 per cent by volume) was added to the basal
medium, some cmbryos developed deep green cotyledons but exhibited varied
‘forms. They callused slightly and ultimately produced roots.

In yeast extract (200 or 500 ppm)} medium, the adventive globular embryos
grew to maturity, Tn some cultures, however, the embryos callused 45 days
after inoculation while the nuccllar tissue always turned brown. ]

The globular embryos attached to the micropylar half of the nuceifus
showed varied responses when reared on different concentrations of casein
hydrolysate.

When the micropylar halves of nucelli were cuiltured in 200 ppm of casein
hydrolysate, only about 15 per cent of the cultures showed callusing of the
adventive globular embryos while in another 15 per cent only small protuber-
ances were formed from some areas on embryos. The rest of the cultures
did not respond in any visible form.

On a medium containing 400 ppm of casein hydrolysate, the nuceili
showed a variety of responses. In about 50 per cent of the cultures, the
adventive globular embryos enlarged and proliferated 40 days after inoculation.
The proliferated mass was whitish, spongy and soft (Fig. 2). The callus
consisted of uninucleate parenchymatous ceils having numerous starch grains.
After another month. rounded or elongated bodies, designated here as pseu-
dobulbils, appeared on the surface of callus. These developed singly or
in groups, were light green or pale yellow in colour and gave risc to embryos
possessing either normal (Fig. 3) or aberrant cotyledons. Sometimes, the
embryos showed a massive ‘suspensor” {Fig. 5). As the embryos developed
from the callus the concentration of starch in its cells decreased. Embryos
which grew from these calli had no starch gramns.

The young pseudobulbils showed an outer region of large parenchy-



Fig. 1. Whole mount of ths :m{cmpyi'.u parl of augellus showing adventive embryos.
Fig. 2. Three-month-old culiure ,of micropylar halt of nucellus  bearing  callusing
ndventive embryos {(basal medium + casein  hydrolysaie—400 ppm).  Fig. 3. Embryo-like
structures differentinting from psendobulbils.  Fig 4 Cullore showing a mass of embryos
differentinting from pseudobulbils (3 months afier inocofation).  Fig. 5. Stages in the
differentintion of embryos from pseudobuibils; note the suspensor-like structures in
four of them. Fig. 6. A Tascinted scediing obraimed from adventive globular embryo
attached 1o the micropylar half of the nuceilus. Fig. 7. L. 5. differentiating pseudobuibil
showing well developed provascular strands

PH. 16
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matous uninucleate cells and a median provascular strand of narrow, clong-
ated uninucleate and richly cytoplasmic cells, Further growth of the pseu-
dobulbils followed no particular pattern but finally they acquired the form of
typical dicotyledonous embryos. The cotyledons were well supplied with
provascular strands (Fig. 7). Some of the embryos again started proliferating
and produced an unorganized mass of tissue resembling the original callus.
Germination of these embryos has not been achieved so far.

In about 25 per cent of the cultures, adventive embryos of globular form
cither produced masses of tissue which later differentiated into a number
of embryos (Fig. 4) or the globular embryo itself continued its growth ger-
minating to produce well-developed roots, although shoot growth was sup-
pressed (Fig. 6). In the remaining cultures, the embryos did not show any
marked response.

In the present study the nucellus as such did not respond to any of
the treatments, for nucelli from which the proembryos had been excised did
not grow in vifro.

SUMMARY AND CONCLUSIONS

In Citrus microcarpa Ranga Swamy (1958a) observed thar the micro-
pylar halves of nuceti with 1-3 proembryos, when cultured on a medium con-
taining casein hydrolysate (400 ppm)}, produced a continuously growing
callus tissue showing rounded, ellipsoidal or elongated structures which he
termed “pseudobulbils.” Later he (Ranga Swamy, 1958b) added that “apart
from the proliferation of nucellar cells, the pseudobulblls ma /y/lfr patt also
originate from callusing of proembryos.”

The present study on Citrus aurantifolic shows that the nucellus does
not proliferate per se but it is the proembryos (of adventive origin} which show
a varicty of responses even on the same medium. Maximum variations
were observed in a medium supplemented with 400 ppim casein hydrolysate.
Some adventive embryos merely enlarge and do not grow further while some
others grow Into seedlings. Sometimes they gave rise to spherical bodies
which later differentiated into embryos. Most of these proembryos pro-
liferated to produce a whitish callus. The role of amino acids in such a
behaviour is obscure since the medium containing casein hydrolysate was
sterilized by autoclaving and some of the amjno acids may bave been
destroyed or modifted by heat (see Nitsch & Nitsch, 1937).

The micropylar halves of nucelli from which proembryos had been
excised, showed no response 1o any treatment. The behaviour of the chalazal
halves which normally lack the adventive embryos, resembled that of the
embryo-free micropylar halves,, When the longitudinal halves ol nucelli
containing [ to 2 proembryos (in the micropylar part} were cultured, there
was no callusing of the nucellus but only proembryos developed. When
procmbryos were excised and cultured separately, they did not callus but
only enlarged and exhibited slight lobing. It may, therefore, be concluded
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that while nucellus induces the proliferation of the proembryos in close con-
tact with it, it does not itself proliferate or form any pseudobulbil.

Tt gives the author great pleasure to express his indebtedness to Professor
P. Maheshwari for valuable suggestions and guidance. Thanks are due to
Dr H. Y. Mohan Ram and Professor E. A. Ball for going through the manu-
script and 1o Dr B. M. Johri for helpful comments. Grateful acknowledge-
ments are made to the Council of Scientific & Industrial Research, New
Delhi, for financial assislance.
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In Vitro Growth of Achenes of Ranunciilis
sceleratus L.

R. C. SACHAR & SIPRA GUHA
Department of Botany, University of Dethi, Delhi

The artificial rearing of excised ovary has been found very useful in under-
standing the effect of pollination, fertilization and vegetative parts on  the
developing fruit. The pioneer attempt in this direction was made by LaRue
(1942), who obtained rooting of pedicels of excised ovaries in several plants.
Nitsch (1949, 1951, 1952) employed this technique to understand various
problems concerning fruit development. In tomato, he was able to get parth-
enocarpic fruits by supplementing the medium with growth substances and
also reported that the mode of fruit development in artificial medium is essenti-
ally similar to that in Nature. Jansen & Bonner (1949) .and Lcopold &
Scott (1952) also grew excised ovaries of tomato in test tubes successfully.

During the last decade fruitful results have been obtained with ovaries
of wheat (Rédei & Rédei, 1955), Fragario and Pisum (de Capite, 1955),
Althaea (Chopra, 1958), Theris {(Maheshwart & Lal, 1958}, Linaria {Sachar
& Baldev, 1958). Tropaeolum (Sachar & Kanta, 1958), Zephyranthes (Sachar
& Kapoor, 1959) and Aerva (Murgai, 1959).

The present study summarizes the authors™ observations on the in vitro
culture of ovarics of Ranunculus sceleratus.

MATERIAL AND METHODS

The plants of Ranunculus sceleratus were grown in the University Botanical
Garden. The flowers were tagged on the day of anthesis, and the ovaries
were excised threc and six days after pollination* and were sterilized with ¢
15 per cent decanted solution of bleaching powder for 25-30 minutes. There-
after, the ovaries were washed repeatedly with sterile water.

The basic medium was the one used by the senior author, in a previous
investigation (see Sachar & Kanta, 1958). The medium was jelled with
Difco bacto agar (0-7 per cent) and the pH was adjusted at 5-8.

* Young ovaries (i.e. at anthesis, and one and two days after pollination) were also
cultured but they gave a poor response,
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The medium was supplemented with indoleacetic acid (2 or 5 ppm), kinetin
(0-5 ppm), gibberellic acid (7-5 ppm), casein hydrolysate (100, 500 or 1000
ppm) and autoclaved coconut milk (5, 10, 15, 20 or 23 per cent) from unripe
fruits, TFor every treatment 50 ovaries were inoculated and three replicates
were maintained.

In vitro and in vivo growth of fruits was compared. The fruits were sec-
tioned at 10-15y and stained in Heidenhain's haematoxylin and counter-stained
with fast green. Unless otherwise mentioned, all observations, recorded here
are from ovaries inoculated six days after pollination. *%

P
- ‘%‘(h
L3

OBSERVATIONS §

=

Growth Pattern In Vivo., The plant is an annual, which ﬁi'gf.rers from
February to April. The bisexual flowers are pentamerous with indefinite
number of stamens and carpels. The carpels are free and are spirally
arranged on an elongated torus. Each carpel consists of a flattened ovary
with a short style and indistinguishable stigma. The ovary is unilocular
and contains a marginal hemianatropous ovule.

Pollination occurs on the day of anthesis, and the ovaries continue to
grow for two weeks, Usually 90 per cent of the achenes are fertile and show
differentiated embryos. At maturity the fruit becomes light brown and the
achenes are shed individually.

The ovary wall is six-layered on the day of pollination and becomes
eight- or nine-layered after iwo weeks. The two innermost layers become
stony. The fruit is an etacrio of achenes. T

Growth Pattern [n Vitro. Ovaries cultured in Nitsch’s basic medium (NB)
supplemented with vitamins and glycine (NBV), showed slight increase in
size (Table 1). When planted three days after pollination, only a few achenes
developed normally while the remaining shrivelled. However, when cul-
tured six days after pollination, all the achenes gave a plumpy appcarance
but only a few of them werefertile.

TABLE 1—FRUIT GROWTH IN THE FIELD AND IN DIFFERENT
NUTRIENT MEDIA

Av. size of 10 {ruits (14-day-okl)

I -~ T

Treatment Length Breadth

mm. & mim.

Control it vive g 9-00 .tedlees - 1:00
Nitsch’s basic (NB) 5:5 3.7
NBY 5-5 37
NBYV - IAA 2 ppm 77 3-4
NBV -+ IAA 5 ppm - kinctin 0°5 ppm 65 4-0
NBV -+ casein hydrolysate 100 ppm 5-0 3-2
NBV L casein hydrolysate 500 ppm 5-5 3-3
NBV -|- casein hydrolysate 1000 ppm 5-7 34
NBV -+ gibberellic acid 7-5 ppm 8.0 3-8
NBV - coconut milk 207 5-0 3-5
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Fris, [-7 — fin vitro GROWTH ANL GERMINATION (F ACHENES OF Ranuncudies @ TFig, 1.
In vitre perminafion of achencs ([14-week-old) in NBV { cusein hydrolvsate (1000 ppm)
inoculated six days alter pollination. Fig. 2. Same, in NBV 4 gpsein  hydroiysate (100
ppm). Fig, 3. A germinating achene in the centre of the cuBure tube shows fasciation
of stem (NBY - casein hydrolysate 1000 ppm). Fig 4. Profuse germination of achencs
in NBV i casein hydrolysate (500 ppm) (l4-week-old culture). Fig 5. Mature achenes
reared on NBY + casein hydrolysate (500 ppm);: some of them produce aberrant embyryos,
Figs. 6, 7. Callusing of embryos in NBY 4 casein hydrelysate (500 ppm). Io Fig. 7,
three root primordia are seen to arise from the radicular end of the embryo
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in situ. The scedlings grew vigorously and produced plantlets inside the
test tubes (Figs. 1,2 & 4). In some cultures the young plants showed
fasciation of the stem (Fig. 3). Although germination of achenes occurred
in all the threc concentrations used, 500 ppm sccmed to be the best for the
growth of the plantlets (Figs. 1-4). A few ovaries rooted from the pedicels
and the roots were often green in colour.

Ovarics planted in NBV supplemented by TAA {2 ppm) produced larger
fruits than thosc reared on the basic medium (Tabie 1). The achenes de-
veloped better on the lower pait of the torus.  Only one or two seeds germinat-
ed in situ after 6-7 weeks and the scedlings were also no match to the ones
obtained in cascin hydrolysate medium.

The basic medium was also fortified with kinetin (0-5 ppm) in combination
with TAA (5 ppm). In this micdium fruit growth was retarded and the fruits
were smaller in length than those reared in TAA alone (Table 1). None of
the achenes germinated.

Gibbercllic acid (7-5 ppm) induced the elongation of fruit more than
any other chemical (Table 1). Mature embryos were present only in a few ache-
ncs and no germination was observed. The addition of autoclaved coconut
milk did not promote fruit growth more than that in the basic medium (Table 1)
and therc was also poor germination of achencs. After 10-12 weeks, if the
achenes were transplanted from the coconut milk medium to a casein hydro-
lysate mcdium, they gave risc to vigorous seedlings.

Effect of Age of Ovaries on Fruit Growth. The age of ovaries, at the
time of inoculation, greatly influenced the growth of fruits. When planted
on the day of anthesis or 1-3 days after pollination they produced only small
fruits. Best results were obtained when older ovarics (six days after pollina-

#tion} were tested.

Although prolific germination of achenes took place in casein hydro-
lysate, ovaries inoculated three and six days after pollination showed a marked
difference in germination. In the former, germinalion was much delayed
and seedlings produced were never so vigorous as those formed in the latier.

In Vivo Development of Achenes. On the day of pollination most of the
ovules contained mature embryo sacs with the usual organization. On the
same day polar nuclei fused to form a secondary nucleus (Figs. 8-10).

Fertilization occurred 24-28 hr after poliination. The development
of endosperm started before the division of the zygote (Fig. 11}, The
endosperm nuclei divided rapidly and by the time the zygote underwent the
first division, 19-24 nuclei were formed (Fig. 12). Thirteen to 14 days of polli-
nation the achenes showed mature embryos and the endosperm almost filled
the cavity of the achenc. Soon after this, shedding of the achenes started.

Histological Study of Cultured Achenes. At the time of inoculation,
the ovules usually showed zygotes or rarely 2-celled proembryos (3 days after
pollination). or 2- to 7-cclled proembryos (6 days after pollination) (Figs.
13, 14).

After a week’s growth in Nitsch’s basic mcdium about 527 of the achenes
showed heart-shaped embryos and a normal endosperm. The remaining
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Fias. &Ht—inrﬁmmmm AMD EMDOsPERM @ Fig. 13, L. s. ovule at the
time of invculation, ﬁmﬂ W aml a few cadosperm nuclei (3 davs alter
pollination). Fig. 14. Sume, threecelled procmbryo and free endosperm  nuclei
(6 days after milh‘lilim}. ﬂ#. 15, Seven duys’ growth of proembryo and endosperm
tissue reared on WAV |- bbnuuic acid (7-5 ppm). Fig. 16, Abnormal proliferation
al proembryo grown on N;W ‘+ IAA (2 ppm).  The cndosperm tissue bas completely
aborted (7-day old). Fig. 17. Prmnbﬂb with ma&!y enfarged suspensor cells and
dugenerating  endosperm  nucled from u@b—m old  culture (NBV | Kinetin 0+5
ppm - TAA S ppm).  Fig. 18. Proembryo showing signs of cleavage, but such embryos
Fiﬂ to grow as the endosperm has already aborted (NBV -+ casein  hydrolysate 300 ppm,
ziwukolti} Fig. 19. L. . seed showing normal devglopment of the endosperm and embryo
un NBV - casein hydrolysate S00 ppm (2-week old). Figs. 20, 21. L. s. embryos isolated
from cultures reared on NBY -k casein hydrolysate 500 ppm showing three cotyledons and
formation of accessory buds respectively
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achenes either shrivelled after attaining an early globular stage of ihe embryo,
or failed to advance beyond the stage of inoculation (6 days after pollination).
Usually the upper achencs showed rapid degeneration. Owvaries cultivated
3 days after pollination were devoid of embryo and endosperm. Rarely
1-2 achenes in the lower part of the torus contained weakly developed embryos
and scanty endosperm.

When TAA (2 ppm) was incorporated in the basic medium, about 19
per cent achenes showed mature dicotyledonous embryos and well formed
cellular endosperm. The remaining achenes showed abortive seeds with
degenerating embryos and without any endosperm. A combination of 1AA
(5 ppm) and kinetin (0-5 ppm) was found to have a retarding effect on th
development of the achenes. About 96 per cenit of the achenes showed com-
plete abortion and became shrunken. The remaining 4 per cent of the
achenes, however, showed heart-shaped embryos and the endosperm was alsa
well developed.

On NBY -{ gibberellic acid medium only 4 per cent achenes showed mature
embryos. A peculitar feature was that onc cotyledon was much more
developed than the other. In certain achenes the proembryo grew up to
globular stage (Fig. 15) but eventually degenerated. Rarely twin embryos
were also observed.

Addition of casein hydrolysate to the basic medium proved to be the best
for the development of endosperm and embryo. About 63-70 per cent of the
achenes. produced mature embryos (Fig. 5). The rest showed all the stages
of embryos starting from the zyvgote t¢ the heart-shaped, with free nuclear
endosperm. Usually these achenes showing carly stages of embryogeny
“failed 1o atiain maiurity.

The achencs, inoculated six days after pollination 100k more or less the

#same time for producing differentiated embryos as those under in vive condi-
tions (12-14 days). The development of embryo was considerably delayed
(21-25 days) if the ovaries were inoculated three days afier pollination.

Usually degencration of the embryo was preceded by that of the endo-
sperm tissue, QOficn the embryos showed morphological disfiguration (Figs.
16-18). Casein hydrolysate seems to promote the normal growth of endo-

sperm and in turn that of the embryo (Fig. 19).
As regards the size of the embryo, there was a distinct improvement over

that of the control it vive (15-2Zp). The maximum average size (24-4p)
was attained in the medium which was fortified with gibberellic acid. 1In
Nitsch’s basic medium the embryo grew to 20- 2y, There was slight increase
(21-9u) in NBV 4 TAA medium. On adding kinetin + IAA the growth
of the embryo was distinctly inhibited {18-1u). In NBYV -\ cascin hydroly-
sate there was no significant difference from that of the basic medium (Fig. 22).

Budding of Embryos. Mention may also be made of some aberrant
cinbryos produced in a medium containing casein hydrolysate or coconut
milk (Figs. 6, 7). The growth of such embryos was quite normal up to the
stage of differenliation. Thercafter, they projected out rupturing the wall
of the achenes which were still aitached to the fruit, Such embryos continued
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meristematic activity, but failed to produce normal seedlings. Externally
the embryos appeared to be a mass of irregular ussue (Fig. 6). The place
of maximum activity was the region of hypocotyl which became enormously
swollen. Several accessory buds appeared from this zone (Fig. 21). Simul-
taneously the radicular end grew and gave rise to several reot primordia
(Fig. 7). Such embryos did not develop any chlorophyll even when kept
in cultures for many days. The embryos usually remained dwarl but some-
times the root system grew normally. A few embryos showed thiee coty-
ledons but these were devoid of any accessory buds or oot primordia (Fig. 20).

SUMMARY AND COMNCLUSICNS

The ovaries of Rununcuius scelerarus were excised three and six days
after pollination, and planted in the lollowing nutrient media: (a) Nitsch's
basic, (b) Nitsch’s basic + vitamins and glycine {(NBV). (¢} NBV 4 1AA
2 ppm, (d) NBV 4 [AA S ppm -+ kinetin -5 ppm, (e} NBV - gibberellic acid
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THE EMBRYOS
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7-5 ppm, () NBV - casein hydrolysate 100, 500, 1000 ppm, and (g) NBY +
coconut milk 5, 10, 15, 20, 25 per cent.  Of all the supplements, gibberellic
acid was found to be the best for producing large-sized fruits, and the
results were quite comparable to those in nature.

When ovaries were inoculated three days alter pollination they behaved
in slightly different manner from those inoculated six days after pollination.
In the former, the growth was considerably defayed, and the fruits did not
attain the fuil size. While ovaries cuitured younger than three days after
poliination did not give any encouraging results.

At the ttme of inoculation, the ¢mbryo sac showed a zygole or rarely
a 2-celled proembryo (three days after pollination} and 2- to 7-celled proembryo
(six days after pollination). In the basic medium, 95 per cent of the achenes
were completely sterile, while the rest showed mature dicotyledonous embryos
with well developed endosperm. Morc or less similar results were obtained
when the basic medium {NRBV) was supplemented by [AA, kinetin, or gib-
berellic acid. However, if the basic medium was supplemented by casein
hydrolysate or coconat milk, the fertility of achenes shot up to 65-70 per cent.
In cascin hydrolysate medium the achenes germinated jn site and produced
miniature plants. Some of the achencs on this medium produced aberrant
embryos which developed accessory buds on the swollen hypocotyl. Such
embryos became enormously large due to excessive meristemnatic activity,
but were chiorophyli-less and Failed to germinate normaliy.

In the various culture media the size of the embryos was larger than
that of the controls in vive. The largest embryos were oblained in the gib-
berellic acid medium.

Tt gives the authors great pleasure to express their thanks to Professor P,
Mtheshwari for his encouragement and keen imterest.
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Formation of Male Gametes in the
Pollen Tubes of Some Crop Plants

1. K. VASIL
Department of Botany, University of Delhi, Delhi

Pollen grains {n angiosperms are shed either at the 2-or the 3-celled stage.
In all those cases where shedding takes place at the 2-celled stage, i.e. alter
the formation of a vegetative nucleus and a generative cell, the latter divides
in the pollen tube at any time during its growth towards the ovules in the
ovary {sc¢ Maheshwari, 1950). T1n these plants, therefore, it becomes increa-
singly difficult to study the division of the generative cell since the pollen tube
is very narrow, often takes a toriuous course in the style and cannot be cut
medianly in microtome sections or dissected out easily, Mainly due to these
reasons our knowledge of male gamele formation in such plants where the
mitosis of the gencrative cell takes place in the pollen tube is very meagre.
However, pollen culture technique can be profitably employed to study the
details of male gamete formation and the behaviour of the male cells and ihe
vegetative nucleus in the pollen tube.

MATERIALS AND METHODS

Pollen grains of 14 species of plants belonging to 10 gencra distributed
over 6 famitlies were cultured ;

Benincasa  hispida, Citrulfus vulgaris, Cucwmis melo, C. melp- var.
momordica, C. melo var. utilissimus, Momordica charantia (Cucurbitaceae),
Capsicum  anmm, Solanum melongena, S. tuberosum var. phuhwa { Solana-
ceae ), Dolichos lablah ( Leguminosae ), Gossypium herbaceum, G. hirs-
urum (Malvaceae), Carica papaya ( Caricaceae ) and Citrus microcarpa
{Rutaceac).

Pollen were cultured in sugar-agar or sugar-agar-boric acid media by the
hanging drop technigque (see Vasil, 1960). The cover glasses containing
growing pollen tubes on agar fitms were fixed in acetic acid-aicohol (1:3) and
were subsequently stained, dehydrated and cleared in the following series :

Propionocarmine — 45 per cent Propionic acid ——~— Propionic acid
——— Propionic  acid + fert.-Buty! alcohol (1:1)——— iert-Butyl
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alcohol ———  terr.-Butyl alcohol L Xylol (1 : 1) ——— Xylol (mounted
in canada balsam).

Propionocarmine was invariably found to be betler than acctocarmine.
In some cases hematoxylin-fast green combinations were alse used.

-
140 5 X404, 10 to 31X 415

CUCUMIS MELO

LUFTA
CYLINDRICA
N T

vivo CUCUMIS MEILO ¥AR. MOMORDICA

730

MOMORDICA  CHARANTIA CUCUMIS MELO VAR UTILISSIMUS

Fi1Gs. 1-31—PoORTIONS OF POLLEN TURES SHOWING THE GENERATIVE CELL, ITS DIVISION AND
FORMATION OF MALE GAMETES in vifro (EXCEPT Luffa cylindrica, Fig, 16, WHICH 1S FROM {1 vive)
IN Benincasa hispida (Figs. 1-5), Citrullus vulgaris (Figs. 6-9), Cucumis mefo (Figs. 10-15),
Cucumnis melo var. momordica {Figs. 17-21), Momordicu charantia (Figs. 22-26) aAND Cucumis
melo var. atilissimus (Figs. 27-31)
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OBSERVATIONS

Within 5-20 minutes of the sowing in the culture medium the pollen
grains put out the tubes which elongated to different lengths depending on
the medium. the plant species and various other factors like the pH and
temperature. Generaliy the nuclei in the pollen grain did not move out
immediately after the germination of the pollen and in most cases they moved
only afler the tube had attained a length of about 1000-300Cpu. In Sola-
num tuberosum, however, the generative cell elongated from % to 29p soon
- after the germination of the pollen grain and moved out of the grain into the
tube (Figs. 32-35).

In most of the plants studied the vegetative nucleus degenerated early
and was not traccable in the pollen grain even at the time of its germination
except in Dolichos lablab (Figs. 51-33), Gossypium herbaceum and G. hirsutum
(Figs. 55-59) where it could be clearly scen even after the formation of the
male pametes.

After the pollen tubes attained a particular length (about 1000p in most
plants) alrost all the contents of the pollen tube, its cytoplasm. the vegetative
nucleus if it was still traceable and the generative cell, moved to the tip
portion of the tube. The nuclei were generally present within about 200y
from the extreme tip of the tube.

The gencrative cell showed a thin hyaline area around its nuclews which
represented the male cytoplasm reduced te its barest minimum. It had no
visible vacuoles and food particles, a fact which is responsible for the very
hyaline nature of the male cytoplasm. -

The generative nucleus rarely showed a nucleolus (e.g. Cucumis melo
var. utilissimus, Fig. 27). Mitosis of the generative nucteus was perfeetly
normal and spindle fibres were clearly seen during this period (Figs. 2-4,
7, 8. 11-13, 19, 20, 23-25, 28-30, 43, 3264, 56, 61, 62, 65). In some cases
they may not be so clearly visible unless special stains are used (Figs. 38, 42,
48, 49). During the early stages of the mitosis it was sometimes possible
to count the number of chromosomes, e.g. in Cucumis melo (n == 12), Cucumis
melo var. momordica (n~ 12), Delichos lahiab (n=10; see Fig. 51), Selanum

—
Figs. 32-66—Figs. 32-35. Selanwm tuberosum var. phulwa—stages in the emergence
of the generative cell from the pollen gruin into the tube; note the change in size.  Figs.,
36-44.  Capsicum anngum NP, 46A (Figs. 36-40) und Solamuan melongena Long Purpic 1.C
1417 (Figs. 41-44) — parts of pollen tubes showing the generative cell, its division and for-
mation of male gamctes wm vitro. Fig. 45, Solanum tuberosim var. phubwa — haploid chro-
mosome complement (n =24) from the gencrative nucleus. Figs. 46-50. Same, parts of pollen
tubes enlarged to show the division of the generative cell and the formation of male gametes
in vitro, Figs. 51-59, Dolichos lablab (Figs. 51-54), Gossypium hirsurem Indore-2  (Figs.
55-57) and G, herbaceum 1027-A. L.F. (Figs. 58-59)—parts of cultured polien tubes showing
generative cell, its division and malc cells; vegetative nucleus can bz seen in all tubes except
in Fig. 54. Fig. 51 shows the haploid set of chromosomes of Deofichos lablab (n =10).
Carica papaya (Figs. 60-62) and Citrus microcarpa (Figs. 63-66) —parts of pollen tubes showing
the geaerative cell, its division and male cells in virro. Fig. 64 shows the haploid chromosoms
complement of Citrus microcarpa (n =9)
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tuberosum var. phubva (n = 24; see Fig. 43) and  Citrus microcarpa {n = 9;
see Fig. 64).

In some plants from the very beginning the generative nuclous appeared
in an early prophase (Figs. 1, 10, 22, 36, 63) while in others it was in a ‘resting’
condition (Figs. 6, 17, 27, 41, 46. 35. 58, 60). The spindles were normally
organized lying parallel to the long axis of the pollen tube but may be obliquely

32 0 44 X 422 45 X 675 ; 46 to 50 X 422, 31 to 54 X 506, 55!959!750560"“)(5&
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placed in some cases (Figs. 3, 25, 56). Rarely, the spindles may be placed at
right angles to the tong axis of the pollen tube (Fig. 534). Depending on the
mode of arrangement of the spindles during mitosis, the male cells may be
arranged parallel (Figs. 5, 9, 14, 21,26, 31, 39, 40, 44,50, 57, 59, 66) or at right
angles (Fig. 15} to the long axis of the pollen tube. The mode of cytokinesis
during the organization of the male cells could not be studied. The form,
shape and size of the malc cells formed in vitro was the same as obscrved in
vivo (Fig. 16).

The time taken for the initiation of mitosis in the generative cell after
the placing of pollen grains in the culture medium varies in the different plants
studied. 3

Cucurbitaceae Mitosis starts after 4 hr. Male cells seen after
another 2 hr.

Solanaceae Mitosis initiated and completed within 6-10 hr.

. after inoculation, 7
Leguminosae Division started and completed within 3-5 hr.
Gossypiun Division s arted and completed within 30
. minutes to 1 he.

Citrus and Carica Division initiated and completed within

12-24 hr.

In many cases profuse branching of the pollen tubes was seen, especially
in the members of the family Solanaceac. 1In the various species studied from
the Cucurbitaceae, more than one pollen tubes were often formed {rom a
single pollen grain. In all such cases, whether the supernumerary pollen
tubes arosc due 1o branching or a polysiphonous habit, any one pollen tube
or its branch may receive either a single or all the nuclei from the pollen grain.

he pollen tube receiving the nuclei may not always be longest at the given
time but more often it was this tube which elongated most. In Solanum
melongena the generative as well as the vepetative nuclei were sometimes
arrested near the pollen grain due to the formation of a callose plug but in
spite of this the pollen tube which was thus made cnucleate grew to about
4000p. The gencrative ccll arrested near the pollen grain without much
accompanying cytoplasm underwent a normal mitotic division and produced
two male cells. - :

SUMMARY AND CONCLUSIONS

The vegetative nucleus when present takes 4 very poor stain due to a low
DNA ievél.  Usually, however, it is ephemeral and is untraceable when the
generative ccll is undergoing mitosis.  Evidently, it has no impact on the divi-
sion of the generative cell nor does it seem to control the growth of the pollen
tube. In many plants it degenerates before the germination of the pollen
grain or may remain in the pollen grain itself. The pollen tube grows normally
even when the generative cell and the vegetative nucleus are acrested near
the pollen grain due to the formation of a callose plug.
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The male cells have often been reported to change their shape after
their release in the embryo sac as well as during the time they are contained
in the growing pollen tube. Sometimes the male cells in the course of their.
movement in the pollen tube may change their shape so markedly that it may
be difficult even to recognize them. Observations made by Safijovska (1933)
in vive on the male cells of a number of species have led him to state that
“sperms, as complete cells, are not in possession of any constant form. During
their way in the pollen tube the microgametes can change their form some-
times very markedly under external influences and perhaps, from internal
changes which take place in the generative plasm™. In Campanula americana,
Scilla hispanica var. rosea, Hyacinthus orientalis and Tradescantia zebrina
the tips of the male cclls frequently change their shape while moving in the
pollen tube and quite often the ends become markedly stretched which further
indicates their autonomous movement (Safijovska, 1955). The pressure of
the cytoplasmic streaming and the narrowness of the pollen tube also affects
the shape of the generative and the male cells as has been seen in Galanthus
nivalis by Steffen (1953). The cytoplasm of the pollen tube is also under a
high turgor and it may also have a decisive effect on the shape of the generative
cell and the male cells as it has been the experience of the author with many
plants that if the pollen tube bursts, the gametes which may have had an elong-
ated form in the pollen tube immediately become round on being thrown
out of the pollen tube. The disparity in the size of the two male gametes
reported in many plants may be in some cascs due to the different rates of
the transformation of male gametes from one shape to the other.

The question whether the male gamctes occur as naked nuclei-or as distinct
cells has also attracied considerable attention.  The evidence at present. from
in vivo and fixed material, however, supports the view that the male gametes
are distinct and complete cells and have their own cytoplasm and a cytoplasmic
sheath. The male cytoplasm is reduced to its barcst minimum and is hyaline
and clearer than the resf of the vegelative cytoplasm in the polien grain or the
pollen tube which is full*of granular food contents. The male cytoplasm is
much hardier than the vegetative plasm and remains healthy and does not

show any signs of degeneration even several hours after the cytoplasm of the
pollen tube has coagulated and degencrated.

A suggestion has often been madce that the male gametes move passively
along with the streaming of the cytoplasm in the pollen tube. If this were
50, the gametes should keep on moving from the basc of the poillen tube to
its tip and back (if there are no callose plugs formed). In practice, however,
the generative or the male cells are always found near the tip of the pollen
tube and always at a more or less fixed distance from the tip depending on
the species.  This observation itself is sufficient to disprove the view that the
male cells move passively. At present it is believed that the generative and
the male cells have a power of autonomous movement (Safijovska, 1955;
Vazart, 1958). Steffen (1953) has obscrved, however, passive as well as

amoeboid movement of the gencrative and the male cells in Galanthus
nivalis.
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Grateful thanks are due to Professor P. Maheshwari and Dr B. M. Johri
for their kind help and suggestions.

LITERATURE CITED

MaHESHWAR], P, 1950, An introduction to the embryology of angiosperms (McGraw-Hill
Book Co., Inc., New York).

Sarnovska, L. D. 1955, On the form and structure of male gametes in angiosperms.
Proc. Skevchenko Sei. Sue. 1955 39-47.

SterreN, K. 1953, Zytologische Untersuchungen an Pollenkorn und schliuch. 1. Pha-
senkontrast-optische  Lebenduntersuchungen an Pollensehliuchen von Gaolanthus
aivelis.  Flora, Jeng 140 140-174,

VasiL, 1. K. 1960, Pollen germination in some Cucurbitaceae. Amer. J. Bor. 47 1 239-247,

VazauT, B. 1958, Différentiation des cellules sexuelles et fécondation chez les Phanéro-
games, Prowplasmatelogia? ; 1-158,



Morphology and Embryology of
Lomatia Br. with a Discussion on its
Probable Origin

C. VENKATA RAO
Department of Botany, Andhra University, Waltair

The Proteaceae with 61 genera and about 1,400 species is mainly a southern
hemisphere-family, the chief centres of distribution being Australia, New
Caledonia. South America and South Africa. The genus Lomaria was placed
by Brown (1810}, Bentham (1870) and Engler (1898) in the tribe Embothrieae
of the sub-family Grevilloideae. In his revised classification of the family
the present author {Venkata Rao, 1957) placed it in the tribe Telopeae. Out
of the 13 species of Lomatia, 6 are found in East Australia, 2 in Tasmania,
L in New Caledonia, 1 in Tahiti and 3 in Chile, the various species being endemic
in their respective regions. Though at present thc genus is confined to the
southern hemisphere, it apparently enjoyed a wider distribution in the past
since fossits are reported not only from southern land masses (East Australia,
Tasmania. South America and Antarctica) but also from different regions
of northern hemisphere like North America, South of England, Italy and
Switzerland  (Kausik, 1943). Fossil specimens closely resembling Lomatia
belonging to Cretaceous of Saxony are placed in an allied genus Lomatites.
However, there is much controversy regarding the validity of northern hemi-
sphere fossils not only of this genus but of the whele family (Good, 1953).

PREVIOUS WORK

The embryological work in the Proteaccae is limited to the study of a
few species of three Australian gencra, Grevillea, Huokea and Macadamia
(Brough, 1933; Kausik, 1938-42) and the African genus Brabeium (Jordaan,
1946; Garside, 1946). Recently the embryological work in the family has
been reviewed by the present author {Venkatun Rao, 1960).

The present paper deals with the morphology and cmbryology ol 6 species
of Lomatie viz. L. tinctoria Br., and L. pelymorpha Br. of Tasmania, L. salai-

folia Br. of New South Wales, L. dertata Br., L. hirsuta Br. and L. ferruginea
Br. of Chile,
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MATERIAL AND METHOD

Material of the Tasmanian species was collected by the writer during his
stay at Tasmania (1955-1957). Fixed material of L. salaifolia was kindly
seitt by Mr R. Carolin of Sydney University, Sydney, N. §. W., Australia.
Herbarium specimens of the Chilean species were obtained from the National
Herbarium, Chile. Fixed material of L. ferruginea was kindly put at the
disposal of the author by Mr V. Garcia of Delhi University. Formalin-
acetic-alcohol was used as the fixative, Customary methods of dehydra-
tion and embedding were followed. The herbarium material was soaked
overnight. in distilled water, beiled in 2 per cent solution of sodium hydroxide
for 2-3 minutes or left overnight in paraffin bath at 50° C., washed thoroughly
and then treated like freshly fixed material. Whole mounts of endosperm were
made by Kausik’s (1938) method.

OBSERVATIONS

Bentham (1870) stated : **the structure and proportions of the flower
and fruit are remarkably uniform in the Australian species (of Lematia) leaving
little for their identification besides their foliage which is exiremely variable”,

The present studies show that this statemment can be extended to the Chilean
species also.

Of the Tasmanian species, L. tinctoria is a small shrub 2 to 3 feet high,
which reproduces by subterrancan rhizomes and therefore occurs gregariously.
Tt ranges from sea level to about 2,500 ft altitude. L. polymorphe is a taller
shrub, 10 to 12 feet high and occurs from about 1,500 to 3,500 ft altitude, The
feaves of L. tinctoria are usuaily bipinnately compound though rarely they
may be simple. In L. polymorpha (as the name indicates) the leaves are usually
simple but exiremely varable in shape being oblong, linear, lanceolate, entire or
lobed even on the same plant. The same range of variation is noticed in the
Chilean species : the leaves of L. denfata and L. firsuia ave simple while those
of L. ferruginea are bipinnately compound (Figs. 1-4, ).

The inflorescences are uxillary or terminal panicles; they are lax in L.
tinctoria (Fig. 1) and L. ferruginea (Fig. 3} while in L. polymorpha (Fig. 2)
and L. dentata (Fig. 6) they are more dense. As in other genera of the
Grevilloideae, a pair of flowers occurs in the axil of each bract (Fig. 13).
Since the posterior sides of the flowers of a pair are away from each other
(Fig. 18}, it is evident that the flowers are not ortented in relation to
the main axis but to a jateral axis which is completely suppressed (Fig. 19}
The bract, therefore, belongs to the main axis and the bracts of the indivi-
dual flowers are completely suppressed.

The flowers are pcdicellate, zygomorphic, hermaphrodite and mono-
chlamydeous. The apical portion of the bud is globular and termed as ‘limb’;
it remains curved in the bud (Figs, 5, 10, i2). The four tepals bear nearly
sessile anthers at their terminal parts (Figs. 11, 12). The ovary is mono-
carpellary, stipitate and bears about 16 ovules placed in two imbricating



|3
(o)
()

EMBRYOLOGY OF LOMATIAL ITS PROBABLE ORIGIN

rows on marginal placenta. The style is curved and bears a lateral stigma
situated in the centre of a discoid pollen collecting apparatus (Figs. 7, 9,
11, [5. [6). The nectary consists of 3 free aliernitepalous fobes (Figs. &, 14):in
this feature Lomatia resembles the two other Australian genera Austromueliera
and Musgravea which constitute the tribe Musgraveae (Venkata Rao, 1957).
Preseénce of a small vestigial anterior lobe in Lomatia tincroria (Fig. 17) indi-
cates that probably the zygomorphic nectary has evolved due 1o the suppres-

Fig. | — A piaNcH OF Lomatin tinctoria WiTH INELORESCENCE



264 SYMPQOSIUM ON PLANT EMBRYOLOGY

sion of the fourth lobe of the typically actinomorphic flowers found in the
tribe Persoonieae (Venkala Rao, 1960).

Microsporogenesis and Male Gametophyte. The anthers are 4-locular.,
In L. tinctoria and L. polymorpha one or two rows of hypodermal archesporial
cells differentiate at 4 places in the anther primordium. These cut off the pri-
mary sporogenous cells to the inside and the primary parietal cells to the
outside. Due to further divisions in the parietal cells, the anther wall ultimately
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Fi. 2— A BRANCH OF L. pelymorpha WITH INFLORESCENCE
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Fias, 3-19 — Fig. 3, Twig of Lomatia ferruginea. Fig. 4. Twig of L. firswea,  Fig. 5
Flower bud of L. hirsuta. Fig. 6. Twig of L. dentata. Figs. 7, 8. Owvary and nectary of
L. dewata. Flegs. 9-11. Quary, bud and open flower of L. pelvinarpha, Fig, 12. L. 5, flower
bud of L. salaifolia. Figs. 13-18. L. tincroria. Fig. 13. A (Tower pair (bract removed),  Fig,
14, Nectary. Fig. 15, Side and front views of potlen collecting upparatus and stisma.  Fig.
16. L. s. stigma. Fig. 17. T. 5. flower bud showing vestigial anterior lobe of the nectary,
Fig. 18. T. 5. flower pair; note the opposite orientation of the ovaries in the two flowers,
Fig. 19. Diagrammatic representation of the relation of the flower pair to the suppressed
lateral axis
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becomes 6-layered — the cpidermis, the fibrous endothecium, 3 middle layers
and the tapctum. In L. finctoria the tapetum is 2-layered on the side of the
connective (Fig, 20).

There is a secondary increase in the sporogenous cells, The meiotic
divisions proceed normally and 1§ bivalents are noticed at diakinesis in L.
tinctoria (Fig. 21). The same number is reported by Lancaster (1952) in
L. salaifofia (see Darlington & Wylie, 1955). Cylokinesis is brought about
by furrowing at the end of the second division and mostly tetrahedral tetrads
are produced. The pollen grains in all the 6 species studied are triangular,
oblately flattened and triporate (Figs. 22-24). The germ pores are situated
at the corners. The exine is granular or reticulately thickened. The intine
is thicker in the region of the germ pores and protrudes slightly. The
pollen grains arc shed at the two-celled stage.

Ovule, TIn all the 6 specics studied, the ovule is bitegmic and crassinu-
cellate. Tt shows a characteristic and unique method of development. The
ovule primordium arises transverse to the ovarian locufus (Fig. 25), and under-
goes curvature during growth till in the mature condition the ovule lics parallel
to the placenta (Fig. 38). The funicle clongates precociously and bends
like a horse shoe (Figs. 26. 27) and finally becomes bent in the form of a hair-
pin in the mature ovule (Figs. 33-35). It devclops into a samaroid wing in
the mature seed (Figs, 56-59). The outer intepument remains two-layered;
tannin accumulates in the cells of its outer epidermis. The inner integument
becomes 3-layered (Fig. 37), and covers the nucellus in such a way as to leave
a wide micropyle. The outer intcgumcnt ceases to grow along the line of
contact with the funicle. From the chalazal region extensions of the outer
integument arisc and form flap like coverings on either side of the bent {unicle.
This structure becomes clear when sections of developing ovale and seed taken
perpendicular to the long axis of the ovule, and also™parallel and perpendi-
cular to the flat side (Figs. 28-33) are studied.

The primary parietal cell cut off by the archesporial cell divides to form
5-6 laycrs of parictal cells, The cells of the nucellar epidermis also undergo
periclinal divisions early in development of the ovule and form a nucellar
cap (Figs. 37, 43). Thesc cells accumulate some tannin and stand out distinct-
ly from other nuccllar cclls (Fig. 41). Only the nucellar cap persists in the
mature ovule. The developing embryo sac extends nearly up to the chalaza
(Figs. 38, 42). As the ovule matures, the meristematic zone situated in the
chalaza adds some tissue so that the antipodal end of the embryo sac becomes
much temoved from the chalaza (Fig. 40). As the seed devclops the outer-
most 3-4 layers of nucellar cells become richly protoplasmic and get tangen-
tially flatiencd; these cells persist along with the zone of richly protoplasmic
cells in the chalazal region, even in the maturc seed (Figs. 46, 47). The
remaining cells of the nucellus are irregular, large, scantily cyloplasmic and
get absorbed by the devcloping endosperm.

Megasporogenesis and Female Gemetophyte. Usually there is a single
archesporial cell in tne ovule. After cutting ofl the primary parietal cell it
functions as the megaspore mother cell (Fig. 36). Mepaspore tetrads are usually
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linear (Fig. 43); in oae ovule of L. polymerpha an mverted T-shaped 1etrad
was noticed, where the micropylar megaspore was functioning (Fig. 39).
The 3 antipodals are inconspicuous and ephemeral.  The polar nuclei do not
fuse before fertilization (Fig. 41).  In one ovule of L. pelymorpha three develop-
ing embryo sacs were noticed (Fig. 42),

Endasperm and Embryo, The development of .the endosperm was
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Fras. 3643 — Figs. 36-38. L. tinctoria;
Fig. 37. Qvule with 2-nucleate embryo sac.
Figs. 39-42. L. pofymorpha. Fig. 39.
avule.

Fig. 36. L. s ovule with megaspore mother cell,
Fig. 38. L. 5. ovule with 8-nucleate embryo sac.
[nverted Teshapad retrad, Fig. 40. L. s. mature
Fig. di. Micrapviur part of the nucelus from the abave, Fig. 42. L. 5. nucetlus of
an avule with 3 developing embrvo sacs.  Fig, 43. L. 5. voung ovule of L. saleifolia with
linear 1etrad
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studied in detail in the Tasmanian specics. The primary endosperm nucleus
undergoes [rce nuclear divisions. The developing endosperm digests some of
the surrounding nucellar cells and lies loosely in the cavity so that it can be
dissected out easily (Figs. 46, 47). The seed becomes flat as it grows. The
endosperm in the micropylar region becomes cellular by the time the embryo
is 20- to 30-celled. The cells immediately around the embryo are smaller
and richly cytoplasmic as compared to those in the remaining part {Figs. 45, 48,
50). The endosperm in the chalazal part remains nuclear. The nuclei in
this region are sparsely distributed and may form groups (Figs. 49, 51). The
cellular part beecomes wavy in outline due 1o the development of secondary
haustorial lobes (Figs. 45, 52, 53). In addition to these, finger-shaped,
[-celled outgrowths arise all over the surface of endosperm and increase the
absorbing areca. Thesc become absorbed as the endosperm grows.  Since
the growth of the nuclear part of the endosperm in the carly stages is rapid
and exceeds that of the seed, it becomes coiled and gets the characteristic
vermiform appearance.  As the seed grows, the nuclear part shrinks and be-
comes [ess and less conspicuous™(Figs. 52, 53). Ultimately the whole of the
endosperm gets absorbed by the developing embryo. The structure and de-
velopment of the cndosperm in Lomatin resembles that described in some
Cucurbitaceac (Chopra & Agrawal, 1958).

The endosperm in the Chilean species L. ferruginea (Fig, 54) closely
resembles the developmental sequence of the endosperm of the Tasmanian
species.

The first division of the fertilized cgg is transverse. Both the cells divide
longitudinally and by further divisions give 1ise to a globular embrye which
is devoid of a suspensor (Figs. 44, 45, 34). The embryo development keys
out to the Penaca vatiation of the Asterad type (Johansen, 19504), as in other
members of the family (Venkata Rao, 1960). The maturc c¢mbryo shows
foliaceous cotyledons with prominent basal lobes (Figs. 53-551.

Seed. Bentham (1870) stated “the fragile petlicle or powdery substance
interposed between the sceds in Laowatia and Telopea appears to be epidermal
production of the seed itself, but its real naturc can scarcely be ascertained
without observing it in the fresh state before and after maturity of the seed”.
The structure of the sced wing as also the presence of the powdery pellicle
between the sceds are closely stmilar in the Tasmanian and Chilean species.

The development of the powdery substance was followed in the Tasmanian
species. The membraneous coverings of the funicular wing, like the outer
integument of which they are part, arc 2 cells thick. As the seed matures,
the protoplasts of the outer layer round up and the cell walls become fragile.
The cells separate out casily forming the powdery pellicle.  The cells of the
inner layer become thick-walled and empty and appear like lattice and con-
tribute to the firmness of the seed wing (Figs. 60, 61).

The outer integument temains 2-layered in the sced. The cells of the
outer layer become somewhat papillate and stain deeply duc to the presence
of tannin, The cell walls of the inner layer become slightly thickened., The
inner integument becomes 6 to 7 layered in the developing seed but only the
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two innermast layvers persist in the malure seed (Figs. 62, 63). The seed coals
are therefore flimsy.

DISCUSSION

The apparently simple racemes of Lomatia as also those of other Grevil-
loideae are in reality condensed panicles in which the lateral branches are
reduced and represented by pairs of flowers in bract axils. Similar reduction

Fics. 44-58 — Figs. 44-47. L. polymorpha: Fig. 44, Young embryo with some endo-
sperm.  Fig, 45, Endosperm and embryo dissectad oul from young seed.  Figs, 46, 47.
L. 5 developing and mature seeds. Figs. 48-33. Stages in the development of endosperm
of L, tinctoria. Fig, 534, Endosperm ol L. ferruginea dissected from young seed. Fig. 33,
Mature embreyo of L. hivsuia, Fig. 56. Seed of L. hirsuta.  Fig. 57, Seed of L. dentata. Fig. 38,

Seed of L. ferruginea
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of the lateral branches of a paniculate inflorescence is noticed in other angio-
spermous families. [n the Amarantaceae reduction has resulted in the per-
sistence of a single flower (Bakshi & Chhajlani. 1955). In the Palmae it led
to the retention of three flowers at each node, the median being female and
the Jaterals. male {Venkata Rao. [958).

There is some controversy regarding the nature of the proteaceaus
Rower. as to whether it is primitively manochlamydeous or monochlamy-
deous by reduction. The interpretation rests on the nature of the nectary.
Haber (1939) regarded the vectary as reduced cerella and thought that the
glandless flowers in some genera are monochiamydeous by reduction. The
author, however, feels that the position of the annular or tubular nectary inner
to the tepal stamen whorl (e. g.. Brabeium, Macadamic) rules out the possibility
of the nectary being homologous to the corolla (see also Venkata Rao. 1960).

Several genera of the sub-Tamily Greviiloideae are characterized by winged
seeds. A comparative study of the various genera shows that the seed wings
are diverse in method of formation and structure. In Grevitlea it is a
membraneous outgrowth covering the body of the seed uniformiy all round. In
Orites and Hokea it is an oulgrowth on the chalazal side into which the Funi-
cular vascular bundle does not extend. 1n Stenocarpus it is an outgrowth on the
micropylar side. Only in Telopea and Lomatia (which belong to the tribe Telo-
peaz), it is funicular. In these genera the funicle is not only elaborated but speci-
alized to form the seed wing, In other genera the seed wing s membraneous;
1 the two above named genera 1t is sUfT being made of thick-walled celis.

The Australian and Chilean species of Lemaria show close similarity in
morphojogical and apatomical strociore of the flower., development and
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Fis. $9-63 — ¢ of, ouler infegument; i, inner integument: #, nucellus):  Figs, 59-61.
L. timetoria;  Fig. 59. Young seed. Fig. 60, Surface view cf the young seed-wing.  Fig. 6.
Surface view of the wing of mature seed, Fies. 62, 63 L. polvmorpha. Sced conts from
developiog wnd mature seeds
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structure of the pollen. ovule. endosperm and embryo. The development
and structure of the seed wing and cven the powdery pellicle between the seeds
are also quite similar.

The different species of Lomaria are disjunctly distributed on widely separat-
ed land masses. There are three possibilities which can account for such a
distribution: (1) an independent (polyphyletic) origin pf the different specics
on separate land masses; (it) long range dispersal by birds or oceanic cucrents;
and (i) the origin and spread of the genus on a connected land mass which
subsequently fragmented.

Regarding the first possibility it is difficult to imagine that the different
species which show such a great uniformity in morphological, anatomical
and embryological features could have evolved independently. Regarding
the second, the winged seeds are adapted only for wind dispersal which neces-
sitates continuous land. The possibility of long range dispersal by birds
can be ruled out because the seeds are large and devoid of outgrowths which
can make them attach to birds. Oceanic dispersal seems improbable since
the sced coats are flimsy and the seeds lose their viability on being immersed
in sea water cven for a short time. Moreover, the greater concentration
of species in Australia shows that this was the original home of the genus
wherefrom dispersal and migration could have taken piace. But oceanic
currents in southern latitudes run from America towards Australia.

So it séems probable that the genus originated on a connected land mass
which later fragmented. Such a continuous land mass {Pangaea or Gond-
wanaland) is visualized by Geologists. The existence of three other genera-
of the Proteaceae viz. Gevuing, Greocallis and Orites and other angiospermous
gencra like Drypmis and Nothofagus common between Australia and South
America gives strong support to such a view. 1t is interesting to notice that
fossils of Lomatia, Drymis and Nethofagus were found on Grahamland (Antar-
ctica). This shows that the continent was habitable to plants in the past. Hill
(1929) also believed that it served as a migratory roufe for ciccumpolar species,

Tite author wishes to cxpress his thanks to the Curator, National
Herbarium, Chile, Mr V. Garcia, Dethi University and Mr R, Carolin,
Sydney University, Sydney, N.S.W. Australia, for the materials they kindly
supplied and to Shri K. Satyanandam for some line drawings and to the
Department of Photography, University of Tasmania, for the photographs.
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