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PREFACE 

During recent years the Council of Scientific & Industrial Research 
( CSI R) 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 II 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 Department· 
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 Future 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 one 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 ~4, 1960, a special session was held 
for a discussion of the advancement of teaching and research in plant 
embryology. 1 n 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' Dr Metcalfe and Chalk's' AnatDmy of DicotyledDns and MDno­
cotyledons'. If such a work can be writtert thrDugh the initiative of Irtdiart 
botanists with the cooperation of .our colleagues abroad, it will irtdeed 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 a source of inspiration and encouragement to young workers. 

In my duties as the Converter .of the Symposium, I 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 I extend my best thanks for its success. To the CSlR I am most 
grateful for so kindly agreeing (0 bear all expenses not only for holding the 
Symposium at Delhi but also for the publication of the papers presented 
by the participants. 

University of Delhi 
Delhi-6. India 
May 18, 1962 

P. MAHESHWARI 

Convener of the Symposium 
and Chairman, Biological 

Research Committee, CSIR. 
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Embryology of the Celastraceae 
R. O. ADATIA'I< & S. G. GAVDE 

N. M. lnslitule of Science, Anc1hcr i, Bomb:ly 

The family Celastraceae shows several important marph010gical \'ariations 
and tile systematic position of this family has b~en a subject of contro\':.~rsy. 

WiliI..: reviewing the earl ier literature on the embryology of this family, Ander­
son (1931) de <;c ribe\1 the devcloplllenr of ovulc. cmb.-yo sac, embryo and 
endosperm in Celaffl·us orbiclllat~,.(, C. sCGl/dells. EUOIl.l'IIlUS }J1II1.?:£'.1/1l1.', E. 
elll'Opal'Us, E. (ali/olills and Trip(('fygiwlI w;((orc(;i. Maurill.On ( 1936a) made 
some observations on the ovules of Call1py/nslellloll, flipPo('rt1lea cil/t'ras­
('('I(S, II. c/e/ll(/(ioides, H. grisebttchii and Sa/acia sp. He' ( 19)60) further 
recorded somc ohservations on (he cmt)ryol(lgy and systematic limitations 
of Tercbinthab and Cclastrales. 

The present pape'r deals with the embryology of Celaslrus P{/I/;(,II/ala . 
Willd., t [/(1 eociclI droll glauclIIII Wight & Am., G)'JIlJlosJloriaJ1)Jlrimin 'Wight 
& Arn" G. sf'illow Fiori. and t H il'(1ocralea gralzalll ii Wight:' . 

MATERIAL AND METHODS 

The malcrial for thc present stl:ldy was collected from the ~uburbs of 
Bombay, Katriz Ghat, Poona. Khandala'and Mmheran and fixed in formalin­
;\cl:tic acid-alcohol while some of the buds were fixed in acetic acid-alcohol 
( ( : 3). The customary ffil!th.ods of dehydration and imhedding wc::rc followed. 
ScctiOll~ were cut 5 to J 5 {..L thick and stained in iron ·haelllalO;\ylin and 
counterstainoo with fast green or o range G . The fermer combination proved 
very satisfactory especially for post-fertilization s!.<tg\!s. 

OBSERVAl l0 NS 

Microsporangium. The hypodermal archesporium appears a s (WO 

grOl!pS of cells in the anther of Celaslrus and as four groups in G.I·/}l/lOs/lorio 

*Prtscn\ addre,s : K . J. SJm~iya ('~ge. Ghalkop,lr. BombJY t Ac;;ording 10 

new n:>menclaturc, ElaMd('lIdrOJl f oxburg"ii Wight & Arn. t A::cording to new 
no menclature, Prislimera g rahamii Wight 
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spp. and Eilleodelldrol! glauculII . Later, Celasfrus also shows four groups 
(fig. 1). The number of parietal layers varies and in Ce/asfrus the amher 
w~1l consists of five layers whjle the rest of the genera show only four layers 
( Fig. 2). The innenl10st parietal layer differentiates into tapetum. The 
tapetal cells are uninucleate to start with but become multinucleate when tile 
microspore mother cells are undergoing reduction divisions. In Celastrlls 
pallicliiaia some of the cells showed as many as eight Iluclei. During laler 
stages the tapetal nuclei fuse producing a polyploid mass (Fig. 3). Towards 

G 
6 

X600 X600 

3 ( \~f; 

7 
X 600 

FIGS, l-1 2-Figs. 1,3,7. Celostrus pOlliclIl(lla. Fig. 10. Elol!odendroll gloucllln. Figs. 2, 6. 
9, 11 , 12. GYll1llosporill I'ol/Jiano. Figs. 4. 5. G. Spinosa. Fig. 8. HipPo('/'{ftea grallOllui, 
Fig. I. T. s. amher showing 4 groups of a rchesporial cells. Fig. 2. T. ~. anther showing 
the 4-wall layers and microsporc mother cells in early prophase of meiotic division. Fig. 3. 
Tapetal cdl showing fusion of 8 nuclei. Fig. 4. 1'. s. anther at the lime of dehiscence. 
Fig~. 5-7. Metaphasc I showing bivaients. Fig. S. Pollen grain showlIlg 'aspidotc' porcs. 
Fig. <"). Pollen grain with lenticular generative ccli. Fig. 10. Pollen grain with spindle 
shaped generative cell. Fig. J I. Germination of pollen ill situ. Fig. 12. Giant two-celled 
pollen grain 
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the close of meiotic divisions the tapetal cells begin to lose contact with one 
another and large vacuoles appear in their cytoplasm. Finally, the cells 
disorganize and disappear. 

The outermost parietal layer differentiates into an endothecium. Its 
cells gradually enlarge and the walls get thickened. The inner and lateral 
walls are thicker in Elaeodendroll and Hippocratt!ll as compared to Celasrrus 
and Gynmosporia. The fibrous thickenings appear in all the genera investi­
gated (Fig. 4). The endolhecium ;s usually one-Ia~ered but occasionally in 
both th~ species of Gymflosporia it becomes two· layered at some places. 

At the time of dehiscence of anther the epidermis usually gets ruptured, 
hut frequently in Celastrus, Gynmosporia spillosa and Hippocratea the epidermal 
cells may remain iHtact. In the latter the cells contain tannin and become 
papillate. Such papillae arc also seen on the calyx, corolla, ovary wall and 
the disc in !-lil'poc/'(/tea. 

Microsporogenesis. The haploid number of chromosomes is 27 in 
Gymnospol'ia spinosa Fiori., 12 in G. rothialla Wight & Arn. and 23 in Celastrus 
paniculata Willd. (Figs. 5-7). All the mother cells in an anther do not divide 
simultaneously. Six secondary spindles were observed after the second 
meiotic division. Cytokinesis takes place by furrowing and the tetlads are 
either tetrahedral 01/ decu~sate. Usually the microspores separate from one 
another but occasionally they rcnMin together in GYJ11l1osporia spinosa. 

Male Gametophyte. The microspore nucleus migrates towards the wall 
and divides by an asymmetrical spindle. A small lenticular genelative cell 
is sepllfated from a large vegetative cell by a thin membrane (Fig. 9). 
Later the generative cell moves to a more central position in (he pollen grain. 
The cytoplasmic sheath can be easily identified by its denser cytoplasm. The 
generative ccli is usually spherical. rarely j( assumes a crescent shape in 
Gymnosporid rOThiana and in Elaeodendroll it JUay be crescent, spindle 
(Fig. 10) or loop·shapod. . 

The generative cell does not divide prior to the shedding of pollen grains. 
In Gynmosporia rothiana the pollen grains may germinate ill situ and the 
generative cell may migrate into tllC sh,1ft pollen tube (Fig. II). 

The exine and intine develop in the normal manner and the former shows 
reticulate sculpturing. The imine protrudes out through the gel11l pore to 
a considerable extent in Celastrus and l-lippo<Tatea (fig. 8) while in 
Gymnosporill ro!hial1(/ only a small protrusion is seen. ErJtman (1952) 
described such pores as "aspidote pores ", while Hyde (1955) considered 
them to be definite morphological characters and designated them as "onci ". 
Such" onci " also occur in the Betulaceac, Campanulaccae, C:1rylaccae and 
Juglandaccae. The pollen grains are usually tricolp.te but rarely [cHacol· 
pate grains were observed in Celaslrlls and Hippocrafea. 

Thc pollen grains are usually 1O-12fl in diaml:lcr in lIip['oc/"alea grahamii, 
12-14].1 in Gym'rcsforia spinosa. 14 10].1 in G. rolhiana, 16-18].1 in Cel(1sfrus 
and 28-30fl in E1aeoc/clldrol1. "In one loculus of Gynlllos[Joria rOfhhlll{[ giant 
pollen grains with a diameter of 48 Jl were observed along with the nOfl1Bl 
pollen glains (Fig. 12). . 
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Megasporangium. The ovules are orthotropolls and bitcgmic to start 
with but become anatropous at the megaspore tetrad or 2-nuc1cate stage of 
the embryo sac. Usually the raphe is ventral but sometime:;, in Hipl'ocralc:1 
it may be dorsal. The inner integument makes its appearance at the time of 
din'erentiation of the archesporium. Both the integuments contribute to the 
formation of the micropyle in all the plants studied except in Hippocratea 
grahamii \vhere only the inner inh::gument takc-s part. However, Mauritzon 
( \936a) reports that the outer integument also takes part in the formation 
of the micropyle in the plants of Ihe Hippocrateaccae sludied by him. In 
rno" of the genera studied the outer integument is 3- to 8-layered whik 
the inner integurncnt is 3- to 4-layclcd. In J/ippocralcQ grahamii the inner 
integument is 3-laycred and outer integument is 3- to 4-1ayered. The integu­
ments are swollen at the tips in all the plants except II. grahamii. 

Usually a single hypodermal archesporiai cell differentiates in the young 
ovule, (.is seen in Cdastrlfs scandens, Euonymus bUllg('onus, E. ('uropaeus and 
E. lati/olills (Anderson. 1931). Occasionally two cells were observed in 
GPJlJJ(I,\porio 1"01/]ia110 (Fig, 13) and four in Celasf/'Us pal1iculata (Fig. 14 ). 
Anderson (1931) has also reported occasional occurrence t)f two archesporia! 
cells in C. scandens. 

The archesporial cell dilcctly functions as megaspore mother ceB in 
Hippocralea r;rahamii and in both the species of CYfnnoJporio. But il) Celaslrus 
and Eiaeodemiroll it divides p"riciinCllly [QIming the primary parietal cell 
and the primary sporogenous cell. 1n Elaeodendro/l the primary parietal 
cell rarely undergoes a longitudinal division (Fig. 15); but in Celastrus 
l'alliculata three to four parietal cells are formed (Fig. 16). Mauritzon 
( 1936a) reported a single parietal cell in Salacia and further stated that the 
nucellus of Hil'pocralea species should be idcntical. H"wev~r._tlHs is not 
supported by the present study on H. ?rahamii. ~ 

The nucellar cells get crushed by the developing gametophyte and the 
latter comes in direct contact with the innermost layel of the inner integument 
which diffcrentiates into an endothelium. This may happen even at the tetrad 
stage in Celaslrus pallicl/lata (Zig. 19). The cells of the endothelium 
elongate radially and their vacuolaled cytoplasm stains deeply. The presence 
or endothelium in several plants of this family has also been reponed by 
Anderson (1931). 

Megasporogenesis. The ovule usuaUy shows only one megaspore mother 
cell but occasionally in both the species of Gyll1/lOsporia two cells may differ­
entiate. As a result of meiotic divisions a linear tetrad is formed in Celaslrlls 
pal'iculala, Elaeodendroll and Hippocralea (Fig. 17). T·shapcd and oblique 
tetrads were obselved in both the species of GymJ1osporia. Anderson (1931) 
rcp,oned linear tetrads in Ce/(JsfrIJs standens, C. orbicuJntus and T -shaped 
condition in EuollJ'f1luS hUlfgeauus and E. lal{I(!/ilts. Occasionally twin tetrads 
wert; observed in Cclaslrus panieulata and GYl1ll1ospol'ia I'!Jt/7iGlw {Fig. 18). 

Female Gametophyte. Usually the ch"lazal megaspore is functional, 
all hough occasionally in Cetastrus pGlliculata any other megaspore may begin 
to enlarge simultaneously (Fig. 19). Even in such cases subsequently the 
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Fu ... s. Il-21-l"igs. II , Iii, 18,19,21. C'c/u.I'frIlS pUl/iell/ala. Figs. 15. 20. I:./Ol!oc/""drOJl 
glc1IICIIIII. Fig. 13. GYl1ll/c).'POric1 rorMam,. Fig. 17. l-/ippocral('u grahami;. Fig. 13. L.s. ovule 
showing two arche poria1 cells. Fig. 14. L. s. ovule! with mulLiph! archesporium. Fig. IS. 
Same showing single pnrictall:lyer. rig. 16. L. s. ovule with 4 parietal layers. Fig. 17. Same 
showing linear tetrali or l1legaspor~s. rig. 18. Same with mult iple tetrads. Fig. 19. L. s. 
ovtlle ,howing differentiation of endothelium. Fig. 20. Embryo sac showing the earlier 
differentiation of cha la7.a1 quartet into l anLipoduls and I polar nucleus. Fig. 2 r. Embryo 
sac with vacuolated untipodals 
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chalazal megaspore enlarges faster ami ultimately develops imo the female 
gamctophyte. 

The development of the embryo sac is of the Polygonum type. J0I1S5011* 

(I g79-g0) described bisporic development of the embryo sac in Euol1ymus 
lati/olius. Anderson (1931) contradicted this and reported Polygonum type 
of development. This has been supported by the present study. 

Occasionally thl.! organization of the nuclei at chalazal end of the embryo 
sac may take place carlier than that at the micropylar end in Efaeodcfldroll 

and Gyml1osporia rolhial1a (Fig. 20). 
The synergids arc pear-shaped in all the plants studied but in Hippocralea 

grahamii they become hooked and develop filiform apparatus. Anderson 
(1931) observed hooked synergids in Cdaslrus scalUlel1s. 

The polar nuclei usually meet at the centre of the embryo sac; but in 
Hil'Pocratea gra/wl11U they were found to lie very close or behind the egg 
apparatus. Jonsson* (1879-80). Anderson (1931) and Mauritzon (1936a) 
reported the fusion of the two polar nuclei in the 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 rothialla. 

The antipodals are usually ephemeral. Occasionally. however, in 
Hipp~cratea f{ralwmii and GYl1lnosporia spinosa, the antipodals pcr~ist till fer­
tilization. In Celastrus paniculata, sometimes the antip.::>dals vacuolate in 
such a matmer as to simulate the egg apparatus (Fig. 21). Occurrellr.t: 
of such antipodals has not been recorded so far in this family. Occasionaliy 
multiple embryo sacs are observed in Gymnosporia n;,hiana. 

Endosperm. Endosperm development has been studied only in CelaSlrtlj 
panicu/ara and GYf1ll1osporia spinosa. The cndospcl m nucleus_.di-vide-s - earlier 
than the zygote and the endospcrm nuclei aggregate at t-he two ends of the 
embryo sac. After the production of about 200 endosperm nuclei, wall 
formation begins at the periphery and prvceeds cer:tri1-1etally. Anderson 
" 1931 ) has de~:cribed a similar l'lHiosperm development in Celaslrus scallcie'ls. 

Embryo. Tn Gy1J1l/osporia spinosa-the zyg(;(e undergoes a period of rest 
for one or two weeks. The zygote divKies by a transverse wall to form the 
basal and the terminal eel! (Fig. 24). Both the cells divide to form a four­
celled proelllbryo (Figs. 25, 26). They can he designated .as ci. Ill. 1'. 
and I. The tiers l' and I divide transversely and vertically to form a globular 
mass (Figs. 27, 28). The ccli III divides transversely to form f and d. while 
ci gives rise to J1 and }/'. The tiers I and /' contribute to the formation of coty~ 
ledons, hypocotyl and radicle: d forms the root tip. while 11, 1/' and f form 
the suspensor. According to SOIJeges' classification the development of the 
embryo is of Solanad type. 

In C"'aslrus paniculala zygote undergoes a period of rest for 2 to 3 months. 
The development of the t.:mbryo is similar Lo that in G),f111l0SIWria spinosa. 
Anderson (1931) has reported the embryo development as Sagina variation 
of Caryophyllad type in EuoJ1}'mus europW;'l/S and Celastrlls sctlndcns. 

*Cited in Andersor, f 1931) 
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FIGS. 22-28 - Figs. 22-23. Cc"aslru~ palliClllalo. Figs. 24-28. Gylllll()V1oria SPIII()SG. 

Fig. 22. L. s. ovule showing the development of nrit a t the funicular ~ idc. Fig. 23. Fully 
UilTcr.:nliatcd <lril surrounding the ovulc. Fig. 24. Two-celled prO<!lllbryo. Fig. 25. Tcrmin&i 
ccII of the 2-cellcd proembryo in a division. Fig. 26. Four-celled procmbryo. Fig. 27. 
Eight-c.:lJcd embryo showing quartet formation at its lip. F ig. 28. Embryo showing the 
formation of octant 
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Polyembryony. Polyembryony has been observed in Celastrus pa/licu/ala. 

Occasionally two or tluee embryos were found overlapping one another. 
The occurrence of polyembryony has also been recorded in Euonymus europaeus 
by !agar' (1814), Grabel" (1830) a;,d Bailey' (1916) and in E american"s by 
Braun' (1859). 

False embryo~like structures simjIar to those reported by Anderson 
(1931) were also observed in Ce/astrus pal1icu/ata. 

Seed Coat. Both the jnteguments take part in the formation of the seed 
coat. 1n GYlllf1osporia spinosa after fertilization, the inner integument becomes 
seven- to eight-layered while the outer becomes seven-layered with large 
epidermal cells. 

At the S1X- to eight-celled stage of dlC emhryo, the integuments thin out 
due to Jegeneration of some of the layers. Ultimately only four layers of 
the outer integument remain and the outer seed coat develops from these only. 

Only the innerm\)st layer of the inner integument, the endothelium, 
r~mains and forms the inner seed COJ.t. 

In Celastrus pl]flicll/ata the development of the seed coats is essentially 
similar. 

Ari!. The development of the aril has been studied in Cdasll'us Ih.mi~ 
eulala and GY!1mosporin spinosa. In Celasfrus ihe ariJ appears at [hl.~ fOllr 
nucleate slage of the embryo sac, in the form of a small outgrowth or hump 
on the outer side of the outer inregument near funiculus. Bm further deyelop~-­
ment is delayed and only after fertilization it starts growing. It rapidly en-
1arges and soon covers up the whole ovule. It also forms -10\ds and wrinkles 
( Figs. 22, 23) and at matUlity becomes bright scarlet in colour. 

In Gymnosporia spinosa the ar~l arises in a similar manner but the entire 
growth takes place only after fertilization. It also develops folds and wrinkles 
but does neither completely cover the seed }lor develop <lily colouration. 

Systematic Position of Hippocratea. The genus Hippoaatea has been, 
included in the family Celastraccae by Hallier (1912) and Bentham & 
Hooker (1883) while Engler & Pmntl (1889), Bessey (1915) and Hutchinson 
(1959) have separated rhe two families. Wettsrein (1935) kept the genus 
Hippocralea in the order Celastrales. Smith (1940) pointed out numerous 
differences between the two families-, Celastraceae and Hippocrateaccae, but 
still acknowledged the affinities of the two families. Smith & Bailey+ (1941), 
while discussing the systematic position vfthe genus Brassianlha have· pointed 
out that the division between the two families Hippocrateaceac and Cclast­
raceae is artificial. Metcalfe & Chalk (1958) have pointed out a very close 
relation 'between the two families on anatomical grounds. El'dtman (1952) 
found great resemblance between the pollen grains vf the two families, 

The main similarities and differences in the morphology and embryology 
of Hippocrat('(l grahamii und Celastraceae are shown in Tables 1 and 2 
respectively. 

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

*Citcd in Anderson ( 1931 ) :+: Cited in Erdtman ( 1952) 
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TABLE 1- SI\llLARITlES I" THE MORPHOLOGY Ai\D EMBRYOLOGY OF 

HIPPOCRATEA GRAHAM/l Ai\D CELASTRACEAE 

Character 

Perianth 

Tapetum 

Pollen 

Ovuk 

Embryo sac 

Endtl"p:rm 

Hippocralea grahamii 

Two whorls of 5 each, imbri­

cate 

Glandular 

Tricolpate, rarely tctracolpatc; 

, onci' pres'2nt; exine reticu­

late 

Trkarpdlary, syncarpollS 

Analropous. bitcgmic 

Polygonum typ'.:, cndothdium 

present 

Nuclear 

Celastraceae 

Two whorls of 5 l.!3.ch, im­

bricate 

Glandular 

Tricoip:lte, rarely tetracoip~lte 

in CelaJlmS; 'onci' present 

in Cdastrus; exine reticulate 

Tricarp.:lIary, syncarpous 

An,ltropou-;, hitegll1ic 

POiygOllUI11 type, endothelium 

present 

Nud;,ar 

TABLE 2 ~- DIFFEREr\CES IN MORPHOLOGY AND EMB~YOLOG¥ OF 

HIPPOCRATEA GRAHAMII ANI> CELASTRACEAE 

Charader 

Ilabit 

Inftorcsccl1CC 

Stamens 

Ovule 

Fruits 

Seeds 

Hippocm/eo gralwlllii 

Scandcl1t s!lfub 

Panide 

3, free, arising at the base of 

ovary within the disc, anthers 

Jehisce transversely and ex­

troscly 

Cclastraccae 

Climb..:rs, shrubs or trl,!cs 

Dichotomously branch~d eym::!s, 

paniele" Of fascicles 

5, free. fro:11 the dis!.: or fused 

with it, arising on th~ rim or 

ollhide the disc, anthers dchisce 

longitudinally <lnd introscJy 

Tcnuinw.:ctlate, lnicropyle form- Tenllinucellate in GYIIIIJosporia, 

cd by inner integum;:nt 

S.:himc:lIT ic 

Exalbuminous, winged, ex­

arillate 

weakly crassinllccll;.ltc in C(!/as­

trus and Elacodefl:[mfl, micropy­

le formed by both integuments 

Capsuks, drupe", or rollicks 

Albuminous, wings absent, aril­

late or cxarillatc 
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Hippocratea may be separated frDJn the Celastraceac and placed in a si:parate 
family Hippocrateaceae close to the fOlmer. 

SUMMARY 

The archesporium in an anther app;::ars as two or four hypodermal 
groups of cells. The tapetum is secretory. 

The endothecium shows fibrous thickenings. Occasionally 111 both the 
species of GYf1l1lOsporia it becomes 2-1ayered. The epidermal cells arc fllled 
with tannin and develop papilla\.: in Hippocratea. 

The haploid chromosome numbers in GYJ11llosporia spil10sa Fiori., G. 
rotltianG 'Wight & Arn. ano Celaslrus palliculala WiliJ. ar~ 27, 12 and 
23 respectively. 

The cytokinesis takes plac~ by furrowing. 
In Celastrlls and HipPoCfafca, the pollen grains show" one!". 
Giant pollen grains are ob3erved in Gynmospol'ia rothiana. 
The archesporium is generally single-celled. The ovules arc bitegmic. 

The micropyle is formed by both Ihe integumellls in all the plants, except 
in Hip!'ocratea C!rahamii where it is formed by the inner integument only. 
An endothelium is present. 

Occasionally multiple tetrads are observed in Gynmo!lporia rothiana and 
Celastrus paniculata. 

Embryo sac development is of the 1'0lygol1um type. 
Hippo('ratea"grahamii shows hooked synergids with the filiform apparatus. 

It also shows the polar nuclei very close to the egg apPJ.ratu5 or behind it. 
Occasionally mUltiple embryo saCs have been observed in GYlJlno."poria rothiullfi. 

The endosperm is free nuclear in Celastrlls pallicu/ata and GYI1lJlosporia 

spinosa. Till.! wall formation is centripetal. 
The development of the embryo conforms to the Solanad type in 

Celastrus paniculafa and Gymnospol'ia spinosa. 

Polyembryony has been noted in Celaslrlls pallieu/ala. 

Both the intcgul11cnt~ take part in the formation of the seed coats. Al'~1 
arises 011 the outer integument near the funiculus in Celaslrus jJil/;;CUlala and 
Gymllvsporia spinosa. 

Scparati011 of Hippocratea to a new family Hippocrat~aceae seems to be 
justified from the morphological and embryological studies. 

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

M. S. CHENNAVEERAIAII & T. S. MAHABALE 

Botany Department, Karnatak University, Dharwar ;)nd Botany Department. 

University of Peona, Poona 

The genus Dipcadi is chiefly African. Eight species of it arc reported to 
OCCUI in lndia and some of them are endemic. Distinguished from the rcsl 

or the genera of ScilloiuC'ac, Dipcadi is characterized by tuberous scapigcrous 
herbs wHh· racemed flowers, cyJindric perianth of six erect segments, the outer 
rccurvcd from about the middle and the inner at the tips only. The stamens 
are included. The loculicidal capsule is many·seeded. ThE seeds are flat 
with black membranous testa. 

The only embryological study on this genus is by Buchner (1948) and 
Chennaveeraiah & Mahabale (1959). Buchner's study was on the ___ -
megasporogenesis, female gameWphYL~ and other morphv!ogical __ asFecii:­
Chennaveel aiah & Mahabale, while studying both miC!'osporogencs~s 
and megasporogenesis, have not~d rhe occurrence of certain abnormalities 
in this species. BUt a detailed embryol0!?,ical work in this genus is wanting 

...,nd the :r:r~sent pap;::r deals with D. saxorUJ/l Blattcl' and D. urslllae Rlattei. 
The material of these tWO species was caUccled from their type ioc,llities. 

D. saxorum fr011l the hills of Kanheri Caves, aBout 30 miles from B'::Hntay 
at an altit'-Id,.; of 1.000 It and D. ursulae fro111 the tablelund at Panchgani 
at an altitude of 4,400 ft. Formalin~acetic acid-akohol was widely used as 
a fixing fluid. The customary paraffin method was employed and sections 
were cut at g -20 microns. Iron-alum-haematoxylin staining was widely used. 
Permanent acctocarmin preparatioll\ or polkn mother cells were made by 
McClintock's method. 

OBSERVATIONS 

Flower. The inflorescence is 50 cm. long and 12- lO 25-fiowercd in 
D. saxorum. and 15-30 cm. long and 8- to IS-flowered in D. ursulae. The 
flowers arc slightly fragrant in the latter. The bracts arc caducous, ovate 
and acuminate. The p~dicC'Js arc long and stOllt. The six p~rianth lobes 
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FIGs. 1- 12.-Dipcotli ~axorulll-Sfn.\l NECTARY AND MICROSPOR"NGIUM (SI1, Sel)tal 
Nectary): Fig. 1. T. s. ovary through the mid region showing three locules and three 
septal necttlrics. Fig. 2. Septal nectary when the megaspore mother ccli is being formed. 
fig 3. S:ul1e when the embryo sac i:; organi7ing. Fig. 4. Same, at the time of nnthesis. 
r:ig. 5. Same. when the embryo is two-ccJJed. Fig. 6. T. s. anther lobes showing 
hypodermal archesporilll cells. Figs. 7-9. T. s. anther lobe showing stag~'S in thc dc"elop­
mem of wall layers. Fig. 10. L. s. anther lobe showing one- to two-seriate sporogenous 
tlssuc. Fig. 1 J. T. s. anther lobe showing secretory tapetum, uninucleate mlcrospores 
and degenerating middle layer. Fig. 12. Same, showing stomium and fibrous endothecium 
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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 tricarpellary ovary has a fairly long style which ends in 
three bifid stigmatic lobes. The epidermal hairs are found distributed on 
the stigmatic lobes. 

Septal Nectary. The septal nectaries are conspicuous (Fig. I). They 
extend from the base of the ovary to half the length of the style. The nectary 
canals are surrounded by one- to three-layers of cells. They make their 
first appearance when the megaspore mother cell is being differentiated. The 
nectary secreting cells at this stage is one-layered consisting of only a rew 
cells (Fig. 2). It remains in this condition rill the two-nucleate embryo sac 
stage. Later, more layers ate formed and the nectary becomes very conspi­
cuous. [t is fully developed when the mature embryo sac is formed (Fig. 3). 
When the flower opens, it begins to lose prominence (Fig. 4) and after 
fertilization, as the embryo becomes two-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 resulting in an outer primary parietaJ layer and an jnner 
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 tapetum (Figs. 8, 9). Meanwhile 
the primary sporogenous cells divide and the sporogenous tissue, in a 
longitudinal section, shows one fOW at the ends and two rows in the middle 
(Fig. 10). To start with the tapetal cells are uninucleate. Later they be­
come twu-, 'four- or even sjx-nucleatc. The nuclei may fuse~o form large 
polyploid ones. The tapetum is of the secretOry 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 [he connective (Fig. 12). The 'anther dehisces by two longitudinal 
stomia. 

Microsporogenesis. The miC'rospore mother cells. as they prepare for 
division, undergo typical synizetic stage. Six and ten bivalents have been 
observed during l\1ciosis 1 in D. saxorum and D. ul':fulae 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 at the end of the first division a wall is formed resulting in a dyad (Fig. 15). 
After a brief interphase the second division sets in, and tetrads are formed. 
These are mostly of the isobi1ateral type as is typical of most monocotyledons 
( Fig. 16). In addition, linear, obliquely linear and decussate te.trads are 
also formed (Fiss. 17-19). 

Male Gametophyte. The nucleus of the microspore moves towards 
the wall before it divides and a large vacuole is formed 011 the otiler side. 
The spindle formed during the division of the microspore nucleus is asymme­
trical 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 generadve nucleus. The latter is almost spherical 
and much smaller than lhe vegetative nucleus. The pollen grains are shed 
at the two-celled stage. A rare instance was observed in D. llrsulae where 
the generative nucleus had divided to fom two male cells before shedding. 
The pollen grains are monocolpate as in species of Mas50nia, Scilla, Omitho­
gaium, Veilheimia of the group Scilloideae (Erdtman. 1952). 

The division of the generat!ve nucleus was studied from germination 
of the pollen grains ill \'ilro. The pollen grains readily germinated on sugar­
agar (8/" sugar) medium and formed the male cells in about three hours. 
The germination is mostly monosjphonous. 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 are two pollen tubes, 
it is observed that one of the tubes may contain both the vegetative and gener­
ative nuclei (Fig. 23), or one tube may contain the vegetative nucleus and 
the other the generative nucleus. 

The spindle of the dividing generalive nucleus seems to be a weak one as 
seen from the metaphase and anaphase configurations. At the end of this 
division there does not seem to be a wall formation, but a cleavage appears 
and two male cells are formed. They are mostly of the same size. In D. 
ursulae, some anthers were seen Wilh germinated pollen. 

Megasporangium. Two rows of anatropous. bitcgmic and crassinu· 
cellate ovules are borne on axile placenta in each locule. The ovule undergoes 
a curvature of 90" at the megaspore tetrad stage and becomes completely 
onatropous 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. \vhereas the outer one differentiates when the megaspore 
mother cell is dividing. Both are epidermal in origin. The micropyle is 
fanned by the inner integument ..... The latter is two-layered except in the region 
of the micropyle where it is three-layered (Fig. 501. A conspicuous annular 
swelling is formed at the base of the funiculus. Such a thing has also been 
observed by Eunus (1950) in Album iro!1s)'oiens;s. It disorganizes soon 
after fertilization. The funicular ~trand extends upto the- base of the nucellus 
where it connects to a group of nucellar cells having dense contents. The 
chalaza I end of the ~l11bryo sac abuts on this tissue. Nurrilion is conveyed to 
th~ emhryo sac probably through this tissue. 

Megasporogenesis, In the young nucellus a hypodermal archesporial 
cell with a cOl1spicu()us nucleus and dense cytoplasm diffelcntiatLs (Fig. 29). 
Sometimes two archesporial cells were noticed in both the species .. The archc~ 
sporial cell divides periclinally to cut off an outer parietal cell. The next 
division in the latter is either anticlinal or periclinal (Figs. 30, 31). The 
parietal tissue formed finally 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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~ynizctic stage. The spindle duri ng \he first division of the megaspore mother 
cell is almost straight (Fig. 32) and a typical cell plate is formed resulting in 
a dyad (Fig. 33). The spind le during the second division (Fig. 34) is variollsly 
olicntccl resulting in different kinds or tetrads. Thus linear, obliquely linear 
and T-shaped tetrad:. have been noticed in both the gp.::cies (Figs. 35, 36). 
In additiolJ, an inverted T-shapcd tetl ad in D. $(I;I;Onllll (Fig. 38) and an 
isobilateral tetrad in D. saxorum (fig. 39) have also been observed. ,. _-
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The lowermost mc~aspore of the tetrad is funct'onal and the olher Ihree 
degenerate. Tn one uvule of D. saxorum the lowermost megaspore showed signs 
of degeneration (Fig. 40). Olherwise the degeneration of the megaspores 
in tho linear tetrads of D. saxorum is basipetal (Figs. 41··4}). In D. lIrsu/ac, 
the upper hvo TI1egaspores degenerate first and '[he third onc a little later. 

Certain abnormal features have been noticed at the tetrad stage. Tn 
. hoth the species somc parietal cells with their large size, conspicuous nuclei 
and dense cytoplasm simulale the sporogenous cells (Figs. 36, 37). Their 
sporogenous nature is indicated by the fact that some of lhem are in sYIll­
zcsis age. Such sporogenous cells have also been nOTiced in Ophiopcgoll 
lI·alli,.hial1us by Maheshwari (1934). 

Female Gametophyte. T~e nucle'ls of the functional lllcgaspore divides 
to give rise to a two-nucleate embryo sac (Fig. 44) followed by a fOllr­
nucleate stage (Fig. 45). At Ihi, stage, the chalazal end of the embryo sac 
grows considerably and develops a pouch. Thc chalaz:d nllclei. however, 
do TIot migrate downwards into this pouch, but remain hI situ. occupying 
now a place in the centre of the embryo sac (Figs. 4\ 46). After the next 
division of the nuclei, '[he chalazal grollp of four move d0wn sligh.tly towards 
the pouch (Fig. 47). No cmbryo sac has been observed to be witho1lt 
this pouch formation in both rhe species. 

The polar nuclci meet in the centre and fuse (Fig. 49) and the secondary 
nucleus moves downwards and gcts ncarer to the antipdal cells (Fig. 50). 

The egg apparatus consists of two synergids and an egg cell. The syner­
gids have basal vacuoles (Fig. 49). Hooked synergids arc also seen. Some­
times in D. ursu/ae the synergids simulate the egg (Fig. 50). The egg ccii is 
usually ovoid having an apical vacuole. 

Of the three antipodal cells. the lower one is invariahly 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 smaller 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 arc "lirly well developed. 

+--FIGs. D-15-18, 21, 24-38 -D:soxcrum; Figs. 14,19,20,22,23,39 - D. IIy.wlae 
MICR03POROliJ::NfSIS, MALE GAMETOPHYH, OVULE AND MEGASPOROG[NESIS : Figs. 13,14. First 
division of pollcn mother cell showing six and ten bivalents respectively in polar view. 
Fig. 15. Dyad. Figs. 16-19. Isobilateral. linear, obliq;.1ely line .. ,r and decussate tetrads. 
Fig. 20. Monosiphonous germination of the pollen showing: degenerating vegetative nucleus 
at the tip of the tube and the generative 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 generative nuclei. Fig. 23. En­
l:.ugcment of th:: portion marked in Fig. 22 showing th~ dege1erating: v;!getative nucleus and 
the dividing generative nucleus. Figs. 24-2S. Stages in the growth and curvature of the 
ovule, Fig. 29. L. s. nllcellus showing hypodermal an:he'>porial cclI. Figs. 30.)1. Same, 
showing parietal cells. J:igs. 32-35. Same, showing stages in the formation of linear 
tetrad. Fig;s. 36.37. Same. showing T-shaped and slightly ohlique isobil::ncral tetrads with twO 
srorogenous parietal cells. Fig. 38. Meio~is II ,_.- orientation of spindles indiL"ate forma­
tion of inverted T-shaped tetrad. Fig. 39. L. s. nuccllus showing isobilatcral tetrad 

P.E ... 2 
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FIGs. 40-46,48.49. 51 - D. s~o,.m" .. Figs. 47. 50-D. I/f.lI/lo('. Figs. 40-43. Slagc~ 
in the degeneration of nonfunctional megaspore, in the tetrads. Figs. 44. 45. L. s. nucellus 
showing t\\O- <lnd fllur-nu..:ieatc embryo sacs Fig. 46. Same, lihowing late four-nuclealC 
embryo sac Wilh a pOlich ill lhe chalal .. lIl end. rIg. 47. Same. sho'" ing eight-nucleate embryo 
sac. Fig. 48. Same. showing all the eight nuclei in the centre or rhe embryo sac. Fig. 49. 
Emhr}o sac sho\9ing egg appardlU -. polar nuLie. fusing nnd t\IfO of the three ,tntipodal cell~ 
ha\ 109 apical vacuole. Fig. 50. L. s. ovule ~howing mature embryo sac with egg-like syncrgid .. 
and the funicular strand extending to the base of the nucellus. Fig. 51. Embryo sac 5ho\\ ing 
a precocious partition above the antipodal ceUs 
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At the mature embryo sac stage. only the nucellar epidermis overarches 
it. as the parietal tissue gets crushed by the developing embryo sac. 

In an abnormal embryo sac 0f D. Sl1Xorllll1, the ch~lazal pouch containing 
the antipodal cells was separated by a wall-like partition from the rest of rhe 
embryo sac even before fertilization (Fig. 51). This precociou>; pal tition 
simulates the formation of Helobial type of endosperm. 

1n both the species, some embryo sacs were observed with supernumerary 
nuclei whose origin, however, could nor be traced. In one embTyo sac of 
D. -,aXDrUin all the eight nuclei were grouped in the cen(le (Fig. 48). 

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

Endosperm. The development 0f the endosperm is of the Helobial 
type. The first division of the primary clldospe1111 nucleus is followed by a 
waH resulting in a smaHer chalazal chan1hcr a.nd C;l. larger micropylar chamber. 
Further divisions in both the chambers arc free nuclear, but the divisions in 
the micropylar,c11a111bcr arc more than those in the chalaza! chamber. Both 
the chambers thus contain many nuclei. WaH formation starts when the 
embryo is fairly advanced in development. Finally the entire endosperm 
becomes cellular. 

Embryo. The development of the cmbrya h,,, 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 microspor~ mother cells is charac­
teristic of most monocotyledonous plants, with certain exceptions, and like­
wise the formation of isobilateral tetrads. Tn addition to the isobilateral 
tetrads, the linear tetrads were frequent in the species of Dipcadi under in­
vestigation. Previously the linear tetrads were thoughl to he rare. They, 
however. have been noticed in Hahellaria (Swamy. 1946). Ol/elia (Islam, 
1950) and others. Kausik & Rao (1942) have reported that they have 
always been linear ill Halophi/a ovata. Vogi (1947) has noted them in many 
plants, such as Sagiflaria mon/el'idensis, S. chinensis, Pari .. quadr{folia, Lilium 
mcnyyi. YUCfG fi/al}1elllo:w, many species of Allium, Trlldescalltill, Agapa­
nthus, Anthericum, Pis/ia. Colocasia and Spa/hiphy/lum. The smear prepara­
tions of microsp~)rc mother cells in the species under investigation lcvealcd 
that the isodiametric and rounded ones gave rise to isobilateral tetrads, while 
the elongated olles formed linear tetrads. Other types of tetrads were formed 
by microsparc mother cells of differellt shapes. Thm it seems that the kind 
of tetrad formation dcp~nds more or less on the' shape of the microspore 
mother cells. 

The division of the generative nucleus is fairly uniform. A spindle is 
formed during this division, but it is not a prominent one. There is usually 
monosiphonous gcrmination of the pollen grains, hut sometimes two pollen 
tubes were also seen. Such a thing is not usually observed in families hesides 
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Malvaceae. Cucurbitaceae and Campanulaccac. It will b~ of interest to 
know whether this phenomenon occurs in other genera of Liliaccac besides 
Dip('adi. 

The megaspore: tetrads in Dipcadi arc. usually linear. 01 'obliquely linear 
or T-shaped. Other kinds of tetrads like the isobilatcral and inverted T­
shaped are also rarely mel with. It has been observed that if the megaspore 
motfler ccl( is oarrO\ .... ly elongated, both the spindles in the second division 
of it are straight and result in the formation of a linear tetrad. If the upper 
end of the megaspore mother cell is broader it results in an obliquely linear 
or T-shapcc! tetrad. Rarely when the lower end of the mega:..pore mother 
cell is broader, an inverted T-shap~d tetrad is formed. If the megaspore 
mother cell is lwt elongated but is more or less isodiametric, an isobilateral 
tetrad is fonned. Thus, it seems that the kind of tetrad formed depends on 
the availability of space in and the shape of the megaspOle mother cell. 

A constant feature noticed in the species of DijJcodi is the fOI mat ion of 
a pouch at the chalaza I end of the embryo sac at the four-nucleate stage. 
This h.s escaped the notice of Buchner (1948) who while studying D. sero­
fil1Unl did observe the increase in the size vf the embryo sg,c at the !'our-nucleate 
srage. But she added [hat the noteworthy feature of it \vas the arran6Cl11CIlt 
of the nuclei. the upper two situated normally side by side and the lower 
two mostly superimposed and shifted rather a little below the middle of the 
embryo sac. Contrary to he!' obs(:rvations, however. a cardul study made 
here showed the lower two nuclei do not shift their position; they rather 
remctin where they were and only the chalaza! end of the embryo sac gets 
elongated to fonn the pOlich. 

Eunus (1950) in his study on Albura trollsrolensis figures aJour·nucleate 
embryo sac similar to the one with the pouch in Dipcad4·l:iut he interprets 
it as an abnormal embryo sac. His text figures 19 and 20 arc both four­
nucleate embryo sacs, the former being considered as a normal one and the 
l:J.tter an abnormal one. When these figures are compared with the correspond­
ing stages in Dipc{/di, it seems that vdtat Eunus (1950) has interpreted as a 
case of abnormal four-nucleate embryo sac, is only a n:gular stage in the 
development of the embryo sac forming a pOlich at the chalazal end. This 
may be the situation in Alhuca also since the genus is closely allied to 
DI]JClH/i. A reinvestigation of Albuca is desirable in this respect. 

The antipodals, of which one is considerahly large. are conspicuous and 
mostly arranged in a T-shaped manner. The chalazal pouch containing these 
antipodals abuts on the nucellar tissue having dense contents connected to 
the funicular strand. They are persistent also. All this suggests their nutri­
tiv~ role. 1n this connectipn it is 1l1teresting to note that the antipodal cells 
figured by f:UllUS (1950) in Alhuca transl'alensis look similar to those in Dip­
cadi. 

III mally mt:mbers of Scilloideae such as Eucomis, Veltlieimia, Omirlw­
ga/um, A4uscari. Puschkinia, Heloniopsis and Veratrum, the development of 
the endospeml is of the Helobial type (Cave, .1953). Dipcadi has also the 
Hclobial type of endosperm. Considering on the whole, the embryological 
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'Ja1a prl.!scntcd !l\;re for D1i)cadi r~\'t:· a ~UC 1 ca u I.!" a yp..: 
of t:mbryo sac development. Helobial typ..: of Endo~pcrm, the large embryo, 
spherical male celis, r~adily fa[1 in line with those seen in the other genera 
of the Scilloideae. 

Usually the embryologicaJ character" of the sp;;cies within a genus ar..:: 
mor~ or less constal)1. So also is the ca.;;e in Dipcadi. There is but a little 
variation regarding the kinds of tetrads fornled and the sequence in the 
degeneration of the nonfunctional mcga"'por~s among the sp::!cics. 

Regarding the syst(;ffi:ttic position of the genus in Seilloidcae, Dil'cadi 
is closely allied to Alhuca in having the common characters such as compressed 
seeds, long embryo sac with three antipodal c ?lIs, the Helobial typ~ of elldo~ 
sperm and three-radiate stylar canal. In other genera of S':illoideac the 
embryo sac may be broad or long and the endosporm nuclear or Hclobial. 
Dipcadi and Alhuca form a natural alliance with Eucomis. Vel,heillli£l. Omi­
Ihoga/um, Muscari, Puschkinia, Ife/olliopsis and Veratrum characterized by 
the Helobial endosperm. rather than with Scilla, HYGcilllilus, Camassia and 
Galtonia, which have nuclear endosp~rm. All the genera in Scilloideac on 
the Whole are well knit and distinct from Lilioidt:ac, but within the subfamily 
Scilloideae there appear to be two distinct se,ics, one with Helobial and the 
other with the Nuclear endosp.::rms. This warrants, p:rhaps, further exami­
nation of the subfamily Sl.:illoideae from the ~ystellla.tic point of view. 

SUMMARY 

Th~ raccm~ in D .. m.wrum is 12- to 25·fJow~rL'J, and in D. ursula£' it is 
8- to 15- flowered. The flowers are slightly fragrant in the latter. 

Com.picuous septal I1cctaries arc pr..:scnt. 
In the young anther one- to two-celled hypodermal archesporium dilTer­

entiates at each corner. The wall of the anther consists of four layers. The 
tapetum is of the secretory type. 

The microspore mother ~ceU? divide successively. Six and ten bivalcnts 
.~t1'c ccuntetl in D. saxorum and D': u}'sulae respectively. 

The microspor..:: tetrads ar..: isobilatcral, decussate, linear unJ obliquely 
li~lear. 

The pollcn grains arc mOJ1ocolpale and arc sbed at the two·cellcd stag';. 
Their germination is mostly monosiphonous. but som,::timcs two pollen tub~s 
p~r grain have been seen. 

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

The m gasporo tetrads are linear, obliquely linear and T-sltaped. A 
case of an inverted T-shapcd and an isobilatcral tetrad was met \vith- in D. 
saxorum and D. ursula'! respectively. 

The degeneration of the nonfunctional m~gasporL's is gradual in D. 
saXOfUlll, but in D. ursldae it'is not exactly so. 

The embryo sac development is of the Polygonulll typ'_ At the four-



22 SYMPOSIU:<.1 ON PLANT EMBRYOLOGY 

nucleate stage a pouch is formed at the chalazal end. Later this becomes 
lodged wilh the antipodal cells. The latter are arranged in a T-shaped manner 
and are persistent. 

The endosperm fonnalion is of the Hdobial lype. The embryo deve­
lopment conforms to the Caryophyllad type. 
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Morphological and Embryological 
Studies in the Commelinaceae 

P. S. CHIKKANNAIAH 

Department of Biology, R. L. Science Institute, Belgaum 

The members of the Commelinaceae have been favourite objects for 
cytological studies (see Darlington. 1929; Rau. 1930; Anderson & Sax, 1934; 
Y lsui & Suita, 1939; Beatty & Alvin. 1953). Tn the Held of experimental 
morphology, the work of Walkar (193~), Bigsti (1940) and Swanson et al., 
(949) may also be mentioned. 

Dimorphic flowers~ both c1eistogamous (underground and aerial) and 
chasmogamous, occur In Tradescantia eJ'ceta (Henslow, IS79), Comrneli~ 

IlGlllia pringiei (Tharp. 1927), Commeiina /orskalaei (Hagerup, 1932; 
Mahcshwari & Maheshwari, 1955; Maheshwari & Baldev, 1958), C. henglw­
lensis (Maheshwari & Singh, 1934; Maheshwari & Mahcshwari, 1955) and 
C. illdehiscclls (Barnes, 1949). Some information is available regarding the 
number and the distribution of different kinds of flowers. The nature of 
clcistogamy is also discussed by various authors (Uphof, 1938; Maheshwari, 
1960). 

Earlier embryological work on the Commelinaceae has been 'reviewed 
by Schnarf (1931). Subsequently, considerable work has been done by 
Maheshwari & Singh (1934), Murthy (1934,1938), Parks (1935), McCollum 
(1939), Tschcrmak-Woess (1947), Soucgcs (1958 a, b) and Maheshwari 
& Baldev (1958). As the information available on the morphology and the 
embryology is inadequate the study on C011lmelina subufata Roth, Aneilema 
paniculatul11 WalL, Floscopa scam/ens Lour., Cyanolis axil/aris D. Don., 
and Tillaillia fugax Scheidw, was undertaken to fill some of the gaps in the 
existing data. 

MATEI'-IAL AND METHOD 

The material was collected fro111 Bclgaum, Landa, Caqlc-Roek and Jog 
Falls, Mysore State, during the months of July and August and fixed in 
formalin-acetic acid-alcohol. Tinantia fllgax, collected from Mussoorie, was 
kindly passed on to the author by Professor P. Maheshwari. 
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The customlrY Ill'thods of dehydration ane! imbedding were followed. 
Sl.!ctions wer~ cut 8~l8~l thick. Hcidenhain's iron-ha~matoxylill \vith ery­
throsin as the counter.,lain was found satisfact<,ry for staining. The male 
cells of Cyanotis ax;t/aris were studied after germinating the pollen grains 
in distilled water at (oom tcmp..:::rature. The whole mounts of endosperm in 
acctocannine-glycerine (l : I) wac cxamin..:d. 

OBSERVATIONS 

Flowers. All plants studied by the author bear only aerial flowas. The 
pr~sencc of underground flowers in Til1fll1!ia /uKax could not b..::: confirmed 
due to want of prop~J' material. In COJJ1Hlf!{illa sahulata tllcre are two to thr(:e 
ehasmogamous flowers in the spathe (Figs. I. 2. 3). The lirst flower is 
bisexual. The second flower may be bisexual (9 por cent ). male with pistillode 
(64 per cent) or without pistillode (27 per cent). The third flower 
is male, 15 per cent of which possess a pistil lode and it rarely opon, if the 
first two flowers produce fruits (Fig. 4). £n C.l'{fllu/is axillart's the fir:')l three 
flowers are bisexual and cha"lllogamaus while the fourth one is clcistogamaus 
and luaie, 36 per cent of which pD5sess a pistillodc. 

The flowers are tr;m·~rous. All the six stam.:::ns arc fertile in Floscopa 'lC{I/!­

dellS, ThEmtfail/gas and Cyaw)!is axil/aris. In COl}1l11dill{f suhulatll and Alleilenu 
paniculatum two to three stam~n5 are r~duc(:d to stamino:les which sometime. 
contain degenerating pollen grains in abortive microsporangia (Fig. 15). 

Anther. The young anther is tctralocular. The hypodcrma1--aiChes­
porial cells divide to produce the inner primary sporogen9-US- -a~d an outer 
primary parietal cells (Fig. 5). The latter by further divisions add to the wall 
of the anther which consists of a p::rsistent epiderm:s, a fibroas cndothccium, 
a degenerating middle layer and a tapotum (Fig. 6). A p,ripla5modium i5 
formed \n the early stage of luicrosporogcnesis (fig. 7) which is consum~j 
by the developing pollen grains (Fig,;;~, 9). Division of the microspar..: 
mother cells is of the successive typo and the wall rormation i, by cell-plate 
m;::thod resulting in isobilateral and decussate tetrads. 

Male Gametophyte. The pollen grain is oval, unisulcate and t he exine 
is spinulose in Commelina subulata and Floscopa scandens (Figs. 9, 12) and 
warty in others (Fig,. 10, 11). The microspore divides to form a small 
generative cell and a large vegetative cclI. There is a considerable variation 
in the form of the generative cell, elongated and slightly bent in COllllllelill2 

slIhulara (Fig. 9). spindle-shap:d in AlJeilel1lG p{//li('u/arum (Fig.IO) as well as 
Floscopa sca/1(/en"! and worm-like in Cyaflotis axillari"! (Fig. II). The p()llen 
grain is shed at the three-celled stage in Flas('op" scam/ens (Fig. 12) and at the 
two-celled stage in others. The generative cell divides in the pollen tub, to 
form two m,le colis (Figs. 13-14). 

Ovule. The bitegmic ovule is orthotropous in F/oscopa (ca",lens (Fig. 16), 
orthotropous with a slight bend in A/lei/ema p"/Iieu/arulII (Fig. 19) and 
hl.!mianatropou5 in others (Fig..,. 17, 18). The ovule is tenuinucdlate in Al1ci­
lema p:lIliculaluJJ1 and CY((llotis axillaris and crassinucellate in others. The 
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inner in tegument i.., m:o-Iaycrcu while the outer One is th ree- 10 seven-layered. 
A micropyle is formed only by the innci integumenl in Tillfllliia jilg(lX (Fig. US) 
and by both the lmcgumcnts in C),1I110li.Y axil/aris, while in others it is Want-

FIGs. 16-21-Ovul L \NO COLL\!\ T'O.\.\lATION (cp. Cpi&l<\se; ii, inner int\'g\lmcn ; 
nil, nut:.:llu~; oi. out~r inlegum::nl): Fig. 16. Floscopa S(llllt!ells. Fig. 17. COI/I/l/(:/;/IO 

slIbula/fl . Fig. 18. Til/al//ic. [11,1[0 r. Figs. 19, 20. Alle;ll'lIIo POIl;CI/IOlulII. Fig. 2 1. Cyo/lotlr 
axil/oris. Figs. 16-19. L. s. ovules s howing lh ~ oricntalion. Figs. 20, 21. E nlargcm..:m of 
part of the ovules ~how,ng the c(III.lr fo rmat ion in AI/(·ilema paflicli/a/11111 aod F/oscoPII 
sCIJIldel/s rcspcctJvely 
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mg. The cells of the llllccilus at the micropylar region enlarge slightly and 
after fertilization the integuments grow to cover the nuccllar apex. The 
nucellar 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 sllch cells may be seen in Commeiilla suhulata and Cyanotis axil/a,.;s (Fig. 23). 
But only one develops further. The archesporial cclt directly functions. as 
megaspore mother cell in Allei/ema panieulatum and (~rm/Otis axil/aris (Fig. 
25) while in CommeNlla subulata. Floscopa scandens and Tin(Jfllia Iugax 
(Fig. 24) a parietal cell is always cut off. The primary parietal cell may 
or may not divide further and is crushed by the developing megaspores. 
Meiotic divisions of megaspore mother cellsreslllt in linear tetrads (Figs. 26, 27). 
Rarcly T~shaped and occasionally obliquc tetrads are formed. 

Female Gametophyte. The chalazal functional megaspore enlarges and 
the nucleus undergoes three successive divisions to form an 8-nucleate embryo 
sac (Figs. 2~-30). The two polar nllclei fllse before the entrance of the pollen 
tube (Fig. 31). The antipodals arc ephemeral (Fig. 32). However, in 
Tillalliia Jllgax they arc somewhat large and persistent (Fig. 31). Triple 
fusion oCClIrs earlier than the syngamy (Fig. 33). 

Endosperm. The endosperm is of the Nuclear type. After a rew free 
nuclear divisions the endosperm becomes peripherally arranged (Figs. 34, 35). 
Later the endosperm extends basally beyonu the collar and occupies the lower 
part of the developing seed. Thus, it gradually assumes an inverted top­
shape (Fig. 36). At this stage in Floscopa scandells button-shaped enucleate 
vesicles appear on the inner side of the cndosp~rm (Fig. 37). [n Tillalltia 
fugax there is only an aggregation of nuclei and c.:ytoplusm at the chalazal 
end (Fig. 38) and in Cyauotis axillaris 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 arc narrow and 
divide forming two similar layers (Fig. 42). The cells towards inside are 
large and irregular and usuaH¥ multinucleate. The divi:-.ion and fusion of 
nuclei in these cells are common. Tn Alleilema pClI1iculallfll1 at the chalazal 
end the outer two layers of endosperm cells are large and contain big nuclei 
(Figs. 40, 41). Compound starch grains fill all the cells 0f the endosperm 
except outer two layers in Commelillll subulata (Fig. 42) and outermost 
layer in others. 

Embryo. Tile zygote divides usually by an oblique wall to form the cells 
ca and ch (Fig. 43). Both the cells divide vertically forming a four-celled 
proembryo (Figs. 44. 45). The two derivatives of cb, m and ci are unequal 
due to slightly oblique-vertical wall (Figs. 44, 45) and are juxtaposed. 
In Allei/ema panieulatum the periclinal walls are laid 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 q (Fig. 47). In Commelilla 
sublilafa. Floscopa scandells and Tinanlia /i/go.\' the dermatogen initials are 
cut off from q at this stage (Fig. 64). But in Cyanotis axillaris an octant is 
formed by the laying down of the diagonal walls in q (Fig. 51). Tn the mean-
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FIGs. 22-33 - M~v,\SI'ORO: ,I:.NESI' AND Fr.MALE GA:l.IITOI'IIYtl (am, untipodals; pI, pollen 
tube: WI, seconuary nucleus): Fig,. 22, 23, 25-30, 32. Cyomllis (lxi{faris. Figs. 24, 31. 
Tillamio fugax. Fig. 33. Alleift'fIIQ filllieutowlII. Figs. 22. 23. L. ~. nucclli shO\\ ing one and 
two,cl?lIed archzSpOrtlll11 respectively. Figs. 24. 25. Slime with megaspore mother cells. 
Figs. 26, 21. Dyad and tetrad. Figs. 28-30. Stages in .:mbl"}o sac development. Figs. 3 1, 32. 
Mature cmbl"}\) sacs. Fig. 33. Embryo sac sho\\ing double fertilization 
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FIGs. 34·42 - ENOOSPI:.RM (emb, embr} 0: ep, cpistase: fUlI/, hllllstorium: "y. II} pOStJlSC: 
:, .lygote): Fig..;. 34-:16, 42. COn/me/ilia 5I1bll/O/(l. Fig. 73. f/v.I'copa ,IC(l/It(e/ls. rig. 38.. 
Ti//c//tia fll~(lx. rig. 39. Cyelllotis axil/oris. Figs. '::0, 41. Allt'ilel1l{l ranicli/atlllli. Figs. 34. 35. 
l:arly stages in the development (If endosperm. Fig. 36. Whole mount of endosperm .11 

C(lrly globuhlr 1!1l1bl yo stage. Fig. 37. Enliol>pelm showing button-shaped vcsicles. 
Fig:.. 38, 39. Whole mount · of endosperm at later stages of development. l-'ig. 40. L. s. 
young seed ~ho\\ ing cellular endosperm (dillgr.tmm:ltie). Fig. 41. Enlargement of pan 
marked x in Fig. 40. Fig. 42. Enlargement of pari marked G in Filr. 61 
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time, ci divid\.!s transversely producing 11 and n' while 111 undergoes a vertical 
division (Figs. 46, 47). Dermatogen initials are cut off from all the segments 
except 11' (Figs. 49, 50). Later the segment 11' also divides transversely 
forming 0 and I' (Figs. 52, ,3). 

Subsequent divisions arc irregular resulting in a globular embryo (Fig. 54). 
Due to rapid divisions in the basal region the embryo bccom~s subsphcrical. 
At this stage a lateral depression appears separating the'derivatives of q from 
those of m (Figs. 54, 55). The terminal cotyledon is fonned from the seg­
mmt q. The stem tip is derived from the lateral part of m just above (he 
cleft. The cotyledonary sheath and a lateral upper part of the hypoeotyl 
arc contributed by 11. The hasal part of the hypocotyl and the root tip develop 
from o. Lastly, p gil cs rise to the root cap (Figs. 55. 56). 

Procambial stJ"ands differentiate in hypocotyl, and the traces to the coty­
ledon and lateral roots arc also fonned. The leaf surrounding the stem apex 
is formod 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 (co, root cap; iec, 
initials of central cylinder of root: peo, cotyledonary region: pily, hypocoty­
leuonary region; p~,t, shoot apex) : 

-ca----q----pco 
I 

i 

I 

zygote-\ 

,-111 

-c:b---
I 

• 

-{"I-~ 

-----p"f + pily (one lateral upper part) 

-11---- pily (other lateral upper part) 

I-o-------phy(lower parl) + icc 

I , 
-11--

-I'---co 

Seed and Seed Coat. After fertilization the nucellar cells at the chalazal 
region enlarge somewhat and become thickened forming the hypostasc (Figs. 
59,61,63). But in Cyallotis axillaris it is initiated before fertilization. Some 
of the cells of the hypostase are filled with dark brown material. The hypo· 
stase persists in mature seed. T.he epistase begins to form before fcrtiliza~ 

tion and persists for some time during the development of the seed but is 
finally crushed. 

Due to the dlffcrcntia\ growth in, ~he nuceHus between the chahza\ 
end and the micropylar, a shallow depression appears a little below the micro­
pylar end (Fig. 17). After fertililation the depression deepens into a narrow 
constriction and the inner integument is thrown into a fold. The cells of 
the outer integument ly'ing opposite the groove divide forming a kind of ridge 
which fits into this groove (Figs. 19, 20). But in Cyanotis axil/aris such 
a groove is not fanned by the nucellus. 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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layer of the inner integument elong!lte and deeply protrude into the cavity 
of lh~ sl!ed (fig. 21). Due to these changc~ the seed i di, ided into a narrow 
micropylar collar and a broad basal region. 

I n a mature seed the nuccllus is reduced to a few layers of disintegrated 
cdls except for a p~r istellt IlypOstase and a crushed epist:lse. The basal 
porlion of the seed is filled with mealy cndosp~rm and tl1;: collar region is 
occupied by lhc embryo. The !'ccu coat is hard and is formed by both ·the 
integuments. 

X 29 

FIGs. 59-64 - 5FLO \NO SEW con (em
'
/. embryo; !'m/, cndospzrm: ep. cpistas!; 

iIy, hypostase; ii. inner intcgu01!nt ; 1111, nucellll$: IIi. outer integument) : Figs. 59-6:2. 
CO/llllle/ilw $lIolllato. Figs. 63, M. Floscopa scal/(/ells. Fig. 59. L.s. young seed. Fig. 60. 
Enlarg"nlCDt of portion m:lrkcu W in Pig. 59. Figs. 61. 63. L.s. mature seeds. Figs. 6:2. 64. 
Enlargcm~m of parts marked Y, Z. from Figs. 61 and 63 respectively 
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The inner layer of the inner integument gets stretched and their cclls arc 
filled with hrown material (Figs. 59 - 64). On the other hand, the cells of the 
outer layer of this integument develop thickening. (Figs. 61- 64). In Com­
Ihelina suhu/ata and Aneilema pal1icu{alum the cells of the inner layer of the 
outer integument develop band-like and reticulate thickenings, and their inner 
tangential walls are partially thickened (Figs. 61, 62), whereas in other plants 
these cells are filled with refrdctive granules (Figs. 63. 64). Rest of 
the layers of this integument persist as a thin strip around the seed. 

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

DISCUSSION 

Clcistogamy is constitutional in some, but in others it is controlled by 
the environmental factors [Uphof, 1838; Maheshwari, 1960. Summer 
School, Bot. (Darjeeling): 9-10 J. The presence of three chasmogamous 
flowers in the aerial spathe of Commelina slihu/ala and a clcistogamous 
flower in the aerial spathe of Cyanotis axWaris indicate that cleistogamy is 
not determined by environmental factors alone. 

Tctrahedra'l tetrads have been reported in COlH!11('/iIl(f hellglwlensi! 
(Maheshwari & Singh, 1934) and Cyano!is axillaris (Murthy, 1934,1938). 
However, the author did not ohserve tetrahedral tetrads either in Cyano!is 
axillaris or in any other plants investigated. 

Some taxonomic books describe the ovules in this group as onhotropous 
although almost all types of ovules, orthotropous, hemianatropous, campy­
lotropous have hecn described in this family. The present findings have. 
revealed orthotropous in Floscopa scalU/e11s, orthotropous with a slight b~nd 
in Alleilema palliculalul11 and hemianatropous in others. 

Presence of a parietal cell has heen reported hy some authors (Mahe­
shwari & Singh, 1934; Murthy, 1938; Mahcsllwari & Baldcv, 1958) and absence 
by others (Guignard, 1882; MW'thy, 1938). The author has found the presence 
of parietal cell in Commelillo subula!a, Floscopa sCGlldens and Tina/Ilia fugax. 

Occurrence of monosporic (Guignald, 1882; Mahcshwari & Singh, 
1934; Parks, 1935; Murthy, 1934, 1938; Mahcshwari & Baldcv, 1958), bisporic 
(Guignard, 1882; Walker, 1938) as well as tetras po ric (McCollum, 1939) 
types of emhryo sac has been reported in this family. However, only the 
Polygonum type of embryo sac has hecn found to occur in the plants included 
in the present work. 

Although tIle endosperm is of the Nuclear typo (Mahcshwari & Singh, 
1934; Murthy, 1934, 1938; McCollum, 1939), no detailed account of its deve­
lopment has been given except in Commelina forskal(fci (Maheshwari & 
Baldev, 1958). The present jnvestigation indicates that the endosperm 
formation follows the conventional Nuclear type. In F/oscopa sca/l(l"ns 
enucleate button-shaped vesicles appear on the inner side of the embryo 
sac. The aggregation of endosperm nuclei in the chalazal region (Tinalllia 
fuga.\'), the persistent chalazal haustorium (Cyano!is axillar!s) and large 

P. E ... 3 
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endosperm cells of the two outer layers at the chalaza I region with hypertro­
phied nuclei (Ancilema pallicu/atum) suggest d_ifferent degree of the nutri­
tional activity of the endosperm at the chalazal region of the embryo sac. 

The account of the developmont of the embryo in the Commelinaceae 
is incomplete (see Solms-Laubach, 1878; Siisscnguth, 1921; Murthy, 1938; 
McCollum, 1939). However, Soueges (1958a, b) working on the embryology 
of Commelil1a communis and Rhoeo discolor has brought certain features such 
as (i) the juxtaposed orientations of m and ci, (ii) the division of these two 
segments in different planes, (iii) the derivatives of the embryonic part 
other than the cotyledon from the segments of cb 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 SOllegcs. Maheshwari 
& Baldev (1958) have described the development of the embryo in Commelilla 
forskalaei. But they have failed to follow the segmentation correctly and 
have misinterpreted the findings of Soueges. The author's findings are in 
agreement with those of SOllcges. 

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

Ther-= is a solitary report 011 the development of the seed coat ( Mahesh­
wari & Baldev, 1958). According to them the seed 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 reve"ls 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 
Tiflalltia fugax. Cleistogamous flowers are piesent in Cyanotis axil/aris. 

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

The pollen is shed at the two-celled stage in all the plants except in noseo!,,, 
scam/ells where it is three-ce1\ed. 

The bitegmic ovules are crassinuccllate excepting in those of Allei/ema 
panicu/alum and Cyanalis axil/aris. The ovule is orthotropous in F/oscopa 
scam/ellS, orthotropous with a slight bend in Aneilema pGniculatum and hemi­
anatropous in others. 

A hypodermal archesporial cell develops into a megaspore mother cell 
after- cutting off the primary parietal cell il~ F/oscopa scandens, Comme/;na 
suhulata and Tinantia fugax. In others it develops directly. 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 typo. A persistent chalazal haustorium 
IS formed in Cyanotis axil/aris. 

The embryogeny follows the Asterad typ, and can be placed under the 
Comm:.:lina variation. 

A hypostase. all 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 \0 Dr C. S. Venkatesh for his interest and 
valuable suggestion;;; during the course of this investigation. Thanks are also 
due to Dr i'I. S. Ranga Swamy for help rendered during the preparation 
of the manuscript. 
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A Contribution to the Life-History 
of Crinuln defixufll Ker. 

B. S. M. DUTT 

Andhra University, Waltair 

About a. century ugo, Hofmeister (l86l) -investigated CrillulH mriabile 
and C. capense. He mentioned the presence of single integument for the 
ovules and found that the pollen tube branched in the micropyle of the latter 
species. Goebel (lSS9) described the ovules of C. asiatic"lII as devoid of 
integuments and found cork formation at the periphery of the endospenn. 
Schlimbach (1924) reported an Adoxa-type of embryo sac and nuclear 
endosperm in C. llsiaticul11. 

Stenar (1925) investigated C. latifoliulII, C. IOllgifolium, C. 1'01lcl/i and 
C. amabile and agreed with Goebel in considering the ovules as devoid of 
integuments. According to him the arehesporial 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. lati/aliult! and C. longi­
faliulIl. Temita (1931) considered the ovules of C. lalifalillm as ategumentary 
and tcnuinucellatc and confirmed the occurrence of an Allium type of embryo sac. 
He also described the fonnation of a nuclear endosperm. According to him, 
there are two types of embryos: (i) those that are surrounded by endosperm 
and (ii) others not accompanied by endosperm formation. Koshimizu (1930) 
made carpobiological studies of C. asiaticu11"1 var. japollicum and Merry 
(1937) studied the periderm formation in the wounded seeds of C. asiaticul1I. 

Swamy (1946) studied the structure of the mature embryo sac of the 
C. asiaticum and reported the occurrence of " inverted polarity" in some of 
the embryo sacs, .. the remaining aspocts of its life-history being reserved 
for a later occasion." Johansen (I95C) considers the embryo of C. capcnse 
to correspond with the Anthericum Variation. Referring to C. laliraliulII 
he states: .. it appears that the terminal cell of the two-celled proombryo 
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 atcgul11cntary ovules, 
Maheshwari (1950) said: .. a complete absence of t 10 integument is known 
only in some members of the Balanophoraceae and Loranthaceae but it seems 



38 SYMPOSIUM ON rLANT } MBR1'OLOGY 

probable that It IS a derived condition ..... " The case of Cr;num (Amaryl­
lidaceae), in which the nucellus is ephemeral and integuments are said 10 be 
absent (Tomita, 1931), deserves further study". Dutt (1957 a, b, 1959) 
showed the ovules of C. dejixum, C. asiaticun! and C. latzfolium to be unitegmic 
and [he embryo sac development to be of the polygonum type. 

Many phases in the life-history of Cr;num still remain unknown. 
There are about 130 species of Cr;llum (Willis, 1948; Lawrence, 1951) 

but according to Koshimizu (1930) their number is 161. 
The present investigation deals with C. defixum Kef., an elegant bulbous 

plant, which produces umbels of mild scented white flowers with bright red 
stamens. 

MATERIAL AND METHODS 

The material for the present study was collected at Gudivada (Andhra 
State) and fixations were made in formalin-acetic acid-alcohol. The usual 
methods of dehydration and infiltration were followed. Sections were cut 
8-12f1 thick for younger stages, 16-20fl for older stages and stained in 
Delafields Haematoxylin or safranin and fast green. 

OBSERVATIONS 

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 sporogenous 
cells and two wall layers beneath the epidermis (Fig. I). The sporogenous 
cells undergo a few divisions to form the rnicrospore mother cells. The 
parietal cells divide further to form six wall layers below the epidermis (Fig. 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 d Llring the enlargement of the tapetal cells and 
the microspore mother cells. The tapetal cells have dense cytoplasm and 
prominent nuclei. They later become 2-nueleate and develop vacuoles in 
the cytoplasm. In some 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 granules of" Ubisch" (1927) and Kosmath (1927) were 
seen lining the locule of the antller (Fig. 4). The mature anther wall consists 
of the epidermis, the fibrous endothecium and the remaining middle layer 
with librous thickenings (Fig. 10). A point of interest is the presence of 
stomata on the anthers (Fig. 11). The divisions of the microspore molher 
cells are successive. During ,Meiosls I, a cell plate is laid 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-cel1ed stage. Some of the pollen ,grains 
may degenerate. 

Ovary, Ovule and' Embryo Sac. The ovary is inferior, tricarpellary and 
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trilocular with six pairs of colla teral ovules borne 011 axi le placentae. in two 
superposed ro\\s. The ovule starts as a small protuberance on Ihe inner 
margin of the carpdlary wall (Fig. 12), By the time the archesporium is 
differcntiawd, the ovule begin:. to curve and assumc~ a ncmianalropou'> rorm 
(Fig. 13). There is a single hypodermal archesporial cell (Fig. 14). The 
epidermal cells are radiaJJy elongated and tJle one above the archesporium 
divides periclinally (Fig. (5). Sub equently the division abo extend to 

IIGs. I-II - Fig. I. 1. s. anlher I()~ showing sJlorogenous 1:.:111> amI IWO \\alllJyers 
beneath Ihe epidermis. Fig, :!. Same showing microspore nWlhcr celis and 6 wall layers. 
Fig. 3. Same sho\\ing enitJ.:rl11 is. cnooth.:cium. middle byers and microspore mother 
ctll~ 'iurrounded h) tapetal cells: nOle the degeneraled middle layers. Fig. 4. Portion of the 
anther showing droplets on the inner \\illb. Fig. 5. CcII plate formation after \I1eiosi~ I 10 

a mlcrosporc lllother cciI. Figs. 6 & 7. T etrahedral and d<!Cussate l1!tmds. Fig-;. 8. 9. 
1- and 2-c.ellctl pollen grains. Fig. 10. T. s. mature anther lobe. Fig. I I. Anther epidermis 
,ho.\ ing ~lomntu 
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two or three adjacent cclls. When only one epjdermal cell which is situated 
directly above the archesporium divides periclinally. Ihe inner cell may be 
mi::.taken for a parietal cell. However. it is the archesporial cell itself which 
cnlers thc synizcsis stage proviug Ihal it becomes the mega pore mother cell 
without cutting oft' a parietal cell. The megaspore mother cell undergol::s 
the first meiotic division forming two dyad cells of wh.ich the lowe r enlarges 
considerably while the upper promp11y di:.integrates (Figs. 16. 17). The 
lower dyad cell divides transversely (Fig. J 8) gi"ing rise (0 two megaspores 
situated below the disintegrating dyad cell. Therefore, a row of th.ree cells 
is formed. the up.permost being an undivided dyad cell (Fig. 19). The 
remnants of the disintegrating dyad and the upper rnegallpore could be re­
cognized even at the 4-nucleate stage of the embryo sac (Fig. 20). The 
lower megaspore is functional and it becomes vacuolated. Three nuclear 
divisions result in an 8-nuc!eatc embryo sac (Figs. 21, 22). The 4-uucleate 
embryo sac undergoes a pronounced enlargement during the course of which 
onc or two layer ' of cells surrounding it beco me deslroyed. By the time 
the 8-nuclcale stage is reached. the ovule curves furlher and attains the ann-

F!Gs. 12-23-Fig. 12. T .s. ova ry showing ovular primordia. Fig. 13. Same showing 
ovules a t the time of the differentiation of thl) urchesporiaJ cell. Fig. 15. Same showing peri­
clinal division in a n cpidcrmitl cclI. Fig. 16. Meiosis 1 in the mega.spore mother cell. 
Fig. 17. L. s. apica l p:lrt of the ovule showin; the degenerating upper dyad cell. Fig. 18 . 
Lower dyad ccII in Meiosis H _ Fig. 19. Triad. fig. 20. 4-Nucleatc embryo sac showin~ d is­
integrating dyad cell a nd the upper megaspore. F ig. 2 1. Two collateral o\'uies at 8-nuclealc 
embryo sac stage. F ig. 22. Portion marked in Fig. 21 magnified to show the details. Fi:;.23. 
Mature embryo sac 
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tropous condition. The two collateral ovules of a loculus are very closely 
appressed to each olher. Each fUllicle develops a knee-~haped bcnu at this 
stage (Fjg. 21). 

The 8 nuclei of the embryo sac organize themselves into tllC egg-appa­
ratus. thc three antipodal cells and two polar nuclei. The synergid::. are 
hooked, with fiJifOl m apparatus, non-vacuolate and the nucleus b silUated 
in the basal part. The apical parIS may persi t for some time. The polar 
nuclei fuse in the vicinity of the antipodals and form the secondary nucleus 
(Fjg. 23). The anljpoiJal cells have large nuclej with very rjch chromatjn. 
They assume variOlls shapes, develop beak like projcctions and become 

)(,60 

~
: .< 

. 
. .... 

IT'A\ 
"V 

FIGS. 24-37 - FIgs. 24-30. Anlipo\I<l1 cells a .;uming different ~hapes. Fig. 31. 
Embryo sac showing pollell tub.! and endosperm nuclei. Fig. 32. L. s. ovule in advanced 
Mage or endosperm developmenl (di<lsrammalic). Fig. 35. T . s. ovary sho" 109 the ovules 

• wilh the endosperm abutting on the ovary wall. rig. 36. Part of Ihe endosperm ~ho\\i ng 
p/)cJlogen and cork: nOlc c/)lo(opl.1SI~ in th.' inm:r celk Fig. 37. A cel) of Ihe cndospeml 
1\howing ~Iarch grains. Figs. 33, 34. Embryo sacs hav ing embryos but no endosperm 

• 
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vacuolated (Figs. 24-30). Evcn in advanced stages of endosperm formation 
they persist in the hypertrophied condition (Fig. 32). The vascular bundle 
supplying the ovule brandles extensively in the chalazal part of the ovule. 
The xylem elements usually reach the base of the embryo sac. Septal 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 the embryo sac and enters the ovule through the micropyle 
(Fig. 31). It is probable that the knee-shaped bend of the funicle functions 
as an obturator. In the entry of the pollcn tube one of the synergids is 
destroyed, Triple fusion does not seem to 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 pr~ced\:!3 the 
zygote (Fig. 31). In the earlier slages the nuclei arc distributed in the p"i­
pheral cytoplasm. Later the endosperm becomes completcly cellular and 
destroys the ovular cells around the embryo sac. The peripheral cells of the 
endosperm. especially those near the chalaza, stain deeply anil they come 
to lie practically in direct contact with the tracheids at the chaiazal region 
(Fig. 32). Tn more advanccd stages the endosperm 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 surroundc-d 
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 lignosulierizcd (Fig. 36). If a porlion 
of the endosperm is cut away. the exposed cells behave like 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 pfiellogcn 
even when the endosperm is covered by the thin pericarp. ~ Starch grains 
accumulate in the cells of the endosperm (Fig. 37). In rare instances, chlo­
roplasts extend even 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 celi, -.b, divides transversely (Fig. 40) 
forming tile middle cell, m, and the inner cell 'ci (Fig. 41) while the terminal 
cell. ea, divides vertically. The two cells of ell again divide vertically at right 
angles to the first division resulting in a quadrant q (Fig. 42). Transverse 
division ofd results in two superposed cells. 11 and n'. The middle cell, m, 

later divides longitudinally to form two juxtaposed cells, and ,I' divides trans­
versely producing two superposed cells 0 and p. The cells of tier q divide 
longitudinally and an octant is produced. The derivatives of m again divide 
vertically at right angles to the first producing four circumaxially arranged 
cells. The cell !l divides by longitudinal wall (Figs. 43-45). At this stage 
the proembryo is 16-celled, disposed in 5 tiers. Dcrmatogen becomes differ­
entiated first in the tier q. The derivatives of cells or tier q give rise to the 
single cotyledon, those of In to the hypocotyl and stem tip, while the deri­
vatives of 1/ give risc to the initials of the root. The root~cap is contributed 
by the derivatives of 0 and the suspensor is formed by the derivatives of p 
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(Figs, 46-48). The mature embryo is monocotyledonous with lateral 
plumuLe and termina L cotyledon (Fig. 49). From the above it is clear that 
the embryo proper is formed from the derivatives of both the terminal and 

itf: m 0 
e) cb ',' c i ~. cav· ceJa '0 (!) 
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FIGs. 38·54 - Figs. 38-48. Stages in the development of the embryo. Fig. 49. L . ~ , 
mature embryo, Figs. 50, 5 1. Poly,mbryony. Fig. 52. Germination of seed showing 
the developing bulb : note root hair<; on the radicle and the enlarged pnrt of the cotyledonary 
apex. Fig. 53. The firs t plunlular leaf piercing through tile cotyledonary sheath ; note 
the disintegrating primary rool. Fig. 54. The buses of plumulnr leaves en lttrg ing wi thin 
tbe cotyledonary sheath (Figs. 52-54 slightly diagrammatic) 
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basal cells (ca and ch) of the two celled proemhryo. Therefore, the develop­
ment conforms to Astcrad Type (Johansen. 1950) and since the mature 
embryo is monocotyledonous and 11 contributes to root initials, it keys aut 
to the Muscari \'ariation. The developing embryos al'~ either spherical Dr 

pear-shaped. It may be pointed out that the embryo becomes deep seated 
before the differentiation or the cotyledon, radicle and plumule and comes 
to lie in the endosperm cells by the growth of the endosperm beyond the 
embryo. Starch grains an:. present in the cotyledon and amylase could be 
detected ill the cell sap as indicated by tile hydrolysis of starell solution at 
38' C. 

Polyembryony. Two 'Ovules with l\vin embryos hav~ b~cn mel with. 
In one the second embryo is presumably developed from Ihe synergid (Fig.50). 
In the second the exact 'Origin of the smaller embryo was difficult to decide 
(Fig. 5l). These ovules did nol contain any endosperm. 

See<\. It has been mentioned earlier that all the cells of the ovule get 
csushed and absorbed by the developing endosporm. The . seed' tllere­
fore compri~\.!s the endosperm and the embryo. It is interesting to note that 
atout 65 pcr cent of Ihe seeds have a specific gravily of "bout O' 95 
while the rest of the seeds sink in tap water (specific gravity, 1·001 at 27" C.). 

Germination of the seed an<\ bulb formation. The seeds begin to 
germinak in about 15 to 20 days when put in moistened saw-dust. Those 
that are left in tap water germinated after 4 months while those Ihat arc cooled 
to a temperature of~' C. for 8 days germinated in about 20 to 25 days. In the 
early stage of germination the radicle grows out of the endosperm. The single 
ootyledon enlarges considerably and its apical part takes up a haustori,,1 function 
within Ihe endosperm. The lower part of the cotyledon forms a sheath around 
the plumule when it emerges out of the seed (Fig. 52). Doring the early stages 
or germination the lower part of the cotyledonary sheath becomes bulbous and 
forms the outermost bulb scale. As the process of germination continues, 
the radicle develops rool hairs, becomes thicker and grows in length, while 
the first plumu!ar leaf in ils rolled condition pierces through tile sileath of the 
cotyledon (Fig. 53), During later stages, the starch grains previously 
accumulated in the sced disappear and the basal parts or the plumular leaves 
also become thickened within the enlarging cotyledonary sheath in which 
accumulate stalch grains and raphides abunda,ntly. The bases or the various 
Jeaves arc 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: development of the anther, the secrdory 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 Stellar (1925), 
who studie.d the anther structure of C. iari{o/ium. The divisions of the 
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microspore mother cells are successive and the tapetal cel1s ar'o.! binucleate as 
in C. lali(olium (Stenar, 1925). 

Stenar (1925) found two ca"pols in C. lali(oliulI1 and considered it to 
be an exceptional feature in the A maryllidaccac. To:nita (193 I) has, however, 
figured the usual three carpels and three 10:ules. The ovules of C. CapellSf and 
C. amabile have been described as unitegmic (Hofmeister, 1861). Stenar (1925) 
and Tomita (1931) considered the ovule of C. lali(olium as tenuinucellate, while 
Wunderlich (1959) treated it as crassinucellate. In the present investiga­
tion the ovule is found to be an undifferentiated structur~ with a narrow 
micropyle. It ,:eems best to describe the ovule of C. defixul11 as anatropous 
as its curvature during development is typical of an anatropolls ovule. Two 
to three nucellar epidermal cells ahove the archesporium divide p~riclinally 

and produce a layer of variable thickness. The cells lying in this position 
are characterized by poriclinal divisions during development of the ovule 
and seem to correspond to nucellar epidermal cells OJ plants like Rubie. 
though in C. dljixum these cells are distinguished from the integument tissue 
which constitutes the bulk of the ovule only by the periciinal divisions. There­
fore, the ovule is tenuinucellate. The pollen tube creeps along the cells of 
the knee-shap,d bend OJ the funicle and enters the embryo sac through the 
narrow micropyle in the region of the egg apparatus. According to Fagerlind 
(1937) undifferentiated ovules can arise in two ways: (i) The cells of the 
epidermis divide periclinally; and ( ii) No such division takes place. While 
reviewing the observations made by the earlier investigators, he assigned the 
ovule of Crinum to the latter type, Since p2ric1inal divisions do occur in 
cells which corrc:,.pond to the nucellus. Fagerlind's assignment of Cr!num 
to the latter category becomes untenable. The description of the ovule by 
Goebel (1889), Sohlimbach (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. 
asiaticum but did not clarify as to what is meant by him by • usual '. 

Swamy (1946) described "a non-stainable hyaline apical region" 
for the synergids of C. asiaticu;)". In C. lati(o/iuln (Stenar, 1925) and C. 
defixum studied by the author Ihe synergids show a filiform apparatus. A 
re-examination of C. asia/ieum (DUll, 1957b) has also revealed the presence 
of a filiform dpparatus in the synergids. Swamy (1946) stated that the 
unorganized 8-nuclcatc embryo sac of Crinum asialiclim may organize in 
three different methods and that the antipodal polar nucleus shows no move­
ment upwards, rc:maining stationary; "the micropylar nucleus moves down­
wards to the antipodal polar nucleus and fusion takes place near the anti­
podals (Fig. 1 )". The figure, given by him, however, shows only secondary 
'nucleus but no polar nuclei. Further his Figs. 2 and 2. 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." It 
follows that th,' two quartets form a polar nucleus and an . egg apparatus' 
at each end. According to him: "The synergids of the . antipodal' end 
showed great similarity to typical synergids in their shape, vacuolation and 
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position of thc nucleus (Figs. 3, 3a and 5); they even developed beak-like 
pC'ojections (Figs. 3a and 4). However, th, 'only difference between 
the synergids of the fertilizable egg apparatus (develop'd at the micropylar 
end) and those of the egg apparatus organized from the antipodal group 
of 4 nuclei is that th-; apical non-stainable, hya1ine 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 tile 
opposite end in that the nucleus is situated in the upper part in the former 
and in the lower part in the latter. Further, his Fig. la relating to C. asiali('um 
shows no vacuoles for the synergids. lncidentally, nonvacuo'ated synergid.s 
are also found in C. lalifolium (Stenar, 1925; Tomita, 1931; Dult, 1959) 
and C. defixum studied by the author. The" antipodal synergids " do not, 
therefore, resemble the normal nonvacuolated synergids with a basally placed 
nucleus but are antipooals themselves. 111 the 'inverted' embryo sac re­
presenting the' egg apparatus' at the' Chalazal region' (Fig. 2a of Swamy), 
there is nothing to support the conclusion since the' synergids ' arc without 
hOOks and are devoid of even the "hyaline apical part". On the other 
hand, 8wamy'.; interpretation of the three cells as the 'egg-apparatus' goes 
against his earlier observation, "that the secondary embryo sac nucleus is 
alwa)'s nearer to the antipo::lals and not the egg apparatus '. as the polar nuclei 
are repres:.!l1tcd to be fusing with each other nearer to 'egg apparatus'. 

While describing the endosperm of Haemalllilus kalilerinae, Stenar (1951) 
remarked that the Helobial endosp~rm might also occur in Crinum. The 
endosperm formation of C. asiali<'ul1l (Sohlimbach, 1924), c.. /a<;(o/iwn 
(Tomita, 1931) and C. defixum is of the free nuclear type·and.as·such Stenar's 
surmise is not substantiated by actual observation. 

According to Johansen (19S0) the embryo development of C. capellse 
follows the" Anthercium variati"n of the Asterad type" and from his des­
cription of C. lalijolium it appears to follBW Solanad type. In C. defixum 
it follows the Asterad type. In view of the- variation seen in the embryo 
development, further work on the embryogeny of other species of Crillum 
is dcsirable. Tomita (1931) stated that the embryo unaccompanied by the 
endosperm formation differentiates into radicle. plumule and cotyledon but 
did not give any illustration in support of his findings. It 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 (l930) stales that the 
specific gravity of the seed of C. asialicum var. JllPonicum is always less than 
one but this is not true of about 35 p.::r cent of the seeds of C. asiaticum and 
C. defixum. He states" starch grains arc not detected at all in the endosperm 
even at the dormant stage of the seed ", a feature already reported by Sehli­
mbach (l924}_ He als.o remarks" it is vcry intelcsting that 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. dl!jixum reveal the presence 
of starch grains in the endosperm. Therefore, the findings of Schlimbach 
(1924) aIjd Koshimizu (1930) scem to be incorrect. It may be pointed out 
that starch grains disappear during the germination of the seeds 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 
observation that" the root of Crimul1 h1s no root-hair" ne:::ds modification. 
The presence of starch in the endo;p~rm c11'lmr::terizes Juncin'~ae of Liliflorae 
and in this rc~p.:ct CriflWl1 resembles the memb~rs or th~ J ullGinea<: and differs 
from Lilin~ae in having starch in th~ cndo ;p:::rm. 

SUMMARY 

The anlhcr show~ six wall lay.:r:.; under th~ epidermis of which the inner­
most forms the secf0tory tap:lum. The division.., of th~ micro:;;pote mother 
cells ar..: su~cessive. Pollen tetrads are isohilat :ral or tetrah::dral. The 
pollen grain is 2-sulculate and two-celled. 

Usually there are twelve anatropOlIs ovules. A micropyle is organized. 
Two or thr~e ll11cdlar epidermal cells lying above the arche~porium divide 
periclinally. The ovule is unitegrnic. 

The ovule shows a single hypodermal archesporial cell. A parietal 
cell is not cut off. The embryo sac conforms to the Po\ygonum typo. 

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

The endosporm is of the Nuclear typo. In latcr stages cell formation 
takes place. The endosp.:rm becomes green and at the p~ripheral region 
a phellog~n is formed which gives rise to cork. 

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

The germination of the seed is hypogeal. During the course of _germ ina­
tion the cotyledon enlarges 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. fndian Agricultural Rc~earch In~titlltc, New Delhi 

Plant Embryology is no longer an isolated discipline of biology. This 
science after having passed through the two developmental phases. namely. 
the descriptive and the phylogenetic, 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, 
cytogenetics 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 appear 
at any stage between pollination and seed maturity. To overcome this ob­
stacle, it 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; 
Grcenshiclds, 1954), Malvaceae (."Weaver. 1957) and Solanaceae (Brink 
& Cooper, 1947; Sachet, 1948) the embryological data have proved immcnsely 
u~eful in under~tanding problerns of incompatibility. The present work on 
jute is an additional proof of the positive value of such studies in interspecific 
hybridization. 

Each of the two cultivated jute species, CO/'chorus olilorius L. and C. 
capsularis L. possess several desirable qualities (Kunau. 1959) 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 ~hO\vs resistance to diseases and pests. Attempts have hence 
been made to hybridize C. olilorius and C. capsular is (Finlow. 1911 cited 
from Kundu, 1959) but only recently it has been possible to achieve this ob­
jective (Islam & Rashid. 1960; Swaminathan el al .• 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 (IARI) 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 (JARl), 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-grafting 
and in every case, all foliage from the stock and most of it from the scion was 
removed in order to promote active meristematic growth at the region of the 
ullion. 

Buds for crossing were cma"cuiated on the previous evening and covered 
by means of a hood of non-absorbent colton which was replaced after dusting 
pollen of selected parent on the following 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 
effectively prevented by the application of a 10 ppm solution of ~-NAA to 
the pedicel with a brush. Smearing of ovary with 10 ppm cach of IAA, 
TBA, D-NOA, and of 5 ppm casein hydrolysate in 2·5 per cent agar, was 
also tried in order to improve seed-setting in the crosses. 

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

Fixations for emhryological studies were made in formalin-acetic a6d,._­
alcohol at the following intervals after self- and cross-pollinations: 12 hr, 24 
hr, 2,3,4,5.6.7,9. II, 13. 16.21. 25 and 30 days. Material for microtomy 
was processed in the customary way and sectioned at 8 - 16~. Heiden-

"'I,_ain's iron-haematoxylin staining procedure \vas adopted, and wherever possible 
dissected whole mounts stained in acetocarIl!ine were also prepared. 

EXPERIMENT AL RESULTS 

A schematic comparison of the emhryological sequences in selfed C. 
alitarius and the cross between C. oli/arius (0) and C. capsular is (0) is pre­
sented in Fig. 1. The developmental stages i; selfed C. capsuittris (not shown 
in figure) are essentially similar to those of C. alitorius 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 embl yogeny follow a similar course both in selfed and 
hybrid material. The hyhrid proembryo, however, does not develop beyond 
the 8- to 10-celled stage. Vacuolation occurs in the cells of embryo on the 
eleventh day following cross-pollination, while the nuclear endosperm show_, 
shrinkage and signs of degeneration on the fifteenth day. Eventually we get 
from thcse crosses only shrivelled seeds with aborted embryo and dead re­
mains of the endosperm. A close examination of the nuccllus and surrounding 
tissues in the hybrid ovules showed no evjdence of hyp.::rplasia or other 
abnormality. 
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The recIprocal cro s between C. capsu/aris (9) and C. olitorius (t) 
re~ulL\!d only in the abscission or drying up of flowers. A study of the ovules 
from this cross show~ Ihat the pollcn tuhc reaches the micropylar end in 
many cases. but fertilization does not take place. Thl~ rrematurc 
abscission could bc prevented if the C. cnpslI/uris parent was grafled 011 C. 
o/i/oJ'ilis rootstock. As a result, tbere was an increase in the percentage of 
fruit-set, accompanied by a marked development of the hybrid embryo and 
endo'>perrn. The globular proemhryos obtained' in (be e crosse were much 
larger than those in the straight crosses, but they failed to undergo 
differentiation and finally aborlcd. The endo pcI'm too remaineu healthy for 
three weeks but was free-nuclear until its degeneration. 

On the other hand, in crosses where C. o/i,orills ( 7 ) is pollinalcd by C. 
capsufaris grafted on the former, occasionally. late stages of Iteart-shaped 
embryo\) With cellular endosperm have been observed. From cros!.cs made 

7 

Corchorus olitori.us 

(self1?d) 

C. olitorius x 

pollu5!lhon 

13 15 21 30 

C. capsularis 

FrG. J - A S"~II'DlAORA~'MATI(' COMPARISON or , '1I1l EMllRYOlOOTCAL SEQ1)[NCES FOLLOW­

ING SI Lf-POLLINATION IN Co,.c/wrlls olirol'illS ( UPPER seRifS) AND AI'TLR CROSSrNG IT WI rll 

C. C;lpslt/(lris ( LOWI!R SERII'.s ) 
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in 1958 in this combination a single FI hybrid was isolated in 1959 and its F2 
progeny shows an interesting spectrum of segregation fol' characters of the two 
parcnts (Swami nathan & Iyer, 1961). 

The use of C. capslIlaris pollen after irradiation with 600r to 1200r of 
X-rays did not prove effective. At higher dosages (2000r and 2500r), how­
ever, there was a marked improvement in the growth of hybrid embryo and 
endosperm. One morc hybrid has been obtained from crosses made in 1959 
between a grafted C. ali/DrillS ( ~ ) and C. caps;daris whose pollen was irradiated 
with 2000r of X-rays. 

As regards the other techniques tried to effect the cross, the smearing of 
cross-pollinated ovaries of C. oli/orius with 10 ppm of IAA. IBA. NOA. and 
5 ppm casein hydrolysate. resulted only in the swelling of the ovary wali 
without any effect on emhryo or endosperm uevelopment. 

DISCUSSION 

One great handicap for all the previous workers interested in hybridizing 
the two jute species, was the lack of pertinent information on the nature of 
seed failure. Except for the work of Banerji (1932) on the development of 
the female gametophyte and fertilization in C. o/itorius, no data were avail­
able on the embryological processes following self- and cross-poJ/inations 
between C. oli/orius 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 heen made at the JARI, Barrackpore, 
to achieve this cross using 1echniques like stigma cutting, style grafting, applica­
tion of stigmatic paste. hormones and atIlel chemicals, but without success 
(see Kundu. 1959). 

Nothing further was known until the work of Ganesan C/ al. ( 1957) 
who showed for the first time that in the cross between C. ali/orius (Q ) and 

, C. capsularis (5) a hybrid embryo and nuclear endosperm are formed after 
normal process of fertilization, hut that the embryo aborted at an early 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 harrier. Following up this 
information. Islam & Rashid (1960) have been able to obtain hybrids 
from this cross by applying 300 ppm IAA to the pedicel of flowers after cross­
pollination. Simultaneously. a similar hybrid has been obtained at IARI 
by Swaminathan e/ al. (1961) using reciprocally grafted parents in the cross. 
The isolation of one more Fl hybrid from crosses made with irradiated pollen 
and the cytogenetic analysis of the F, progeny (Swaminathan & lyer, 1961) 
enables us 10 postulate the probable nature of the incompatibility barrier 
that serves to' isolate the two species of CorcllOrus. 

From a histological study of materna.1 tissues of hybrid ovules, the pos~ 
sibility of somatoplastic sterility as the cause for seed failure in this cross is 
ruled cut. The next hypothesis of the operation of complementary genetic 
lethals at the zygotic as well as endosperm levels, suggested by Sulbha & 
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Swami nathan (1959), is hard to reconcile with the fact that the mere applica­
tion of IAA (300 ppm) or the usc of reciprocally grafted parents in the cross 
could inactivate the incompatibility reaction. Studies on chromo~ome 

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 evidences, 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 crossablc because they arc 
phylogenetically wide apart. However, they havc suggested the use of 
embryo-transplantation and embryo-culture techniques as the future possi· 
bilities for achieving success with this cross. Attempts so far made in this 
laboratory (Iyer ('/ al., 1959) indicate that both the above possibilities hold 
remote chances of success. It will be clear from the above survey, that only 
a systematic study of the embryological sequences in the parents and hybrid 
combinations can give us an insight into the nature a.nd calise of seed failure 
in distant crosses. 

SUMMARY 

From a study of the embryology of the parl.!nts and reciprocal matings 
of the 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 incompatibility barrier, such as hormone application, pollen 
irradiation and grafting of parents prior to crossing, the last two methods 
proved very effective, and viable hybrids ~ave b:!cn obtained in this \\'ay. 
The efficacy of these techniques and the probable nature of incompatibility 
between these two species, have been discussed. It is concluded that embryo­
logical studies in intcrspecifis 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 Dr B. P. Pal. Director. and Dr M. S. 
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 (l1ee Sulbha Kumari), formerly Research Assistant. 
Division of Botany, for her valuable collaboration in this investigation. 
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Apomixis in Some Species of Pennisetunl 
and in Paniculll 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 
Gramincae. However, the possibility of apomictic seed formation in Poa 
had been suggested carlier by Zollikofer in 1930 (cited by Myers 1947) and 
also by Stenar (I932) in his paper on Parthenogenesis in Calamagrostis. 
Miintzjng's (1933) careful work establishing this phenomenon in Poa, greatly 
stimulated further researches in this Held resulting not only in an exhaustive 
work on this genus, but also in showing that apomixis exists in about 72 
species of grasses. _.......__-

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

The present findings concern with the occurrence of apomixis in Pennise­
tum and in PUJlicum al1tidutale. 

, 
OBSERVATIONS 

Megasporogenesis and embryo sac formation in Pel1lliSelum villo.'lUm 

(2n= 45), P. setaceUIIl (2n=27), P. orielltale (2n=27), P. pediccl/atllln 
(2n~o36 and 54 two races) show practically the same features as in other 
apomicts. but with some ch'1.ractcristics peculiar 10 this group. The arche­
sporium consists of a single hypodermal cel1 which functions djrectly as the 
megaspore mother cell. 1t undergoes the usual reduction divisions, resulting 
in a linear tetrad or megaspores. In a small percentage of ovules the three 
micropylar megaspores degenerate, and the chalazal develops into a mature 
embryo Sac ''''hile in a large number of ovules either the megaspore. mothet 
ccli or its meiotic products undergo degeneration, either autonomously or 
by the aggressive growth of the aposporic initials in the nucellus. Ovules 
containing as many as nine such aposporous initials have been commonly 
observed. Th(~ 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 ccli or of its products, or in the chalazal region, intcgumenb, funi~ 
culus and, in extreme cases, even from the paicarpic regions. The grovv'th of 
these cells is marked by considerable elongation and vacuolation. The nuclei 
in the enlarging cells usually lie towards one of the poles but sometimes they 
may occupy a central position. The nucleus normally undergoes two successive 
divisions and the resulting fOllr nuclei lie at the same pole. These nuclei 
organize themselves into an egg apparatus consisting of two synergid celis, 
one egg cell and a single polar nucleus, lying either close to the egg cell or in 
the centre of the embryo sac. The synergids arc ephemeral and hence tile 
mature embryo sac shows only an egg cell and a polar nucleus. 1n a majority 
of apomicts such four-nucleate embryo sacs are cornmonly found. 1n some 
species, however, the third division also occurs and the embryo sac becomes 
eight-nucleate. 

The simultaneous origin of a large number of aposporous cells perhaps 
contributes to such irregularities as inverted polarity, and rarely, lack of or­
ganization, leading to thc 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 sllch embryo sacs, but also due to their disposition in the 
nucellus and in their origin. Frequently, ovules full of embryo saCS, thus 
rendering them almost hollow, were met with. 

The next group of plants comprises three diploids, namely, P. rlllJlOSlIlIl 

(2n=10), P. hoiJl'IIackl'ri (2n IS) and Palli('ulII all/ida/all' (2n~ IS and 
36). There are two varieties of' P. m/Hoswn, one exhihiting \,..:omplelc male 
sterility and hence poor seed ~clting, and the other, being fertile, showing good 
seed setting. Both these varieties show normal megasporogenesis and the 
embryo sac development conforms to the Polygonulll type. The_re arc 
certain interesting features which deserve special mentjon._~ fertile 
variety occasionally exhibited apo~pory. In one ovule a conspicuous Iluccllar 
cell resembling an aposporous initial was observed adjacent to till.! dcgcnl.!ratcd 
tetrad. In another ovule, two embryo sacs were observed one below the other. 

"'tach of these showed an egg apparatus and two poJar nuclei, but there were 
no antipodal cells. A significant difference ~1 --the size of thc nuclei in 
these two embryo sacs suggests that the upper embryo sac with larger nuclei 
is aposporous, while the lower with the smaller nuclei is the product of a 
megaspore. In thc sterile variety of P. raHlosum no such aposporous en1bryo 
sacs or aposporous initials were observed. A careful examination of the 
spike lets of this variety, however, showed that there was an occasional forma~ 
tion of seeds. The progeny raised from thes~ seeds showed a remarkable 
resemblance to the mother plants in that they were also male sterile, titus 
indicating that the sterile variety occasionally formed seeds. presumably by 
apomixis. 

A very striking feature of both the varieties of P. ramosum is the presence 
of conspicuous nucellar epidermal cells at the micropylar regIOn. The 
number of these cells varies from two to nine. At the time when the chalazal 
megaspore is enlarging. these cells become clearly recognizable by their 



APOMIXIS IN PENNlSETU:\.f AND IN PANIC'Ur.f ANTIOOTALE 57 

conspicuous size. They become prominently vacuolated and the single 
nucleus undergoes one or even two divisions, leading to a two- or fOllr­
nucleate condition, Such conspicuous nucellar epidermal cells are also 
reported in other grasses like P. latifolilil11 (Narayan. 1955b), but they 
appear to be unique in the present case as they become multinucleate. 

P. hohellockeri (2n=18) (Saraswathi, unpublished), resembles P. 
ramosum in essential features. !vlega~porogenesis and embryo sac development 
conform to the Polygonum type and a normal eight-nucleate embryo sac is 
usually formed. However, two instances of occasional formation of two­
embryo ~acs 111 the ~amc ovu\c were a\so 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. 

PanicUlu an/ido/ale Rctz. (Shamakumari, 1960) comprises t",,'"o races, a 
diploid with 2n -~ 18 and a tetraploid with 211 ~~ 36. Microsporogenesis 
in the diploid form is fairly normal except for certain irregularities such as 
laggards and random distribution of chromosomes over the spindle. The 
pollen fertility is 70 per cent. 

Micfosporogcnesis 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 
shape of the pollen grains. Eighteen bivalents arc usually observed at diaki­
nesis, but the irregularities :..ct in at later stages of dcvdopment and pollen 
fertility is only 25 per cent. /~ 

McgaspOi ogenesis and embryo sac devdopment showed that both the 
races are apomictic, although the incidence of apomixis Jiffers. In the diploid 
race, out of 700 ovules only three were suggestive of an aposporous develop· 
men! ,of the embryo sat:: while in the remaining the haploid embryo saC con­
forms to the Polygonum ~p_e. I n a few ovules there was a degeneration of 
the megaspore mother cell or its meiotic products. 

In the tetraploid race, on the other hand, there was a predominant develop­
ment of the aposporous embryo sacs. In some ovules the megaspore mother 
cciI or its meiotic prouucts 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 tile development of 
both apo'porous and haploid embryo sacs. A striking feature of this material 
js the presence of \vhat appears to be diplosporous embryo sacs. The posi­
tion, size and shape of these cells which sometimes had reached the four­
nucleate conuition, and the fact that there arc no degenerating masses re~ 

presenting either the megaspore mother cell or its meiotic products, together 
with the position and shape of the nuclei in these embryo sacs, sugg"l a diplo­
sporous origin. Thus, in this material all the three types of embryo sac, 
namely aposporous. dip\osporous and the haploid ones, are seen. 

In the polyploid apomicts viz. P. se/oceum (2n ~27). P. rillosum 
(2n=45). P. oriel/wle (2n~27), the mature unreduced embryo sacs are 
usually four-nucleate, and the single polar nucleus contributes to the forma-
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tion of I..:ndosperm whenever it is formed. Embryo sacs at later ~tagct> of 
development reveal well developed endosperm, while the zygote is still uodi. 
viLled, or a well devdoped multicellular embryo with the endosperm nucleus 
still 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. 1 n 
the same ovule embryo sacs with both embryos and endosperm, and ot]1ers 
with only embryos and no endosperm are sometimes seen. The OCCUrrGIV;C 

of two embryos facing opposite directions suggests that they probably aiose 
from the disturbed polarity of one of the embryo sa<:s. More than one 
well developed embryo in different embryo sacs of the same ovule \vithoul 
any trace of endosperm was also observed. 

DISCUSSION 

Outsidt.:: tile 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. I'illosum, P. setacewn and P. oricnta/e. Recent 
\\fork has shown that such functional four-nucleate embryo sacs are present 
in most of the apomicts of Panicoideae (Brown & Emery, 195~). The 
occurrence of four-nucleate embryo sacs in apomictic species promr)ted 
Warmke (1954) to speculate on their evolutioncry significance. According 
to him the formation of an eight-nucleate unreduced embryo saC in apom_~~JS--­
leads to considerable unbalance of the tissues of the embryo, endosperm-- and 
\I)C matemal plant when enQI)'pCTID ;, 11)TmeU by \Tiple fusion, \)I)ch a ,;""a­
tion would lead to a 2n embryo, 5n endosperm and 2n maternal tissue. On 
the other hand in apomicts that give rise to a four-l1Ucleate unreduced embryo 
sac, the normal ratio of 2n embryo and 30 endosperm tissue is believed to 
be important for the proper development B[ the embryo. It is possible that 
such embryo sacs leading to the establishmenCof the ratio 2n: 3n: 2n would 
be favoured over those with an embryo-endosperm-maternal tissuc ratio of 
2n: 5n: 2n. Brown & Emery (1958) believe that a large number of apomictic 
Panicoideae produce typically unreduced four-nucleate embryo SUes with 
one or two exceptions such as Paspa/um seCQI1S (Snyder, 1957), where cisht~ 
nudcate unreduced embryo sacs are formed. Examples of Panicoideae 
producing unreduced cigth-nucleate embryo sacs seem to be on the increase. 
lndications of the formation of such eight-nucleate embryo sacs ha.ve been 
seen not only in Paspa/ul11 secans (Snyder, 1957), but also in PennisefulII 
c1alld('stillum (Narayan, 1955a), P{miewn ma.yimum (Warmke. 1954) and 
Cenchrus ciliar;s (Sharatchandra, unpublished). In view of the very plausible 
speculation of Warmke that the four-nucleate embryo sacs have an advantage 
oVl.!r the eight-nucleate embryo sacs, it would be very interesting to ascertain 
not only the incidence of the formation of the unredw.:cu eight-nucleate cmbryo 
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 species which arc 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 
thc apomicts. According to Brink & Cooper (1944) the absence of cndo­
sp~rm in the earlier stages of development indicates that either the embryos 
in su(;h plants do not need lhe nutritive environment of the endosperm, or 
that some other mechanism e'(i~ls which has taken over the role of endosperm. 
This suggests that the embryo-endosperm relationship in the apomicts may 
he different from that observed in the sexual forms. Pre~ence of well developed 
endosperm with an undivided egg cell indicates tilat, the development of the 
one does not influence the development of the other and that no functional 
relationship between the embryo and the cndo5pcrm 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 one ovule possessing an 
~mb:'Yo without endosperm in Taraxacum officil1ale, an autonomous apomict. 
and attributed the nutritive role to the food materials available in the ovules. 
\Vhether such a nutritive role can be attributed to 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 ti~sue and 
rendering the ovule nutritionally inefficient. The presence _of as many 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, hav~ come to the conclusion that a predomi­
nantly large number of Panico'iCtea,e, viz. 54 species, arc prohably apomictic. 
The basis on whieh they have arrived at this conclusion is that the four-nucleate 
embryo sacs are unreduced and that species producing these four-nucleate 
embryo sacs arc apomictic. While it might be true that all four-nucleate 
embryo sacs are unreduced it cannot be held that all eight-nucleate embryo 
sacs are reduced, specially in view of the increasing number of species wherein 
there are indications of the development of eight-nucleat:;::: 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. ramosum, P. 110hellackeri and P. Glltidotale which appear to be the only 
diploid grasses where apospory has been observed. This rarc occurrence ot 
upospory may be due to incoml1lete p~netrancc of factors respunsible for apo~ 
mixis. The presence of occasional apospory in diploid Pallh'um {IIltidota/e (2n= 
IS_) and its predominant occurrence in a tetraploid race (2no- 36) of the species 
affords an example in support of the views expressed by Gustafsson (1947) that 
" the action of many of these apomixis influencing genes is stronger on the 
polyploid level than it is on the diploid level" (cited by Stebbins, 1950). 
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SUMMARY 

Megasporogenesis and the development of the embryo sacs have been 
studied in Pelllliselum l'illosum (2n=45), P, setaecum (2Jl~27), P, orielltale 
(2n =27), P. pec/ieellatum (2n ~36, 54, two races), P. ramosum (2n = 10, two 
varieties), P. hohenaekeri (2n ~c 18) and in PanieulII alltidotale (2n = 18 and 
36, two races). The first four species are found to be predominantly apo­
sporous. The megaspOfl? mother cell and its products if any, either undergo 
degeneration or get crushed by the aggressively growing aposporous cells 
which give rise Lo diploid embryo sacs, The nucleus in the~e 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 development of the embryo appears to be autonomous 
while the formation of the endosperm appears to depend upon the fertili~ 

zation of the single polar nucleus. Thus the endosperm and the..:: embryo 
develop independently of each other. Polyembryony occu",. 

In P. ralJlOsum and P. ho/icl1ackeri, the development 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 indtcating apomictic reprvJuction. 
In PaniCUill antic/otale also, both the diploid (211 ~d 8) and the tetraploid 
(2n~36) races ,how not only the Polygonum type of embyro sac develop­
ment, but also the occurrence of apospory. The diploid race shows occa· 
sional apospory while the tetraploid shows frequent apospory. In addition 
the tetraploid race appears to show signs of diplospory -also. 

P. ramosum, P. hohenackeri and Pan;cum antiaotale are diploid grasses 
in which apomixis is rcported for the first time. 
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The Ruminate Endosperm: Development 
and Types of Rumination 
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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 there has been no attempt 
to study this phenomenon in detail, except for some casual observations that 
have been made by authors (see Periasamy, 1959) while studying the other 
embryological aspects of plants possessing a ruminate endosp;;:rm. There­
fore. 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 
Vitaccae 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 result 
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 'che\ved'. Evidently the term 'ruminate endosperm' rnust have 
been originally coined with the idea that the tissue of the endosperm becomes 
eaten 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 Hegelmaier (1886) and Voigt (1888) were probably 
the first to show that there is no 'chewing away' of any bit of endosperm 
tissue but that Ihe final appearance is brought about by peculiar types 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 
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inappropriate one for describing this feature~ 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 delimited by the inner surface of the seed coat. The 
surface of ruminate endosp~rm is irrcgu\ar and uneven in contrast to the re­
gular and even surface of the non-ruminate endosperm. 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 
Myrislica (Fig. 9). Areca and others but also the less deep undulation of the 
surface as seen in Passif/ora ca/carala (Fig. 10) and Apal1111 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 seed coat. 

BEHAVIOUI\ OF THE SEED COAT 

Trregularities in the inner surface of the seed coat arise in two ways: 
( i ) by an unequal radial elongation of the cells of anyone layer or the only 
layer of the seed coal. and ( ii ) by a definite ingrowth or infolding of the seed 
coat. 

Only a few plants thus far investigated belong to the first category. In 
Fassil/ora ca/carafa (Raju. 1956) the innermost layer of the outer integument 
shows unequal radial elongation of the cells (Fig. 10). In certain plants 
of the Scrophu/ariaceae (Schmid, 1906; Krishna Iyengar, 1942) the cells 
of the integumentary tapetum which persists in the mature seed undergo 
unequal radial e(ongation and give rise to rumination of the endosperm 
(Fig. 7). 

The majority of seeds having ruminate endosperm belong to the second 
category. Tn these, the ingrowths or infoldings are brought about in two 
ways: ( I ) by excessive elongation or enlargement of cells of the seed coat 
and (2) by localized meristematic activity, whereby each ingrowth is the 
result of a separate meristem in the seed coat. The former type of develop­
ment is found in the members of the Annonaceae and Aristolochiaceae. 1n 
the Annonaceae either the inner or the outer integument or the peculiar midd:e 
integument which occurs in certain genera (Fig. 1) may give rise to the in­
growths of the seed coat (Corner, 1949a; Periasamy & Swamy, 1961). 
Whatevcr be the mode of origin, there is an excessive elongation of the cells 
in the integumentary portio11 of the seed coat while mUltiplication of cells 
remains confined to the vicinity of the peri chalaza (Pcriasamy & Swamy, 
1961). The cells elongate in a fibre-like manner in various directions and 
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FIGs. 1-12 -(a, ani; ('lid, I:ndo"perm; Cf/, epidermis; iI, inner integument: ii, inner 
layers; iI, integumentary lap~tum; lIIi, middle integument; 1111, nuecllus; ai, outer integu­
ment; I'S. vascular strand. Endosp:rm stippled, embryo black) : Figs. I, Z. COllollgo 
odorara. Fig 1. Trans-m~dlan longlludtn:ll section of imm1ture seed. Fig. 2. Enlargement 
of portion m:lrked in Fig. 1. Fig 3. L. s. ckvcloping seed or Cocco/aim IIl'iji·ro. Fig. 4. 
L s. developing seed of Pl),ciIOirio rOIlC[t'SlU. Fig. 5. L. s. mature seed of AI/1/(I//{f sq/lamosa 
(afler Cornu, I 949a). Fig. 6. T. s m lIur.:: s~d of E"I'alamia ""1111('011(1. rig. 7. L. s. mature 
seed of Telr(lnef1l(l IIIl'xico"u (arter Krishna Iyeng.lr, 1942). rig. 8. L. s. mature szec.l of Alldro­
gruphis .\'~,.pyl/if(}/i" (after Mohan Ram, 1960). Fig. 9 L. s. mature seed of MyriHica /ragralls 
(after Voigt, 1888). Fig. 10. T. s. malure seed Punl/lora m/car(l(O (;)fter Raju, 1956). 
Figs. 11 , 12. Cocr%ba IIl'i{el'fl. Fig, IlL. s. mlture seed. Fig. 12. T s. seed along line 
shown in Fig J l 
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form criss-cross arrangement or irregularly tangled arrangement in the in­
growths a~ well a in the other portions of the 'iced coal ( f ig. 2). Th.e 
IIlgrowt hs themselves are formed without any regular pattern of arrang~ment 
or shap.:: in most members of this family. However. in Afpl/()Ilsea ceramellsi.~. 
t1,.fahofrys hlllll1ei, Desmos dasymasc/wla, UI'(I";(/ 101l'i; (Voigl. I SS8: Corner. 1949 
a) and At ilillsa lI'ighriollfJ (Periasamy & Swam)" 1961) the i ngrowths are all 
platc-like and arranged onc over the other in four longiludin'll rows. In 

• 
FIGs. 13-22 - 01 \ OR,\MMATIC REPRESf:"'TATIO:-l OF V \RI .. ' IO:oo.-s IN THE BEHAVIOUR 01' 

THE CHALAZA, AI L OVULES ANATROPOUS (Chalaza cross-hatched. cndosp~rm and embryo 
.. ac stippled, nuccllus striped): Figs, 13-16, Unllcgmic ovules. Fig 13. Median L. s, ovule 
at the time of fertilization. rig. 14, Median L. s. developing seed with carly endosperm 
development. Fi~~, 15, 16, Median L. '. developing seeu!. with normal-chalaza and 
massive-chala?" rc:.pectively Figs, 17-2:!. Bitcgmic ovules. Fig, 17. Median L, s. ovule 
at the time of ferLili/.ation, F ig~. 18-:20. Median L. s, devdopang seeus with normal­
ch;llaza, massivc-chalaza and perichalala rc,pxu\,ely. Fig, 21. T. s, alollS linl' a in Fig. 20. 
Fig. 22. T, s. along line b in Fig, 20 

P.E ... S 
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Apama siliquvw of the Aristolochiaceac (periasamy, 1959). Excessiw 
growth of lhe outermost Jayer of the inner integument produces an undu­
late conngi.lration in the inner as well as the outer ~urface of the seed coat. 
The, econd type of developmeJlt takes place in Degelleria vitieJlsis (Swamy. 

FIGS , 23-27 (el/((, cnuosp~l"nl : ep, epidermis; if, inner layers; 1111, nllccllus) : Fig~. 
23, 24. \Jilillsa Uligbliana. rig. :13. L. s. young developing seed. Fig. 24. T, . develop.. 
ing seed at a later stag~. Figs. 25-27. T . s. developing sccd~ of Ciss/ls pal/idn. Leea 
IJsmbllcil!(( and Tarenl/a aSial ic;a respectively 
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1949), Myrisrica fragrolls (Voigt, 1888), Sharea ra/ura (Nagaraja Rao, 1953), 
Ti/iacora racemosa (Sastri, 1954), in the Vitaccae (Fig,. 25. 26), in /)ios­
/)yros ch/orox_v!ol1, D. /omcnlosa (Periasamy, 1959) and the ruminate seeds 
of the Pal mae (Voigt. 1888; Venkata Rao, 1959). Except in the Vitaceae, the 
distribution of the localized mcristems and consequently the ingrowths do not 
hav~ a definite pattern nor are the ingrowths formed in exactly similar shapes. 
10 the Vitaccae, howcverJ the meristematic activity becomes localized in the 
seed coat to vary definite places in each genLis and the shap~ of the in-growth;;; 
also appears to be constant for a species (Figs. 25, 26; Periasamy, 1959). 

In most seeds that develop from unitegmic ovules. viz. Spi[(elia spIel/dells, 
S. amltellllia (Dahlgr~n. 1922), Voacallga gralld{(o/ia, £rmtamia heyncanu 
(Fig. 6), Psycho/ria spp. Ranclia ma/aharica and Tarenna asiatica and 
bitq>;mic Cocc%ba uri/era (Fig. 12; Periasamy. 1959) the mature seed coat 
consists of only one layer of cells which develops from the outermost layer 
(epidermis) of the integumentary and chalazal tissues Df the ovule. Definite 
infoldings of this layer make the endosperm ruminate. During seed develop~ 
ment the epidermis becomes morphologically different from the inner layers 
and produces infoldings or irregular undulations chiefly by cell enlargement. 
Concurrent with the infoldings or undulations of the epidermis, there is a 
corresponding outgrowth and undulation of the inner layers of the integu­
ment and the chalaza, chiefly by meristcmatic activity (Fig. 27). Thus, in 
{nese instances, both excessive enlargement of cells and mcristcmatic activity 
seem to be involved in the production of irregularities in the seed coat. 

Ely/rario acot/lis (Johri & Singh, 1959). Andro!(raphis s('rpylii{olia and A, 
echioides (Mohan Ram, 1960; Mohan Ram & 1'1Ishpa Masand, 1962) of the 
Acanthaceae show a striking d,fference from all the above described plants. 
Tn these plants the seed coat does not form infoldings of its own accord 
but becomes consumed and pushed in an irregular manner by the unequal 
peripheral activity of the enlarging endosperm. 

BEHAVIOUR OF THE ENDOSPERM 

The endosperm begins to increase in volume ~iJ11u1taneously with the 
increase in size of the seed in S/lOrca la/ura (1"\agaraja Rao, 1953), Diospyros 
ch/oroxy/oll. D. romentosa, Myristica fragra"" Cocco/aba u)'ifl'ra (Fig. 3), 
Vihumum f;,cfC/l., (Periasamy, 1959), the Scrophulariaceae (Schmid, 1906; 
Krishna Iye"gar, 1942) and the Palmae (Voigt. 1888. Venkata Rao. 1959). 
Tn these plants the nucellus sl~ows little or no incccasc following fertilization 
and becomes quickly replaced by the endosperm. The irregularities 
which arise in the inner surface of the seed coat affect the surface of the 
endosperm directly as they develop and make it ruminate even at the early 
stages of development. In Eiyrraria acol/lis (Johri & Sin giL 1959). A IIdro!(raphis 
serpylliji)/ill and A. e,hioidcs (Mohan Ram, 1960; Mohan Ram & Pushpa 
Masand. 1962) the endosperm exhibits unequal poripheral activity during 
later stages of development and causes the seed coal to attain an irregular 
configuration. In a relative sense all the above mentioned plants may be 
considered as having an carly endosperm development. 
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In contrast to Ihe above mentioned plants with early endosperm develop­
ment, in the seeds of the Annol1aceae (Fig. 23; Periasamy & Swamy, 1961), 
Degeneria vitiensis (Swamy, 1949), Tiliacora racemosa (Sastri. 1954), Passi­
flora calcarata (Raju. 1956), those of the Vitaceae (Fig. 26), Erl'atamia heyneana, 
Voacanga grandi{olia, Psychotria spp. (Fig. 4). Randia malabarica, Tarenl1a 
asiatica (Fig. 27), Apama siliquosa (Periasamy, 1959), Spigelia sp/endel1s and 
S. anthelm;a (Dahlgren, 1922), the endosperm does not increase in volume 
as rapidly as the other tissues of the seed and remains small irr 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 errdosperm directly as they develop, but give 
rise only to a ruminate 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 becomes 
actively meristematic, increases rapidly in volume and consumes all the sur­
rounding 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 all unequal peripheral activity to develop in the 
form of lobes in between the preformed rumination ingrowths or infoldings 
of the seed coat (Fig. 24). III these the endosperm may be considered as ~ 
having a late development and the cause of rumination appears~~j6 .~;:;,t 
finally with the endosperm. 

BEHAVIOUR OF THE CHALAZA 

Netolitzky (1926) considers the behitviour 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 a 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 hy 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 conformilY with this term the first type of chalazal activity stated above 
may be termed 'normal-chalazal' and the second type as 'massive-chalaza}'. 

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 ditTerentiation 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 because the picture 
may become confusing in the mature seed due to complete disorganization 
of one of the integuments. 

In the unitegmic oviues, 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 nueellus joins the integument is to be consi­
dered as belonging to the chalaza (Fig. 13). However, when the unitegmic 
ovules are t~nuinucellate the l1ucellus often disappears even before fertiliza­
tion or in any case immediately after fertilization (Maheshwari, 1950). When 
the nueellus disappears, the only aid to demark the boundary of the chalaza 
is the chalazal end of the endosperm tissue. But if the endosperm develops 
early and destroys most of the surrounding tissues 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 contl ibution of the chalazal and integumentary parts 
to the tissues surrounding the endosperm (Fig. 14). 

In seeds showing late endosperm development. however, the position 
of the quiescent endosperm ti:-.suc \Vilhin the cHiarging seed would give a 
sure indication of the relative growth of the chalazal and the integumentary 
parts of the ovule after fertilization. I f 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 integumentary part takes 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 fir.t 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 
mas~ivc-chalaza and the latter a normal-chalaza. 

Apama siliquosa (Periasamy, 1959), Passijlora calcarata (Raju, 1956), 
members of the Scrophulariaceac (Schmid. 1906; Krishna lyengar. 1942), 
Elylraria aCGulis and AndrograjJ/ris sf!fpylli/o/ia show normal-chalaza! dcvdop­
ment. 

Instances of massive-chalazal development are seen in Degeneria l'itiensis 
(Swamy, 1949), Spigelia splellilells, S. allthelmia (Dahlgren, 1922), Myristica 
fragralls (Periasamy, 1961), Cocco/Dba uvi/era (Fig. 3), Diospyros chloroxy/of, 
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D. tomelltosa, Vv({canga grandi/alia, Erralamia lze),lle(lna,PsycllOtria spp. tFig,4), 
Randia 1}la/aharica, TareJ11w asiatica (Periasamy, 1959) and those of the Pahnae 
(Vcnkata Rao, 1959). Perichalazal activity is seen in the Annonaceac (Voigt, 
1888; Corncr, 1949"; Pcriasamy & Swamy, 1961), Vitaceac and Tiliacora 
racemosa (Periasamy, 1959). In these, chalazal extension takes place 
along Hw median longitUdinal plane of the o\'ule and the vascular strand 
traverses throughout the entire length of the peridlulaza. In all sccJ~ with 
pcrichalazal or I'nassivc-chalazal activity, rumination is due to a definite 
ingrowth or infolding of the seed coat (Pcriasamy, 1959). 

According to Corner (1949a). the chalaza "'sl:cms to act as the orgaOl­
zational centre for the developing seed after fertilization, comparable with 
the ncurophorc, or the region of inflection. of the animal embryos". Further, 
he believes that ruminalion in the annonaccous seeds is due to overgrowth 
of the integuments. Indeed, in all cases of rumination, except p~rhaps in 
Elyfraria ([('(lu/is, Alldrographis serpy//ffo/ia and A. eellioides, there can be no 
doubt that some sort of overgrowth in the \i~sucs that constitute the seed coat 
is involved in the production of irregularities which cause the rumination. 

}n the ruminate sceds that are associated with chalazal hypertrophy of 
the pCrLchalazal or massive-chalazal type, it is seen that depending upon the 
degree and nature of chalaza!. growth, thc distribution of the rumination in­
growths or infoldings and the activity of (he nucellus become altered in a 
definite sequence. In the bitegmic perichalazal seeds which may be consider­
ed as having a special and limited chalazal growth, the perichalazal region 
is devoid of rumination ingrowths which therefore afC confined only to the 
integumentary portion of the seed coat. The nucel1us, in these inst~Jlces-,-­

shows a marked increase after fertilization (Figs. 23, 24, 26). '"IjlIY1)fiegmic 
massive-chalaza! seeds of Coccoloba uvifera and those of the/Palmac show 
an overa}} expansion of the chalaza and also significant growth of the inte­
gumentary tissues. In these. the rumination becomes a product of not only 
the tissues of the integument lout also that of the chalaza. The nucclltls shows 
an increase after fertilization but never becomes as massive as in the case of 
perichalazal seeds since it is replaced by (he endosperm at a comparatively 
early stage (Fig. 3). [n Myrislica jragralls (Fig. 9), the chalaza shows ex­
tensive overall growth after fertilization and the inner integument is completely 
arrested. The integuments do not take any part in producing the ruminaM 

tion which becomes ,,·holly a function of the chalaza I tissue (Periasamy, 1961). 
The nuccllus proper is replaced by the endosperm at a very early stage. 

During post-fertilization development of the unitegmic, tenuinucellate 
ovules of Psycho/ria spp. (Fig. 4), Tamllla asia/ica (Fig. 27), Rant/ill /lIala­
barica, Voacaflga grandi/alia, Enatamia heYlleallCl (Pcriasamy, 1959), 
Spigelia splendens and S. amlte/mia (Dahlgren, 1922), the nucellus undergoes 
early degeneration and there is a massive chalaza I gro\\,th. The outermost 
layer of the ovule becomes morphologically distinct from the inner layers, 
produces the infoldings which cause rumination and finally functions as the 
only layer of the seed coat. The inner layers increase by meristcmatic acti­
vity (0 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 enuosperm (Fig. 6). In short the Olltermost 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 PsycllOfria spp. which 
exhibit pronounced chalazal growth, the rumination infoldings of the epider­
mal layer are confined to the region of the chalaza alone (Fig. '4). whereas 
in others which do not show such marked chalaza I growth, the infoldings 
of the epidermis develop from both the chalazal and integumentary regions. 

Netolitzky (1926) has expressed the opinion that secds which show 
chalazal growth after fertilization r\::p{csent a derived form from those without 
chalazal growth. 1n conformity with this assUf,-~ption and in accordance 
with the principle of "transference of fonction"' enunciated by Corner 
(1949a. b. 1958), the above described cilalazal behav'iours indicate that in 
seeds with ruminate endosperm there is a transference of the functions of the 
integuments and those of the nucellus to the chalaza wherever ii becomes 
hypertrophied after fertilization. 

TYPES OF I\UMINATION 

Classiftcation or rumination typ.=s can be done III variOUS manners 
since the phenomenon involves a number of structural and developmental 
characteristics. Dahlgren (1922) has already classifted rumination on the 
developmental ba"i" and Jlas distinguished fOllr types (J) TJle TO)'reya 
type, (2) The Spigelia IYPe, (3) The Ca/wllll' type aIlQ....(4}··l'he 
Coccoioba lype. The basis for his classification is thcJcmp0l111 relationship 
that obtains hetween the development of endosp~rn1 alld the formation of 
irregularities in the seed coat. This. evident1Y:·~ does not p.:rmit a clear-cut 
segregation of lhe lypes and Dahlgren (J 922) himself says that rumination 
in'the Annonaceac forms a transition betwecn the S'pigelia and the Calamus 
types. Further, in orcler to flZ Ihe type on such a basis it is necessary to study 
all the developmental stages, a procedUle which win not b:.: of much practical 
value. A classification based on morphological feat tiles alone would best 
serve for practical plirposes and also permit a clear-cut segregation of the 
types. In this regard it is seen that variations \\'hich are exhibited in the 
behaviour of the mature seed coat and the bitegmic or unitcgmic nature of 
the ovule arc also indicative of the ontogenitie sequences that are involved 
in the phenomenon of ruminalion. Using thcse criteria seven types of ru­
mination may be distinguished. 

I(EY TO THE I')ENTIFICATION OF I\UMINATION TYPES 

lao The mature ~eed with ulleqll<.tI radial elongation of any onc layer 
or the only layer of th~ seed coat. 1nfolJillg of the seed coal absent 

2.. Ovules bitcgmic ...... Passiflora typo (Fig. 10) 
2b. Ovules unitegmie ................. VerbaSClllTI type (Fig. 7) 
lb. The mature seed with definite ingrowths ot infoldings of the seeJ lo£H 
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3a. The mature seed coat is morc than one layered 
4a. The ingrowths of the seed COctt are supplied with vasculature ........ . 

............ Myristica type (Fig. 9) 
4b. The ingrowtIlS of the seed coat arc not supplied with vasculattJl"e 

........................ Annona type (Fig. 5) 
3b. The mature seed coat is only one layered 
Sa. Ovules bitegmic ........................ Coccoloba type (Figs. II, 12) 
5b. Ovules uilitegmic 
6a. Rumination preformed in the tissues of the seed coaL .................. . 

Spigelia type (Fig. 6) 
6b. Rumination due to unequal peripheral activity 01 the endosperm 

. during later stages ........................ Elytraria type (Fig. 8) 

On the basis of development, the rumination types could be grouped 
as follows: 

lao Chalazal hypertrophy absent during post-fertilization development 
............ Passiftora type. Verbascum type, Elytraria type 

lb. Chalazal hypertrophy present during post-fertilization development. 
2a. Late endosperm development ... Annona type (except Shorea taluro), 

Spigelia type 
2b. Early endosperm development. .. Myristica type, Coccoloba type 

Plants with ruminate endosperm thus far investigated belong to the 
following types: 

l. Passiflora type: Passiflora <"aicarala (Passifloraceae) 
2. Verbascum type: Verbascum I1lOllfdtlUnl, V. l1igrum~ Cdsia coro­

manda/ina, V{fm/ellia hirsuta, V. scabra and Tetranema mexictlilG 
(Scrophulariaccac) ,/ 

3. Myristica type: 1>fyrislica fragralJs (Myristicaceae), AClilJophioeus 
ambiguus*, Areca l'atechu, A. cOl1ci11l1£l, Archontophoenix alexaHdrae, 
Caryota .1inlurc{ffa*, Chamerops Imlni/is, Nenga wandlmuUana, 
PillGnga kultfii, Pl),chococ('us paradoxus, and Pt)'chospernw c1egans .... 
(Palmae) 

4. Annona type: All the investigated plants of the Annollaceae, 
Apama siliquusa (Aristolochiaceac), Degclleria l'itiel1sis (Degcneri­
aceae), Shorea laiul"(/ (Diptcrocarpaccae), Diospyros chioroxyioll, 
D. tomen/osa (Ebcnaccae), Tiliacora racemosd (Menispcrmaceae) 
Ampelocissus lali/olia, A. (omen/usa, Cayratia camosa, C. pedata,. 
CiSSHS palliela, C. t'itigillea, Leea aspera, L. sambucina, Tetrastigma 
Iml('L'ulariul11, Vitis rillifera (Vitaceae), AClinor/l)'tis calaparhl. Calamus 
sp., Caryota mitis, C. urens, Licula sp" Lirings/onia sp., .lfedemia sp., 
Phoellix sp., Raphia sp. (Palmae) 

* According to Voigt (1888), Actill !ph/oeus amhigllll.\' and Caryota fur/urcala have 
.\Jyristica typ~ of rumination. Bul Yenbta Rao (1959) reports non· ruminate endospenn 
in Actillophloe,l' macarthur;i (even though his own figures and account indicate presence 
of rumination), and absence of vasclliar supply to the ingrowths in Caryota lIlilis and 
C. IIrens. 
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5. Coccoloba type: Cocc%ba uvifera (Polygonaceac) 
6. Spigelia type: Spigelia sp/endens, S. an/he/mia (Loganiaceae), 

Erratamia heyneana, Vacallga grandi/olia (Apocynaceac), Arthro­
phyl/um diversifolium. Hedera helix (Araliaceae), Viburnum foe/ens 
(Caprifoliaccae), Psycho/ria congestll, P. doloelli, P. elonga/a, P. 
macrocarpa, P. reel'esii, P. serpens, Ralldia malabarica, Tarelllla 
asiatica (Rtlbiaceae) 

7. Elytraria type : Elytraria lIcaulis, Attdrogral'his serl'ylli(olia, A. 
echioides (Acanthaceae) 

SUMMARY 

A ruminate endosperm is known to occur in 30 families of dicotyledons, 
one of monocotyledons and one of gymnosperms. An inV'estigation of 30 
species belonging to 8 families of dicotyledons was undertaken. 

The chief difference between a ruminate and a non-ruminate endosperm 
pertains to their surface. 111 the mature seed the surface of the ruminate 
endosperm is irregular and uneven to varying degrees in contrast to the 
regular and even surface of the non-ruminate endosp;:orm. 

The cause of rumination appears to rest with the activity of either the 
seed coat or the endosperm. Irregularities on the inn~r s·l.uface of the 
seed coat arc of two types: (i) a definite ingrowth or infolding of the seed 
coat; and (ii) an unequal radial elongation of the cells of anyone layer or the 
only layer of the seed coat. 

The endosperm may begin active growth during the ~ar!y stages of seed 
development, or rcmat!l in a quiescent state and of a small size until the seed 
almost reaches its mature size. In the latter case a ruminate Iltlcellus pre­
cedes the ruminate endosperm. 

Seven types of rumination have been distinguished on a morphologi­
cal basis. These are typica\\y present in the fo\\owing genera: Passiflol'a, 
Verbascum, AnHona, Myristica, Coccoloba, Spigelia and Ely(raria. 
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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, Debra DlIll 

It is widely accepted at pr~sent that microscopic study of plants including 
anatomy, embryology and cytology is of considerable vallie in the proper 
assessment of the systematic status of a taxon; external morplmlogical study 
alone is not adequate and has led to the anamolous placing of various families 
and genera of flowering plants. 111 recent years detaih~d work all. the embryo­
genesis of a large number of species has been carried out by Soueg(:s and his 
associates in France. The rigorous methods employed by them for a complete 
developmental history of the early embryo has revealed the existt:ncc of cer­
tain definite patterns of embryonal development and this has enabled them 
to formulate a system of embryogenic classification. While a number of 
families like AJismaccac, Juncaceae, Liliaceae, Chenopodiaceac, Caryo­
phyllaceae. Ranunculaceae, Cruciferae. Malvaceae, Ocnotheraceae. Lythraceae, 
Solanaceae, Scrophulariaceae. Labiatae. Campallu[a<.:eac and Compositae are 
remarkably uniform in their mode of embryonal developm:nt, other families, 
particularly the large families, Boraginaceae and Leguminosae show consider­
able heterogeneity. Considering the vast numb~r of sp~cics of flowering plants 
in existence at present, the numb~r of investigatl..:d members is, as yet, very small 
and further work on an extensive scale is necessary before a clear picture can 
emerge in respect of t.hese heterogeneous families. However, the work that has 
already been done has helped in the cl"cidation of the evoi"tionary tenden­
cies within the families and genera. In addition. several small families and 
individual gcn~ra lnve been suhjected to rigorous studies in recent years. 

It is proposed to discuss in t[lis paper some of these recent studies of 
Soueges and his co-workers which have helped to clarify the relationships 
of certain families and genera of disputed systematic position. 

CNEORACEAE 

This small family includes the only g~nus Cneorum with about a dozen 
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species which arc rc~lrktcd to the Mediterranean 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 Zygophyl1(lccac. Earlier, Endlich,"" (1836-40) had placed it 
in the Rutales near the Burseraceae. It has also been placed ncar the Celas­
traceae (Hutchinson. 1926) and in Rhamnalcs near the Rhamnaceae (Van 
Tieghem. 1906). The recent work of Soueges (1955) has indicated that the 
relationship of the family should be looked for in Rhamnales ncar the Rha­
mnaceac. CIll!orulJl tricoccOIl (Figs. 1-5) belongs' to the first p~riod in the 
second group and II megarchetyp.e in the embryogenic classifkation. This 
megarchetype is typified by Gellm urbanum anu two members of tile Rhamna­
ceae, Ceanothus azureus and Rhamnlls fr(Jl1gula belong here. A tetrad of 
the H, category (Fig. 3) is formed which in the next stage gives rise to a group 
of eight ceUs.disposed in three tiers. An epiphysis (Fig, 4) is dillcrentiated 
from the quadrants and ultimately the cotyledons and the stem tip aro derived 
from the quadrants. The hypocotyl in its entirety is derived from t}1C in­
termediate cell, m, of the four-celled embryo. A sLlspensor i~ a\:;o dltferenliatcd. 
It may be staled here that the investigated members 01' the Zygophyllaceae 
show an entirely different mode of embryo development assignable to the 
second periotl in the 9th group, 

CALLITRICHACEAE 

Maheshwari (1950) has already discussed the systematic position of this 
small family and has referred to the work of J1>rgensen (1923,192<) ,vhieh 
indicates a close relationship of this family with Labiatae and Verbenaceae, 
rather than with any other family like Haloragidaceae, Caryophyllilceae, 
Euphorbiaceae with which this family had been associated in the past. 
Jl'>rgensen, however, to quote Maheshwari (1950) "wisely refrained from com­
mitting himself further in the absence of adequate anatomical and cytological 
data", The recent detailed work of Soucges (1952) on the endosperm and 
embryo of Calli/riche rerna lends further sllpport to the view that the real 
affinities of this family are with the V~benaceae. J¢rgenscn did not give a 
detailed account of the development of the embryo and merely reli:rred \0 it 
in general terms as of the dicotyledonous type, The precise study 01' Soucges 
reveals that Callilriche lWlla is ranged in the first period, first group and 
IV megarchetype with a tetrad in A, category and the destiny of cu and 
cb being: 

ca = pvt +- pea --T- phy + icc 
cb = iec + co + s 

The embryonal development of Callilriche 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 J.prgensen th.at the relations of Callitrichaceae 
are with the Labiatae and Verbenaceae rather than with any other family, 
The mode of endosperm development in Callitriche and Verbena is identical 
ann thm indicates close affinities. 
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FfClS. 1.22-(ea, apical ecll or two-celled proembryo: rho basal ccli: cc & cd, daughter 
cells of the apical ccli; It! & ci, surcrior and inferior cells derived from cb; q, quadr(lnt~; 
1&1', oClanis; c, epiphysIs initial; n & II', derivatives of d, all fig ... selected from and redro\\ n 
after Soueges, 1953. 1955. to which paper, reference rna) be made for details): Figs. 1-5. 
Cl/forum 11'lcOCCOI/ L. Figs. 6-9. Rilla grUl'e(}lells L. F.igs. 10-14. 7yg()phyl/ulll [abagl) L. 
Figs. 15-18. Radiola Ibloides Roth. and F igs. 19-22. Pcg(llllllll harma/a L. 
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DATISCACEAE AND LOASACEAE 

These two families are included in the Passifiorales of Bentham & Hooker 
(1862-83) and in Parietales of Engler & Praml (1897). While the relation­
ship of Datiscaceae to Begoniaceae has b~en clearly demonstrated by Crele 
(1952), the position of Loasaceae appears to be different on embryological 
grounds. The endosperm of Loasa /aterilia with its haustoria and the embryo 
which resembles the course of development seen in th~ Solanaceae would 
suggest that the real position of the Loasaceae would be in one of the orders 
of the Gamopetalae. Further work on the other members of the family is 
needed before the family (Quid he t"ken out of the P"rietales. 

PEGANUM AND OTHER GENERA 

In regard to the systcITw.tic position of individual genera a few examples 
may he considered. Peganum. This genus with four species has been in 
turn included in the Rutaceae (Bentham & Hooker, 1862-67) and in the 
Zygophyllaceae ('Engler & Prantl, 1897). Soucges (1953) has recently dis­
cussed the position of Peganum h(lrmala in relation to Ruta gral'eo/ens, Tr;bu/u'i 
terrestris, Zygophyllum lahago and Radiala lil/oides (Linaceae). He is of (he 
opinion that Peganum be placed in a separate family, Peganaceae in the Ger­
ania!es near the Linaceae. 'fhe course of embryo development in the above 
members may be briefly discussed here. Ruta gral"eolens (Figs. 6-9) belongs 
to the flTst period, first group and IV megarchetype with a first tetrad of cate­
gory, A, (Fig. 7), the destiny of ch being icc -+- co + s. The two member§. 
of the Zygophyllaceac investigated, Tribulus terrestris and Zygopily]/um 
lahago (Figs. 10-14) show an altogether different course of erubr;; develop­
ment being placed in the second period with a B, type of second tetrad. The 
destiny of the relevant cells. taking part in hislOgcnesi\ rders these speeies 
to the II megarchetype. 

Radiola lil/oides (Figs. 15-18) of the Linaceae belongs to !he fIrst period 
with a first tetrad of C, (l'"ig. 16) category and as such in (he 3rd group and 
TV megarchetype. The destiny of cb 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. 

Pegal/u/11 IranI/ala (Figs. 19-22) belongs to the same period, same group 
and same megarci1ctype as Radio/a. There are, however, some differences 
in later stages of development be~ond the octant stage but Ihese arc nol of 
much significance. The detailed studies of Soucges have thus clearly indi­
cated that the Peganaccae are connected very closely with the Linaceae 
and the earlier placing of Peganum either in Rutaccac or in Zygophyllaccae 
cannot be justified 011 embryological grounds. 

We may also. incidentally. consider the case of two other g~nera which 
have been the subject of dispute in so far as their systematic position is con­
cerned. The genus Pornassia has been considered somewhat anamolou::; in 
the family Saxifragaccae and it has been in turn referred to widely different 
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families. Lula Pace (1912) on the ]""is of the characters of the ovule and 
embryo sac found it more closely related to the Droscraceae than to the Saxi­
fragaceae. Diels (1906), however, refused to accept this genus in his treat­
men! of the Droseraceae in Pflanzenreich. Bentham & Hooker as well as 
Engler & Prantl have both included the genus in the Saxifragaceae. A recent 
detailed study of the embryogeny of the genus by Leb"guc (1953), however, 
revea1s an entirely different picture. Pal'llassia palustris belongs to the first 
period in the first group in III megarchetype. This megarchetype has the 
destiny of the apical and basal cells of the two-celled proembryo as 
follows: 

ea = pea + pvt + !phy 
eb = ! phy + icc + iec + co -1 s 

To this megarchetype and group also belong p(?iygOllulII, Oxybapbus and 
C/aytoflia. The course of embryo development in Parnassia polus/tis and 
Cla),/ol1ia Ih'((o/iala (Portulacaceae) is very similar. Drosera is. however, 
ranged in the second period, eleventh group and IV megarehetype 
and Saxifraga in the second period, ninth group and IV megarchetype 
and are thus emhryonomically far removed from Pomassia. While evidence 
from other sources is wanting to establish definitely that the affinities of the 
genus arc to be looked elsewhere than -the Saxifragaceae, the genus could be 
tentatively placed in a separate family, Parna'lSiaccae and only further investi­
gations can determine its real position. 

Another genus of the Saxifragaceae, the monotypic Californian Pclti­
phy/lum is an exception to the course of embryo development generally mct 
with in the Saxifragaceac. In a recent study of Pcltiphyllum pcltatum supported 
by more than 80 figures of different stages of embryo development. Lebegue 
(19,2) has conclusively shown that the course of embryo development in this 
member is uniq lie alTIong the Saxifragaceae. Pe//iphyl/um is ranged in the 
second period, ninth group and I r megarchetype along with Campalluia 
and Lohelia with the destiny of cc and cd as follows: .... 

cc -- prt +.pco 

cd = phy ~ icc + iet + co --:-- s. 
All other investigated members of the Saxifragaceae witll tile exception oJ 

Parnassia already referred to above, arc found to belong to IV megarchetypc in 
the ninth group of the second period. It is not, however. possible to decide the 
systematic position of this genus on the basis of evidence of embryogeny alone. 

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 va.rious genera and families though it 
should not be taken that assignment to their respective systematic position 
is to be on this basis alone. The recent studies have also indicated the various 
evolutionary tendencies that arc evident within certain large families and 
genera. This is particularly illustrative, as indicated earlier, in the large 
families like Leguminosae and Boragillaceae. 



80 SYMPOSIl}M ON PLANT EMBRYOLOGY 

LITERATURE CITED 

BENTHAM, G. & H03KER, J. D. 1862-1883. Genera Plantarum (Lovell Ret:vc & Co., 

London ). 

CR~TE', P.1952. Embryogenie des Datiscacecs. Developpement de l' embryon chez Ie 
Datisca cUlll1a{}jllo L. C R. AClId. Sci .. Pari.~ 234: 1082-10R4. 

DIELS, L. 1906. Droseraceac in Pfianzcnreich, Part 26: (W. Engelmann, Leipzig), 1-136. 

ENOLICHER, S. L. t 836-1840. Genera Plantarum ( Vienna ). 

ENGLER, A. & Prantl, K. 1897. Die natUrlichen Pflanzenfamilien (W. Engelmann, Leipzig). 

HUTCHINSON, J. 1926. The families of flowering plants, Vol. J (Clarendon Press, Ox-
ford). 

J?RGENS[N, c. A. 1923. Studies on Callitrichaceac. Bot. Tid.I'skr. 38: 81-126. 

JQRGENSEN, C. A. 1925. Zur Fruge der systematischcn Stellung der Caltitrichaccen. Jh. 
H'iss. BOI. 64 : 440-442. 

LEBF.GUE:, A. 1952. Recherches cmbryogcniques sur quelques Dicotyledones dialypctales. 
Thesis, Paris. 

LEBRGUE, A. 1953. EmbryogSnic des Parnassiacccs. Dhcloppcment de 1 'embryon ch(z 
Ie Parnassia pa/ilstris L. C. R. Acad. Sci., Paris 236: 1693-1695. 

MAlIESHWART, P. 1950. An introduction to the embryology of angiosperms (McGraw 
Hill Book Co., New York ). 

PACE, LULA. 1912. Parnassia and some allied genera. Bot. Gaz. 54 : 306-329. 

SOUEGFS, R. 1952. Embryologie vegetale. L'albumcn et \' embryon cheL Ie Callitriche 
vernalis Kuetz. (c. l-erlza L.). C. R. A cad. Sci., Parh' 235 : 453-456, 

SOURGES, R. 1953. A propos des rapports embryogeniques du "Peganfllll /10/"1110/0" L. 

Ann. Sci. Nat. Bot. ser. 11 ; 225-251. 

SOUEGFS, R. 1955. Embryogenie dcs Cneoracees. Developpement de I' embryon chez 

Ie CllcorunI lri("occon L. C. R. Acad. Sci .• Paris 241: 1240-1243. 

VAN TIEGHEM, P. 1906. Eiemente de Botanique ( Paris ). 

WETTST(~JN. R. 1935. Handbuch der systematischcn Botanik (Franz Deuticke, Wicn & 
Leipzig ). 



Pollen Development in Some Members 
of the Cyperaceae" 

c. K. SHAH 

Department of Botany, Gujarat University, Ahm~dabad 

Elfving (1879) and Strasburger (1884) working independently on He­
leocharis palustr;s were the pioneers to establish the pollen development in 
the Cyperaceae. Juel (1900), Stout (1912) and Heilborn (1918) investigated" 
the structure of pollen in Carex acuta, C. aquatilis and C. criretorum respectively. 
Juel described the formation of the generative cell by the process of' free cell 
formation' while Stout considered that the generative cell is cut off by a cell 
plate towards the periphery of the microspore. Working with Scirpus lacustris, 
S. paluster and S. ulligiumis, Piech (1924, 1928) confirmed Juel's findings 
but their observations lhat 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 microspote nucleus 
from the three effete nuclei of a tetrad; the latter also get partitioned by similar 
membranes. In Cyperus rotulldus, Khanna (1956) observed a distinct furrow 
separating the three smaller nucki. Gupta (1958), however, denies a septum 
separating the functional nucleus trom the three abortive nuclei in Fimbr;· 
stylis tellero. Dnyansagar & Tiwari (1956) reported that in F. quillquangu­
lads, the functional nucleus moves to one side prior to division. 

Selling (1947) suggested that the pollen of the Cyperaceae should be 
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 Cyperaceae. 

OBSERVATIONS 

The bisex ual floret has a single stamen in Bulbostylis barhata K 1Inth., 
two in Kyllinga triceps Rottb, and three in Cyperus articulotus Linn., 

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

P.E ... 6 



82 

X222 

'. ' 

FIGs. J -3 - Care.\: II'Oilicl/iul/lI . MICROSPORANGIUM (d, region of dehiscence) : 
Fig. L T.s. of anlher lobe showing parictul layers and sporogenous tissue. Fig. 2. T.s. 
mature anther (diagrammatic). Fig. 3. Magnified view of aniher locule marked x in Fig. 2 
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C. n;veus Retz., Eleocharis plJ/ustris R. BI. and Scirpus maritimus Linn. In 
Carex wallichiana Prese., the spikes are unisexual and t he male floret has 
three stamens. 

Each anther consists of four sporangia. Rarely. the two sporangia 
belonging to different thecae fuse in Cyperus articulatus resulting in a tri~ 

locular condition (Fig. 42). 
In each loculus the hypodermal archesporium differentiates as a single 

file of cells running through its entire length (Figs. 17.40). Tt undergoes 
a periclinal division giving rise to an outer primary parietal layer and an inner 
primary sporogenous layer. The former in turn divides to produce three 
layers of cclls. Thus. at the microspore mother cell stage. the anther wall 
comprises an epidermis, the unthickened endothecium, one middle layer and 
tapetum (Figs. I, 18, 41). 

In Car('x the papillate epidermal cells persist even 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 Bulbos/ylis. the epidermal cells shrink 
and form a flattened layer on the connective side, while the cells ncar the 
stomium remain turgid (Figs. 19, 20). 

The middle layer degenerates at the tetrad stage. The cells of the endo­
thecium become radially elongated and from their inner tangential walls, 
fibrous bands run upwards ending ncar the outer wall of eaeh cell. In 
Chamaegyne the epidermis of the anther develops fibrous thickenings and func­
tions as endothecium; hence the genus is regarded as a higilly reduced form 
in the Cyperaceae (Siiessenguth, 1954). In Cyperus, besides the endothccium 
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 second meiotic division and remain 
uninucleate throughout. 'In Carn aqua/ilis, Stout (1912) sketched a tapetal 
cell at an early prophase but further stages are wanting to prove their multi­
nucleate nature. In Cyperus /ege/um, Padhye & Moharir (1958) have 
repotted binucleate tapetal cells, but their figures are not at all convincing. 
The tapetum remains intact till the microspores enlarge and the prominent 
• Ubiscil' granules appear on its inner tangential walls. After the disappe­
aranpe of. the tapetum, the granules come to lie against th~ inner wall of 
endotheclum (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-shaped 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. 21-2"4, 
45,47). After Meiosis I, 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. 4-16 - Car .. ;~ waflit:himUl. M,CROSPOROOEN,·."S ,\,",0 "!ALP GA\II:TOPH'{Tf: 

Figs. 4-8. Meiosis I and 1[ ; one of the dyad nuclcu~ in Fig. 5 show ' n tripolar ~pindle. 

Fig. 9 A tetrad: .tll the four micros~orc nuclei have migr,\[cd (<) one side. Pig. 10. Same. 
three of the microsporc nudd remain ,II one end of pollen grain while the functional nucleus 
migrates back to lhe centre. Fig. II. OclimiWtion of pollen nucleus from Ihe thrCl: mic­
ronuclei b)' n septum; one of the micronuclei is also separated from the other two. Fig. 12. 
Melapha~e of the functional nucleus ; the three micronuclei also form minialure metal'hasic 
plates. Figs. 13-1 S. Two-celled pollen grains. Fig. 16. Three-cclled l'oJ(en grain 
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five as determined by metaphase counts during Meiosis T and n. The same 
number has also been reported by Tanaka (1941). In Cyperus 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 each 
other resulting in tetrahedral or isobilateral arrangement of the nuclei but 
cell plate is not formed. Linear arrangement of nuclei are not uncommon 
in Cyperus (Fig. 46). Finally, all the four nuclei move towards the inner wall 
of the mother cell. 

Several cases of 1ripolar spindles have been observed in Care.\" during 
Meiosis II (Fig. 5). The spindle fibres are directed towards the three acute 
poles and the chromosomes are arranged on a. triradiate plate in the centre 
with the fibres attached to them. The metaphase separation seems im~ 

probable; if the nuclei are at all formed, they may not have the complete 
haploid constitution. Such spindles have been induced in Vicia tuha 
(Sakamura. 1920) by treating the anthers with chloral hydrate and in Epilobium 
(Michaelis, 1926) by intense cold treatment. Heitz (1925) and Hedayetullah 
(1933) have observed a similar feature in Mefandrilll11 and Ol'lIotlierG missal/ri­
Cllsis respectively. In lIydrilla rcrticillata (see Maheshwari. 1950), the multi­
polar spindles gradually revert to bipolar condition. 

After the second division, the pollen grains assume queer forms. All the 
, tetrads' in an anther undergo' contraction' and appear to be degenerating. 
In sections, the grains show vivid forms. This is due to the uneven distrjbu~ 
tiOtl of cytoplasm which is irregularly thitl at the periphery and dense in the 
centre. 

Wadehouse (1935) observed all intcf(:sting 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 who1e assumes a symmetrically ovoid form." Suesscnguth 
(1920) and Tanaka (1939, 1940) also pleaded that the pollen grains give' diffi­
culties in observati011 ' at one or the other stage of dcvelopmClll. The present 
findings support the view of the earlier workers. That this phenomenon is 
not due to plasmolysis has been checked by observations of fresh pollen grains 
mounted in plain water or acctocarmine. 

All the four microspare 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 uegenerating nuclei are de­
limited by a hyaline pl.,ma membrane and may be further separated from 
each other by thin membranes (Figs. II. 27, 49). 

The three non-functional nuclei in Carex may undergo abortive divi­
sions willeh are generally arrested soon after 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 adprcssed to the intine and 
can be seen as dark streaks upto the shedding stage of the pollen. In Cyperus 
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also the non-functional nuclei sltow feeble capacity [or division. Only in 
three cases, four degenerating chromatin masses were seen in the inner comer 
instead of the usual three (Fig. 53). II is inferred that of the three nuclei 
only one n.ucleus divided resulting into four masses. Excepting Juel ( 1900) 
and Tanaka (1939) no olher investigator has reported the division of the three 
small nudei. 

The young microspore i~ richly cytoplasmic with a centrally situated 
nucleus and no vacuolation occurs in the cytopla!>m prior to its division 
(Fig. 28, 50). The spindles in Care,\' arc markedly symml.!trical, broad 
and blunt (Fig. 12). The tWO daughter nuclei are always unequal in size. 
The generative cell rests upon the septum which separates the three effete 
nuclei (Figs. 13, 29). It soon becomes spindle-shaped and appears round 
when cut across (Figs. 15,30,31,52). 

The pollen grains round up, begiJl to enlarge. and finally assume a sym­
metrically ovoid form. Meanwhile vacuoles also appear. The division 
of the generative cel l results in two spherical male gamete (Figs. 16, 32. 33, 
54, 55). The nature pollen grains accumulate numerous starch grains which 
mask tile male nuclei. 

Jifi~~~r£JY~~ci 
\:J'I"~ " 

X'080_--__ 

FIGS. 17-28 - BlllbO!>'Iylis barba/a. MICROSPORANOIUM. M1CROSPOROOENliSf'i AND MALl! 

liAMhTOPHYTh (cI, region or dehiscence: I, lannin): Fig. 17. L. s. young anther 
showing hYllOlicnmll archesporium. Fig. 18. T. s. anther locule at microspore mother ccll~ 
stage. Fig. 19. T. s. nnturt: anther (diagmmmalic). Fig. 20. Magnified view of anther 
locule marked (/ in Fig. J9. Pj~. 21-24. Meiosis I and If. Fi~. 25, 26. Tetrads; the 
funcllol.;;I1 nucleus in Fig. 26 has migrated to the centre. Fig. 27. Pollen grain with on;: 
functional and three non-functional nuclei. The nuclei are separated from each other by 
plasma membralll:S. Fig. 18. Division of the functional nucleus; note abortive divisions 
in non·functional one~ 
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The pollen grain has a smooth exine and is monocolpate with a single 
distal ulceroid aperture located on the side opposite to the three degenerating 
nuclei (Fig. 39). 

Deviations from the above course of development arc a lso observed. 
Frequently, in Bulbostylis and Cyperus double polleu grains are formed in 
which the two cells are wlequal in size having the usual vegetative and gena­
rative nuclei (Figs. 34-36, 57-59). In about 10 per cent or the abnormal 
poLLen grains all the four nuclei remain healthy while the microspore wall 
differentiates into exine and inline (Figs. 31, 38, 56). [t is of interest that the 
thrce abortive nuclei cannol be 5cen in either ca<;c. Sometimes the poLlcn 
graim in Carex show two nuclei or almost equal size. each of which may 
divide again to give rise to the vegetative and generative cells. 

DISCUSSION 

Cytokinesis. In Corex acuta. Jucl (1900) described a trallsiloly cell 
plate after Meiosis J. .Based on lhis, WuIn' (1939) considered it to be a reduced 

Flos. 29-39 - BII/bosty/is barbat(l. MALE GAM£ IOPJly r e (CONTO.): Pigs. 29-31. Two 
celled pollen grain ; the three a bortive nucJ\:i are persis tent although the membrane 
s(!parating them have almost disapp::arl)(! in Fig. 29, Pig. 32. Gonerarive CI!IJ in telophase. 
Fig. 33. Three-celled pollen grain will1 the remnants of the three ad pressed degenerated 
nuclei. Fil,1S. 34-38. Abnormal pollen grains. Fig. 39. Psiiate pollen grain sbO\dnS one 
ulceroid aperture a t the broad eod (lateral view) 
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Flos. 40-59 - C:vperllS articli/arlis. \1CROSI'ORANOIUM, MICROSPOROOENfSIS AND MAl r 

GAMFTOPIIYn (r, tannin-filled cell): fig. 40. r. s. young anther showing an archesporlal cell 
in each lobe. Fig. 41. T. ~. anther lobe showing the development nf the wall. Fig. 42. 
T. s. abnormal anther v.jlh three microsporangill. Fig. 43. T. s. mature anther lobe 
Figs. 44, 45. Ml.liosi~ I. Nelle the presence of darkly ~taincd bodies in the cytoplasm. 
Figs. 46. 47. Telrnd~. Fig~. 48. 49. 1:3 arrdogcmenl of mlerospore nuclei; in Fig. 49 Ihe 
three nuclei (HI! scpamtcd from the fourth one by a plasma membrane. Fig. 50. Functional 
nucleus ar telophase. FigS. 51-53. Two-celled pollen grains: note the Ilresonce of four 
abortive nuch.:i in Fjg~. 5 1, 53. Fig. 54. The generative nucleus at mCltIphasc. Fig. 55. 
Thrce-celled pollen grain. Fig. 56. Abnormal pollen grain where all Ihe Duclei seem to be 
functional. Fig. 57. Abnormal pollen gra; n with two Similar nuclei. Fig~. 58, 59. Double 
pollen grams 
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form of successive type. In E/eocharis palus/ris, Hakansson (1954) states, 
"It seemed 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, .. It may be assumed that the 'rcdulierter 
sukzendaner Type assumed by Wulff (1939) may be accepted only partially." 
Schnarf (1931) regarded the meiotic divisions to be of the simultaneous type. 
The present study on Bulboslylis, Carex, Cyperlls and Kyllil1ga confirms [lis 
observation. 

Septum Formation. Whether septa arl.! formt.:d amongst the quartet 
nuclei is a debated question. There are at least three differeIll types of ob­
servations. : 

(i) Septum formation is entirely inhibited (Su'",enguth, 1920; Piech' 
1924. 1928; Tanaka, 1939; Gupta. (959). 

(ii) Septa arise but arc ephemeral (Elfving, 1879). 
(iii) Septum formation occurs as a regular feature (Strasburger. 1884; 

Jud, 1900; Stout, 1912; Hhansson, 1928; Tanaka, 1939. 1940; Dnyansagar 
& Tiwari, 1956). 

1t is interesting to note that even for the same sp~(.;jes dilferenl opinions 
have been expressed. In Heleocharis palustris. Elfving (1~79) held the second 
view, Strasburger (1884) the third and Piech (1928) the first view. However, 
Piech has reported that the pollen nudeu:-. and the effete nuclei in the corner 
were separated by the secondarily formed catlose membrane. In Scil'puS 
iacustris, Piech (1924) could recognize no cell plate or membrane but Tanaka 
(1940) reported clear septa among them. In Fimbristylis, Tanaka (1939) 
did not observe any septum, but Dnyansagar & 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 micros pare nucleus is separated from 
the three non-functioning nuclei of the tetrad by a partition wall, (ii) whether 
the non-functioning nuclei arc separated from one another by walls and 
(iii) what is the possible fate of the non-functioning nuclei ') 

The author finds that during earlier divisions a septum is formed between 
the pollcn nudeus and the three smai( nuclei and at the same time or some~ 
what later, septa are also formed in between the three small nuclei. These 
septa gradually disappear. 

Thu:-., the :-.eptum formation is nonnal but the statement of previous 
authors (Piech. 1928; Tanaka. 1939, 1940) that there arc exlreme diHkulties 
in observation is instructive. The phase of contraction in polkn mother 
cell probably explains Iheir difficulty. They did observe contracted grains 
but concluded that those arc abortive pollen grains having various shapes. 
The author has never observed th!? entire degeneration of the grains in any 
anther loculus. 

Dnyansagar & Tiwari (1956) in Fimbristylis qllinquangularis found that 
the septum persists even when the non-functional nuclei had degenerated. 
On the contrary, the author finds, the sepIa are formed in all 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, additional 
to all the above mentioned septa, has been reported in Cyperus tegetunt by 
Padhyc & Moharir (1958) which in the authors opinion is very doubtful. 

Finally, the three nuclei degenerate and appear as darkly stained rod­
like bodies which are closely ad pressed 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). Wille (1882, 1886) reports their fusion with the pollen 
nucleus. Still others conjecture that degeneration is owiftg to lack of spac..::: 
for proper functioning (Juel, 1900; Hakansson, 1928; Piech. 1928; Talluka, 
1939; 1940). 

Microspore Nucleus. In the majority of angiosperms the micro SpOiL' 

nucleus comes to lie at one end of the cell due to the formation of a large 
vacuole. Tn the Cypcraccae, no vacuolation is seen in the microspores. 
Both asymmetrical and symmetrical spindles have been observed during 
the division of the functional nucleus. A cell plate laid between the two 
nuclei rests upon the septum separating the vegetative from the three effete 
nuclei. 

According to Pieeh (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. J uel ( 1900) also reported a similar feature 
which he termed ai " free cell formation", but Stout (1912) did not 
SUppOTt it. 

Generative Cell. As mentioned earlier, the generative cell is not formed 
free in the cytoplasm but 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 cell lying 
free in the cytoplasm, his other figure (his text Fig. 7, Plate 2) clearly indicates 
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 effctc 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
bl'istylis qllin,!u(Jngularis have vacuolated cytoplasm and it is claimed that the 
functional nucleus which lies at first in the centre migrates to one side prior 
to its division. However, they do not give any figure in support. 

Maheshwari (1949) writes that the pollen grains of the Cypcraceae are 
shed at 3-celled stage almost without exception. In the plants studied by the 
author the' pseudomonads ' arc always shed at the three-celled stage. How­
ever, Dnyansagar & Tiwari (1956) in Fimbristylis quil1qual1gularis and Gupta 
( 1959) in Kyllil1gia triceps report a 2-celled condition. Their observa­
tions are probably based on the study of immature pollen. It 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 Bl.llho­
stylis barbata, Kyllinga triceps, Cyperus articulatus, C. lIil'eus, Eleocharis 
palustris, Scirpus maritimus and Carex lvallichiafla. 

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 membrane. The abortive nuclei get further 
separated 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 queer 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; 1'128) and Tanaka 
(1937; 1950) did observe contracted 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. In the pollen grain cell plate separating the generative nucleus is 
not situated in the centre but along the wall separating the funclional nucleus 
from the three effete nuclei. The' pseudomonad' is shed at the 3-celled 
stage but the tube nucleus shows a tendency towards degeneration. Occa­
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. Mahcshwari, Drs B. M. 
Johri. R. C. Sachar and S. C. Maheshwari for their helpful suggestions. 
Thanks arc due to the Ministry of Education, Government ofIndia for awarding 
the author a Senior Research :rraining Scholarship. 
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Embryology in Relation to Systematic 
Botany with Particular Reference 

to the Crassulaceae 
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Bailey (1949) has rightly pointed out that if a natural system of classi­
fication is to be attained. it must be based upon" the analysis and harmo­
nization of evidence from all organs, tissues and parts ", The recent researches 
from various disciplines of botany have clearly shown that contributions 
to systematics can come from any of these branches. Some of the 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 
Strasburger ([902), many years ago indicated the possibility 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. 
If such studies are carried out carefuUy in a comparative manner it is possibJe 
to. arrive at some conc1usions of systematic signiticance. 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 system of classification. In this paper the importance of embryo­
logy in relation to systematic botany is presented with particular reference 
to the Crassulaceae. 

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

'" Sedllm palmeri S. Watson, S. aizoon L., S. ternalum Michx., S. stenop~tal(/Ilt Pursh. 
and S. citryso.llthurn ( 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 Saxifragaceae. Podostemaceae and Hydrostachyaceae. 
Bessey (1915) in his phylogenetic alTangement of flowering plants places the 
Rosales close to the Ranales. Hutchinson (1926) regards the Saxifragales 
~s herbaceous groups closely connected with the Ranales but slightly more 
advanced. So an attempt has also been made to compare the embryological 
characters of Ranales and Saxifragales. 

TABLE [---RESEMBLAr;CES BETWEEN CRASSULACEAE ANn SAX[FRAGACEAE 

Emhryoiogica\ chlractcrs Crassulaceae Saxifragaccae 

Crete (1946a, b); Dahlgren Duhlgrl!ll (1927, 1930, 1939); 
(1927,1939); Erdtman(l952); Erdtman (1952); Herr (1954); 
d'Hubert (1896); Johansen Johansen (1950); Martin 
(1950); Martin (t946); Maurit- (1946); Mauritzon (1933a); 
zon (1930, 1933a); Soueges Raghavan & Srinivasan 
(1925, 1927)~ Prc!>cnt study (l942L Soucges ( 1936b, c)~ 

Wiggins (1959) 

Anther wall Multilayered Multilayered 

Division of pollen Simulwneous 
mother cells 

Number of nuclei in maturc 2 
pollen grain 

N umber of germ pores in 3-colporate 
pollen grain 

Number of ovules Many 

Ovule 

Arc!tesporial cclls 

Megasporc quartet 

Embryo sac development 

Fusion of polar nuclei 

Antipodals 

Crassinucellate. bitcgmic 

One ot-more 

Linear, T-shaped, obliquc 
T-shapcd and isobilatenll 

Polygonum type 

Before fertilization 

Usually 3 small cells 

Simultaneous 

2 

_~te iOpol;:o!porate 

Numcrolls 

Crassinucellate, 
usually 

One or more 

bitegmie 

Linear, T-shaped. oblique 
T-shapcd 

Polygonum type: 

Before fertilization 

3 small cells 

Starch grains Present in embryo sac and 
sometimes even in egg cell 

Sometimes present in embryo 
sac and occasionally in egg 
cell 

Endosperm 

Endosperm haustorium 

Embryo development 

Cellular Cellular or Helobial or 
Nuclear 

Prcsent Sometimes present 

Sedum variation, Caryophyl- Scdum variation, Caryophyl-
lad type lad type ~ 
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TABLE 2-D1FFERENCES IN EMBRYOLOGICAL CHARACTERS B1lTWgEN 
CRASSULACEAE AND SAXIFRAGACEAE 

Embryological characters Crassulaceae 

Mauritzon (1930, 1933a); 
Prescnt study 

• • 

Anther tapetum Secretory type 
Ovary Apocarpolls, superior 

Ovule Usually cras~inuccllate, 
bitcgmic 

Integumentary tapdUnl or Absent 
Endotheliulll 

Synergids 

Endosperm 

Endosperm haustorium 

Not hooked 

Cellular always 

Chalazal 

Basal cell of 
proembryo 

two-celled Docs not divide but becomes 
large and vesicular in 
shape; encloses a promi­
nent hypertrophied nucleus 
and develops h;,Hlstoriai 
processes 

Suxifragaceae 

Dahlgren (1928, 1930, 1938); 
Herr (1954); Mauritzon 
( ]933a); Raghavan & Sri­
nivasan (1942); Soucgcs 
(1936a); Wiggins (1959) 

Secretory or amoeboid type 
Syncarpous 1-3, sometimes 

even inferior 

Sometimes tenuinuccHate, 
bitegmic or unitcgmic 

Sometimes present 

Usually hooked 

Cellular, Helobial or Nuclear 

Absent but when present may 
be chalazal or micropylar 

Slightly enlarges and divides 
into a group of cells: does 
not develop haustorial 
proce~~------- ---

Table 1 shows how the Crassulaccae resembles Saxifragaceac in a number 
of embryological characters. These evidences indicate that the families, 
Crassulaceae and Saxifragaceae arc closely interrelated. Erdtman (1952) 
states: "Pollen grains ± similar to those in Crassulaceae occur in Rosaceae 
and Saxifragaceae, etc." The differences in the embryological characters 
of these two families are presented in Table 2. Furthermore, a survey of embryo­
logical characters shows that from an evolutionary point of view, the Saxi­
fragaceae are more advanced than the Crassulaceae. Some of the more 
important of these characters noticed in the Saxifragaceae are: Syncarpy and 
epigyny; tenuinucellate ovule, which is sometimes unitegmic: and the deve~ 
lopment of an endothelium. It may also be recalled that these features are 
characteristic of the various families of the Sympetalae which are regarded 
as definitely advanced in the scale of evolution. 

Podostemaceae and Hydrostachyaceac are two other families in the 
Rosales which are usually placed very close to the Crassulaceae and so a 
comparison of their embryological characters was made (Table 3) It is in­
teresting to find that such embryological characters as, pre.sence of a large 
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number of tiny ovules, a narrow elongated nueellus with a small embryo 
sac'situated at the apex and a characteristic behaviour of the basal cell which 
becomes vesic:ular and forms haustorial processes. are common to all these 
families. Further. the Podostemaceae resembles the Crassuiaccae in ,having 
a secretory type of anther tapetum. binucleate pollen grain, presence of starch 
grains in both pollen and embryo sac and finally D\\"arf type of internal mor· 
rhology of the seed. It is also. significant that the endosperm in both Crassu­
laceae and Hydrostachyuccac is cellular .. In addition to these features 
CrasJ:ula aqualic(J. a member of the Crassutaceac. has a mode of life somewha.t 
similar to that of Podostemaceae. It has the most reduced endosperm in the 
Crassu\aceae ahd this may wd\ form a transitional stage ieading to the compicte 
suppression of this tl"Ssue il'. the Pouostcmaceae. 11 rnay also be pointed out 

TABLE 3--COMPARrSOr-; OF E'IBKYOLOGICAL CHARACTEKS OF CKASSLT­

LACEAE, PODOSTEMACEAE A:-.oO HYOROSTACHYACEAE 

Embryologk~1 

characters 
Cra ... sulaceac 

Martin ( 1946 ); 
Maurilz~m (1930. 
1933a); Ron1bach 
( 1911); Soueges 
( 1927 ); Present 
study 

Antht:r tapetum Secretory 

Number of nucld in 2 
mature pollen grain 

Podostem<lccae 

Dahlgren (1427); 

Hammond (1937): 
Magnus (19t 3): 
Martin (1946): 
M;J.urttzon (lQ33b. 
1939): Razi (1949); 
Went (1909, 1910, 
t912, 1926, 1929) 

So.x:lctOlY 

2 

Hydrostachyaccae 

Dahlgren (1927); 
M<luritzon (I 933b. 
1939); Palm (1915); 
&:!marf· (1931); 
Warming (1882) 

Size ;.md number of Small and many Small and many 
ovules 

Shape or nucellus 

Position of embryo 
sac 

Starch grain'> 

Endosperm 

DivL"ion offi!rtilized 
egg 

Narrow an J , Narrow anoj clongat'.!u 
elongated 

Upper part of Upper rart of nucellus 
nucellus 

Present in mature Present in mature 
pollen grain .\f, pollt:n gro.\in only 
well ascmbryo sac 

Cdlular No endosperm 

Results in two Results in two 
unequal cells u.ncQual cells 

Prescnt in mature 
embryo sac only 

Cellul;:lf 

Ba:,a} c c \1 0 f En};.trgcs, becomes Enlarges. bccom~'> vc ... icular and forms a 
susp;:nsnr \'cskuJar and hallslorium 

forms a hausto-
rium 

Seed (j n t ern <l I DWi.\rf type D\\'arf type 
morphology) 

P. £.,.7 



98 

TABLE 4-DIFFEREI'CES II' THE EMBRYOLOGICAL CHARACTERS OF 

CRASSULACEAE, I'ODOSTEMACEAE A"D HYDROSTACHYACEAE 

Embryological 
characters 

Pollen grains 

Ovule 

Crassulaceae 

E;-dtman 
Mauritzon 
1933,,) ; 
(1927) ; 
study 

(1952) ; 
(1930, 

Soueges 
Present 

Podostemaceae Hydrostachyaceae 

Erdtman (1945, 1952); E r d t man (1945, 
Hammond (1937); 1952); Palm (1915); 
Magnus (1913); Razi Warming (1882) 
(1949); Went (1909. 
19\0. 1912, 1926. 1929) 

Single, 3-colporatc Single or united in United in tetrads, 

Crassinuccllate, 
bitegmic 

Absent 

dyads non-a pert urate 

Tcnuinucellatc, biteg- Tenuinucellatc, uni-
mic tcgmic 

Present Absent 

Development of em- PoJygonum t y P (' ReduCl'd 1\1Jium tYrl.' Polygonum type 
bryo sac 

Number of ro!ar 
nuclei 

AntipodaJs 

Endosperm and 
haustorium 

Basal cel1 of suspertsor 

2 

3 small cells 

uh il/iro cellular; cha­
laza! endosperm 
haustorjum present 

Remains undivided; 
encloses - a large 
hypertrophic d 

nucleus and is not 
partitioned by a 
wall 

Usually a single polar 2 
nucleus or cell 

Usually absent; rarely Cells ('?) 
a single antipodal 
cell or nucleus 

Absent right from the Cellular; endosperm 
beginning haustorium absent 

.~ ... 
Usually thc nucleus ,__At a Jater stage the 

divides and becomes coenoeytic basal 
coenoeytic cell b e com e s 

cellular by the 
laying down of 
irregular walls 

here that on the basis of embryological features 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 Crassulaceae. Podo­
stemaceae 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 
Loranthaceae (Correa. 1958; Dixit, 1958a. b; Maheshwari, Johri & Dixit, 
1957; Narayana, 1958a, b; Rutihauser, 1937), Santalaceae (Paliwal, 1956; 
!tam, 1?57,_1_959a,. b) and Balanophoraceae (Fagerlind, 1945), the 



EMBRYOLOGY IN RELATION TO SYSTEMATIC BOTANY 99 

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

The present study has yielded some interesting d,ta in respect of the orlgm 
of Sax if rag ales. A comparison of the important emhryological characters of 
Crassulaceae, Saxifragaceae, Podostemaceae, Hydrostachyaceae and the various 
families of Ranales has been made (Tables 5, SA, 5B, 5C and 5D). It is signi­
ficant to find that the Crassulaceae and Saxifragaeeae resemble the diffe~ent fami­
lies of the Ranalesin having multi-layered anther wall; simultaneous division 
of pollen mother cells (except Lauraceae, Myristicaccae and Ceratophyliaceac, 
and some Annonaceae where it is of the successive type); two nucleate condi­
tion in mature pollen grain; apocarpous pistil; crassinucel1atc, bitcgmic 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 arc large); and a cellular type of endo­
sperm (except some Magnoiiaceae sensu stricto, Lauraceae, Ranunculaceac 
and Berberidaceae, where it is nuclear). Further, multiple archesporial 
cells which are sometimes present in Crassulaceae and Saxifragaccae are 
also noticed in some families of the Ranales like Lauraceac, Ranunculaceae. 
Nymphaeaceae and Calycanthaceae. Starch grains in mature embryo sacs 
are reported to occur in some members of Crassulaceae, Saxifragaceae, 
Annonaceae, Ceratophyllaccae, Nymphaeaccae and Berberidaceae. Even 
the development of peculiar megaspore tubes noticed in two species of 
trassulaceae is found in one member of Lauraceac (Bambaeioni-Mezzetti, 
1935). In Crassulaceae, after the first transverse division of the zygote, the 
basal cell enlarges and never divides f urlner; this is a.lw observed in Cerci­
diphyllaeeae. These similarities in embryological features point towards 
a possible origin of Rosales (which includes the Saxifragales of Hutchinson) 
from the Ranales, thus supporting Bessey (1915) and Hutchinson (1926). 
The affinities of the Saxifragales from embryological grounds are brought 
out in the following diagram. -.._ 

t-'odostemaceoe Hydrostachyaceae 

---------- -----PODOSTEM 0 N ALES 

-------Cro55ulaceae Saxifragaceo{. 

~ --------SAXIFRAGALES 

\ \ \ I / /,/ 
RANALES 
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TABLE 5-COMPARISON OF EMBRYOLOGICAL CHARACTERS OF CRASSU· 

LACEAE, SAXIFRAGACEAE, POOOSTEMACEAE AND HYDROST.\CHYACEAE 

OF ROSALES 

ROSALES ENGLER & PRANTL. 

1930 

HUTCHINSON, 1926 SAXIFRAGALES PODOSTEMONALES 

Crassula- Saxirrugae Podostema· Hydro.!:ta-
ceae 

Crete (1946", b) 

Dahlgren (1927, 

ceae 

Dahlgren (1927, 

1930, 1939) 

ccae 

Dahlgren (1927) 

Erdtman (1945. 
1952) 

chyaceae 

Dahlgren (1Y27) 

Erdtman (1945, 
1952) 193'» 

Erdtman (1952) 

Johansen (1950) 

Martin ([ (46) 

Mauritzon 

[rdtm .. n (1952) Hammond (1937) Mauritzon (1933b. 

(1930, 1933a) 

Soucgcs (1925, 

Herr (1954) 

Johansen (1950) 

Martin (1946) 

Mauritzon 

(l933a) 

jV1agnus (1913) 

Martin (1946) 

Mauritmn 

(1933b,1939) 

Razi (1949) 

1927) Raghavan & Wenl (1909, 1910 

Present study Srinivasan (1942) 1912, 1926, 1929) 

Soueges 
(l936b, oj 
Wiggins 1.1959) 

Anther wall 5-layered 4-1ayercd 4-1aycred 

Anther tapetum Sccret:)ry tyP;! Secretory or Secretory typ:! 

Division of pollen Simultancou'\ 
mother cells 

Number of nuclei 
in malure 

4t pollen grain 

2 

amoeboid type 

Simultaneous Successive 

2 2 

1939) 

Palm (1915) 

Schnarf (1931) 

Warming (1882) 

Pollen grains sin- Single 
gle or united 

Single or rarely ...... Single or united United in tetrads 
u nit e din ""in dyads 

Number of germ 3~olporate 

pores in pollen 
grain 

Ovary Apocarpous 

Number of ovules. Many 

Ovule Crassinucellalc, 
bitegmic 

Number of archc- One or more 
sporial cells 

te·trads 
Usually 3-col­

porate 

1-3, syncarpOlls 

Numerolls 

Usually crassi­
nucellate, biteg­
mic; sometimes 
tenuinucellate, 
hi- or unitegmic 

3-colpate 

1-3. syncarpous 

Numerous 

Tenuinncellute, 
hitegmic 

One or more One or two 

Non-aperturate 

Numerous 

Tenuinllcellate. 
unitcgmic 

One 
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ROSALES 

HUTCHINSON, 1926 SAXWRAtiAlES PODOSTtMONALES 

Crassula~ Saxifraga- POdOSlel1la­

ccac ceae 

Nature or mcgn- Lin~ar, T-shap-
spore quartet cd, oblique 

T-shape(j ; 
sometimes 
isobilateral 

ceac 

Linear, T-shap- No linear quar-
cd, oblique tet 
T-shapeJ 

Hydrosta~ 

cbyaccac 

Linear 

Development of Polygonum type Polygonum. type Reduced Allium Polygonum type 
embryo sac type 

Starch grains in Present 
mature embryo 
sac 

~llmber and fu­
sion of polars 

2 pOt:.H' nudd 
fus~ beron: 
fert il iL.1t ion 

Antipodab J cells, sm;:~lI, 

rarely large. 

Nnture of coJo- Cellular 
sperm 

Endosperm haus- Present, usually 
toria chalaz.al 

Present 

2 PGli.lr nuclei 
fuse before 
fertilization 

3 ceils, small 

Present 

Usually i.'t singh.: 
polar nucleus 
or rar~ly a 
polar cell 

Usually absent, 
rarely a single 
antipodal cell 
or nudeus, 
small 

Cellular, !-felo- No endosperm 
bial or Nuclear 

Present, micro- Absent 
pylar or 
chi.\la'l<lt 

Development 
embryo 

of ScJum variation; ."ysually of the 

Bas ... 1 cdl of (!\l1-

bryo 

Natur~ of fruil 

Secd (internal 
morphology) 

CaryophyHad Sedull1 vart~ 

type 

Enlarges, does 
not divide; de~ 
vclops hausto­
ria I processes 

Follicle 

ation, C<l.ryo~ 
phy\\ad \ype 

Enlarges, but 
divides into a 
group of cells; 
docs not dew­
lop haustorial 
processes 

Capsule 

Dwarflype, 
sometimes of 
the linear or 
spatulate typ;;-

En!arg~s anJ. the 
nucleus divides, 
thus becorning 
cocnoc} tic; de­
vt!(ops hausto­
ria! processes 

Scpticidal cap­
sule 

Dwarf type 

Vacant columns. mean no information available «'0 far. 

• 

Prescnt 

2 polar !lucid fuse 
heron! 
fcrliliulion 

Cd Is (?) 

Cellular 

Absent 

Enla.rge.", be. 
comes cocoo­
cytic and later 
septate: d\!vc­
lups into a 
hauswriunl 

Small c,: !huh~ 
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TABLE SA-COMPARISON OF THE EMBRYOLOGICAL CHARACTERS 01' 

MAGNOLlACEAE, TROCHOOE:-IORACEAE, CERCIOIPHYLLACEAE 

ENGLER & PRANTL, 

1920 

HUTCf{lNSON, 1926 

AND ANNONACEAE OF RANALES· 

RAN ALES 

MAGNOLIALES 

Magnolia- Trochodendra-
ceae* ccae 

(ScnslI lato) 

BaUey & Nas.t Erdtman (l952) 
(1943a, b, 1945) Martin (1946) 
Bailey & Smith Nast & Bailey 

(1942) (1945) 

Canright (1952, 
1953, 1955, 1959) 

Earle (1938) 

Erdtman (1945, 
1952) 

Johansen (1950) 

Mancwal (l9J4) 
Martin (1946) 

C.rcidiphyila­
ceae 

Erdtman t 1952) 
Swamy & Bailey 

(1949) 

ANNONAlES 

Annonaccae 

Asana & Adalia 
(1947) 

Corner (1949) 
Dahlgren (1927, 

1939) 

Erdtman (1945, 
1952) 

Martin (1946) 

Periasamy & 
Swamy (1956, 

1959) 

Sastry (1955a, 
1957a, b) 

• Schnarf (1931) 

Swamy (1949, 

SchnarL(1931J ~ . 

.~. 
1952) 

Anther wall 5-6 to many 
layered 

Anther tapetum Secretory type 

Division of pollen Simultaneolls 
mother cells 

Number of nuclei 2 
in mature pollen 
grain 

Pollen grains sin­
gle or united 

Single, some­
times adhere 
in tetrads 

Number of germ I-sulcate 
pores in pollen 
grain 

Ovary 

• 

syncarpous or 
solitary 

Single 

3(-4)-colporoi­
date 

pOllS 

Secretory type 

Simultaneous 

2 

Single 

3-colpatc 

5-6 layered 

Secretory type 

Simultaneous or 
successive 

2 

Single or united 
in tf;;trads 

Non-aperturate or 
I-sulcate 
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TABLE SA (COIII£I.) 

EN(;a R & PRANTl, RANALES 

1930 

HUTCHINSON, 1920 MAGNOUALES ANNONALES 

Magnolia- Trochodendra- Cercidiphyl1a- Annonaceae 
ceac* ceae ceae 

Number of ovules 1.2 or more Several to I Many Many to one 

Ovule Crasf,inuccllate, Crassinucellate, Crassinucel\atc, CrassinuceUate, 
bitcgmic bitcgmic bitcgmic bitegmic 

Number of arche- One One One 
sporial cells 

Nature of mega- Linear Linear Linear 
spore quartet 

Development of Polygonum type Polygonum type Polygonum type 
embryo sac 

Starch grain5. in Absent Absent Present 
mature embryo 
sac 

Number dnlt fu- 2 polar nuclei 2 polar nucld 2 polar nudd fus~ 

sion of polars fuse before fer- fuse bef(lre fer- before fectiliza-
tilization tilization tion 

Antipodals 3 cells, small 3 cells, SIll.jJ' 3 cdls, small . 
Nature of eodo- Cellular, 50me- Cellular Cellular Cellular 

sperm times nuclear 

Endosperm hau- Absent Absl;'!ot Absent Absent 
storia 

Development of Onagrad ty~e Onagrad type 
embryo 

Basal cell of Divides into a Enlarges but Divides into a 
embryo group of cells does not group of cells 

divide 

Nature of fruit Follicle, capsule Follicle which is Cluster of 2-6 Etacrio 

Seed (internal 
morphology) 

or berry 

Rudimentary 
type; some# 
times of the 
linear typ;;-

dehiscent or 
~amaroid 

Spalulate typ~ 

follicles 

Linear type 

"'Includes available information 0:1 Winteraceae and Degencriaceac. Vacant colulJ1ns 
mean no information available so far. 
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T,\BLE 5B-COMI'ARIS07'l OF EMBRYOLOGICAL CHARACTERS OF MONIMIA­

CEAE, LAURACEAE A!';D MYRIS'[lCACEAE OF RANALES 

EN(jLER & PRANTL, 1930 

HUTCHINSON, 1926 

Anther wall 

Anther tapetum 

Division of pollcn mother cells 

Number of nuclei in mature 
pollen grain 

Pollen grains single or united 

Number of germ pores in pollen 
grain 

Ovary 

Number of ovuies 
... Ovule 

Number of an.:hcsporial cell:=; 
Nature or megaspore quartet 
Development of embryo sac 
Starch gmins in mature embryo 

sac 

Number and fusion of 1'olars 

AntipodaIs 

Nature of endosperm 
Endo!lpcrm haustcria 
Development of embryo 

Basal cell of embryo 

Nature or fruit 

Seed (internal morphology) 

RANAL[S 

LAURALES 

Monimiaceae* 

(Seusll lato) 

Lauraccae Myristicace<lc 

Bailey & Swamy 
(1948, 1949) 

Erdtman (1945, 
1952) 

Money, Bailey & 
Swamy (1950) 

5-6 layered 

Secretory type 

Simultaneous 

2 

Single, rardy unit­
ed in tetrads 

Non~apcrturate or 
2 (-3) sulcate or 
monocolpah: 

Usually apocar­
pOllS 

One 
Crassinucellat~~ 

bitcgmic 

Ct:llular 

Drup:'H.:e01.lS 

Erdtman (1951) Erdtman (1952) 
Jl"Jhanscn (1950) Joshi (1946) 
Schnarr (l93J) Schnarr (1931) 
Schroeder (1952) Voigt (HISS) 
Stern (1954) Sastry (l955b) 
Sastry (1956, J 958) 

4-5 layered 5-JayereJ. 

Secretory or anloc- Secretory type 
bold 

Successive 

2 

Single 

Non-aperturatc 

One 

One 
Crassiouccllate. 

bitegmi;; 
One Of several 
Linear 
Polygonum type 
Absent 

Successive 

2 

Single 

I-sulcate 

One 
Crassinucellate, 

bitcgmic 

.2 polar nuclei fuse 
before fertilization 

3 nucld or cells, 
inconspicuous 

Nuclear 
Absent 
Piperad or AsteraJ 

Qf Onagrad type 

Divides into a 
.group of cells 

Baccate or 
Drupaceous 

Nuclear 
Absent 

Fleshy, diyiding 
by two valve~ 

* Includes available information on AmboreHaccae. Vacant columns mean no 
information available so far. 
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TABLE 5C - COMI'ARISO;'; OF EMBRYOLOGICAl. CHARACTERS OF 
RA:'\IJNCIJLACEAE. CER,\TOPHYLLACEAE AND NYMPHAEACEAE OF RANALES 
ENGLER & PRANfL, 1930 

HUTCliiNSON, 1926 

Anther waH 
Anther tapetum 
Division of pollen mother cells 
Number of nudei in mature pol-

len grain 
Pollen grains single or united 

Number of germ pore~ in Jlollcn 
grain 

Ovary 

Number of ovulls 
Ovule 

Number of archesporial cells 
Nature of megaspore quartct 

Development of embryo sac 
Starch grains in mature 

embryo sac 
Number and fusion of polars 

Antipou;:ds 
Nature of endosperm 

Endosperm haustoria 

Devdopment of embryo 
Basal cdl of embryo 

Nature of fruit 

Ranun.:ulaceae 
Coulter (1898) 
Earle (1938) 
Erdtman (1952) 
H~iI1iger (1943) 
Johansen (1950) 
Martin (IY46) 
Motticr (1895) 
Schnarf (1931) 
Singh 1I936) 
SOllegb (1934) 
4-layercd 
Se<.:rclory type 
Simultaneous 

2, 3 

Singk 

(2-)3-wlp<ltc 

Apocarpous 

Numerous 
Crassinuct:11ate, 

rardy tenuiJ1uceJ~ 
late, uni-or 
bitegrnic 

R,\NALES 

Ceratophyll~lceac 

D~lhlgrcn (1927) 
Erdtman (1952) 
Johansen (1950) 
Schnarf(J931) 
Stnlsburgher(1902) 

4-layered 
Amoeboid typl.! 
Successive 

2 

Single 

N()n-apenUfcllC 

One 

Onc 
Crassinuccllatc, 

uni~~-;-~ 

Several or I Onc 
Linear, T-shapcd, Line.u, T-shapcd, 

obliqut! T-~hapeJ oblique T-shaped 
Pot}gonum type Polygonum type 
Absent Present 

Nymphaeaceae 
Cook (1902, 1906, 

1909) 
Dahlgren (1927) 
Erdtmnn (1945, 

1952) 
Johunscn (1950) 
Martin (1946) 
Schnarr (1931) 

Secretory type 
Simultu.neous 

3 

Single, rarely unit~ 
cd in tctrads 

Usually 3.colpate 

Apo(.;arpous or 
syncarpous 

Many to one 
_C; rassinucc1latc, 

bitegmic 

I llr sev..::ml 
Linear 

Polygonum lypt.! 
Present 

2 pol,lr nudei fmc 
before fertilization 
3 celb, large 
Nuclear 

2 polar nuclei fllsc 2 polar flucki fllse 
before fertilization before fertilization 

Ab~ent 

Onagrau type 
Divides into a 

group of cells 
Bunches of folli­

cle or dry achen­
es or bt:rry 

3 cells, small 
Cellular 

Absent 

Asterad t)' pc 
Divides into a 

group of cells 
Nut 

3 cd Is, small 
Cellular, 

Helobial (1) 
Chahwll hausto· 

T ium present 
when cellular 

Asterad type 
Divides tntl) a 

group of cdls 
Indehiscent pod 

or spongy berry 

Seed. (irft'crnalmorphology) Rudimentary type, Broad typc 
sometimes of the 
linear type 

Vacant column.; rno.:an no information available so far. 
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• 
TABLE SD-COMPARISO:-lOF EMBRYOLOGICAL CHARACTERS OF BERBERI­
DACEAE, LARDIZABALACEAE, MENISPERMACEAE AND CALYCANTHACEAE 

OF RANALES 

ENGLER & PRANTL, 

1930 
RANALES 

HUTCHINSON, 1926 Berberida­
ceae 

BERBERlDALES 

Lardizaba­
laceae 

Anther wall 

Clark (1923) Erdtman (1952) 

Dahlgren (1927) Schnarf (1931) 

Erdtman (1945, Swamy (1953) 
1952) 

Johansen (1950) 

Johri (1935) 

Martin (1946) 

Mauritzon (1936) 

Schnarf (1931) 

5-6 layered 5-Iayered 

Menisper­
maceae 

ROSALES 

Calycantha­
ceae 

Erdtman (1952) Erdtman (1945, 

Joshi (1937, 1952) 

1939) Schnarf(1931) 
Joshi & Raman 

Rao (1935) 

Martin (1946) 

Sastri (1954a, b) 

5-1ayered 

Anther tapetum Secretory type Secretory typ~ Secretory type Secretory type 

Division of pollen Simultaneous Simultaneous Simultaneous Simultaneous 
• mother cells 

N urn ber of nuclei 
in mature pollen 
grain 

Pollen grains 
single or united 

2 2 

Single, some- Single 
times united in 
tetrads 

Number of germ 3-colpate 
pores in pollcn 

3-colpate 

grain 

Ovary One Aj::ocarpous 

2 

Single 

3-colpate or 
3-colporate 

Apocarpous 

Number of ovules few to 
numcrous 

Numerous or Two to 1 
solitary 

Ovule Cras~inucellate, Crassinucellate, 
sometimes bitegmic 
tenuinucellate, 
bitegmic 

Number of arc he- One 
spadal cells 

Nature of mega- Linear 
spore quartet 

One 

Linear 

Crassinucellate, 
bitegmic 

One 

Linear 

~ --------------Sillgie, sometimes 
united in tetrads 

2-3-sulcatc 

Apocarpous 

Sclitary or 2. 
superposed 

Crassinucellate, 
bitcgmic 

One to several 

Linear 

Development of Polygonum type Polygonum type Polygonum type Polygonum type 
embryo sac 

Starch grains in Present 
mature embryo 
sac 

Absent Absent 



TABLE 5D ( COllld.) 

ENGLER & PRANTL 
1930 

HUTCHINSON, 1926 

Number Jnd 
fusion of polars 

Antipodals 

Nature of cndo-
sp~rm 

Endosper"nl haus-
toria 

Development of 
embryo 

Basal cell of 
embryo 

Nature of fruil 

Seed (internal 
morphology) 

R A N 

Bcrbcrida~ BERBERllJALES 

ceae Lardi/aba-
laceac 

2 polar I1UC!t:i 2 polar nuclei 
fuse before fuse before fer-
ferti!itation t"lization 

3 celli, large 3 cells, small 

Nuclear Cellular 

Absent Absent 

Onagrad type 

Divides into a 
group of cells 

Berry or capsule 

Usually linear 
type; sometimes 
spa_tulate or 
rudimcr.tary 
tYQc 

Fleshy, indehis-
cent or dehis-
cent 

ALE S 

Menisper· 
mllceae 

2 polar nuclei 
fuse before fer-
tilization 

3 cells, SflHlll 

Nw.:kar 

Absent 

Onagrad type 

Divides into a 
group of cells 

Drupaccous 

Usually linear 
type; some­
limes spatu~ 
Jate type 

Vacant columns mean nc. information available so far. 

SUMMARY 

101 

ROSALES 

Calycantha· ce,. 

3 small 

Cellular 

Adlcne 

In several important systems of Classification the Crassulaceae is placed 
10 Rosales, closely adjacent to Saxifragaceae. Hutchinson includes Cras­
sulaceae and Saxifragaceac in Saxifragales under Archichlamydeac. 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 characters can be used in determining t}J.C 
relationship of this family to such closely allied families as the Saxifragaceae, 
Podostemaceae and Hydrostachyaceae. Bessey places the R osale, close to 
the Ranales. Hutchinson regards the Saxifragales as herbaceous graul's 
closely connected with Ihe Ranales hut slightly more advanced. The embryO­
logical characters of Ranales and Saxifragales have also been compared. 

It is seen that the Crassulaccae resembles Saxifragaceac i!l a number of 
embryological characters which indicate that the Crassulaceae and Saxi­
fra~aceae are closely interrelated. Furthermore, a survey of 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 CrassuJaceac resemble the latter in a number of embryological 
characters. Crassula aquaticQ has a mode of life somewhat similar to Podo­
stemaceac. 

A comparison of the important embryological characters of Crassulaceae, 
Saxifragaceae, Podostemaceae, Hydrostachyaceac and the various families 
of Ranaks has been made. It is significant to find that the Crassulaceae and 
Saxifragaccac have a number of embryological characters in common with 
different families of Ranales, thus supporting the views or Bessey and Hut-­
chinsoll. 
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The Embryo of Monocotyledons 
A Working Hypothesis from 

a New Approach 
B. G. L. SWAMY 

Depanmcnt of Botany. Presidency College, Madras 

" In the early stages of development, the procmbryo stages. the embryos 
of dicotyledons and monocotyledons follow similar sequences of cell division. 
and both become cylindrical or club-shaped bodies. The difference in develop­
ment becomc~ evident when the formation of the cotyledon begins. [n the 
absence of a second cotyledon the monocotyledon embryo does not become 
two-lobed at the distal end ... " This quotation from Esau (1960) accurately 
sums up our contemporary understandlng of the relationships. of the mono~ 
cotyledonous and dicotyledonous embryos. 

If thc early stages of ,'mbryonal deyc)opment in the lWO groups of angio­
spermous taxa are alike, then at what precise st.:p and in \vhat manner does 
the divergence manifest itself? Adequate answers to such queries have not 
yet been put forward. 

Leaving aside those plants where the first divi"ion of the zygote is eilher 
by a vertical or oblique wall ()u,h instances being rare) the partition wall 
is laid down in a tran"versc plane in the large majority of angiosperms, thus 
giving rise to a superposed arrangement of the daughter cells. Of these, the 
cell that is nearest the micropyle is the basal cell (conventionally designated 
cb) and the one that is away froill the micropyle is tile terminal cell (conven­
tionally designated cal. During the division of these cells the wall is laid 
down generally in transverse or in longitudinal plane. The subsequent mode 
of segmentation and behaviour of the daughter cells of the basal cell (cb) 
are variable; on the other hand. the ontogenetic sequences in the daughter 

____ cells of the terminal cell (ca) are more stabilized. In the four-celled proembryo 
the cells are generally arranged either in a linear rO\v (Fig. 1 A) or in aT-shaped 
manner in which the daughter cells of the terminal tier arc adjacently placed 
in a single tier (Fig. I B). 

In the linear kind of four-celled procmbryo, the superposed daughter 
cells of ('{/ first divide by a venical wall, and the resulting cells again by another 
set of walls in the same plane but oriented at right angles to the previous 
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partlllon. Thus. a body of eight cells (octant) is formed in which the cells 
are arranged in two superposed tiers (I and I') of four cells each; the compon­
ent cells of each tier conform to the isobilateral plane of construction (Fig. I C). 
The formation of the octant stage in aT-shaped procmhryo follows either 
of the two cour«s 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 prod ucing the octant stage. The component cells thus become dis­
posed in two superposed tiers (I and I') of four cells each. The end product 
resembles the octant derived from the linear type of four-celled proembryo 
(Fig. I DJ. (ii) The first division of the adjacently placed cells results in 
a four-celled tier as described for the previous course (Fig. I 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 \vhich an axial group of 
four cells becomes confronted peripherally by their sister cells (Fig. I F). 

Thus. in the angiosperms in general, two types of octant ·configurations 
are seen irrespective of the catcgory of the four-celled pro embryo 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 eight 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 similarity 
until the attainment of the octant stage. At this stage of embryogenesis the 
destinations of the component cells become determined, thereby laying the 
foundation for future histogenesis and morphogenesis. 

The share contributed by the derivatives of the basal and terminal cells 
of the two-celled proembryo toward the construction of the mature embryo 
is highly variable in angiosperms. In fact, the relative quantum 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 one 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 componcnt cells 
are disposed in two tiers) 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
terminal 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: 
(iJ directly from a group of cells of the terminal tier (Fig. 2 A), and (iiJ through 
the formation of an epiphysis which in turn functions as the initial (Fig. 2 B). 
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The cotyledonli abo ari,e general!) from lh.: ~amc tier that give~ rise (0 the 
shoot apex. Frequently. however, ao; in the Papaveraceae. Lcguminosae 
(pro parte), Gcsneriaceae and others thc cOlyledons originate from (hc sub­
termina.l lier (rig. 2 C). 

The recognized similarity in the early .rrocmbryonic development in mono­
cotyledons alld dicotyledons hali led the embryologists to dra'" certain COI1-

clul>ions regarding the identLtv of OClan t:. 111 the two taxa. Th~y vbualize 
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two vcry 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 shoot 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, In or /' (Fig. 4). It is rather disappoin­
ting that in spite of the carefully documented studies on embryogenesis of 
angiosperms that have become available, 'vcry Jittle attention has been Jcyoted 
to the origin and early ontogeny of the cotyledons and of the future epicoty­
ledonary part. Most contributors have contented themselves by giving a 
rough idea of the regions of the proembryo engendering the cotyledons. 
There arc, hOV\lever, a few investigators who have painstakingly and meti­
culously followed the detailed development of the cotyledons (Noll, 1935; 
StetTen, 1952; some contributioll5 of Soueges and of his pupils). 

In the dicotyledons, the initials of the stem apex and of the cotyledons 
arc delimited at the octant stage itself. After the formation of dermatogen 
(protoderm) in the terminal. somewhat hemispherical tier (Fig. 3 A I. the inner 
derivatives (the cotyledonary initials) divide by periclinal walls, thereby de­
limiting the outer me and the inner nIl! (Fig. 3 B). Anticlinal divisions follow 
in the outermost and in the middle layers; divisions in the cell ml' arc essentially 
in the periclinal plane. As·a result, the derivatives of the dermatogen, me 
and mv give rise respectively to the epidermis, periblem and plcromc of the 
cotyledons (fig. 3 C. D). Due to this mode of growth. the cotyledonary pri­
mortlia become raised above the level of the shoot apex initials (Fig. 3 0, E). 
The latter group of cells remains relatively quiescent, or if the cells divide, 
the divisions are rew and the walls laid down are essentially in tlie anticlinal 
plane. In either case, the cotyledonary primordia grow in diverging direc­
tions and the terminal pall of the embryo becom"es notched while the embryo 
as a whole assumes a heart· shape (Fig. 3 E). 

A review of available literature on the behaviour of the terminal tier in the 
monocotyledons 1eads to the refognition of two extreme patterns as follows: 

A. After the delimitation of cells 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' initials (Fig. 3 F); the planes of cell division abo 
simulate the pattern occurring in the cotyledonary initials of the dicotyledons. 
As a cumulative result, the hemispherical terminal tier as a whole e'\panJ~ 
pari passu; the gencral 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 early planes of division in the cells corrcsponding to the initials 
of the shoot apex and cotyledons are predominantly transverse, divisions in 
other planes occurring sporadically (Fig. 3 I, J). Thus, frolll 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 patlerns of variability de­
scribed a bove as well as in lhe intergrading kinds the cell COl responding to 
the initia ls of the dicotyledonous shoot apex do not remain quiescent, but 
keep pace in merislema ric activity Wilh the cells thal correspond to the coty­
ledona ry initials ; in some cases, the bulk of tissue produced by the' shoot 
apex initials' exceeds that engendered by the' cotyledonary i.n.itials '. How-
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ever, it is only in the initial stages of growth that the deriva.tives of the two 
types of initials are likely to be recognized distinctly. because, the borders 
merge with onc another at later stages. The ell bloc derivatives assume the 
form of a stub, and the embryo as a whole becomes somewhat cylindric or 
spindle-shapcd (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 cotyledon:; as well as of the shoot apex, In the dicotyledons, 
this tier engenders the corresponding structures while in the monocotyledons 
it is supposed to develop into a single cotyledon. 

Considerations such as these raise a basic question. Are \\le justified 
in accepting that all the dcrivatives of the terminal tier of the monocotyle­
donous octant as representing a single cotyledon and in asserting that it. 
occupies a terminal position in 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 become 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 compJt:x 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 
qmsiderable morphological prominence in that it becomes Cxof!loIphologicalIy 
differentiated into the so-called sheath. lamina, etc, _In--non-endospermous 
seeds it functions as a storage organ and in endosper~ous seeds, presumably 
as an absorptive organ, the feeder, foot, or sucker. 

A strict adherence to the ourrent opinion necessitates the following argu­
ment: TIW initials of the shoot apex and of the cotyledons having failed 
to produce normal structures' iq_ normal topography. a -ne\v functional shoot 
meristem has become substituted'in the monocotyledonous embryo, The 
locus of initiation of this meristem has invariably been assumed to lie in a 
lateral position either in the tier m or 1', 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. Sl;Ich a condition has been recorded by Solms, 
Laubach (1878) ill TinnQntia and Heterachtia (Commelinaceae), by Campbell 
(1897) in Zannichellia (Zannichelliaceae), ,by Siiesscnguth (1921) and Goebel 
(1933) in TradesclIllfia (Commelinaceae). by Haccius (1952) in allelia (Hydro­
eharitaceae) and by Baude (1956) in Stratiotcs (Hydrocharitaceae), The 
conclusions reached by Solms-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 Sliessenguth and Goebel, 
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their reports have a lso been viewed with suspicion ; recent detai led studies 
on Comllle/illtl /or:;hl/aei (Maheshwari & Baldev. 1958). COlllllle/inn CO/lllll1l11is 
a nd Rhoeo disc%r (Soueges. I 958a. b) have asserted the terminal origin of 
the cotyledon and the lateral origin of the shoot apex. A re-assessment of 
Haccius' text and illustrations has led SOl.leges ( 1954) to categorically COll­

dude that the origin of the stem apex in Olfe/ia is truly lateral; this a uthor 
has abo I e-affirmed s~lch a condition to be pre'>en t in Sagiltoria and Poromogefoll. 

'The concept of the (iivi",io\\ of fiov;c.ing plants into two majo\' ca.tego\'i.cc;, 
on the basis of the number of cotyledons was codified by John Ray in 1682. 
This idea soon gained momentum and for mon:: than the past 275 years has 
been the established foundation for proline gro\\th of dh ersili.ed plant sciences, 
-taxonomy, general and comparative morphology. embryology. anatomy 
and histology. In the flush of en thusiac;m that accompanied the post-Darw­
inian period, the endre edifice of phylogeny and discu!>siolts on the intcrrela­
tion hips of angiosperms have been and arc being elaborated with implicit 
faith in the premise. As a result. ullwarranted and unlimited controversies 
have centred around the naturc of the monocotyledonous embryo for over 
half a century. The crux of th.c problem hac; bcen to find a \\ay of reconciling 
the disparity not only in the numbcr of cotyledons in the two groups of an­
giosperms but also the terminal o rigin of the cotyledon in th.:: monocotyle­
dons. All explana t ioll~ and argument!> that have been put forward in this 
regard have furthermore stemmed from yet another premature a sumption 
that living monocotyledons have been derived from !>ome exta nt dicoty­
ledonous ancestor. Thu.,. by an unquestioned acceptance of a wng-csta­
blished assumptlon together with a hypothetical surmise the embryologists 
have reached a Graws quo. 

The propOllcnts of one chool maintain that the single cotyledon of the 
n1011ocotyledon::. i::. a product or fUiiion of the t" 0 cot) ledons of dicotylcdon~, 
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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 evidence fails to support either view. Thus, if it 
is taken 10 be a fusion of cotyledons only, we arc faced with the fact that it 
is not a fusion of these two ~tructures 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 onc 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 one normally devclo]."­
ed and the other somewhat ill-developed cotyledons that have often been 
adduced as representing transitional stages in the attainment of monocoty­
Icdony. That such endeavours are contemporaneous is in~tanced by the 
publication of Haccius (1954) on Ciaylollia l'irgillica. Although there appears 
to be an apparent plausibility in this type of argument. more complete dis­
cussion is not possible for want of ontogenetic data 011 the monocotyledons. 
However. strictly foHowing the current concepts, tlte so-called cotyledon of 
the monocotyledons cannot be considered to be the homologue of either 
one or both the cotyledons of the tlicotyledons. as the so-called cotyledor 
of the monocotyledons represents tht: consolid'ted proouct of thrct: distinct 
structures, the two cotyledons and the primary shoot apex. Thus, the latent 
cotyledonary number in the monocotyledons also should he two. 

The salient points of the foregoing discussion may be briefly stated as 
follows : ___ ~ 

I. fn both dicotyledons and monocotyledons- tTier; is general agret:­
ment in regard to the obviousness of olllogenetic similarity until the attain­
ment of the octant stage. 

2, ln both the groups of flowering plants, on the basis of contemporary 
understanding, the initials of the two cotyledons and of the terminally posi­
tioned shoot apex are rccGgnizablc. 

3. Tn the dicotyledons the derivalives of the concerned initial cdls engen­
der the corresponding structures. In the l11.onocotyledons, on the other hand, 
the derivatives should be considered a~ 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 quiescent at least until the cotyle­
donary growth is well ahead. 1n the monocotyledons, on the contrary, the 
growth of the' shoot apex initials' and of tht: . cotyledonary' initials h:gins 
simultaneously. the derivative cells soon merging into a single structure. 
Therefore, the monocotyledons also should he presumed to possess funda­
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 fundamental homologies and created wholly Ull­

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 presented 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 nionocotyledons, in general, the radicle never 
develops into apermanentiy 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 roots develops sooner or later and takes 
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
phogenetically sterile, the opposite pole also has suffered a similar fate al­
though in a lesser and variable degree. Just as a new functional shoot nv~ristem 
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 r~action 

system. According to the components of this system and the sustaining 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 to the following postulates: 

The internal as well as external factors and the r-csulting met_abo-hc gradient 
systems operate in such a way as to pro'duce an octant ..proembryo through 
similar means in both dicotyledons and monocotyledons. 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 grobps. In the dicotykdons, 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 seat of growth 
and morphogenesis should have become localized in the derivatives of the 
subterminal tier. The functional shoot meristem becomes organized at such 
a pole. 

In conclusion, the essential differences between the dicotyledonous and 
monocotyledonous embryos will have to be looked for neither in the number 
of cotyledons nor in their topographical relationships, but in the morphogenetic 
potentialities of the primary terminal meristcms, especially the one at the 
shoot pole. In the dicotyledons these tissues develop into the functional 
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;'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 
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The earlier classification of ovules into three types, viz. nrlhotropOllS, 
anatropous ,md campylotropous has been modified by Warming (1913) and 
Goebel (1933). Malleshwari (1950) stateJ that mature ovules arc usually 
of five types. These types are based on the position of the micropyle in re­
lation to the hilum and chalaza. and that various forms of ovules may 
sometimes intergrade into one another, or the same ovule may undergo various 
forms during the course of its development. 

Bocquet (1959) has suggested that the classification of ovular forms 
should bc based on the initial stages of development of ovules as well as the 
position or the va.scular str'Jl1d in the funiculus. According to \\\\1), the ba.':\\'i: 
groups of ovule are orthotropous and anatropous. The curvatures which 
give rise to (.;ampylotropous or amphitropous conditions arc modificatio"_s 
of thcse two basic types. 

The earlier workers on thl,) family Euphorbiact:ae mention that ovules 
arc mostly ana- or hemiana-tropous (see Schnari'. 1931; Banerji & Dutt. 1944; 
Banerji, 1949, 1951; Singh. 1954; Kapil. 1956). Thathachar (1953). however, 
considers that the ovules in BreYlIia pafells arc orthotropous. None of the 
above mentioned workers on the Euphorbiaceae have considered the ovular 
forms on the basis of their development, a;- well as on the nature of the va'S­
cular strm1d in the ovules. erhc present paper deals with the ovular forms in 
Melol1thesa rhamlloides 1 Wt.; Cr%ll bOl1plalldimmlJ1 Baill. and Trelria poly­
carpa Senth. belonging to (he family Euphorbiaceae from the above mell­
tioned points of view. 

MATERIALS AND METHODS 

Flowers and fruits of different stages of Me/ulil/wsfJ rhamnoidcs and 
Crotoll bOflplaudiullul1I were collected locally while those of Trelria po{ycarpa 
were obtained from Dchra Dun. The materials were fixed in formalin­
acetic-alcohol and stored in 70 per cent elhyl alcohol. These were dehydrated 
and cleared through elhyl alcohol-xylol scries, as well as ter.-butyl alcohol-

1,Welanthesa rhaml1oitit's Wt. (syn. BreYllia rlzallllloides Muell. Arg.) 
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ethyl alcohol series, and imbedded in paraffin in the usual way. Sections 
were cut 9 to 20!l thick and stained in Heidenhain's iron haematoxylin, 
safranin fast green, and crystal violet~erythrosin combinations. 

OBSERVATIONS 

1n erMolI hOllplalldianum [l single ovular primordium and in l'vfelanthesa 
rhaml10ides two ovular primordia arise on the axile placenta in each Iocule 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 slarts so that their apices 
come to face tIle apical parl of the ovary. The two integuments also make 
their appearance and the nuccllar apex begins to grO\v into a beak-like stru~ 
cture. In the formation of the nucellar beak. tile epidermal and the hypo­
derma! ceUs divide predominent!y in anti- and peri·clinal planes. The two 
integuments grow further, the outer grows beyond the inner, hut neither 
of them is ever able to enclose the nucellar beak completely: a micropyle is 
thus never formed in these two species. 

Tn Croton bOl1plandial1wn the ovular curvature is accompanied by the 
shifting of the position of its attachment region on the placenta. Thc 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 ]att~_r -,is tarried 
higher up so that the ovule finally becomes pendulous {f'lg~ 3). Landes 
(1946) also observes that in Acalypha rhomhoideam" ovules arise from the 
placenta at the base of the loculi and on account of the morc rapid growth 
of the basal part of the placenta the attachment region of the ovule is soon 
carried upward. 

]n Melclllfhesu r/HlIJlIloides. o._[l the other hand, the attachment region 
of the ovule on the placenta always remains at a lower level ll1 the !oculcs as 
the growlh 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. bonplandiollum the vascular supply to the ovule descends suffi· 
ciently down through the raphe to reach the chalaza. Thus the bundle in 
the raphe and the ventral carpellary bllndles run more or less parallel (Fig. 3). 
After reaching the chalaza the bundle of the Japhe divides into two or some­
times into three main s.trands which, while ascending through the inner in­
tegument undergo further divisions (Figs. 4-6). 

The ovule in M. rlwlnnoides. on the other hand. has an appreciably 
hroader attachment region. Besides this, the vascular supply to the ovule 
also originates in the basal region of the loculus from the ventral carpC/lary 
bundles and ascends marc or less obliquely to reach the chalaza (Figs. 7, 8). 
There are no integumentary bundles in this plant. 

The oyu!c~ in these two plants, in spite of having many features in common, 
such as two integuments, an elongated and curved nuceHar beak, the file-­
ropylar end facing the apical part of the ovary, show that their form, as well 
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FIGs. 1-9-Crotol/ bOllplandiQlIlI1II (ell, endo,perm; ii, inner integum.:nt; lib, nucellar 

beak; (lb, obturator; oi, outer IIlLegumcnt; aI', ovular primordium; rb. raphe bundle): 
Fig. I . L. ~. part of ovary showing ovular primordium ill the ba!o'~ of the locule. Fig. 2. 
Meltll/(ltes(l r"amnoides. L. s. ovary sho\\ing one ovule primoruium in each loculc. Fig. 3. C. 
bOl/plamliolllllll. L. s. ovult: before fertilizJLJon. rigs. 4. 5. 6. C. hOllplalldia"lIIl1. T.~. deve­
loping seed. Figs. 7, 8. If. rlranmoidl!s. L. s. 0\ ule at mcgaspore tetrad and zygote slages 
respeclivcJy. Pig. 9. Trewia polycarpa. L. s. ovule before fertiuz:uion. Vascular supply 
is partly reconstructed jn 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 weU as in subsequent stages of seed development. 

Trewia polycarpa, like C. honpfmulianunI, possesses a single ovule in each 
locule, but in contrast to the latter its ovules arc fused with the placenta al­
most throughout their length with no indication of a definite raphe (Fig. 9). 
Due to non-availability of the material of earliest stages the development of 
ovull.! 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 T. poiycGl'pa, how­
ever, possesses a massive nucellus and two integuments and in contrast to 
M. rhamnoidf?s and C. bonplcmdianum possesses a distinct micropyle. The 
beak-like nucellar apcx 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. poiycarpa is very interesting, for 
it presents marked difference over those commonly found in other members 
of the family (Singh, 1959). Fig. 9 shows that a 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 from the ventral carpellary 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 outer integument. The residual vascular tissue grows upwards 
and organizes into a cup-shaped structure 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 the nucellus or the 
inner integument. Slightly above the origin of the raphe bundle, a number 
of vascular strands are given out from the ventral carpetlary bundles. Th.ese 
strands enter the outer integument. 

DISCUSSION AND CONCLUSION 
"-

From the: above mentioned observations it is clear that in the ovules of 
Croton bonpiOldia""", the shifting of the attachment region is brought about 
by the active gl'Owth in the region of the attachment, as well as in the region 
below it during the overall growth of the ovary. As a consequence of th.is, 
the vascular supply of the ovule has to descend considerably down to reach 
the chalaza, On the other hand, in MeiGlllilesa r/wl11lloidcs the attachment 
region of the ovule remains confined in the lower region of the locule as 
more active growth takes place above this region, The va,cular supply, 
therefore, only follows an oblique ascending course to the chalaza. 

It may, tll,!fefore, be suggested that the p,ndulous and non-pendulous 
nature of the ovules in the family Euphorbiaceae can be achieved simply due 
to differential grmvth in varying regions of the placenta. The ovules which 
arc pendulous approach the anatropous form while those which are attached 
only in the lower region extending up to the base of the chamber approach 
the orthotropous type, 
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Trewia po/ycarpa, because or 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. 

It is a pleasure to offer the sincere thanks of the author to Professor 
Bahn.dur Singh under whose guidance this work has been accomplished, 
and to Dr R. K. Singh, Principal B. R. College, Agra for facilities and 
encouragement. 
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In vitro Induction of Adventive Buds from 
Embryos of Cuscllfa refiexa Roxb. 

P. MAHESHWARr & B. BAlDEV 

Department of Botany, Uniwrsity of Ddhi. D..:lhi 

Attempts have been made to induce advcntivl: embryony so as to obtain 
more than one plant from a single seed. Haberlandt (1921. 1922) claimed 
to have obtained two embryos in OelJothera 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 nnconfirmed. Van Overbeek et al. (1941) injected various 
chemicals into the ovaries of Datura stramonium. 111 a few ovules intcgu~ 
m'Cntary )ifo\ifcra,\\cns re<;,embhng embryo::, w~re observed but these remained 
undiITerentiated and are now considered to be tumorous growths. Fager­
lind's (1946) experiments on Hos", indicate that though it is possible to induce 
the ovules of this plant to produce advcntivc embryos by the application of 
suitable chemicals. endosperm development fails without normal fertilization. 
In the absence of the endosperm the artificially induced adveniive embryos 
failed to develop further and such ovules ultimately shrivelled and died. All 
the experiments mentioned above were carried out on flowers which were 
attached to the parent plant and it was naturally difficult to regulate the supply 
of nutrients to the embryo sac. 

With the advent of the in 1'ilrO culture techniq lie thi~ 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 Cuscula reflexa. whose life­
history has been studied carlier by Johri & Tiagi (1952). 

MATERIAL AND METHODS 

ClIscuta re/fexa. a total parasite on many angiosperms, flowers and fruits 
at Delhi during the month" of October-Tebruary. Cultures of embryos were 
started in January 1960. Fruits of various sizes were surface-sterilized by 
dipping in 95 per cent ethanol and then flaming: Seeds were dissected out of the 
fruits and the emhryos excised with the help or needles under aseptic conditions. 

P.E ... ~ 
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Two different stages were chosen: (a) undifferentiated ovoidal embryos, 
0·5-1·0 mm. long; and (b) older 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' ~- v[tamins t + glycine (7.5 mg!./!.) T sucrose 
(5%) + casein hydrolysate (400 mg!./].) + indole-acetic acid (l mg!./l.), unless 
mentioned otherwise. 

Following the customary methods of dehydration and imbedding, the 
cultured embryos were cut at a thickness of 10].1 and sta[ned w[th safranin­
fast green. Some whole mounts were also made after dehydrat[ng in tile 
alcohol-xylol series. 

OBSERVATIONS 

When the young and ovoidal embryos were cultured on the basic medium, 
tlley 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. I R). In six 
weeks these overgrowths had coalesced to form a hypertrophied mass and 
small whitish or greenish protuberances simulating young embryos wete 
observed all owr the surface of this mass (Fig. 2). These have been designated 
here as advcntive embryos. 

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

Most of the adventlve growths closely resembled the embryo arising from 
a zygote (Fig. (4). They also had a dome-shaped shoot apex surrounded 
by two scale leaf primordia (Fig. 13). However, the 'plumular leaves' 
often showed many abnormalities in their development. Some embryos !lad 
only one leaf, still others had none. 

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

• MgS04'7H20 (360 mg./I.), Ca(NO,),4H20 (260 ",g.!I.), N.,SO, (200 mg.!!.), 
NaH2PO, (165 mg./!.), KNO, (80 mg./L), KG (65 mg./!.). MnSO,'4H,G (lmg./!.), 
ZnSO,7H,o (0' 5 mg./!.), H,BO, (0' 025 mg./!.), CuSO, SH,o (0· 025 mg./!.), NaMoO, 
(0'025 mg./!.), CoCl (0'025 mg./1.). FcC,O,H,.5H,O (10 mg./1.). 

4: Niacin (I' 25 mg./L), thiamine hydrochloride (0, 25 mg./J.), calcium pantothenate 
(,025 mg~/1.) al'ld pyridoxine hydroChloride (0'025 mg./!.). 

§Haccius & Troll (1961) point out that there is no primary root in Cuscufa and 

hence the hairs cannot be called root-hairs. 



131 

FIGs. 1-6 - CULTURES OP EMBRYOS OROWN ON BASIC MEDIUM (.4E, advcntive embryos; C, 
callus): Fig. J. Thirty day-old cultures of undifferentiated embryos showing callus formation. 
Fig. 2. Forty day-old culture; t\dvel\live embryos arising from the mother embryo. Figs. 3-6. 
Stages in the germination of older and differentiated embryos. Ad\cntivc embryos differen­
tiale from their radicular ends 
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Iopment is unique in that the embryo docs not attain the heart-shaped stage 
and cotyledons an: not formed even at maturity. Instead, it elongates and 
a stem tip flanged by tvvo piumlliar leaves difTerentiates at the apical enl 
Further growth results in the coiling of the embryo within the seed (see Johri 
& Tiagi, 1952). 

Microscopic observations showed tha.t in the excised embryos, grown 
in the culture medium. some of the epidermal cells enlarged and became 
densoly cyloplasmic .,ld their nuclei became very prominent (Fig. 7). Such 
cells divided to produce 2-celled structures looking like pro embryos (Fig. 8). 
Sometimes both of these cells again divided transversely but this waS not 
always so. By further irregular divisions. they developed into globular 
embryos (Figs. 9-11 i which elongated (Fig. 12) and ultimately their distal 
end differentiated into the characteristic ~tcm tip surrounded by two 
• plulllular leaves' (Fig. 13). Since there Wi'S no problelll of space. the 
embryos inside the cullure 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. Tn the first 
week of the transfer it usually turned brown and appeared like a dead tissue. 
Growth was, however, resumed; the canus grew profusely and after another 
eight weeks it produced a fresh crop of embryos (Figs. 15-17). On subcul­
turing. the adventive embryos too callused on their' radicular' end giving 
rise to " fresh crop of embryos (Fig. 19). When such embryos were trans­
ferred to the hasic thedium without indole-acetic acid many of them 
produced normal shoots (Figs. 14. 18). 

DISCUSSION 

Attempts to induce the formation of additional embryos from the sa.me 
ovule have generally proved unsuccessful. However, Skoog (1944) obtained 
root and shoot differentiation in cultures of the pith-tissue of tobacco. 
Similarly. Levine (1947) obtained differentiation in carrot root tissues grown 
ill vitro in media containing '" -NAA. From further work on tobacco 
callus tissue, Skoog & Tsui (1948). Miller & Skoog (1953) and Skoog & 
Miller (1957) postulated a synergistic effect of auxins and purine dcri\'utives 
(adenine and kinelin) as a factor controlling organogenesis. 

Steward ct al. (195ga, b) went a step further and obtaincd carrot plants 
from free cells isolated from the root-phloem callus. Thc first rew 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 arc stages recalling thc formation of a dicotyledonous 
embryo. This indicates that even plantlets produced from vegetative 
tissue have the tendency to pa'.s through stages which strongly rc~cmb1c those 
of a normal embryo. Coconut milk was found to be essential for differentia­
tion (see Steward & Pollard. 195X: Mitra et (//', 1960) and shoots were obtaincd 
only when the rooting callus mass was transferred to an agar medium. 
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FIG~. 7- 13 Po:\ 00:-;, flW;.1 1 It , ,,, , I e TlON, 01 .lYliO fiC I 'UlRYOS CULTURFD ON nASIC 

MIOJUM W OWI NG ST,\l;~') IN IlIl I)EV[Ull'Ml NT 01 \ 1)\1 NllVh OlllrtYOS. (EM 8 IN7: embryo 
inilluls; L, \caf primoroi\\1) ; PE, 'l-cclk'u Jlr"~,,,bry\): S-1 , hOClt ap~x) : Figs. 7. S. Some 
of the epidermal cell~ of Ihl! Iygo, ic embryo, have become richly c)'toplasmlc with a 
lurgc nucleus. Th.;y di"id~ tr.lllw.:rsely (F ig. 7) to produc.: 2--celled 1"roembl)o- like SlruelUres . 
rig;. 9-11. Slag~" in th.: formation of glubular cmbl')'os Fig.... 12, 13. The globular 
embryos undergo vcrliclli elongation ( rig. 11) ,IIlJ uh im IIdy the di~ti1 1 end dilTerenliarcs 
Into the shool tlp..:x flanged hy leaf l>rimonli.1 Fig 13 r.!pr<!sl!rm a whole mOllnt 
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FIGs. 1-1-19 - (..IE, auvcnlive embryo; NS, normal shoot) : rig. 14. Stages in thc 
devclopment of advenlive embryos leading to the formal ion of a normal shoot (in basic 
medium without lAA); note the proximal end which is ah\ays broader lhan the dbtal end 
which differentiates into the shool apex. Figs. 15-17. Subcultures of ca llus on basic medium. 
Fig. 15 shows the miual sUe of the inoculum which proliferated in ten weeks into a mass of 
panly differentiated ca llus containing some adventive embryos. Fig. 18. Ten week-old 
culture grown on basic medium without fAA ; note the formation of a normal shoot. 
Fig. 19. An advcOlhe embryo isolated from the culture shown in Fig. 6; the arrow 
indicates the difTerentialion of a fresh embryo 
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T ILt: induction of 'advenlive embryos' has also been reported by Reinert 
(1959) in culture of carrot root-tissue. In tobacco callus also. Bergmann 
(1959, 1960) has illustrated the stages in the development of isolated cells to 
clusters which again recall the events of early embryogeny. Although the 
sequence of differentiation and development of vegetative buds f rom the 
callus has not been studied by many authors, it is probable that in all cases 
the plantlets have a similar beginning. 

FRESH CROPS OF CALLUS 
AND ADYENTIYE EM8RYOS 

~ SHOOT 
(NOW DRYING UIj' 

HA IRS + 
CALLUS 

C A LLUS 
FORMATION 

FI(.,. 20 - Diagram showing result I.,f culturing young undiffer.:ntialed embryos as well 
as older embryos. Tbe former produces callus aU over, while the older diffeNmialed embryos 
callus at their mdicular end only. Severl)l adventive embryos develop from these <;a Ui which 
on subculturing proliferate to produce a fresh crop or embryos. Some of lhe adventive 
embryos produce normal seedling:. while the rest continue to callus and repeal the cycle 



136 SYMPOSlUM ON PLANT EMBRYOLOGY 

The above observations raise hopes that if appropriate measures ar~ 

taken, almost any living cell grown in a culture medium could perhaps be 
induced to become mcristcmatic and organize into a whole plant. This 
would naturally be even more applicable to a tissue which is a normal 
source of adventive embryos. In Citrus microcarp(i Ranga Swamy (19:;g) 
has reported the proliferation of lluccllar tissue and the formation of 
·pscudobulbils' .. Parts. of this (.;allu5 mass, on sub-culture, Jiffctcntiatcd into 
embryos which ultimately gave rise to planticts. Curtis & Nichol (l94~) 
obtained proliferation from zygotic embryos of certain orchids. Tnese 
l'ulloid masses were capable of unlimited growth and produced numerous 
shoots. Another work, in this laboratory. on the embryos of Dendropiltiloe 
(alcata (Johri & Bajaj, unpublished ), indicates similar possibilities. After 
passing through some stages of germination the embryo of this plant 
proliferates at the' root' region giving rise to vegetative buds. 

In Cuscuta the young and undifferentiated embryos only callused, while 
differentitatcd embryos produced normal seedlings and also formed a callus 
at the' radicular end'. The latter produced advelltive embryos which 011 

~ubculturing produced a callus and additional emhryos. thus continuing the 
cycle (Fig. 20). Some of the newly dificrentiated embryos produced normal 
seedlings when lAA was excluded from the medium, while others merely 

. grew into unorganized masse~. The development of these artificially induced 
embryos has been traced and some important stages, otherwise typical-of-the -
zygotic embryo, have been illustrated. --------

The term' ad\'entive embryo' is commonly used fof-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-t,he zygotic embryo (see Maheshwari, 
1950). The <lrtificially induced embryos itl Cuscuta, arising from the zygotic 
embryo itself, pass through stages of development which arc not very differ­
ent from those of nuceUar embryos. Thus the extension of the term 'ad­
ventive cmbrycs' to these structures seems justified. The plants arising I"rom 
such adventive embryos should be gt:netically similar to those from the main 
embryo itself. 

SUMMARY 

Cultured ernbryos of Cuscura nflexa proliferated a11d gave risc to ad­
ventive embryos. After passing through some stages of development re­
sembling those of true embryos they produced normal ~hoots, The pro­
liferations obtained on subculturing showt.:d the capacity of the- adventive 
embryos for 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 De1hi, 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 earl)'.while the 
micropylar divides twice to give rise to a four-nucleate embrYO'sacwhich 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 o/iracewn and Dicraea elongata, Magnus (1913) 
reported a greatly reduced embryo 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-acetic acid-alcohol. The flowers and fruits were prepared for 
microtomy by the usual methods. Sections cut at 7 f1 gave the best results. 
Heidenhain's haematoxylin counterstained with erythrosin proved most 
suitable. 

OBSERVATIONS 

Microsporogenesis and Male Gametophyte. The youngest anther 
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showed the microspore mother cells (Fig. 1) which undergo normal meiotic 
divisions (Figs. 2-6). After tetrad formation the microsporcs separate 
in pairs, resulting in the double pollen grains charactcl'istic of several 
members of the family. The cxine is thick and echinulate. An ellipsoidal 
generative cell is cut oft' from each cell of the double pollen grain (Fig, 7). 
The separating wall later dissolves and the generative nucleus comes to lie in 
the general cytoplasm although ,till surrounded hy a definite sheath of dense 
cytoplasm (Fig. 8). 

Megasporogenesis and Female Gametophyte. The ovule is anatropous, 
tenuinucel1ate and bitcgminal with the micropyle formed by the outer in~ 

tegument alone (Fig. 9). The inner integument is u<;ually two-layered~ 

but may be thicker towards the lip. The outer integument is llsually morc 
than two-layered. 

The hypodermal archesporia! ccli functions directly as the megaspore 
mother ccII (Figs. 10. II). It divides to form two unequal dyad cells of which 
the micropylar degenerates promptly. The nucleus of the chalaza I dyad 
cell divides to form a two-nucleate embryo sac (Figs. 12-15).· According to 
Magnus (1913) in DicroeQ e/ol1gafa a wall is laid dO\vn at this stage scparat. 
ing the two nuclei. ] n the author's preparations of Dicrae(l sfylosa no evidence 
of this ha, been found. Even in D. "Iongala the observations of the author 
failed to reveal a cell wall. Both the nuclei 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 mGthe, cell break 
down leaving a large cavity-the pseudo embryo sac-which is bounded by 
the inner integumcnt (Figs. 12, 17). This sac contains several free nuclei and 
dense cytoplasm. It serves to enclose and nourish the embryo, thus making 
up for the ahsenc(: of endosperm tissue. The cells of the inner integument 
undergo considerable enlargement. 

Embryogeny. The first di';;'sion of the zygote is transverse (Figs. 18, 19). 
This is followed by three further transverse ~ivisions re-sulling ill a five-celled 
I incar procmbryo (Figs. 20-22). The terminal cell then undergoes two vertical 
divisions at right angles to each other thus forming a quadrant (Figs. 23, 24). 
The subterminal ccII also divides by a longitudinal wall (Fig. 25). The embryo 
then passes through the octant stage (Fig. 26) and proceeds 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 notc that the hasal ccli of the procmhryo enlarges 
considerably (Figs. 20. 22) and generally l,as two hypertrophied nuclei. It 
sends out a variable number of protuberances which later develop into corl:"­

picuous tubular haustorial branches (Fig. 27). 

Since the inner layers of the outer integument hreak down, it has not 
been possible to trace the precise course of the haustoria in sections except 
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ascertaining that they grow in between the two integuments. However, 
the whole mounts (Figs. 27-29) reveal that the haustoria are invariably much 
longer than the embryo') themselves. Th.ey are thin-walled and full of dense 
cytoplasm but the nuclei do not move into the haustorial branches. 

DISCUSSION 

As mention ~d earlier. according [0 Magnus ( 1913) in Dicraell elongata 
the nucleus of the functionaL dyad cell undergoes only two divisions resulting 
in a four-nucleate embryo sac (see Fig. 30). 1n most other members of th:! 

~18 

18 to 2g)( 480 

FIGS. J8-29 - EMBRYOGENY: Pigs. 18·26. Early stages of embryogeny up to the oClanl 
stage. Fig. 27. Whole mount of globular embryo showing long, hypha-like haustoria 
branches. Fig. 2)<, 29. WholeJnollnts of older embryos 
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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). It was suggested by Maheshwari (1950) 
that owing to the ephemeral nature of the chalaza I nucleus Magnus might 
have missed it in Diemea. Magnus also stated that the tirst division of the 
functional dyad is followed by wall formation resulting in a two-celled embryo 
sac. Of Ihe two cells the upper divides transversely to give rise to a syncrgid 
and an egg 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 wall forma­
tion after the first division of the dyad cell nucleus has not been found. Tn 
this the developmental details arc extremely telescoped and it probably 
marks the culmination of reduction. ln other members of the family, 
like Ternio/a, lndotrisficlia and Ze)'lanidium, the author was able to confirm 
the degeneration of the chalazal nucleus of the two-nucleate embryo sac but 
this is not so in Dicraea, 

Unlike other angiosperms where the syncrgids are sister cells Dicraea 
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 two 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. In other members of the family 
the embryo sac comprises two synergids. an egg and a chalazal nucleus which 
is referred to as the polar. Rali (1949) calls it a polar cell in Griffithella 
hookerial1a. Razi's (1949, 1955) report that in Lawia and Griffith,,!!u the 
chalazal end of the mature embryo sac is continuolJS with the pseudo emhryo 
sac is not true of Dicraea. 

In the absence of an endosperm, the development of the suspensor 
haustorium may he an alternative device to draw nutriments from the external 
tissues. The pseudo embryo sac is likely to conserve food matcrial~ in the 
fluid that is reported to fill it in the early stages of embryogeny. The complete 
differentiation of the embryo even in the total absence of an endosperm, 
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 ro\e of endosperm ill higher 
plants. 

SUMMARY 

Microsporogcnesis is of thl! succc,,~ive type and double po1len grains are 
formed. The ovule is bitegminal witll tile micropyle fo_nnt..-d by the outer 
integument alone. A pseudo embryo sac develops just below the normal 
embryo sac. The organized embryo sac has a single syncrgid. an egg and 
two antipodal cells, but no polar nuclei. The development of the embryo 
conforms to the Solanad type. .... 

To Professor P. Maheshwari and Dr B. M . .lohri the author expresses 
his gratitude for suggesting the problem and encouragement. He is also 
grateful 10 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 
ca/(/ornica Cham. and Papaver rhoeas L. 

P. MAHESHWARI & KUSUM KANTA 

Department of Botany, University of 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 arc able to reach the ovules. Several mechanical 
devices have been suggested for overcoming these difficulties (sC'c 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 EschscllOl::ia 
cali/ornica and Papaver rhoeas were used for trying this technique. 

MATERIAL AND METHODS 

The method involves the following steps: (i) 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. 

Pollen suspensions were made in 2 ml. of sterile double distilled water, 
or soluti01ls of horic acid (100 mg./I. and 200 mg./I.). Each drop contained 
100 to 300 pollen grains. 

The ovary was surface4 sterilized with rectified spirit. Two punctures 
were made, one at the base of the ovary and another on the opposite side 
ncar the top. The pollen suspension was injected through the former and the 
ovarian cavity was considered fuIl when the fluid started oozing out from the 
second hole. For injections. an all-glass 'insuline' syringe was used. Care 
was taken to shake the syringe before each injection to prevent the pollen 
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grains from seltling down. After the operation the holes were scaled with 
petroleum jelly. 

Four sets of experiments were made. 111 the fir~t set tile ovaries of emas­
eulatl.!d and bagged flower buds were pricked with the needle and left as such. 
The second and third sets of ovaricl> were injected wi th suspensions of pollen 
in double distilled water with 100 mg.! !. and 200 mg./!. of boric acid. Tn the 
fourth dry pollen was introduced as such into thc ovary througll a sl it. For 
control. onc set of the flowers was allowed to become pollinated naturally. 

Both freehand and microtomc sections were prepared and stained by the 
customary methodS. Dissections and whole mounts were staiued with 
acetocarmine or cotton-blue in laclopheno!. Chromosome counts were 
made by sq uash methods llsing seedling root-tips pre-treated with a olution 
of 8-hydroxyq uinoline (0· 002 M). 

OBSERVATIONS 

Eschscholzia californica. In Delhi gardens the p lants flower in February. 
Tile flowerli a rc self-compatible. The majority of th.em open in the morning and 
the anthers dchisce before 110011. Pollination occurs soon after and on the 
following day many pOllen grains may be seen germinating on the stigma. 

The stigmatic papillae are prcseltt a ll over the radiating arms of the 
stigma and similar hairs a re also present along the placentae. Each papilla 
is an elongaled, uninucleate cell. After the pollen graills have germinated 
(36 hr after anthcsis) the papillae begin to collapse. The stigma starts drying 
three days after anlhesis as indicated by its curled condition (Fig. I B). 

FIG. 1 - Esrhsrhol:ia mll/omit'a, NATURALLY r OLLlNATt:O OVARlf ' (NAT. SILl.) ; A. 
On the day of anthesis. B- D. Thr,,-,;, six and eighteen day" aftcr anthcsis. E. Same as 
D, ClIt venically to show the developing ovules 
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In sterile double distilled water the pollen grains invariably burst. 
Germination occurs in 0, 25 to 0·5 M sucrose solutions but the size of the 
pollen tubes remains small. and only 2-4 per cent of them attain a length of 
200j.(. Tn a boric acid solution (200 mg./L) the pollen tubes attained a length 
of 594p within 6 hr. The pollen grains are heteromorphic. the largest 
having a diameter of 4X~, showed 50 per cent germination. The smaller 
(20-28p diameter) invariably shrink or burst. 

The ovary is about 0·9 cm. long on the day of anthesis (Fig. IA). In 
the first week it grows to almost four times its original size (Fig. I B. C). Tile 
maximum length is attained in nature in two weeks (Fig. I D, E) after which 
it starts shrinking so that the mature fruit is much smaller. The ovules are 
bitegminaL Both the integuments form tile micropyle. The mature seeds 
are opaque and have prominent ridges on their surface. The endosperm is 
free nudear 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 glohular stage is 
attained by the end of the second week; 27-day-old emhryos show the differ­
entiation of cotyledons. Plurieotyly is frequent. 

Unpo!linatcd ovaries remain. healthy for about a week and even 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 needle docs not 
hinder their early growth in any way. but like the emasc.ulate<i--and bagged 
ovaries they dry up after a week. _-----

Ovaries injected with a pollen suspension made in boric acid (100 mg./], 
or 200 mg.II.) show slower growth than naturally pollinated ovaries (Fig. 2A-F). 
The maximum size is attained by the third week. The wound generally re­
mains althougll sometimes it heals up (Fig. 2E) due to 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 seen entering the micropyles (Fig. 
3C, 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 normally. for the development of the embryo and 
endosperm follows the normal course reported by Sachar & Mohan Ram 
(1958) (Fig. 4 A-C). The embryo becomes 4-celled five days after injection 
and a long filamentous 8-celled pro embryo is seen within I I days. The 
embryo attains the heart-shape within I g days and in a 27-day-old seed a 
well differentiated embryo showing pluricolyly is observed (Fig. 4 A-C). Tn 
seeds obtained by intraovarian pollination the mature embryos are as large 
or longer than those in naturally pollinated ovaries. The endosperm remains 
free nuclear for ten days. after which wall formation starts from the periphery. 
Tn mature seeds the endosperm is completely cellular and rich in food reserVes. 
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Flu. 2-0VARIES or Esc1,scfrol=ia cali{omica INTO WHICH l,()lL~N WAS I"IJlC1W \RII­

HCI'\LlN (ARROW SIIOW3 TIle PLAC[ 01 INJEC"lION): A- I I. Ovarics inj..:ctcd with 1'011":11 + 20J 
mg./ I. boric acid. A. Ovary at the limz of inj~clion. B- P. Ovaries 3. 6, II. 17 and 25 
days Rrt.:r injeclion. G. Sal11~ as F, Cui v.!niclllly to show devcloping ovule~. I t Sarno! [I" 

D. splil wrt icall). I-M . Ovaries into which pollen w"" inserted Ill> such lhrough a '111. 
Two and nine day:. afler insenion of pollen: s lil tluough which pollcn grains Wl!fc inlro.tuccd 
is clearly s(..'Co in r: in J it i obscured by a cun'aturc of Ihe ovary. K. An ovary 4 Jays "rlCr 
insertion of pollen, split 10 show the ovules. som; of which arc dC\'cloping while olh:!r~ aTC 

abortive. L. Front view of the sl;t ;n J, enlarg.:d to show the developing QVUIC1;. M. Fruit 
20 days after insertion of pollen 
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The fruils require the same lime for maturation as those from naturally 
pollinated ovaries (25-30 days). The number of seeds per fruit ~aries from 
2 to 30. The size of the mature fruit is directly proportional to lhe number 
of seeds that develon witbin it. The sel!ds germinate after about five montlls 
and give rise to norma l h,ealthy seedlings (Fig. 4 D). 

FrG. J - esc,'lsdIO!:i(1 califofllica, OVARIF~~ rNJ£CTEI.) WrTU ;\ SU.~PENSION OF POI.LEN -

200 MG./L. BORIC ,\CIO (QI·. ovule; 01'. 11'., ovary wall: (1ft, pollen gr.:lio: ,,/, 1'1I1c::ola: pI, 

pollen tube): A. T.s. of part of an ovary 72 hours after injeclion of pollen suspension. 
A few of the pollen gra ins have germinated. B. Ponion of placenta enlargeJ from an ovary 
72 hours after injection: some of thc pollen grains have germinated. C. Whole mount of 
an ovuJ~ from an o\.ury, injected 4 days earlier with a pollen suspension ; note pollc)) tube 
in micropyle. D. Same, micropylar eod enlarged to show germinaling polleo ~raln 
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In some ovaries pollen is introduced directly through a slit in th'e ovary 
wall (Fig. 2 I-M). Due to some arrest in growth on the eutside the 
ovary often curves as shown in Fig. 2 J-K. The fruits are smaller than 
those from naturally pollinated ovaries or trom ovaries injected with pollen 
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 seeds per fruit is smaller than 
that in ovaries injected with suspensions of pollen (Fig. 2 M), but the endo­
sperm and embryo show the normal course of development. 

Papaver rhoeas. At Delhi the flowers start opening in January in the 
morning and continue to do so until about 10 a.m. Dehiscence of the anthers 
begins nearly 12 hI' before anthesis. In 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 straighten and become completely erect on the 
day of anthesis. Tn the bud the ovary is pale yellow. but it turns green 
by the day of "nthesis when it measures 1·6 cm. in length (inclusive of the 
stigma) and 1·5 em. in diameter. The stigmatic papillae are unicellular, 
elongated and blunt. The nucleus is. situated tl1 tile centre and on each side 
of it there is a large vacuole. Rarely a papilla shows two nuclei. 

The flowers are generally self-pollinated. In a flower, which lu" just 
opened, the stigmatic lob;;s already show germinating pollen grains. As in 
Eschscho/zia the pollen grains are dimorphic. The Jargc pollel~_ grains 
(36~ across) are futl of starch and oil globules. Along with these occur many 
smaller ones (diameter, 28p) in the same anther. Their percentages, however, 
vary from anther to anther. The smaller grains stain lightly and arc mostly 
nonviable. 

In sterile double distilled water only 2 per cent of the pollen grains ger­
minate, but the tubes burst SOOIl. The addition of sucrose in low concent­
rations (0- 1M to O' 3M) enables beltetgermination but a boric acid solution 
(100 mg.!].) in distilled water proves to he the best. Tn this 73 per cent of the 
potlen grains germinate and form fairly long tubes (990~). 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 rubes (1050~) but the percentage of germination (20 %) 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. 
It is twice its original size (3'2 em. in length and 2·9 cm. in diameter) by the 
end of the first week. Nine days after pollination the size of the ovaries 
ranges from 3·0 to 4·6 cm. in length, and 3·1 to 3·6 cm. in diameter. Tile 
maximum length (4·4 em.) is attained in two weeks (Fig. 5 A-C), but the ovaries 
continue to increase in diameter until the third week. After this the ovary 
starts drying and shrinking. The cap,ules ripen and dehisce in about 30 
days. 
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Pto. 4-E~cI,:;cllOf;;ill ca(((oml('(l : A-C. 11. 18 and 17 day-old embryos from oval'icl, 
Injected wilh pollen suspension. D. Ten day-old se;xJling resulting fro:l1 se::d obtained from 
injected ovary. E. S:unl!, frol1) naturally pollinated ovary 

F IG. 5 - 1>ap(ll'cr "II0e(lS, NATURALLY POI.LINATEI> OVARIES (N \ r. SIL.F): A-C. 9, 15 
a nd 2 1 days after amhesis. D- F. Same as in A -C. vertically cut ro show the develop­
ing ovuks. In F $Orne of the ovules becam ~ detached during fixation I 
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rIG. 6 - Pllparel" rlloea, (Qr, ovule; fig. pollen grain; PI, pollen tube): A-B. L. s. 
of ovules from natural.ly poll inated ovarks an~r 6 and 9 d,I)'~ lI~sp'-'Ctivcly. C. Germinat­
ing pollen grains on the surface of an ovule; 3 dOl) ~ after Insenion of pollen gr.lins through a 
~J il. D. Microl>ylar end of an ovu!c fron) an mtlry illj~Clcll with pofhm - 100 mg./ !. bone 
acid, 6 Jays after InJo!Ction. E. L.s. of an ovulc 21 days IIfler pollination frOIll nn ovary 
inJccted with polle,1 suspension made in 100 mg.l l boric acid; note :~ persisting antipodal 
<--ell. F. :! I day-c:l.I embryo from o\,;lr)' injected Illth pollen SUSPC11Slon in double distilled 
water. G. 26 da)'·old seedling rcared In Whilc's b.l~ic m~diurn from seed obtained by in­
traovarian pomnalion 
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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. x 0·9 mm. and show mature embryo 
sacs but attain a size of 2 7 mm. X 2·3 mm. within a week. After this the in­
crease in size is negligible. and 21 day-old ovules measure 2·9 mm. x 2· 5 mm. 
Six days after pollination the ovules show many free endosperm nuclei 
distributed along the periphery of the embryo sac. After nine days the ovules 
show endosperm cells full of oil globules (Fig. 6 B). 

The zygote remains undivided for 4 or 5 days from the day of anthesis. 
Six days after pollination tIle ovule shows a 2- to 4-celled filamentotJ::. pro­
embryo (Fig. 6 A) and after nine days a globular proembryo (Fig. 6 B) is 
observed. In another week the embryo becomes heart-shap~d. and is about 
20011 long and 1301.1 broa1. By the third week it meaSllr<!S 76411 )., 19l1l, 
and the seeds are rcady to be shed. 

FlO. 7 - PapOI'or rhooos, OVARIES IN WHICH A POLLEN SUSPBNSION WAS INJBCTED (ARROW 

SIIOWS THE PRICI{) (NAT. SIZE); A-C. J,6 and 9 days Dfler injrclion. D-F. Same as 
Band C, cut vertically to show the ovules 
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In early stages the growth of ovaries of even emasculated and bagged 
flowers matched well with that or the naturally pollinated ovaries, but it gradu­
ally declined. The ovules in these parthenocarpically developed ovaries were 
transparent and devoid of contents. The growth of the unpo1!inated ovaries 
pricked with a hypodermic needle did not difTer much from that of the un· 
pricked ovaries. 

When unpoJlinated ovaries were injected with a slispension of pollen grains 
in a solution of boric acid (100 mg./!.), their growth matched that of naturally 
pollinated ovaries (Fig. 7 A-C). However, tho seeds thus obtained were slightly 
smaller (2·g mm. X 2'5 mm.) than n"turally formed seeds and the seed set 
was only about 40-75 per cent of the naturally formed seeds (Fig. 7 D-E). 

Ovules from ovaries fixed six days after injection showed zygotes or two­
celled proembryos (Fig. 6 D). During the second week the embryo grew 
faster than in nature. The plumule and root tip became differemiated in the 
third week. However, in some cvules the egg remained undivided even up 
to fifteen days after injection and these were abortive. 

Very often the antipodals per~ist even in matur~ seeds (Fig. 6 E). 
When ovaries were injected with a pollen sllspension made in double 

distilled water only, they grew normally but the seed setting was only about 
20 per cent. Ahhough a longer time was needed, the maximum size attained 
by such ovaries sometimes surpassed that of the controls 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, germinated readily in the ovarian cavity (Fig. 6 C). However, ol1ly about 
10 per ccnt of the ovules grew to maturity. 

Seeds obtained from intraovarian pollinations are fully viable anu their 
behaviour was identical with that of normal seeds. Both sets of seeds remained 
dormant for nearly thro2'e months. After this, soaking in tap water for 24 
hr a.nd then culturing on a nl,odified 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 tirne to time several techniques have been tried to overcome the 
vartous barriers in fertilization. Yasuda (1931) grafted the style of one flow~r 
on the ovary of another in Petunia violacea. In a cross between Zea ('¥ ) and 
Tripsacum( 3) Mangelsdorf & Reeves (1931) shortened the style of Zea to suit 
the pollen tubes of TripsaclIfll and obtained an intergeneric hybrid. Buchholz et 

al. (1932) removed the middle portion of the style in Datura and joined the 
upper and lower parts together. Hecht (1960) successfully grafted the upper 
part of the style of an incompatible strain of Oeflothera orgalleflsis on the 
lower half by means of a .. splint" made of lactose gelatin. The pollcn 
lubes 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 
inside the ovarian cavity. But for a few cursory reports such intraovarian 
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pollinations have not been tried extensively. Dahlgren (1926) was able '0 

bring about fertilization in the ovules of Codvl1opsis O\'atil by removing the 
slyle and placing the pollen grains on the cut end of the top of the ovary. 
Tho experiments of Cappelletti (1937) on Digitalis purpurea, and of Bosio 
(1940) on Helleborlls fOe/idi." H. riridis, Poeollio allolllala, P. officillalis and 
P. peregrina also gave some promising results. The most recent report is 
that of Kanta (1960) on Pap""er. 

Intraovarian pollinations may prove useful to geneticists 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 varieties and obtain plant 
types which might otherwise be impossible. 

We are indebted to Dr N. S. 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, Ddhi 

Embryological data on the family Loasaceae arc rather meagre. After 
some fragmentary observations of Hofmeister (1859). the til st investigation 
was by Kratzer (1918) comprising nine species belonging to the genera Loasa, 
Cqiophcra, Blul11cl1hochia, Jl.,fel1fzelia and GronoJ'ia. 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 Crete (1946a. b) gave a more 
detailed account of the endosperm and ernhryo development - iii Loasa 
/aterilia Gill. 

MATERIALS AND METHODS 

The Ihr« species studied by the author are: Cajophora si/l'estris (Poepp.) 
Urb et Gilg. Loasa hergii Hier. il:nd A/clltoe/ia /aericau/is (Doup!.) Gray. The 
first two were collected in Junin de los Andes. Neuquen. 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. S. A. The flowers were 
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 Heidcnhain's haematoxy}in counterstaincd with fast green or 
erythrosin. Whole mounts of dissections stained with acelocarminc 
proved more useful than sections for a study of the fully developed 
endosperm haustoria. 

OBSERVATIONS 

An interesting feature of this family is the presence of bri'itles showing 

* Permanent address: lnstituto "J. O. Hall", Facultad de Cicncias Exactasy 
Naturales, Universidad de Bueno'> Aires, Habana 3870. Buenos Aires, R. Argentina 
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slight vanatlOns in the different genera and sometimes accompanied by 
stinging hairs. The flowers are hermaphrodite. actinomorphic and penta­
merous. In some genera the petals arc induplicatcly valvatc. There are 
numerous stamens with their filaments free or joined into bundles. Some­
times the external stamens arc petaloid and in Cajophora and Loasa they func­
tion as ncctaries. 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 Cajol'hora it is spirally twisted and develops 
into a multiseedcd 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 emhryo sac. However, 
jn Loasa bergii it is found that it is the chalaza I megaspore that functions. 
Occasionally the third megaspore may also remain healthy for some time. 
Like other tenuinuccllate ovules. the innermost layer of thc integument de­
velops into a well dilferentiated endothelium. The functional megaspore 
develops in the normal way giving rise to an 8-nucleate embryo sac of the 
Polygonum typo. TIle mature embryo sac consists of enlarged micropylar 
and chalazal portions separated by a narrow constriction. From these en­
larged portions the miccopylar and chalazal endosperm haust"ria.originate. 

Although the first division of the primary endospefm' nucleus is not 
observed. many ovules show a linear row of about a dozen endosp~rm cells 
which divide longitudinally. In all the three species well-developed micro­
pylar and chalazal haustorta are present, In Loasa fH!rgii the chalazal haus­
torium (Fig .. , 1-8) is balloon-shap;)d and shows conspicuous vacuoles conncct­
ed by cytoplasmic strands. Usually 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 tho neighbJuring tissue consisting of partially digested cells 
and was studied in sections as w~1l as in dissections. 

The micropylar h'lustorium is coenocytic and possesses hypha-like pro­
jections. which sometimes attain an enormous size (Fig. I). These branches 
ramify inside the ovule and the funiculus, sometimes reaching even lhe place­
ntae (Fig. 8). It cannot be easily sepamled 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 vigOi ous 
development of the embryo and on the other with the differential" resistance 
of the surrounding tissues. The chalazal haustorium renl'lins healthy up 
to the time of initiation of the cotyledons. Even in later stages the remains 
can be seen bot ween 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 ha~ never observed 
any branching of the chalazal haustorium in L. hcrgii. 
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FIGS. 1-9 - Figs. 1-8. LOllso hergii; Fig. 9. Me/lwd/a fael'/eal/lil (e", ch:t lnza l hau~to­
rium; emb, embryo: (!lid. endosperm; It, hypostasc; 111, mh;ropyle: 111". micropylar 
haustorium; p, placcntn: $. seed coat) (All figurd except 8 have bL't.!n drawn frolll dissected 
whole mount~) : Fig. I. Endosperm showing eha);l7.al and much bra nched micropylar 
h(lUstoriunt. Figs. 2, 4.6. Endosperm with chaJaza/ /ullIsrorium. r Igs . 3, 5, 7. M agni­
fied views of the cha lazal haustorium shown in Figs. 2. 4 and 6. Fig. 8. L. s. seed 
showing the micropylar haustorium ramifying into the placental [is.;ue. Fig. 9. J:.ndospcrm 
with chalazal haustorium and I\'ell developed hypostase • 
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Tn Cajop//()I"(l si/reSlri.. the elongated chalaul haustorium has a 
multicellular narrow ba'Sc and a much branched terminal portion wit h 
delicat c wans (Figs. 10-)3). Thc latter contain. a single hypertrophied 
nucleus. 111 C. la/e";/;(I. Kratzer (191 8) has reponed thaI lhe chalazal haus­
torium remains unbranched. Il would be interesting to investigate tltis and 
other spccie~ of the genus \\ illl the help of di~section s. The micropylar hau.­
lorium is similar but ~hortcr and hroader: it ha llumerou nuclei and occa­
sionnl apparent wall format ion. 

Tn M ell/:elia In I' l'; {'(1 II lis the chalazal hall torium i dongated and 
unbranched, and comprises many enlarged cell. with con.,picuous nuclei 
(Fig. 9). Here t he 0 \ ule a lso shows a well-developed hypostasc which i 
absent ill the other two genera. The gro\.\th of rhe endosperm compre. ses 
the chalazal haustorium again t the seed coat but it .. remains can be seen 
at the chalaza! end for a long time. The micropylar hau<;torium is shorter 
an.d broader. 

During the development of the embryo, a part of the endosperm. [he 
endothelium and most of rhe remaining integumentary cells arc absorbed. 

Jl 

fiGS. 10-13 - Clljop/Jora sii l'('slI·i.s. (All ligures have been dnlwn from whole mounlS 
of dissc(.lions) (ell, chalazal hau~lorillm : ('mb. embryo: cud. cndv'perm): Fig.~. 10, 12. 
Endo~pcrm showing c hala:t:al hau~tOrilfm Fib'S. tl. 13. M,Lilnifie J views of Ihe chaluaI 
hau'\loria ~hown in Figs. 10 amI 12 
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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 systematk position of the family about which there is so far no agree­
ment. Bentham & Hooker (1862-83) include it in the Passifiorales along 
with Samydaceae, Turneraceae, Passiftoraceae, Cucurbitaceae. Begoniaceae 
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 Turneraeeae. Recently Takhtajan (1959) has kept it witll some 
reserve, in the Polemoniales on the basis of Some affinities with the Bora­
ginaceae and Hydrophyllaceae. 

The embryological data so far available on this family indicate a close 
resemblance to the gamopetalous families. The development of the embryo 
is comparable to that found in Solanaceae, some forms being related to Hyo­
scyamus and others to So/anum. A similar embryonal development asso­
ciated with endosperm haustoria is also found in some members of Hydro­
phyllaceae (see Crete, 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 Ajres, for the jdentifkatjon of the species of Loosa and Cajophorf/. 
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Embryology of Quinchamalium 
chilense Lam. 

SARO] AGARWAL 

Department of Botany. University of Delhi, Delhi 

The embryology of Quinchamalium chilense (Santalaceae), a native of 
~outh America, has not been studied so far. 

The material was processed through tert. - butyl alcohol series 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 pcr cent potassium hydroxide solution 
at 40:- C. for 2 to 4 hr. The whole mounts were stained with acetocarmine, 
mounted in glycerine jelly tinged with acetocarmine and sealed with gold'size. 

OBSERVATIONS 

The flowers arc spirally arranged in compressed spikes. They are 
sessile, bisexual, pentamerous and ihonochlamydeous, 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 (i 935) 
considered it to be formed by the coalescence of bract and bracteoles. The 
perianth is preceded by a whorl of four appendages which surrounds the 
ovary, the anterior member being much larger than the others. Each of these 
shows a distinct vascular supply (Figs. 10, 26). These appendages were 
regarded as calyx by Miers (1878) and as 'Becherkclch' (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 tube 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 to interlocking of the marginal epidermal cells (Fig. 10). There 

* Personal communication to Dr B. M. lohri 
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are five epiphyllous stamens with long filaments and dorsi fixed anthers. Tn 
most of the santalaceous plants. hairs arc present at the base of the stamens 
but they are absent in Quinchamalium. There is a 5-lobed hypogynous 
disc and its lobes alternate wilh those of the p~rianth. The ovary is inferior 

FIGS. 1-8 - MEOASPOROG[NESIS AND FEMALl OJ\\lfTOPIIYTE (allfr. nntipodal haustorium ; 
SY. synergid; syh, synergid haustorium) : Figs. I. 2. L.s. ovules showing megaspore 
mOlher cells. Figs. 3,4. Same, showing dyad and tetrad respedhely. Figs. 5-7. Two and 
4-nucleate embryo sacs. Fig. 8. Whole mount of a mature embryo ~ac; note the prolong­
alion of the tips of the synergids and the antipodal chambar comaining three nuclei 
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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 nucellus. 

Megasporogenesis and Female Gametopoyte. The archesporium com­
prises a single cell or a group of cells wllich function directly 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 is also known in Santalum (Paliwal, 1956; 
Bhatnagar, 1959), Leptomeria (Ram, 1959) and Mida (Bhatnagar, 1960). 
However, in Leptomeria the gametophyte becomes extra-ovular only after 
organization. 

Another nuclear division produces eight nuclei which organize into the 
egg apparatus, two polars and three antipodal nuclei (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. ll, 12, 15, 17-24). 
The latter grow through the stylar tissue along the vascular supply reaching 
up to one-third the length of the style (Figs. ll, 12). o.ccaSionally the acti­
vity of one of the synergids may be checked (Figs. 8, 20, 23) and, therefore, 
sometimes only one synergid persists. 

Similar but less extensive sYl1ergid haustoria are known in some members 
of the Compositae. Dahlgren (I92'*) observed that in Calendula arvensis, 
Mutisia candolleana and Ursinia antltenlO'ides the synergids ~longate 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 synergids of 
Santa/urn album and S. yasi, after fertilization, to form dichotomously branched 
haustoria has been contradicted by Bhatnagar (1959). According to Bhat­
nagar, in Santalum album and S. /reycinetidnUnt, the synerglds degenerate 
soon after fertilization and what have been interpreted as synergid haustoria 
are really the pollen tubes which adhere to the embryo sac. In fact, as 
early as 1836 and 1843, Griffith had observed such persistent pollen tubes 
in Santa/urn 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 cells. 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 underg<;> divisions forming 5-7 nuclei (Fig. 9). 



165 

FIGs. 9-16 -- FE.I\,f!\l.e GAMETOl'llYTE «(lilli, antipodal haustorium; c, cupule; ,t, disc; 01', 

ovule: on", oval')' wall: p, pcrianth; pIc, placental column: s, stamen; SI, style; }J''', 
syncl'!?i\l haustorium) (Figs. IS, 16 from whoie mounts, rest from microtome sec­
tions) : Fig. 9. M:lIurc embryo sac with tive nuclei in the antipodal chamber, secondary 
llucleus and egg apparatus; note the elongation of the tips of the synergids, the 
nucleus of one of tho s)ncrgids could J10t bo traced. Fig. 10. L.s. flower showing 
disposition of nor,L( org<lllS. Fig. I I. Enlarged view of the lower ponion from Fig. 
10. Fig. 12. Magl1i1bJ vi!\\' of portion In Irked A in Fig. 11; the tip of the Ilmbryo 
sac has beCOLn ~ eXtfd-ovular an.! Ins grown along the outer mlfgin or the placenta, the 
lips of the syn!rgid haustoi ia h3V;: r'::i1ched lip to the base of thc style, and tip of the 
antipodal cnambcr has al"o extended into the funiculus. Fig. 13. L.s. ovary showing 
a Olipodal haustoria. Fig. 14. Enlarged view of antipodal haustoriu from Pig. 13. Fig. 15. 
Mature embryo s:\c showing extensive syncrgid and antipodal nallstol'ia. Fig. 16. Same, 
note the braoched antipoJ;11 haustorium, th~ J1uclei w~re not traceable; the synergid 
haustoria have been omitted 
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A pronounced antipodal haustorium has also been reported by Rao 
(1942) in Sclcropyrul1l ]I'allichianul1l. He says that the antipodal nuclei lie 
free in the cytoplasm and after fertilization migra(c imo the antipodal extension 
(haustorium) of the embryo sac. Subsequently the haustorium grows rapidly 
and the antipodal nuclei also enlarge. On reaching the base of the placenta, 
the haustorium branches and curves upwards growing along the cndocarp 
reaching up to the base of the style. The antipodal nuclei also multiply, 
become hypertrophied and migrate into the branches. He interprets the 
antipodal haustorium and endosperm haustorium as separate entitjes. How­
ever, his illustrations (see his Figs. 44-47) show a haustotium only after the 
formation of the endosperm and it appears that he mistook the antipodal 
caecum 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 nuc1eus is accom­
panied 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) divide 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 isobilateral, 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. 25c 26), 
reaching up to the apcx·of the placenta. Their remnants can be recognized 

~ill the late globular stage of the emb.yo (Fig. 26). 
The mature embryo is dicotyledonous, and occupies almost the entire 

length of the endosperm (Fig. 28). 

SUMMARY AND CONCLUSIONS 

The flowers arc sessile, bisexual and pentamerous and arc c.-ncloscd in a 
cupular structure. The ovary is inferior with a short placenta which bears 
laterally three hemianatropous ovules. The latter show a massive integu­
ment and a reduced nuccllus. 

The embryo 'ac conforms to the Polygonum type. 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 sep~rated 
by a wall from the rcst 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 th~ funiculus forming a conspicuous haustorium which 
ramifies along the vascui£l.r tissue. 

The endosperm is Cellular. The first division of the primary endosperm 
nucleus is transverse forming a micropylar and a chalazal chamber. The 
micropylar chamber alone forms the endosperm proper. The chalazal 



EMBRYOLOGY OF QUINCHAMAllUM CIIILtNSE LAM. 167 

chamber undergoes two divisions forming rour cells which give rise to endo­
sperm haustoria. The embryo is dicotyledonous. 

On the basi of the presence of a perigonium, the genus Quillchalllalium 
was first assigned to the family Santalaccae (De Canciollc, J 856). The pre-

FI('s. 17-28 - ENOO~PERM (clllh, antipodal haustorium; ce, ch31azal ::hamber; 11mb, em­
bryu;t.'ftd, eftdaspecm;(!'((ah, endosp::rrn haus(\}rium; file, micropylar chamber; pk, piac..;nta; 
sy, synergid: s)llI. synergid haustorium; z, zygote) (Figs. 21. 26-28 from microtome sec­
tions. rest from whole moun:.:;. Th ~ r,:mT~nts of antipo:l!ll haustoria have been omiucd in 
Fig<>. 17-:!0): Figs. 17-19. F~rlilil~d embryo sacs. notc the synergid haustoria, the nuclei 
of the synergids wer~ not ~~en in F ig. 19. Fig. 20. Two-celled cndosp~rm. Fig. 21. Two­
cclJcu micropylar chamher. the chal31.11 chambJr bas di\·jdcd into four cells ; the antipodal 
haustorium is still persisting. Fig,. 22-25. Progrcs iv.! slag~s in the d~vclopmenl of 
endosp~rm and chnhlul cndo.;p;rm h:\U;lOriu. Pig. ~6. L. s. ovary showing cndo,;p;rm 
at th: globular stage of pro~mbryo, lh~ endolp~rm hdu,(ori.l h:lv,: eXlended lhroug"l the 
funiculus. Fi~. 27, 28. Endosp:!,m, at early and l.lte dicotyledonous stages of embryo 
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sence of a distinct calyx outside the corolla tube led Miers (1851) to remove 
this genus (along with Ariana and Myoschiios) to the family Olacaceae. In 
1878 he placed them under a separate tribe Arjoneae, where each flower is 
supported by a calycle, Van Tieghem (1896) kept Quinchamaiium and 
Ariana in a separate family Arionacees and justified it on the basis of (i) the 
cpigynous disc instead of calycinal as is common in the Samalaceae, Oi) the 
hairs at the base of the stamens arising from the epidermal cells of the peri­
anth in ArjollG instead of from the hypodermis as in the Santalaceae, and 
(i;i) the ovary being unilocular in the upper region and plurilocular 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 Ticghem's observation is incorrect. 
Lastly, the plurilocular condition of the ovary in the basal region is met with 
in several genera of the Santalaccac, e.g. Choretrum, Leptomeria, Osyris. 
Thus, in all the three characters, A/jOlla and Quillchamalium resemble other 
members of the Santalaceae. Besides, there are additional similarities like 
the nature of the placenta, the extra-ovular extension of the embryo sac at 
the 4~nucleate stage, Cellular endosperm, and fOJ;mation of endosperm haus­
toria from the chalazal chamber. 

Therefore, the taxonomic assignment of Quinchamalium should await 
studies of the two allied genera, Arjona and Myoschilos. 

The author is grateful to Dr B. M. Johri and Professor P, Maheshwari 
for guidance and encouragement. Thanks are due to .Mf V. Garcia, Uni­
versity of Buenos Aires, Argentina, for providing the material. to Dr S. P. 
Bhatnagar for comments and to the Council of Scientific & lndustrial 
Research for financial assistance. 

LITERATURE CITED 

BHATNAGAR, S. P. 1959. Some ob~ervalions on the post-fertiliLation deVelopment of the 
embryo sac of Santa/til". Phytomorphofog), 9: 87-91. 

BHATNAGAR, S. P. 1960. Morphological and embryological studies in the family Santa~ 
Jaccae-IV. Mida saficiJolia A. Cunn. PhytomorpllOfogy 10: 198-207. 

DAHLGREN, K. V. O. 1924. Studien tiber die Endospermbildung der Kompositen. S~'ellsk. 

hot_ Tidskr. 18 : 177-203. 

* DE CANDOLlE, A. 1856. Note sur la fa mille des Santalacees. Bihl. IInh'erse. de Gencre. 
GRIFFITH, W. 1836. On the ovulum cf Sal/tatum alhum. TrailS. Linn. Soc. Land. (Bot.) 

18 : 59,70. 

GRIFFITH, W. 1843. On thr.: ovulum of Santallllll, Osyris, Lorall/fllls and Vi.ICUIII. TrailS. 

Linn. Soc. Lond. (Bal.) 19: 171~214. 

MIERS, J. 1851. Observations on the affinities of the Olacaccae. Anll. Mag. 1m!. /list. 
8: 161,184. 

MIERS, J. 1878. On some genera of the Olacaceae. J. Linn. Soc. (Bot.) 17: 126-141. 

• Not seen in original. 



EMBRYOLOGY OF QUINCHAMAllUM CHllENSE LAM. 169 

PALIWAL, R. L. 1956. Morphological and cmbryologic<ll studics in some Santalaceac. 
Agra Unir. J. Res. (Sci.) S: 193-284. 

PtLGER. R. 1935. Santalaceae (ill Engler, A. & Pr,mtl, K. Die lIatiirficlH:1I P/fallzell/ulllilien. 
W. Engelmann, Leipzig). 

RAM, MANAS1 1959. Morphological and embryological studies in the Family Santalaceae-

Ilr. Leplomeria R. Br. Ph)'tomorph%gy 9: 20-33. 

RAO, L N. 1942. Studies in the Santalaceae. A/JIl. Bot. LVlld. (N.S.) 6: 151-175. 

SMITH, F. H. & SMITH, E. 1942. Floral anatomy of the Santalaceae and some related forms. 
Ore. Sf. MOllo.~r. Bot. No.5: 1-93. 

VAN TIEGHr.M, PH, 1896. Sur les Phanerogames a ovule sam nucdlc, formant Je group 
des InnuceHces ou S~lntaline~s. 81(/1. Soc. bot, FrWlce 43 : 543-577. 



Effect of Some Growth Substances and 
Calyx on Fruit and Seed Development of 

Althaea rosea Cay. 

R. N. CHOPRA 

Department of Botany, University or Delhi, Delhi 

The in vitro culture of ovaries was initiated by LaRue (1942), who apart 
from obtaining rooting of excised floral parts, achieved apprcc'lahle growth 
of ovaries of many plants. Since then this technique has been improved 
upon and is useful for investigating problems of fruit development. Ovaries 
of tomato (Lycopersieum es('u/elltum), tobacco (Nicotiana tabacum), strawben y 
(Frogaria chiloensis X F. virginiona), gherkin (Cucumis allguria) and bean 
(Phaseo/us vulgaris) were grown in vitro with varying degrees of success 
by Nitsch (1949, 1951, 1952). Jansen & Bonner (1949) duplicated the 
result· with another species of tomato, Lycopersicum pimpinellijoliutn. From 
ill vivo studies on a self-sterile strain of tomatoes (John Baer), Leopold & 
Scott (1952) concluded that fruit set is dependent upon the presence of 
mature leaves. When flowers were grown on different mcdia, it was found 
that a large number of nutritive materials could be substituted for leaf re­
quirement. Redei & Redei (1955) cultured pollinated ovaries 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 
;n ritl'o were smaller than those ill }'ivo. Anantaswamy Rau (1956) studied 
the influence of co1chicine on the embryo and endosperm of Phlox drummoll{W, 
from the ovaries maintained on artificial medium. 

Nitsch (1951) reported that the general pattern of ovary growth ill )'itro is 
the same as in 1';1'0. This indicates that the growth responses of the ovaries main­
tained in artificial media are dependable. and allow for rcasol,J:ablc t:omparisons. 

The present paper deals with the effects of some growth substances and 
calyx on fruit and seed development in Althaea rased. 

MATERIAL AND METHODS 

Plants of Althaea rosea (hollyhock), grown in the Botanical Gardens of 
the Department of Botany, University of Delhi, were used for the present 
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FIG. J - Flower at anthcsis; the stigmas arc still \\ ithin the ~tall1inal tube. Fig. 2. Same, 
showing the emergence of stigmas. Fig. 3. A mature fruit produced in nature 30 days 
after pollinution. Fig. 4. Seeds of the above. Fig. 5. Ovary at the time of inocul(ltion (3 
days after pollination). Fig. 6. A 25-dny-old mature rnlil from an ovary planted with intact 
calyx on N BV. Fig. 7. Germinating seeds from another fruit (40-daY-ClJd) mainta ined o n 
NBV. Fig. 8. A 20-day-old fnl it cullured on NBV -r GA (25 Ilpm). Fig. 9. Another 
fruit (lO-day-old) grown on mv "" IBA (20 ppm). Fig. 10. A 25-day-old rruit cultured on 
NaV + IAA (5 ppm) + kinetin (0, 5 ppm) 
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study. The flowers were tagged 011 the day of anthesis and were picked three 
days after pollination. 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 sterilization was done by keeping 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, (943). This medium was supplemented by indoleacetic acid, 
(lAA, 5 ppm). indolebutyric acid (lBA, 1,5, 10.20 ppm), gibberellic acid 
(GA, 1,5, 10, 25 ppm), kinetin (0'1, 0'2, 0'5, I, 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' tubes, plugged with nonabsorbent colton (wrapped 
in a piece of cheese-cloth), were used as containers. The pH of the medium 
was adjusted to 5·5. 'In each tube 10 ml. of the medium was dispensed and 
these were autoclavcd at 15 lb. 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 each medium, except the one with 
gibberellic acid in which only 12 were sown. An increase in diameter was 
taken as an index for growth, and a change in colour, from greenish yellow 
to black, as the criterion for maturity. --,--

The development of endosperm and embryo was ~tudicd mainly by dis~ 
sections. Microtome sections of the seeds were cul at the thickness of 12- t4,"", 
and Heidenhain's haematoxylin was used for staining. 

OBSE~VATIONS 

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. I), come 
out and spread in 3-4 days (Fig. 2). After pollination the corolla closes in 
a couple of days and is evel1lually shed along with the style and the staminal 
tube. The calyx and the epicalyx arc persistent (Fig. 3). Depending upon the 
season. the fruits attain their maximum size of 17-20 mm. diameter in 10-18 
days after 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 meriearps separate 
and are dispersed by wind. Fruit set is about 95 per cenl. 

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

Development of Seed. At tIle 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 anti the endosperm had become cellular, wi th the conical 
chalazal pan alone cOnlaining free nuclei. WiLltin 25 days the no rmally 
developing seed .. showed a mature embryo (Fig. 19). H owever, aboul 15-20 

Flo. }} - }'h~TOOR;W> OIVJNO THE INCREASl' IN FllUff DJAMFrI:.R IV 'IRMS Of TIlT 

PFRCeNTAGE OF nu.l TOTAL P03S1BLE GROWTH. TilE [~rrCt Of CALYX ON FRUIT GROWTH 

STANDS OUT PROM INENTLY ON N BV 
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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 resulted 
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 I). 

Fig. 5 shows an ovary three days after pollination in the month of 
February. Unless otherwise mentioned aU the ovaries were planted without 
calyx and were maintained in diffused daylight. The behaviour of the ovaries 
is given separately 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. 

NBV. About 58 per cent of the ovaries showed growth and the average 
diameter obtained was 12 mm. No maturation was observed. Tn another 
set of 24 ovaries 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 beneflcial for the growth and maturation 
of the fruits (Fig. II). 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 12 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 the embryos germinated ill silu (Fig. 7). ~_.-~-

NBV +- Colchicine. In 50 ppm of colchicine only 20·S 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 d,iameler. Two fruits showed signs of 
maruration after 50 days. A still higher .concentration (200 ppm) was less 
effective than lOa ppm (Table I). 

NBV -+- Gibberellic Acid. Only 16·6 per cent of the ovaries planted 
on NBY + GA (I ppm) grew well. One of the fruits started maturing after 
30 days. With 5 ppm. 33·3 per cent of the ovaries grew and one fruit 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 I J. 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 the 24 ovaries planted in each concentration, 
a set of 12 was kept in diffused daylight while the other set was kept in total 
darkness. 

In the first set. (I ppm) IBA did not prove any better than the basic medium. 
In 5 ppm about 50 per cent of the ovaries showell 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). 

Tn darkness, with I ppm 1BA, 25 per cent of the ovaries showed an average 
increase of 0·8 mm. in diameter and one fruit exhibited 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 t~COMPARISO'i OF lJiFFERENT MEDIA BASED ON THE PERCENTAGE 

OF I:'oiCREAS£ IN DIAMETER 

Treatment Initial Total possible Actual Increase 
diam. increase (l9-x)* incn:ase mm. " /, 
mm. 

Til rh'o 14' 5 4-5 4- 5 100'0 
NBV 10-1 8'9 1-9 21 ·4 

(dark) 11·3 7-7 3' 1 40-3 
(+ calyx) 14-5 4'5 4- 5 100' 0 

NBV + colchicine 
50 ppm 15·8 3-2 0-2 6·0 

100 ppm 9-9 9-1 3· 2 35'2 
200 ppm 9-3 9-7 2'6 26-8 

NBV + GA 
I ppm 15-6 3-4 0-6 17'6 
5 ppm 15-1 3·9 o· 8 20'5 

10 rpm 15-6 3'4 1'3 38-0 
25 ppm 15·0 4'0 1-8 45'0 

NlIV , lBA (dark) 
1 ppm 15·1 3-9 0·8 20·5 
5 ppm 15:J 3-7 I· I 29·7 

10 ppm II-I 7'9 2·7 34'2 
20 ppm 15·1 3-9 3·4 87·0 

NBV +IAA 
5 ppm 14'6 4'4 0-4 9·0 

NBV \- kinetin 
0'1 ppm 15·8 3'2 0·1 3·0 
0-2 ppm 15-3 3'7 0·6 16'2 
0-5 ppm 13' 1 5'9 1-7 28·8 
I ppm 14-3 4'7 2-1 44'7 
2 ppm 13'7 5· 3 I- 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 18·5 
mm. The maximum diameter was attained in 10-15 days after inoculation 
and 6 fruits out of 12 matured in 25-30 days. 

NBV + IAA. Only 8·3 per cent of the ovaries increased in diameter 
from 14· 6 to IS mm. One of them started turning black after 30 days, 
but did not mature. 

NBV -I Kinetin. In O· I ppm kinetin the increase in fruit diameter was 
only O· I mm. and none of the fruits matured. The addition of O· 2 and O' 5 
ppm kinetin improved growth. 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 I 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 gre~ was greater, 
the increase in fruit diameter was less. A couple of fruits turncd slightly black. 

NBV + IAA + Kinetin. The concentration of IAA (5 ppm) was kept 
constant while that of kinetin was varied. With a combination of O' I ppm 
kinetin and IAA, fruit growth and maturation improved as compared to O' I 
ppm kinetin or 5 ppm IAA used individually. 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 
increase 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 (Fjg:"rO). In a few cultures 
the pedicels showed a slight increase in girth. With I 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 matuqttion 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 NBV 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 fruits most of the embryos 
had reached their normal size and germinated in situ. In general, however, 
the size of the embryos was much smaller as compared to that in nature. En­
dosperm development seemed to be norma1. 

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 concentrations (100,200 ppm), on the other hand, the 
embryo remained at the globular stage and there was no cell formation in 
the endosperm. The embryo at times became very large (Fig. 15), but its 
differentiation was checked. 
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With other supplements (e.g. GA, IBA. IAA. kinetin) 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 rew 
cells. if at all, at the extreme micropylar end. In all such cases the contents 
of the embryo sac gradually degenerated and the seeds were reduced to flat 
papery structures. 

DISCUSSION 

LaRue (1942) reponed a fivefold increase in the size of tomato ovaries. 
The fruits of KalancllOe develop~d practically to full size, though the seeds 
did not contain embryos. 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 (1951) observed that pollinated ovaries of tomato could be easily 
raised on a basic mediulll 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 ghcrkins. strawberry. bean and tobacco also ptoduced 
small fruits in the basic medium. 

Sachar & Baldev (I958) report that in Linaria marOCCQno the most 
favourable medium for ovary culture was Nitsch's basic medium supple­
mented with vitamins. glycine and yeast extract (0· 5 per cent), but the control 
ovaries in field grew to a larger size. Similarly in Tropaeolum maillS (Sachar & 
Kanta. 1958) even the largest fruit. produced in Nitsch's basic medium with 
vitamins, glycine and tlliamin (10 ppm), failed to tome up to the size of natural 
fruits. Tn [beris amara (Nirmala Maheshwari & Lal. 1958) the fruit growth 
in vitro paralleled to that ';n 1';1'0. With the addition of IAA to the medium 
the fruits were sometimes even larger than lhose in nature. 

In Althaea rosea the best results were obtaineu with I BA. 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 fruit growth vary 
with different plants and in some none of the tested chemicals give good rc~ults. 

Effect of Calyx on Fruit Growth. The calyx has a beneficial effect on fruit 
growth. Sachar & Kanta (1958) observed that in Tropae()lum the presence 
of the calyx and corolla increased the diameter of the fruit from 2·5 to 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 [heds with calyx and corolla always outgrew those in which these had 
been removed. 1n Althaea the ovaries raised without calyx in the basic 
medium grew to a diameter of 12 mm .• while those with intact calyx produced 
the largest fruits measuring 19 rom. 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 rew produced "appar­
ently normal seedlings." In Phlox, Anantaswamy Rau (1956) observed 
multinucleate 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 more than 
12-14 days showed considerably malformed seeds with degenerated endo­
sperm and embryos. In TropaeolulI1 (Sachar & Kanta, 1958) the embryos 
from ovaries grown in the basic medium did show some growth and differentia­
tion comparable to that in nature. However, these embryos were always 
smaller than the normal embryos of the same age and later showed signs 
of degeneration. 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 
an d embryo in Linaria proceeded alike both in cultured and in natural fruits, 
except that there was a greater deposition of starell in the endosperm of the 
former. In Iher; .. as well (Nirmala Maheshwari & La!. 1958) the ovaries 
maintained on Nitsch's basic medium with vitamins and glycine (NBV) and 
NBV with TAA (5 ppm) showed normal growth of the endosperm and embryo. 
Tn other cultures of lberis, with 2. 4-D and kinetin. the growth of the endo­
sperm and embryo 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. All such seeds were 
eventually redUl;ed to thin papery structures. 

Effect of Calyx and Other Maternal Part< on the Development of Endo­
'perm and Embryo. Red.i & Redei (1955) planted ovaries of Triticum in 
the culture medium 3-4 days after p:Jllination. If the ovaries were deprived 
of the lemma 'md palea. the emh;yo seldom developed further. On the 
other hand, in ovaries enclosed by these parts the embryo displayed continued 
differentiation, although the endosperm 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 tub~. the. size of embryos was usually 
much smaller than that in nature. 

SUMMARY 

Pollinated ovaries of Althaea rosea have been successfully cultured in 
artificial medium. The presence 6r absence of the calyx did not make any 
appreciable influence on fruit growth ;n )';1'0. In vi/ro, 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 caly:< revealed only free nuclear endosperm and heart-shaped 
embryos. 

Of the sUl,plCments used, TBA proved to be the best for the growth 
and maturation of fruits. In 20 ppm IBA the average fruit diameter waS 18·5 
mm. (in dark) and 50 per cent of the fruits matured. Darkness increased 
frult size and tL.e 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 ,lid not progress beyond the heart-shaped stage. In ail such 
cases the embryo sac contents eventually degenerated and the seeds were 
nonviable. 

The author takes this opportunity to thank Professor P. Maheshwari 
for his keen intacst in this work. 
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In Vitro Production of Onion Seeds 
SIPRA GUHA 

Department of Botany. Univcrsity of Delhi, Delhi 

In recent ),I..!ars r:xtensive researches have been carried out on the cut· 
tUle of dicotyledonous tissues and organs, but the monocotyledons have 
received much less attention. Robb (1957) cultured explants from the bulb 
~cales of Lilium sjJl!Ciosum which proliferated and differentiated into bulblets 
in 15-[6 weeks. Clark & Heath (1959) studied the changes in the growth 
substance-content of onion plants during bulbing. 

The present paper deals with the ill rilro production of seeds of Allium 
cepa var. Pusa red. 

EXPERIMENTAL PROCEDURE.· 

Pollination of flowers occurs on the day of anthcsis. The flowers were 
collected two days after pollination (Fig. I), sterilized for 5 minutes in chlorine 
water, washed thoroughly with sterile water and inoculated aseptically in 
. Pyrex' culture tubcs containing 15 ml. of sterile nutrient medium. The basal 
med;um (BM) comprised halfCstrength Knop's major salt solution, minor 
salt solution (Nitsch, 1951), vitamin solution (White, 1943; modified by 
the addition of calcium pantothenate and increasing the original concentration 
by 2·5 times), 5 per cent sucrose, 0·7 per cent Difco Bacto agar and 10 mg.!!. 
ferric citrate. To this medium were added several growth substances like 
casein hydrolysate (CH), yeast extract (YE), gibberellic acid (GA), indole­
acetic acid (IAA), naphthalene acetic acid (NAA), kinetin (K) and tryptophane. 

OBSERVATIONS 

Growth In Vivo. Two days after pollination the ovary is 3 to 4 mm. 
in diameter, and in 21 days attains the optimal size (6-7 mm.). The ovary 
has three, rarely four loculi, eacM. of which usually contains two ovules. The 
fruits mature and dehiscc in six weeks. Seeds germinate immediately after 
shedding, first producing a coleorrhiza which grows into the soil and with the 
development of the cotyledonary leaf, the seed is carried upwards above the 
surface of the soil. The second leaf originates from the upper part of the 
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FI('s. 1- IO-GROWlIJ OF ':XCISEO H.OW[RS: Fig. I. Flower at the time of inoculation 
(2 days after poJlination). Fig. 2. A six-week-oJd malure fruit on BM IAA (I ppm) --l GA 
(4 ppm) + K (0' 5 ppm). Fig. 3. Seedling formed on BM_ Fig. 4. Fruit cultured on BM 'I 

GA (4 ppm) ,howing ill silll gem)inntion of seed; the ovary is pushed up due to the­
elongation of the cotyledon (nat. :;iLe). Fig. 5. III SIlII germination of seeds on BM + IAA 
(J ppm): instead of growing downwards the rool-l:nd extended upv.ards. note the 
initiation of root from the tip of the a\is. FIg. 6. Seedling produced on BM NAA (2 ppm); 
arro\\ points to the root bearing root hairs ouu,lde thi medium. the portion 11)side the medi­
um l acli.~ them. Fig. 7. Bulb produced on BM -I IAA (0. 5 ppm): the roots are short and thick. 
I-ig.8. Seedling showing branched root l;ystem produced on BM ~ lAA (I ppm) - GA 
(2 ppm). Fig. 9. Bulbs produced on BM .L I AA (I' 0 ppm) + K O' 5 ppm. Fig. 10. 
Eight-\\~k-ohl nbnonnaJ embryos on BM T NAA (2 ppm) 
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These scales turn crimson and form a miniature bulb. The foots remain 
stunted and thick (Fig. 7). Green leaves rarely appear on BM + IAA even 
four weeks after germination. BM + lAA -+ K also fails to induce lhe for­
malion of green leaves but bulb formation is much beller than on BM -;. lAA 
(Fig. 9). BM + GA gave strikingly differem results as compared to BM + 
IAA. The radicle entered into the medium and produced a long root. 
After two weeks many roots devdoped and <.ntained a length of l2 to 15 em. 
Many leaves also developed from the upper portion of the stern (Fig. 4). 

On BM -,- 1 AA + GA. the relalive concentrations of IAA and GA 
determine the type of seedling. c.g. with IAA I 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 + NAA 2 ppm the seedlings have a much smaller bulb (Fig. 6) 
than on BM -+- IAA. 

When tryptophane is subSlituted for IAA, bulb formation is eono­
pletely inhibited. but a number of leaves and fibrous roots arc produced. 

SUMMARY AND CONCLUSIONS 

At the time of inoculation of flowers of Allium cepa. the o\'u\e-:-. contained 
the organized embryo sac and in nature the embryo develops in four weeks. 
In flowers reared on BM only.) per cent seeds showed normal embryo and 
endosperm. On BM ~- IAA (0'5. 1 ppm) and BM + GA (4 ppm) 20 
per cent fertile seeds were produced. The best growth of seed~. wa'~ ~ 

obtained on BM -L tryptophane (2 and 5 ppm) where 30 per cent seeds 
were viable. 

Usually, the fruits grown in artificial media remain smaller than the 
size of natural fruits, e.g. in Cooperia (Sachar & Kapoor. 195H). Lillaria 
(Sachar & Baldev, 19~H) and Tropaeolum (Sachar & Kanta, 1958). In lheris 
(Maheshwari & Lal. 1958), however, natural-sized or even slightly bigger fruits 
arc produced. This is also true of AlNuIH. The natural size of fruits is 
reached on BM ~ lAA (0· 5. I ppm) and BM ~ GA (4 ppm) but larger fruits 
are produced on BM -i- IAA + GA T K although in the latter case only 
I 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 Ranullculus (Sachar 
& Guha, 1960). 

The devclopment of seed coaf is independent of the growth of endosperm 
and embryo since healthy-looking seeds were frequently empty. In almost 
all the media tried, the size of emhryo was comparable to that produced in 
nature. 

The author records with pleasure her gratitude to Dr B. M. Johri for his 
guidance and to Professor P. Mahcshwari for comments and advice. Thanks 
are also due to the Council of Scientific & Industrial Research, New Delhi, 
for financial assistance. 
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Development of Exembryonate Seeds 
In Foeniculum vIIlgare Mill: 

SHRISH C. GUPTA 

Department of Botany, University of Delhi, Delhi 

Some of the healthy-looking secds of fennel arc 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) cmbryolessness. The third 
cause of non-viability has been studied. 

OBSERVATIONS 

A cursory examination of the mericarps of FO(!lliculwn vulgare showed 
a hole in the fruit-wall indicating the escape of an insect. Th~ microtome 
sections of the young fruits containing globular embryo arurcellular endos­
perm revealed an insect larva and the dissection of mature fruhs yielded 
a phytophagous chalcid fly, Systole aibipellllis Walk. (family Eurytomidae) 
or one of the two hyperparasites, Tetrastichus sp. (family Eulophidae) or 
Liodontomerus sp. (family Torymidae). 

Usually one (rarely two) egg or Systole is laid in the mericarp between 
the integument and the endosperm (Fig. I). At this time the endosperm is 
partially Of completely cellular. and the procmbryo 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 peri carp 
and escapes (Fig. 5). 

Owing to the insect attack the embryo, sometimes even the endosperm. 
fails to develop in approximately 40 per cent mericarps (Fig. 4). Occa,ionally 
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 mcricarps, the percentage of cxembryonate seeds 
increases during the late season. These seeds cannot be distinguished from 
the embryonate ones by their external appearance, size or weight. 

*Part of ,he thesis entitled "Morphological and Embryological Studies of some 
Umbelliferous Spices" approved for the Ph.D. degree by the University of Delhi. 
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At limes, the phytophagous chaLcid larva may be overlaid by the egg 
of one of lhe two hyperparasiles (Fig. 7). Tetras/iehus sp. or Liodolllomerus 

FIGs. 1-4 - LONGISI!CTIO:-lS Of Dl VI:.lOPING mUITS 01 FC)(!IIiCIIIUIII "t/lgore (delllb , degenerat­
ed embryo: dell. degenerated endosperm; dOl') degenerated OHI!c: e,l.'l,i?2t developing insects: 
elld, endosp1::rm : i. inlegument: Pi'lll, proembryO) : Fig. I. Shows i"sccl egg between the 
endosperm and integument. Fig. 2. The procmbryo and endosperm have been panialJy 
damaged by the two developing insects. Fig. 3. Arresred growth of endosp~rm. Fig. 4. 
Both the endosperm lind embryo have degenerated 
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sp. The hypcrpara<,ites develop into adults at the cost of Systole larva but 
do not deslroy either the embryo or the endosperm. However. a the hyper­
parasites grow in size. some of the surrounding cells may be crushed. Thus. 
in some fruits an adull Tetrastichus or Liodollfomerus may be lying side by 
side with a normal embryo. 

To trap the insects (S.I'.~(Ole. Telrastichu$ and Liodoltlomerus). the fer­
tilized ovaries of FoelJiclI/uf1I were cu ltured 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 so urce. Tile p H of the medium 
was adjusted to 5·9. The cultures were kept at ± 25' C. and ±50 per cenl 
relative humidity in d iffuse sunlight. 

At the time of inoculation the young mericarps contained globular pro­
embryo and cellular endosperm with the Ian a of S)WIO/C>, or it had been al­
ready hyper-parasitized by Liod,)IITOmerUs (Fig. 8) or Tefrasfidllls ·(Fig. 9). 
111 a few cultures. 10 days after inoculation. the adult insects escaped by boring 
a hole in the fruit-wall and suni'·ed for II to 17 days inside the culture tubes. 

FIGS. 5-9 - P ,'RASllf A'IO HYI'I RI',\R \SI rl:.S (f, fruit: [II, forcwing: lip, hyperparasite ; 
ill. insect; 0, ovipo~itor; p, I'arasitc): Fig. 5. Insect emerging out of the fruit. 
Figs. Ii-S. Whole mOunh of insect~ di~'Cted from the fruits of Foellicullllll, Fig, 6. 
Systole albipl!lIl/if. Fig. 7. Para~ite and hyperpamsitc lanac. Fig. 8. Liodollfomerus sp. 
Fig. 9. Tetras/ic/llls sp. from n fruil of Foellicubull cultured in vitro 
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SUMMARY AND CONCLUSIONS 

Flemion and her co-workers (1941; 1949; 1954; 1955) have reported that 
embryolcssness in the umbclliferous seeds is due to the external feeding hy 
Lygus bug which is said to deposit toxic oral secretions inside the fruits 
causing abortion of the embryo and cnuosperm (see Flemion, 1955). This 
view has also bcen supported by Kho & Braak (1956). 

Neither the toxic nature of the oral secretions has so far been demon­
strated, nor is there any direct evidence to support the view of Flemion et al. 
(1954) that Lygus transfers micro-organisms to the ovaries which cause 
embryolessncss. According to Flemion & Henrickson (1949) the climatic 
conditions, types of soil, genetic influence, etc. have no effect on embryoless­
ness. The author did not notice Lygus bug fceding on the frui(s of Foelliculum 
and his observations indicate that the excmbryonaw· seeds are produced 
due to damage caused to the embryo and endosperm by the growth of 
Systole aibipelllws. 

It gives the author great pleasure to express his gratiiUde to Dr B. M. 
Johri, und~r whose guidance this work was carried Ollt. i.tnd to Professor 
P. Mahcshwari for his constant encouragement and advice. The insects 
were identified by Dr B. D. Burks (U. S. National Museum, Washington) 
and Dr J. F. Perkins (British Museum, Natural History, London) to whom 
the ~uthor is most grateful. Thanks are also due to the lndian Council of 
Agricultural Research, New Delhi, for financial assistance. 
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Female Gametophyte 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 (I836a, b), Assistant Surgeon in the Madras 
Establishment of the East India Company and later attached to the Botanical 
Garden and the Medical College at Calcutta, who studied several species of 
these families. He not only used spirit for preserving the materia1 to be exa· 
mined Ialer but also employed the technique of dissection. Without the latter 
method it would be almost imvossible [0 study the tortuous course of embryo 
sacs in the Santalalcs 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 summarized by Johri 
& Bhatnagar (1960). They agree that this order should comp,;se two sub­
orders: Santalincac and Loranthineae. but point out that the Santalineae 
should include only four families-Olacaeeae, Grubbiaeeae, Santalaceae 
and Myzodendraceae, and the LOtllnthineae two families-Loranthaeeae 
and Viscaceae. The Santalaceae may be subdivided into six tribes-Coman­
dreae, Thesi'~ac, Osyridcae, Santaleae, Opilieae and Anthobolcae. 

OLACACEAE 

In O/ax imbricata the development of the embryo sac conforms to the 
Polygonum type (Fagcrlind, 1947) whereas in O. "'ighliana (Shamanna, 1954) 
it is of the Allium type. Saroj Agarwal (University of Delhi) has re­
cently confirmed bisporie development in O. lI'ightiana and observed Poly­
gonum type 1n another species -0. sfandens. The tip of the 4-nuckat.e 
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 producir,g 
the 8-nucleate gametophyte and the egg apparatus and polar nuclei are 
organized as u~ual. The antipodal nuclei do not olganize into individual 
cells but remain limited to a common cell cut off at the base of the embryo 
sac. Sometimes two cells may organize and one of these- is binuc1eate. 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 jrulescens (Fagerlind, 1947) and Slrombosia 
ceyJanica (Agarwal, 196J) also conform to the Polygonum type and it does 
not extend beyond the ovule. In Slramnosia starch appears at the 4-nucleate 
stage and sometimes it is so abundant that the nuclei may be altogether 
masked. The antipodal nuclei organize into individual cells. 

GRUBBIACEAE 

The development of the female gametophyte has not been studied III 

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 umhel/ala (Ram, 1957) has been studied in 
detail. Juse 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 
single embryo sac develops in each ovule and by the time it reaches-maturity -
most of the ovular tissue is consumed. 

Thesieae. Bhatnagar & Agarwal (1961) have recently studied Thesium 
alpinwn and T. H'ighOanum. The embryo sac shows the normal organization 
and a caecuI1l arises from the chalazal end leaving the antipodal cells in 
situ. The latter degenerate before fertilization. The tip of the embryo 
sac is somewhat swollen and it' gradually consllmes the integumentary 
tissue. 

Agarwal (1962) has pointed out several new features in Quinchamaliu11l 
c/tilense. In contrast to 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 101lgest synergid haustOria 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 wightial1Q (syn. O. arboreal 
the 4-nueleate embryo sac elongates considerably, destroys the ovular epidermis 
and its tip ljes exposed in the ovarian cavity. A lateral caecum arises from 
the chalazal end leaving the antipodal cells in silu. The caecum elongates 
and invades the funiculus and the placental column. 

In Scleropyrum wallichianum (Rao, 1942) the tip of the gametophyte does 
P.E ... 13 
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not extend beyond the ovule and the antipodal nudei arc said ro lie free in 
the embryo sac. An aggressive" antipodal haustolium" 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 nuclei 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 
SalltallIIn 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 in situ. The so-called 
synergid haustoria reported by Paliwal appear to be the remnants of the per­
sistent pollen tubes (see Bhatnagar, 1959). The embryo sac of Leptomeria 
cUl1nil1ghamii, L. acida (Ram. 1959b) and Mida salicifolia (Bhatnagar, 
1960) is similar to that of Santalum, except that in Leptomeria the gameto­
phyte becomes extra-ovular only after organization of the lluclei. 

Opilieae. The tip of the embryo .sac of Opilia amelltacea (Shamanna, 
1955) does not grow beyond the ovule but the chalazal end produces a large 
caecum leaving the antipodal cells in situ. The caecum invades the .l!lacenta. 
Swamy (1962) has pointed out that it extends into the solid-patt o}'~he gynoe­
cium 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 rhedii. The embryo sac re­
sembles that of Opilia. With the initiation of the chalazal caecum the antipodal 
nuclei migrate into it but rapidly degenerate. The upper part of the embryo 
sac enlarges and crushes the adjoining integumentary lissue (except the outer­
most layer) so that the micropyle is demolished and the egg apparatus 
hecomes exposed. Considerable amount of starch accumulates in the 
gametophyte. 

Anthoboleae. Ram (I959a) investigated three species of Exocarpus­
E. clipress{{ormis, E. sparteus and E. strict us, 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 the egg apparatus becomes exposed. Finger-like haustorial 
processes develop in E . .rIrie/us and rhesc are much more extensive in 
E. meizziesii. 

]11 Mytodcudrol1 pUl1ctuiufUI11 and M. quadriflorum (Skottsberg, 1913) 
the embryo sac is of the Polygonum type and the antipodal end of the embryo 
sac extends into the placental column. 
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LORANTHACEAE 

The embryo sac is of the Polygonum type and in some members, e.g. 
Macrosolen (Maheshwari & Singh, 1952), Lepeostegeres (Dixit, 1958b) and 
Atkillsollia (Prakash, 1961) the two lower nuclei of the 4-nucleate embryo sac 
divide earlier than the upper nuclei. Thus, a 6-nucle.ate slage precedes the 
8-nucleatc gametophytc. In the latter two plants, embryo sacs may sometimes 
show reversed polarity. 

Tn most of the members the lower end of the embryo sac extends up to 
the base of the hypostase leaving the antipodal cells ill situ, The upper end 
may remain limited to the ovalY or may ascend into the style and stigma. 
This is the only family of angiosperms wllere such a behaviour has been ob­
s~rved. The ovarian, styJar and stigmatic tissues adjoining the gameto­
phytc are usually rich in starch and sometimes starch accumulates in the 
embryo sac also. 

Elytrantheae. The tip of the embryo sac extends only up to lhe base 
of the style in Macrasa/en (Maheshwari & Singh, 1952) and Pcraxilla 
(Prakash, 1960), slightly above the base of the style in Lepeoslegeres 
(Dixit, 1958b), and up to almost half th~ length of the style in Lysiana 
(Narayana, 1958a). 

Loranthe.,. The upper end of the embryo sac reaches up to middle to 
two-thirds the height of the style in AlllyelliG (Dixit. 1958a), Vendraphthae 
(Singh, 1952), Heliconthes (Johri, Agrawal & Garg, 1957) and To/ypanthlls 
(Dixit, 1%1), amI up to the stielma in Barll1hranthus (Garg, 1959), Hriixanr/mu 
hookeriona (Schaeppi & SteindJ, 1942), TlIl'eia (Smart. 1952) and Tapinastemma 
(Garg, 1959), [n Helixanthera ligllstrilla (Maheshwari & Johri, 1950) it 
comes to lie just below the stigmatic epidermis. 

Nuytsieae. Th~ apical portion of the embryo sac does not extend beyond 
the base of the style in AtkilEonia (Prakash, 1961) but in, Nuytsia (Narayana, 
1958b) it ascends up to two-thirds the length of the style. In both the genera 
a caecum develop.; from the upp~r en:! of the embryo $ac . .... 

VISCACEAE 

This is the only family in the Santalales where the development is hi­
sporic and the problem of poLtrity of the embryo sac is of considerable 
interest (see Maheshwari, 1950), 

Photadend reae. The embryo sao is U-shaped in Denrirophthora (York, 
1913), Gil1a//oa (Rutishauser, 1937). Knrthalsella (Correa, 1958) and Phoro­
dendron (Billings, 1933; Rizzini, 1950). The curvature takes place at the 
4-nucleate stage so that the lower end of the embryo sac containing two nuclei 
grows out of the mamelon, curves and elongates in the carpellary tissue, 
Eight nuclei are 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 c~ntains 
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 appears to be unlikely since the synergids 
and antipodals are usually ephemeral. Tn fact. Billings and York's observa­
tions are far from satisfactory and tetrasporic origin of embryo sac in PhoNl­
dendron may be rejected. This genus as well as DelldrophtllOra require a 
thorough reinvestigation. 

Arceuthobieae. The embryo sac is straight and only seven nuclei have 
been observed in Areccw/lObium arnericanum (Dowding, 1931), A. oxycedri 
(Johnson, 1888) and A. mintilissilllUIIf (Correa, 1958). This is probably due 
to an early fusion of the polar nudei. 

Visceae. In Viscwl1 (Stcindl. 1935; Schaeppi & Steindl. 1945) also the 
embryo sac is 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 extension of the 
embryo sac at both ends and the formation of prominent haustoria are also 
common features. The extensive synergid haustoria of Quilldramaliwu is a 
unique feature and it would be of great interest to know if thjs is common 
to some other species in this order. In the family Loranthaceae the upper 
part of the gametophyte may ascend to various heights in the style until in 
some genera it comes to lie directly below the stigmatic epidermis. 

We have practically no knowledge about the female gametophyte of 
several important genera, e.g. Agonalldra, Anl/roho/us. Aliolla. GaiadclldrOil. 
Grubbia, Myoschilos, Oct(lknema, Okoubaka, PsiJtacanthus, etc. An investi­
gation of these and allied genera would be very helpful in correcting some 
of the earlier observations and traciEg the inter-relationships of the Santalales. 

The Santalales arc widely distributed, s'ometimes in inaccessible regions, 
and the collection o'f the required material is not an easy task. We have 
been greatly helped in this project by numerous friends and co-workers and 
it would bc appreciated jf fellow botanists could send us preserved material 
of the plants mcntioned above. 

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

Department of Botany, University of Delhi, Delhi 

During recent years artificial rearing of embryos, ovules and ovaries has 
received much attention (see Mahcshwari. 1959). Controlled growth of ovules 
is helpful in understanding their growth requirements and interdependence 
of the various parts, namcly~ integument. nucellus, cndosp.:rm and embryo. 

Withner (1943) advocated ovule culture as a quick method for obtaining 
seedlings of orchids. White (1932) obtained callus from the integumentary 
cells of AIII;rd,;lIum ovules and LaRue (1942) grew the ovules of E,phru/1ium 
ameriCafWHl which increased to four times their initial size. None of these 
authors followed the histological changes or the development of the endo­
sperm and emb~yo i/1 I"ilro. This credit goes to Nicmala Maheshwari (1958) 
who cultured the ovules of Paplll'Cr sOnlll{ferum containing the 2-cel1ed pro~ 
embryo and a few endosperm nucki. The ovules developed to maturhy and 
germinated ;11 situ. Ranga Swamy (1959) obtained normally developed em­
bryos in the ovules of Citrus microcarpa which 'were inoculated at the time 
of initiation of nuccnar embryos. Kapoor (1959) reared to maturity tile 
ovules of ZephYfanthes at the zygOte_ and primary endosperm nucleus stage. 

This paper deals with a preliminary account of the;/1 I"itro growth 
of ovules of Gossypium hirsulum var. Indore-2. 

MATERIAL AND METHODS 

The basal nutrient medium (BM) included modified White's minerais, 
vitamins, glycine (sec Ranga Swamy, 1961), sucrose (4 per cent) and indole­
acetic acid (lAA-1 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 rpm). gibberellic acid (OA - 2, 4, 6, to ppml. IAA 
(0· 5, I· 5, 2 ppm), kinetin (K - O· 5, I, 2, 4 ppm) and yeast extract (YE - 500 
ppm) were used as ~upplements. In some experiments ovule extract was 
also added. This was prepared by crushing 100 g. of ovules (II days after 

. pollination) and diluting thc extract to I litre. 
The flowers of G. hirsUlum 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 flaming. The ovaries were then excised, 
ovules scooped out with a sterilized scalpel and inoculated. The cultures 
were maintained at 23-25 0 C., 40 to 50 per cent relative humidity. under diffuse 
sunlight. 

OBSERVATIONS 

Ovule. At the time of inoculation the ovules mostly showed a 12-celJed 
proembryo (Fig. 1) and about 500 endosperm nuclei. The inner integument 
was starchy and 13 or 14 cells thick while the outer was five or six cells thick 
with prominent unicellular epidermal hairs. The ovules developed satis­
factorily on BM + 1000 ppm CH. The growth was much better if j ppm 
GA was also added. The ovules started rurning brown in 30 days after 
inoculation and the maximum size (16 X 7 mm.) was recorded in 96 days 
after inoculation. 1n nature the maximum size ofovu)e{10·7x6·3 mm.) is 
attained in about 45 days after pollination (Figs. 6-8). Callusing often 
occurred from the outer integument (Fig. 9) and occasionally chlorophyll 
appeared in the epidermal cells. The epidermal hairs failed to grow and 
some darkly-staining contents appeared in them, 

Embryo. Attempts to culture the young excised embryos of cotton have 
not been successful so far. Embryos planted 15-20 days after pollination only 
callused and finally succumbed (Lofland. 1950). Addition of casein hydro­
lysate, coconut milk, sodium nucleate and tomato juice extract proved of 
no value. When mature embryo (27 days after pollination) was cultured, 
it gcrminakd into a normal seedling. 

Dure & Jensen (1957) studied ti,e influence oflAA and GA on the ill rill'O 

growth of embryos in which cotyledons had already devcloped. The embryo 
weighing 35 mg. did not show any division or elongation of cells while 
the axis of embryo weighing 64 mg. divided and elongated. Mauney (1958) 
ills been able to rear them from heart-shaped stage to maturity on White's 
medium (salts raised to 5 times the original level) supplemented with co­
conut milk, adenine and CH. K, IAA and GA were found to be detrimental 
to normal growth. Weaver (1958) cultured hybrid embryos of Gossypium 
arborewH X G. hirsutum to maturity on White's medium, age ranging from 
20 days after pollination, Varying degrees of growth were obtained and only 
one embryo produced a normal seedling. 

ln the author's experiments a mature embryo was produced by rearing 
the ovules containing a 12-cclled proembryo but the rate of growth was in­
variably slower than that in nature. In rim 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 after 81 
days. However. the size (I· I AD' 4 mm.) was less than one-fifth of the 
natural embryo (5' 5 X 3· 5 mm.). Addition of 750 and 1000 ppm CH pro­
duced a heart-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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J I(;S. 1·5 - (emb, embryo; l!ml, cmJo~p::rrn. ii. inner iml!gument: oi, outer integumem): 
Fig. I. Embryo at the stage of inoculation. rig. 2. fndex figur.: for rig 3. Fig. 3. Endo· 
sperm cells (mark.ed A ) magnified frol11 Fig. 2. !-Ig. 4. Outline figure showing Ihe embryo 
a nd groups of enuosperm cells, 36 da)s afler Inoculation, on BM -t .1500 ppm ell. fig. S. 
Magnified view of suspensor cells, 66 da)!; " fter inoculation on BM T I' 5 ppm fAA 
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(0' 3;: O· 2 mm.) developed during the same poriod. The addition of 5 ppm GA 
or I ppm K to BM 1- 1000 ppm CH did not improve the growth of tile embryo. 
However, it was slightly better if GA and K were replaced with sao ppm YEo 
The cotyledons differentiated III days after inoculation but one of them 
remained arrested. 

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

The addition of 0·5 ppm K produced a dicotyledonous embryo (O·g X 
0·4 mm.) with enlarged, rounded cotyledons IS days after inoculation, while 
in I ppm a much larger embryo (l·g X 0·7 mm.) with folded cotyledons de­
veloped within 81 days after inoculation (Fig. 10). 2 and 4 ppm were inhi­
bitory. 

BM -r 30 per cent ovule extract stimulatcd the growth of the embryo 
and it reached the heart-shaped stage 15 days after inoculation and dicoty­
ledonous stage (0'6 X 0·3 mm.) after 36 days. 

The following abnormalities were mel with: 
(i) The cells of the suspensor became hyp~rtrophied and accumulated 

starch grains on BM -I- 250, 1000 ppm CH, I ppm K, J 0 ppm GA and I' 5 
ppm IAA (Figs. 5, 11). The nuclei became amoeboid and the ccli walls 
became thickened. 

(ii) Buuding of the embryonal mass, either at the apical or the basal 
end, was very common on BM -+- 500, 1000 ppm CH. O· 5 ppm K (Fig. (2) 
and 10 or 20 por cent ovule extract. One of the cotyledons usually deve­
loped much better with 0·5 ppm K. 

Endosperm. Tn nature more than 1000 free nuclei arc formed jl1 seven 
to eight days after pollination when centripetal wall formation is initiated. 
The endosperm becomes completely cellular within the next eight to nine 
days. The sequence of endosperm development could not be followed ill rifro 
but cellular condition was observed on (i) BM + 250, 750, 1 sao and 2000 
ppm CH, (ii) BM l- 1000 ppm CH :- I ppm K, (iii)' BM -+ 0·5 K (Fig. 14), 
(iv)' BM + 2 and 6 ppm GA, (v) BM + 0·5 ppm IAA and (vi) BM -I- 10 
per cent ovule extract. 2 and 2·5 IAA; 1,2 and 4 ppm K and to ppm 
GA proved inhibitory. The cells of the endosperm became much enlarged, 
accumulated starch grains, cell walls thickened and the nudei 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 

Maximum growth of ovules was observed on BM + 1000 ppm CH + 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 IAA. 
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FIGs. 6·14 - fig. 6. Ovules at the stage of inoculation, note ll\~ epidermal hairs. Fig. 7. 
Mature ovule in nature, nole the !lain. Fig. 8. Ovule, 96 days after ino;;ula\ion reared on 
81'.1 + IO!)O ppm CH + 5 ppm GA. Fig. 9. S:lOl!:, note the c:1I11l3ing of the outer Integument. 
Fig. 10. SI-day-old dicotyledonous embryo with folded COtyledons in I ppm K. Fig. II. 
66-da}-old embryo wit h hyper(rophkd su~pensorccl1s on BM ~ 1' 5 ppm rAA. Pig. 12. 
IS-day-old embryo on BM -+ O' S ppm K showing budding allhe basal cne.! market! Wilh a n 
a row. Fig. 13. 36-day-olu embryo :lnd a group or endosperm cells (marked \\ illl an arrow) 
on BM + 1 Soo ppm CH. Fig. 14. 66-dl1y-old embryo a nti endospeml on BM I O· 5 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, 0,5 and I ppm K, 2 and 6 ppm GA, 0,5 ppm IAA and 10 per cent ovule 
extract stimulated the growth of endosperm. 

The author is grateful to Dr B. M. 10hri 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 pa/ustris L. 

R. N. KAPIL & S. JALAN 

Department of Botany, Uniwrsity of Delhi, Delhi 

The embryological literature on the genus Caltha is confined to the works 
of Mottier (1895), Thomas (1900), and Graft (1941). Mottier gave an account 
of the development of embryo sac in nine species of the Ranuncu!accae and 
noted a multicelled archesporium. absence of a parietal cell and the Poly­
gonum type of embryo sac in C. palustris. Thomas observed that triple fusion 
precedes syngamy. According to Grafl the fusion of mitotic spindles in 
the antipodal cells results in irregular polyploid nuclei. 

Kavina (1943) has made interesting teratological observations on this 
plant. The chromosome number in Caltha varies with the altitude, and 
tetra- and hexaploid forms are common in C. palustri,f (see Leoncini, 
1950, 1951). 

MATERIAL AND METHODS 

The genus compris-ts nearly 40 species distributed 111 the c'ooler 
parts of the world, mostly in southern hemisphere and especially in New 
Zealand and the Andes of South Africa. In India. C. palustris forms extensive 
perennial tufts beside brooks and streams on the Himalayas (usually above 
7,500 ft). 

Preserved buds. flowers and fruits of different ages were obtained by 
Professor P. Maheshwari through the courtesy of Professors Th. Eckardt 
(Berlin). M. Ernst-Schwar/cnbach (Zurich), O. Hage,up (Copenhagen), E. 
Soderberg (Stockholm), and W. van Heel (Netherlands); Drs F. A. L. Clowes 
(Oxford). Rhoda Garrison (Petersham). T. M. Harris (Reading). B. M. 
Johri (Swansea). Nirmal Kapil (Wisconsin), G. C. Mitra (Manchester). 
and J. L. Ramaut (Belgium); B. N. Kalil (Srinagar). and Miss Usha Bhagat 
(Ithaca). Our grateful thanks are due to all of them. Some material 
was also collected from Kedamath (Western Himalaya" altitude 11,500 
ft) during May J959, by Dr Hardev Singh and one of us (S. lalan). 

The material was fixed in formalin-acetic-alcohol and later pleserved 
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in 70 per cent ethyl alcohol. Customary methods of dehydration and 
imbedding were foHowed. Sections were cut at 7-14 microns and stained 
with safranin and fast green. Ac~tocarmine smears of pollen mother cells 
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, pedicellate, actinomorphic and bisexual. The perianth consists of 
five or six deciduous tepals. The androecium shows numerous free, centriM 
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 waH consists of five or six layers-the epirkrmis, cnuothecium, two 
or three middle layers and a secretory tapetum. The epidermal cells are 
isodiametric and divide antici!nally in the young anther. Subsequently as 
the pollen sac enlarges, they elongate, 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 elldothecium 
and the tapetum. The middle layer next to the tapetum is the first to disorga­
nize, gradualJy 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 

JjJ 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 simultaneous. 
Tetrahedral and decussate tetrads are formed as a result of centripetal fur­
rowing. The young microspore is ova] but becomes more or less spherical 
at maturity. Its nucleus divides to form a large vegetative and a small genera­
tive cell. The mature pollen grain is tricolpatc but sometimes pollen grains 
with four or five colpi were also observed. 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 poJlen tube emerged from a pollen 
grain but rarely polysiphonous condition was also noticed. 

During maturation of the anther, the region between [he adjacent sacs 
of each theca becomes slightly grooved and the cells of the septum stan de­
generating. To begin with a few cells disorganize below the groove but 
gradually thc remaining layers also disintegrate and the adjaccnt sacs become 
confluent. The flaps of the anther wall at the grooved region may be held 
together for ,orne time by a few deformed cells of the epidermis. As a re-
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suIt of shrinkage of the cells in the epidermis and the connective region 1 the 
flaps become disconnected and the pollen grains arc liberated. 

Ovule. Six to twelve ovules arc borne in two rows on the marginal 
p1acenta of unilocular ovary. They are anatropous, bitcgminal and craS­
sinucellar. Each ovule appears as a papillate outgrowth and becomes 
anatropous during the development of the embryo sac. Rarely orthotropous 
ovules were also observed; Figure 7 shows one such ovule in which the outer 
integument has grown in reverse direction. Both the integumellt'i arise 
almost at the same time but during the curvature of the ovule, the inner in­
tegument grows beyond the outer ,wd forms the micropyle. 

Megasporogenesis and Female Gametophyte. A multicelled arche­
sporium differentiates in the young nucellus (Fig. l). However, only one 
archesporial ccII divides to form the primary parietal and the primary spo­
rogcnous cclls. The epidermal ceils of the nucellus often divide earlier than 
the archesporial cell and contribute a major share in the formation of the 
parietal tissue. Consequently the megaspore mother cell comes to lie below 
2-5 layers of nuccllar 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. 
Rarely the spindles arc obliquely oriented during Meiosis 1. During Meiosis 
II 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-shapcd tetrad (Fig. 4). Rarely, however. the upper dyad cell degenerates 
without undergoing division and leads to the formation of a triad. The 
chalazal megaspore functions and the upp:::r three degenerate in an acropetal 
order. This is in contrast to Mottier's observation that 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. 
SubsequelH divisions lcad to 4- and 8-nucleate stages (Fig. 5). Thus, the de­
velopment of the female gametophyte conforms to thc 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. II). These 
nucJcj 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). In maturc 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 insects. Figure 14 shows a fertilized embryo 
sac. According to Thomas (1900) in C. palustris triple fusion precedes 
syngamy. Our observations confirm this statement. 

Endosperm. After fertilization the embryo 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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sac. Owing to centripct~1 wall formation (Fig. 17) rhe endosperm becomes 
two- or three-layered along tb..e p.:.riphcry and ix- or seven-layered a t the 
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FIGS 1-13 - Fl\t\LE {,\METOPIIYH (011(, antipoda l cells; II, Inner integument ; /111, 

nuccllus: 'Ii. outer integument): Fig. I . L . . nuccllu~ ~howing muillcelled ar.:hcsporium. 
Fig. 2. Same, sllo\\ ing mcgJ~pore mother cell. rig. 3. Dyad cells in Metaphase I r. 
Fig. 4. T-shap.xl tetrad with functioning mega~pore. Fi~. 5. 6. Young and old 
embryo SaC's. Fig. 7. Ovule showing OrLhotropou~ cond ition. figs. 8- 13. Cha laza l 
portions of embryo sacs enlarged LO show the division and fusion of antipodal nuclei 
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micropylar and the chalazal ends. Eventually It'''fills up the emile embryo 
sac (Fig. 31). The matllre endosperm cells are reelMgular or polygonal 
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FlUS. 14-30 - END:>5PERM AND 1!MBRYO (alii , antipodal cells: ell/b, embryo; el/d. 
cndo~perm : ,', <;u~pen~ol'; =, zygote): Fig. 14. FertiliLCd ..:ntbryo sac, Fig.~ . 15, 16. 
Four- and 16-nuclcat~ cndosp~rm. Fig. 17. IniLiation of ,,,all formalion in the cndo­
~pcrm: nOle the p.!rsistcnl antipodal c~lls. Fig. 18. Endo;p~rm ccll~ from a m(llUrC seed. 
Pigs. 19-30. Stages in ,he development of embryo 

P.E ... 14 . 
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in shape. They are uninucleate, richly cytoplasmic and contain oil globules 
(Fig. 18). 

Embryo. After the initiation 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 cb divides transversely to form In and ri, 
and the cell Cn divides vertically to give rise to a 4-cellcd proembryo (Figs. 
21, 22). 

The cell ci undergoes a transverse division to produce the tiers 11 and n' 
(Figs. 23-27) whieh by subsequent irregular divisions develop into a short 
suspensor of 6-8 poorly cytoplasmic, vacuolate cells. The tier 111 divides 
twice vertically to produce four cells (Fig. 27) which by tangential divisions 
for" the hypophysis. 

The apical cell undergoes longitudinal and transverse divisions to give 
rise to the quadrant and octant siages (Figs. 24-27). Further divisions re­
sult in globular and heart-shaped embryos (Figs. 28, 29). The derivatives 
of I form the cotyledons and the stem apex while those of I' give rise to the 
hypoeotyl. The mature embryo is small and straight with two cotyledons 
(Fig. 30). 

Seed and Test.. 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 cywplasm be­
comes more granulate. During suhsequent growth of the endosperm and the 
enlargement of the outer epidermal 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 Quter 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 to fertiliza­
tion the ovary wall consists of five Of six layers of parenchymatous cells. 
Later. some of the cells divide periclinally and the wall becomes eight- or 
nine-layered (Fig. 37). A large number of unicellular glands arise from the 
epidermal cells (Figs. 34, 35). Stomata are also present on the peri earp 
(Fig. 36). During maturation of the fruit, the middle layers of the pericarp 
become flattened (Fig. 37) while the outer and inner epidermal layers 
elongate radially and a thick cuticle is deposited on the epidermis. 
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FIGs. 31-37 -SEED COAT AND PERICARP (ell/b, embryo; elld, endosperm; el, glands; 
hy, hypostase; ii, inner integument: oj, outer integument; vs, vascular supply): Fig. 31. 
L. s. young seed. Fig. 32. Enlargement of the ponion marked . X ' in Fig. 31. Fig. 33. 
Carpel showing glands. Fig. 34. Same, in. I. s. Fig. 35. One gland enlarged. Fig. 36, 
Stoma on the ovary waU. Fig. 37. Enlarged view of a portion of pericarp 

SUMMAR.Y AND CONCLUSIONS 

The flowers of Caltha palustr;s arise singly or in groups of two or three 
in the axils of cauline leaves. They arc incomplete, actinomorpluc and bi­
sex.ual. The androecium consists of numerous centripetal stamens and the 
gynoecium of 6·14 frec, superior pistils. Rendle ( [952) mentions that in 
C. paluslr;s " there are no honey-leaves but a nectary is present on the carpel ". 
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According to Hutchinson (1955) "nectar is secreted in a shallow depression 
on each side near the base of the carpels ". Our 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 endothccium, 
two or three middle layers and a secretory tapetum. Coulter (1898) reported 
that the tapetum arises from the sporogenous tissue in some species of RanuN­
cu/us. A similar origin ha<.; been noted for Myosurus minimus by Swingle 
(1908). The validity of a sporogenous derivation of the tapetum has already 
been questioned by Singh (1936) \vho has shown that in RanuJ}('u/u5 sce/eratus 
the tapetum has a parietal origin. Our preparations reveal that in C. palustris 
also the tapetum originates from the primary parietal layer. The reduction 
divisions in the microsporc mother cells are simultaneous. Tetrahedra! 
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. hitcgminal and crassinucellur. Rarely they 
remain orthotropous. The archesporium is mullicellcd but only one cell 
functions to cut off the primary parietal and the primary sporogenous cells. 
Mottier (1895) recorded that in the family Ranunculaceae, except in Aqui­
legia canadellsis where a parietal cell is occasionally cut off, the functidning 
archesporial cell directly develops into the embryo sac. Dahlgren (1927) 
also remarked: '" Innerhalh dieser Familic kommen indessen Tcilungen von 
Epidermiszellen haufig vor. Deshalb erhielt man manchmal Icicht den 
Eindruck. dass Deckzellen abgegeben werden, auch wenn das nieht der Fall 
ist .'. This slatement obviously rules out any possibility of a parietal cell 
being cut off in (he family Ranuneulaceac. A perusal of the literature:now­
ever, reveals that the situation is somewhat different. Dahlgren himself 
has listed fi~e species, namely Clematis ritalha, Rel/cborus [oetidus. ReI/chorus 
sp., Thalictrum Tmrpurascells and Paeonia sp. where a parietal cell has been 
reported. A parietal cell is also formed in ROJluJlculus parrijloJ"us (Salisbury, 
1931) and our preparations Icave 11-0: doubt about its occurrence in C. 
pa/ustris. The megaspore tetrads ar'e Jinear or T-shaped. The female 
gametophyte follows the Polygonum type of development. Mottier (1895; 
his text Fig. 15) has noted that in one ovule the upper dyad cell failed to divide 
while the lower one gave rise to a two-nucleate embryo sac. This will lead 
to a bisporic devc]opment. Such a condition was, however, never observed 
by us. 

The antipodal cells are large and persistent. Graft (1941) concluded that 
in C. pa/usfris the nuclei in the antipodal cells undergo synchronous mitotic 
divisions and become hexa- or octaploid due to the fusion of spindles. 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 Anemone/fa thalictroides. Hepatica aculiioba 
and some species of Rammculus. However, in Aconitum napellus, 17wlictrllm 
purpurascens, and Delphinium spp. the process of polyploidization IS differ­
onto In Thalictrum the antipodal nuclei undergo amitotic divisions (Overton, 
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1902) while in Acol1itum and Delphinium they. show endomitosis (Oster­
walder, 1898; and Tschermark-Woess, 1956). In Trautl'elteria palma/a and 
some species of Hepatica not only the antipodal nuclei become polyploid 
but 111e antipodal 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 etaerio 
of follicles. The pericarp comprises 6-8 layers of parenchymatous cells which 
become elongated and are dosely placed at maturity. 

We are indebted to Professor P. Maheshwari and Dr B. M. Johri for 
guidance, invaluable help and suggestions throughout the course of this 
investigation. One of us (S. Jalan) is grateful to the Council of Scientific 
& lndustrial 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 MURGAI 
Department of Botany, University of Delhi, De.lhi 

In 1957, Yakovlev & Yoffe published their observations on the em­
bryogeny of Pae()l1ia, 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 cocnocyte in which the nuclei are arranged peri­
pherally, the centre being occupied by a vacuole. Wall formation takes 
place at a 1ater stage after which certain peripheral cells become meristcmatic 
and form localized groups of cells which serve as the embryonal'primordia 
While there are several such meristematic centres, normally only one develops 
further and attains maturity. The close r.esemblance of the embryogeny 
of Paeol1ia to that of certain gymnosperms like Ginkgo has been considered 
by Yakovlev & Yaffe to be a feature of great importance. 

This unique type of embryo devc[opment prompted tile present investi-
galion. 

MATERIAL AND METHODS 

Paeonia is a genus of temperate regions. 111 lndia it grows jn the Western 
Himalayas at an altitude of 5,000 - 10,000 ft (see Collett, 1921). Material 
of several species was obtained by Professor P. Maheshwari from vadous 
countries and botanical gardens through the courtesy of Professors Th. 
Eckardt. O. Hagcrup. E. Slldcrberg, P. crete, H. Kihara, M. Kumazawa, M. 
Ernst-Schwarzenbach, N. Higinbotham, T. M. Harris and W. A. van Heel; 
and Drs Y. Nozu , B. M. Johr;, Nirmal Kapil, A. N. Rao, B. Saha and H. Y. 
Mohan Ram. 

The customary methods were followed for preparing the material for 
microtomy. Sections were cut 15-30).1 thick and stained with safran in­
fast green and crystal violet-erythrosin. The latter 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 ilr to 
facilitate the dissection of the endosperm which was then stained with 
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Delafield's hacl11iltoxylin and mounted in a mixture of the stain and Zirkle's 
medium (see 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 three bigger sepals are more or less rounded while the smaller 
2 have a pointed apex. The petals are numerous and spirally arranged 
(Fig. 3). There are many centrifugal stamens which are also spirally arranged 
(Figs. I. 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. 1). The 
placentation is marginal (Fig. 6). The fruit is an etaerio of follicles (Fig,. 4. 5). 

The Ovule. The ovule is anatropous, crassinucella£c. bitcgmic and is borne 
OR a placmtal 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 at the chalazal 
end which becomes more pronounced during the post-fertilization stages. 

Megasporogenesis and Female Gametophyte. The archesporial cells vary 
from few to many in number. Figure 8 :-,hows thr~ee megaspore mother 
cells which might have been formed from a corresponding number of arche~ 
sporial cells. Generally a T·shaped tetrad is formed of which the chalazd 
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 syncrgids aJ e beaked 
and have a filiform apparatus (Fig. II). 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 endosperm nucleus precedes that of the zyg6te 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 stage when the emblYo has a coenocytic suspensor (Fig. 15). 
The nuclei in the haustorium present varying shapes and contain many 
nucleoli (Figs. 16, 19). Wall formation is centripetal and is usually ini­
tiated at the micropylar end just when the coenocytic suspensor has become 
completely cellular (Figs. 17·19). In Fig. 17 wall formation has extended almost 
up to the base of the embryo sac; the haustorium is still free nuclear. 

Th~ 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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FlUS. 1-13 - EX1fRNAL MORI'HOl.OGY, "'lfG .. \.SI'OROGrNI:'SIS , \'-11) fEMALI C;AMET{\I'lIY"lL 

(a, pl(iCealal pC<ljection: h , bract: d, disc: /I, petal: s, sepal: slg. ~Iigma): I-ig. I. Pal!ollia 

oJ/lcillalis, I . s. bud showing ccnlrifug'JI development of ~Inm<:ns. Fig. 2. P. "(I/..('ri. back 'vt.:w 
of a flower. Fig. 3. P. bukeri. an op~n nO\\er. Fig. 4. P. ddm a.I'i , an apocilfpOUS gyno(!Cium. 
Fig. 5. P. /lIIea, a dehisced follicle. Fi&. 6. P. offlcina/h, I. s . ovary ~howing the C)\'ule borne 
on u marginal placenta. Fig. 7. P. a/bi/lorn. I. s. ovule borne on a placental projection. 
Fig. II. Pal'Dl/ia (lI/olllola. I. s. nuccllu "iLh three megaspore mother ccli,. Fig. 9. P(lco/lio 
(ll/olllala. a megilspClrt: rerrad. r-ig. Io, P. I"(ea, an orgllnil.cd embryo sac. Fig. 11. P. (tlbijlor(l 
microJlylar end of the ~mbryo sac showing the beak-shaped s)ncrgids. rig. 12. P. dc!/al'Qyi, 
chlllaz..al end or the embryo MlC with accessory antipodal cells. Fig. 13. P. wllIi/ofia, 
t win embryo sacs 
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Flas. 14·24 - ENOOSPI:.RM (1.'1IIb, embl')o; efld, endosperm; /T, hauslorium: ".Y, hypo­
stase; s, seed coat): Fig. )4. P. dl!/tn'oyi. I. s. embr) 0 sac sho\\ing frce nuclear endo,perm . 
Fig. 15. P. de/ul'uyi. disscction of the embryo sac showing the free nuclear chalaza l 
endospcml haustorium. Fig. )6. Haustorium from Fig. 15 enlarged. Fig. 17. P. ojJic:iIl£llis. 
diagrammatic figure 01 the embl'y<' sac ~howing Ihe' cm!>ryo and Ihe chala/al cndos[lI:rm 
hau~torlum. Fig. 18. cmbryo ffOm Fig. 17 cnlarg.:d. I ig. 19. Haustorium from rig. 17 
magnified. Fig. 20. Pueollia I'Cifellii . I'll ion of endosperm nuclei al the chalaza I end. Fig. 21. 
P. OjJicill(l/iS, diagrammatic repre~entation of the embryo sac ~howing the endospeml hllll~to­
rium. Fig. 22. Enla rgement of embryo from Fig. 21. rig. 23. Enlargement of hllu;to-
rium from Fig. 21. Fia. 24. P. dc/a)'a),i, 1. s. mllture seed 
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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 & Yaffe (1957) 
reported a free nuclear embryo in Paeonia. They reported omission of waH 
formation during the first few divisions of the zygote and compared this 
unique type of embryo development to that of certain gymnosperms. 

I studied the embryogeny ill P. aCfi(lora, P. albif/ora, P. sujfruticosa, P. 
baker;, P. delavay; 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 resulting in an apical and a basal 
cell (Fig. 25). Free.nuclear divisions now follow in the basal cell (Figs. 26-
29 ) and give rise to a coenocyte ( Figs. 30, 31 ) in which the nuclei occupy a 
peripheral position with a vacuole 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 further fate of the apical cell could not be 
traced because of the paucity of good material. 

In 1961 Cave ef al. published their observations on the embryogeny of P. 
ca/ijornica and P. brownii. In both species they confmned 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 interpleted 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 & Yaffe ( 1961) once again 
emphasized the occurrence of the coenocytic phase in the embryogeny of 
Paeonia and its significance in the phylogeny of higher plants. They too have 
interpreted my two·celled proembryo as the zygote plus one of the persisting 
synergids. 

My more recent investigations based on the material of P. onomala ob~ 
tained from Srinagar have confirmed that a cell plate is laid down after the 
karyokinesis of the zygote. The next and the subsequent divisions of the 
basal cell arc free nuclear. On the bther hand, the apical cell seems to de­
generate and its remnants are clearly visible at the 2-, 4- or 8-nucleate. basal 
cell stage. In that case tHe embryo proper must be derived from the basal 
cell only. 

After many free nuclear divisions, the coenocytic basal cell 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 is sman, dicotyledonous and surrounded by copious 
endosperm ( Fig. 24 ). 

Systematic Position. The systematic position of the genus has been 
much disputed. 

Tn 1908. Worsdell studied the vascular anatomy of different families 
of Ranales and found that Paeonia offers greater resemblance to the Magno­
liaeeae than to the Ranunculaceae. On the basis of vascular anatomy and 
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FI()S. 25-35 - EMBRYO: Fig. 25. Pacollia Sf'., 2-cellcd procmbryo. Fill. 26. P. ;!!"'itio'!I 

2-cellcd procmbrYll; the basul ccII shows two free nuclei. Fig. 27. P. tle/al'ow', 4-nllc!cate 
ba~al cell and an arical cell at l11etaphase. Fig. 28. P. (/e/m'a),i. ll-nucleate basal ccII Hnd 
an undivided apll:<d cell. Fi~. 29. p. hokC'ri. 8-nucleate basal cell and an undi~ided apn:al cciI. 
The nuclei in the basal cell have allained a peripheral position. Fig. 30. PO£'Olli(1 boAer;, a 
large ~oenocytic 'iusp:.:nsor and an undivided apica l ccII. Fig. 31. Apical cell from Fig. 30 
moglllficd. Fig. 32. 1'0('011;0 sp., large suspensor h(lll~torium ; the apical cell has dh ided 
venicaLly into two cells. Figs. 33-35. Cellular embryos (for cxplanadcn .I·e£' text) : Fig'S. 
33, 35. Paf'oll;a I'c;rd,ii; Fig. 34. P. t1e/o~'a)'; 
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certain characters of the leaves and fruits, Worsdell came to the conclu­
sion that "Paconia constitutes a natural and independent order of plants, 
viz. the Paeoniaceae, and is much more closely allied to the Magnoliaceac 
rather than the Ranunculaceae," 

On the basis of wood anatomy, Kumazawa (1935) separated Paeollia 
from the Ranunculaceae and assigned to it the status of a family with closer 
affinities to the Magnoliaceae than to the Ranunculaceac or the Berberidaceae. 

The floral structure of Paeoll;a differs much from all other genera in 
the Ranunculaceae. Eames (1951) studied the floral anatomy of the Ranun­
culaccac and found that Paeon;a is entirely different from other members 
of the family. 

Wodehouse (1936) distinguishes Paeonia from the rest of the familv 
on the hasis of structure of exine of the pollen grain, 

Gregory (1941) has found that the basic chromosome number in Paeollia 
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), long embryo sacs with beaked synergids (beaks arc 
absent in the other members excepting Caltha paluslris. Kapil & Jalan. 1960), 
occurrence of multiple embryo sacs, a chalazal endosperm haustorium, a large 
multinucleate suspensor cell and hypogeal germination. 

Thus evidences from various fields of study strongly support the re­
moval of Paeon;a from the Ranunculaceae and establishment of a separate 
family, the Paeoniaceae. The next question that naturally arises is: What 
are the probable affinities of this new family Paeoniaceae ? 

In (he anatomy of the leaf and the stem, the Paeoniaceae resemble the 
Magnoliaceae while in a few morphological and embryological points it 
shows similadl ies with the Ratt._unculaceae. 

Corner (1946) considers the order of deVelopment of the stamens to be 
of considerable phylogenetic significance and places Paeonia with its centri­
fugal stamens in a separate family Paeoniaceae close to the Dillcniaceae. 
Hutchinson (1959) is not at all convinced that this character alone is sufficient 
to class Paeonia near the Dillcniaceae and he therefore placc~ the Paeoniaceae 
between the Ranunculaceae and the Hclleboraceae in the order Ran ales. 
According to him the most distinctive features of the Paeoniaccaeare: thearillate 
seeds, the hypogynous disc and the centrifugal stamens. Further work is 
necessary before it is possible to make a choice between :hc view points of 
Corner and Hutchinson. 

Both the Ranuncu1aeeac and the Dilleniaeeae have centrifugal slamens. 
an androccial disc and similar vascular supply to the stamens. Further, the 
Paeoniaceae resemble the Dillcniaceae in having scalariform vessels, abundant 
wood rays and a massive bitegmic ovule in which the outer integument -is 
longer than the inner, 
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SUMMARY AND CONCLUSIONS 

Paeonia 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 indefinite. 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 fol1iele. 

The anatropous ovule is bitegmic and crassinucellatc and is borne on a 
placental projection. The outer intcgumt:nt is massive and longer than the inner. 

The presence of multiple archesporial cells is a common feature. A 
T-shaped tetrad of megaspores is formed and the chalazal megaspore functions. 
The development of the embryo sac is of the Polygonum type. The mature 
embryo sac possesses a well developed egg apparatus, a large central nucleuo 
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 Paeol1ia and these are probably formed 
from two megaspore mother cells. 

The endosperm is of the nuclear typc. The chalazal portion of the endo­
sperm forms a haustorium. Later the haustorium becomes cellular 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 e/ at. (1961) reported a 
free nuclear embryo in Paeonia. Investigation on a number of species 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 suspensOi haustorium. The 
mature embryo is small and surroundcd by copious endosperm. 

The s}stematic position of the genus has been discussed. Morpho­
logical, anatomical, cyrological and embryological evidences point to the 
removal of Paeollia from the Ranunculaceae to a separate family. the 
Paeoniaceae. The affinities of the Paeoniaceae have been discussed. 

The author is deeply indebted to Professor P. Maheshwari under whose 
valuable guidance tilis 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. 
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Embryological Studies 1I1 Some Memhers 
of the Zingiberaceae 

M. G. PANCHAKSHARAPPA 

Biology Department, R, L. S. Institute, Bdgaum 

The order Scitamineac has been generally accepted as well-knit assemblage 
of higbly advanced monocotyledons. distributed in the tropics and suh­
tropics. It forms a natural group of four allied families: Musaceae. Zingi­
beraceae, Cannaceae and Marantaceae. Among these perhaps, Zingibcraceae 
is the best represented in fndia, there being 21 genera including morc than 
200 species (Chakravarti, 1948). Several members are prized sources of 
spices and other food products. 

The Zingiberaceae are of special interest from the taxanomic stand 
point. 011 the basis of morphological characters, Schumann (1904) divided 
them into two subfamilies: Zingiberoideac and Costoideae. TJlis distinction 
is further supported by the available data from other .fw\<rssuch as geogra­
phical distribution (Loe,ner. 1930). vegetative anatomy (Tomlinson. 1956), 
cytology (Ragbavan & Venkatasubban, 1943; Chakravorti, 1948), seedling 
morphology (Boyd, 1930, 1932) and palynology (Erdtman, 1952). 

The work on the embryology of tile family is very meagre ,mel fragmentary. 
The earliest work is that of Humphrey (1896) on the development of the 
seed in Scitamincac, based on free-hand sections only. The investigations 
of subsequent workers namely Boehm (1931), Gregory (1936), Mauritzon 
(1936), Banerji (1940), Raghavan & Venkatasubban (1941) and Harling 
(1949) are confined mainly to sporogenesis and gametogenesis. Recently, 
Berger (1958) has studied the seed structure of certain species of E!etIaria, 
Amomunt and Afi·amol11um. 

It 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 inacces\iblc areas 
of the world, have remained practically unexplored. Therefore, with this 
point in view, the embryological study of some five genera namely Cost us 
speciosus Smith, Elettaria cardamomum l'vlaton, 'Hitcheuia caulina B1ker 
and Zil1giber macrostachyum Dalz. was undertaken. 
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MATERIAL AND METHODS 

The materials were collected from the districts of Belgallm, Karwar 
and Dharwar in Mysore State and fixed in formalin-acetic acid-alcohol. The 
ovary waH was trimlJ1cd to facilitate infiltration. Hard seeds were softened 
with 15 pcr cent hydrofluoric acid (in 70 per cent ethyl alcohol) or 5 per cent 
potassium hydroxide. Both ethyl alcohol-xylol and ethyl alcohol-/er/.-butyl 
alcohol series were used for dehydration. Heidenhain's haematoxylin with 
erythrosin as counterstain proved quite satisfactory. Pollen grams were 
stained in basic fuchsin and mounted in glycerine jclly (see Wodehouse, 
(935). 

OBSERVATIONS 

Flowers. These are arranged in spikes (Figs. 1,4,5,9, 10, 13). They 
show a typical trimcrous arrangement and arc characterized by the presence 
of a large labellum and a single fertile stamen (Figs. 1-3, 6-8, 11-15). The 
staminodes (Figs. 6-8) and "epigynous glands" are present in E/ettaria and 
llitchenia. The ovary is inferior, tricarpellary and syncarpous. The seeus 
are numerous and arillate. 

Anther end Male Gametophyte. The archesporial cells arc hypodermal 
in origin which divide to form parietal wall layers and sporogenous cells (Figs. 
16, 21). The anther wall consists of 6-8 laycls of cells, innermost forming 
the secretory tapotum (Figs. 17, 22). The periplasmodial type has been re­
poned only in Nico/aia alropurpurea (Boehm, 1913). The uninucleate cells 
of the tapetum commonly undergo pcriclinal divisions, intrude in between the 
sporogenous cells and degenerate when microspores are being formed. 
In Cos/us speciosus some of the tapetal cells also show binucleate condition 
(Fig. j 7). 

The sporogenous cells are one-layered in Cos/us (Fig. 17). The spore 
mother cens undergo succcssjve meiotic divisions and give rise to jsobiJateral 
tetrads (Fig. 24). In Nico/aia a/r0f!urpurea, tetrahedral type has been re­
ported by Boehm (1931). Extranuclear bodies of unknown constitution that 
take haemaroxylin stain were observed in rnicrosporc mother celis, spore 
tetrads of Cos/us and E/el/aria 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 
E/el/aria in which raphide bundles were also observed frequently in the mi­
crosporc mother cells (Fig. 23). 

The pollen grains contain large amount of starch (Fig. 18). but in E/ellaria 
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 Cos/us (Figs. 19,20), reticulate with longitudinal 
ridges in Zingiber macros/achyum (Fig. 29) and smooth in other members. 
It shows a single furrow of various shapes in Cost us speciosus (Figs. 19, 20). 
Occurrence of two furrows reported by Banel]i (J 940) is erroneous. In 
Zingiber, only a single pore could be observed (Fig. 29). 

P.E ... 15 



FIGs. 1-1 S - (a , (\tlther: b, b\)d : /"', bract: r. corolla: J, filament: .fI. !lower:./i", fruit; 
k, calyx; I. labellum ; ps, pet.1loid staminodc: s, stamen; SI, style: Slg, stigma ; yjl. 
young nowcr): Figs. 1-3. CO.WII~ sperioslIs. Fig. J. Spike. Fig. 2. L1bcllum facing the 
stamen. Fig. 3. Front vie", of stamen. Figs. 4-8. Hitrhel/;/l ('nillilla, Fig. 4. Compound 
spike. Fig. 5, Spikes in the axil of bracts, expo:oed. Figs. 6-8. Flowers and their parLS. 
Figs. 9-J2. Zil/giber mocI'oslocl,)'IfIll. Fig. 9. Long peduncled spike. Fig. JO. A bud at the 
axil of a braot. Figs. II , 12. Flowers and their parts. Figs 13-15. Elellaria cordomOIllIlIll. 
Figs. 13. A portion of n panicle. Figs. 14, 15. Flower and its components 
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At the time of dehiscence, only a single fibrous layer is present in CostliS 
(Fig. J 8), whereas it extends to 2-4 layers in other members and even to the 
epidermis in ElettC1ria and Zillgiber (Figs. 26-2S). The dehiscence takes place 
longitudjnally along the unthickened region of the locule and the pollen grains 
are shed at 2-cclled stage (Figs. 18, 26-28). 

FIGs. 16-29 - (ellb, extranuclear bodies; f. furrow; p, pore; r. rophidcs; s, spincscent 
outgrowths; Ih. thickenings): Figs. 16-20. CUStllS specioslls. Fig. 16. Portion of rhe anther 
to show the archesporia1 cells. Fig. 17. Same at microspore mother cell stage. Fig. 18. 
Portion of the mature anther at the time of dehiscence showing endothecia1 thickenings 
and the starchy two-ceUed pollen grain. Figs. 19, 20. Surface view of mature pollen 
grains. Figs. 21-27. EleflaritJ cllrdalllmlllllll. Figs. :!J, 22. Portions of the young anther 
loeule at the stage of sporogenous cells and rhe spore mOlher cells respectively. Fig. 23. 
A spore mother cell enlarged to show raphides and the cx.tranuclcar bodies. Fig. 24. 
Spore tetrad. Fig. 25. Two-celled pollen grain showing refracttve worm-like bodies in the 
cytoplasm. Fig. 16. T. s. dehbced amher lob~. Fig. 27. Portion nnrked x in Fig. 26, 
enlarged to show fibrous thickenings in the wailiaycrs and the epidermis. Fig. 28. Zillgiber 
macros/ochYIlIl1. T. s. dchisced anther. Fig. 29. Surface vicw of a mature pollen grain 
showing the germ pore 
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FIGs. 30-46-(a, uril ; e, egg: IIpi. epi tase; hy. h}'Pcstasc; 1111. nucella r nuclei ; p, pollen 
grains: Pl, pollen lUbes; s. synergid) : Figs. 30-36. COSIIIS specioslIs. Fig. 30. L. s. oyule. 
Fig. 31 . Two-nucleate embryo sac : note the rcmllants of degenerating meg~pores ut the top. 
Fig. 32. Malure embryo sac showing degcnerdtcd antipodals. Fig. 33. Abnomlal embryo sac 
showing displaced egg apparams and several nuc.;:lIar nuclei. Fig. 34. L. s. glandular bilip­
ped stigma with cut ends of pollen lub~ in the styla r canal. Fig. 35. Transeclions of the 
style at the level a in Fig. 34. Fig. 36. Portion murkeu x in Fig. 35. magnified to show 
the glandular outgrowths lining the mouth o r the stylar canal. Figs. 37-42. £let/aria 
ca,.damomlllll . Fig. 37. L. s. oyulc. Fig. 38. Megaspore mother c.ell at anaphase. Fig. 39. 
T-shaped tetrad . Fig. 40. Enlargement or ehnl:nal megaspore; Not.e the dcgcneratillg 
megaspores. Fig. 41. l. s. ponion of the o\ule at mtlluro embryo sac stage with dcg~ncrating 
antipodal nuclei. Fig. 42. L. S. 5t} Ie and stigma. Fig!>. 43-46. Wlc/lI!f1ia ('olllilla. F ig. 43. 
L. s. anatropous ovule with arillar outgro",ths from the outer int<lgtlruent and funjculus. 
Fig. 44. L. s. orthotropous ovule, a rare occurrence. Fig. 45. Triad. Fig. 46. L. s. ovule 
showing mature embryo sac 

• 
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FIGs. 47-56-(6, basal apparatus: !Jrh. basal eh.lInbcr; ([111(', embryo; e"cl, endosperm; 
II),. hypostasc): Figs. 47-50. COSIUf SP([ciQSIIS. Fig. -17. L. s. embryo sac ~howing Helobial 
endosperm. F;g. 48. BO:-;;II apparatul> magllifi':ll from Fig. 47. riS. 49. One of the nucleus 
of lftc b:lsal apparatus enlarged to 'how the hypertrophy. Fig. 50. L. s. embryo sac showing 
cellular endosperm and the Illutur.: embryo. The b.lo;a l llpparalus hns enLirely uegenerated. 
Figs. St. 52. E(erraria rarcfClIIIOIII",U. rig. 51. embryo sac showing thc Hdobia l endosp~rm. 
Fig. 52. CdluJar cndo~pcrm enclosing the mJlUrC embryo. n gs. 53-55. /Jircllellia Cali/ilIa. 
Stages in the development of endosperm (closs-hatched). Note the two-nucleate basal cham­
ber in rig. 53. Fig. 54. One of the twO nuclet of the chalazal chamber shown In Fig. 53, 
enlarged. Fig. 56. Cellular endosperm and the dilierentiatcd embryo 
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Ovule and Female Gametophyte. The ovules arc numerous, anatro· 
po us, bitegmic, crassinucellate and tlie micropyle is formed by the inner 
integument only (Figs, 30, 37, 43). They arc arranged on axile placenta. 
Gregory (1936) reported hemianatropous condition in Elettaria, hut the ovule 
which he has illustrated are immature. A rare instance of orthotropous 
condition was noticed in llitchellia mulina (Fig. 44). The cells of the nucellar 
cpjdermi~ at the micropylar end are rich in cytoplasm and become radially 
elongated forming the" nueellar pad" (Figs. 41, 46, 95, 96). These by peri­
clina1 divisions add to the persistent nuccHar tissue in all the members except 
in Cost us. 

The hypodermal arehesporial 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 reported 
in an unidentified species of Costus (Humphrey, 1896) and Cos/us igneus 
(Mauritzon, 1936) wh'ch nced reinvestigat'on. The synergids and the anti­
podals arlO! ephemeral and the fusion nucleus lies in the narrow "ventricle" 
(Figs. 32, 41, 46). 

Hypostase and epistase arc formed during the development of the ovule 
(Figs. 32, 41, 46). These apparently inhibit the extension of the embryo sac, 
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 embryo sac. Such instances have been reported by Boehm 
(1931), Madge (1934) and Harling (1949). 

Pollination and Fertilization. The'style is hollow. The sligma is simple, 
but the inner surface is lined with glandular cells in Cos/us (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 Cost us. Fert.ilization is 
porogamous. Syngamy and douhle fertilization occur in close succession. 

Endosperm. The endosperm is Helobial (Figs. 47, 51, 53). The wall 
layer, separating the two chambers, is conspicuous in Cost us 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 aleurone grains 
and also starch in Hitchenia cau/illG and Zingiher macrostachyum. but only 
fat in Cost us. At th~ micropylar end, a thin layer called H aleurone layer" 
persists (Figs. 50, 52. 55, 56). 

The chalazal chamber does not proceed beyond 2-nucleate stage and 
finally degenerates (Figs. 51, 53). However, Cost us is exceptional in pos­
sessing a multinucleate basal apparatus containing dense cytoplasm and 
hypertrophied nuclei (Figs. 47-49). The latter phenomenon has also been 
observed in Hitrhcnia rautina (Fig. 54). 

Embryo. The zygote divides transversely (Figs. 57,66,74,76). The 
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FIGs. 57-79- (c, colcOflllk; COl, cOI)'lcdon; ('of. cotyledonary strand; ('Jli, cotyledonary 
~healh; h. hypocotyl; III, mound: lie, nucellar epidermis: IICC, nucellar epidl!rmal ccII; liP. 
nodal plate; pI', primary root; re, root cap: I, shoot ap~x: sr, secondary root;::, zygote): 
Figs. 57-M. COSllIS specios//$. Fig. 57-60. Procmbryos. Fig. 61. L. s. differentiating 
embryo. Fig. 62, Median longitudinal ~ectwn ofnt:arly mature embryo. FIgs. 63, 64. L. s. 
malur.! embryos at nearly meuwn anutangcnlial planes re!)pectively. F igs. 65-72. £letlClricl 
('Cll'dalllolllulII. Fig. 65. Enlarged micro!)} lar PUrl of the nucellus sho\\ ing the inlru~ion of a 
nucellar epidermal ccII into lhe embryo S:lC. Figs. 66·68. Stages in the embl)o development. 
Fig. 69. Globular embryo. rigs. 70, 71. Diffcrc::ntiating embryos. FIg. 72. Mature embryo. 
F igs. 73-75. Z illgiber lI/(/cI'{IMochyltlll. Fig. 73. L. s. micropylor ponion of embryo sac 
showing zygote a nd Ihe intruding epidermal cell of the nueellus. Figs. 74, 75. Proembryos. 
F igs. 76-79. Hircllellia cali/ilia. Figs. 76·78. SUlges of embryo development. FiB. 79. Older 
embryo a t the time of differentiation 
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embryo development conforms to Sagitlaria variation of Caryophyllad t)PC in 
CostliS speciasus (Figs. 58-60), whereas Penaea variation of th.e Asterad type 
in other members (Figs. 65-69, 73-79). The difference in the dcvelopment 
of both the types can be represented as follows: 

4-ob----Qegeneratea 

The suspensor is absent , a lthough a soJ! tary celJ derived from the basal 
tier, may be regarded as a rudimentary Sllspensor (Fig. 69). 

In both the types, the lateral shoot apex arises at the j uncture of the 
ticr 111 and the cotyledon. A few cells surrounding it develop into a circular 
coleoptiLe* (Figs. 60, 70-72, 85, 86, 89, 92). 1n case of Cast liS, as the embryo 
reaches maturity, the shoot apex wi ll sh.ifl itself towards the centre due to 
unilateral growth of the cells behind the shoot apex and that of the coty­
ledon which forms a motllld (Figs. 6 1-64. 86. 87). This resuhs in an innovation 
a nd deeping of it in to a groove (Fig. 63, 64, 85-87). Finally. [he shoot apex 
will be si tuated opposite the cotyledonary mound (Figs. 63, 64, 85, 86). 
During the growth of the embryo, a cotyledonary sheath is formed arching 
the mouth of the groove and the ma rgins of the cotyledona ry mound (Figs. 
61-63, 80, 87). A si milar condition has been reported by Taylor (1957) 
~n Zostera maritima. 

Secondary rOOl p rimordia (8-12 in Cos/us and only 4 in others) arise 
precociously, distal to the root tip fo llowed by the differentialion of primary 
procambial strand and the cotyledonary strands (8 in COSIIiS and only 2 in 
other members) which appear to d iverge from the primary procambial trands 
at the nodal plate near the shoo t apex (Fig. 61-64, 7 1, 72, 81-88, 90-94). Tn 
Costus, the malure embryo is cylindrical a nd its ceUs store fat, whereas in 
other members the embryo is long and tapering withoul any stOrage in lhe 
cells. A tendency fo r adventive embryony is observed in Elettaria, Hitchellia 
and Zingiber. 

Seed. The mature seeds a rc ha rd and the cylindrical embryo occupies 
tbe entire length of the endosperm (Figs. 97, 102). Starch filled nuccllus per­
sists as perisperm fo rming the bulk of the seed (Figs. 97, 102, 103). The 
eed development is interesting due to the presence of a ril, collar, lid and the 

chalazal tissue (Figs. 95-106). 

• The term "coleoptilc" hu~ in the r>a~t been more or less restricted to the Gramineac. 
Tn the present study this term has been employed for the zingiberaceous embryo since this 
structw'e appears to be analogou~ to that in Gramineae. 

, 
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The aril - also called "ariUodc" (Planchon. 1845) - is formed from 
the free end of the outer integument and that of the funicular side. It is in 
the form of a soft parenchymatous mound in COS/liS (Fig. 95. 96), a thin 
sheath. ill EletUJria (Figs. 10 I, 102), but lobed in flitcllellia (Fig. 106), whereas 
in Zillgjber it is pink and sweet smelling with the fringes at the chalazal end 
(Figs. 104. 105). Secondary ariI1ar outgrowths were observed in the young 
ovules of Hircliellia (Figs. 43, 44). Perhaps presence of such outgrowths 
prompted Humphrey (1896) to consider the aril as a "double structure" 
in Amol/lum. Elellariu and Alpinio. 

81 

QX5 

cS 

88 

.... 

FIGS. 80-95-(c, COlcoplile; CS. cot)'lc~lonary strand: c.III. cotyledonary sheath ; III, 
mound; liP, nodnl plule; ps, procambial strand; I , shoot apex; sr; secondary rool): 
Figs. 8~88. lOStlll spicioslls. Fill. 80. L. s. mature c!lllbryo. Figs. 81-88. TransecuoM of 
malure embryo at lewIs marked in Fig. 80. Figs. 89-94. Zillgibe,. mocros/achY/IIII. Fig. 89. 
L. s. mature embryo. Figs. 9~94. Transection!! of matur.: embryo at levels marked in Fig. 89 
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The role of aril is not clear. I t has been described as third integument 
(Maheshwari, 1950) and nutritive sheath (Raju, 1956). Neither of the roles 
seems to be applicable to the members of Zingiberaceae. As Humphrey (1896) 
surmised, it might have some role in the dehiscence of fruit and in the 
dispersal of seeds. 

A circular collar develops from the outer integument due to peric1inal 
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 Boehm (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 COSlliS 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 Elettaria 
cardamolllUlIi (Figs. 102, 103). The thickened cells of the inner epidermis 
(excepting a few cells along the margin of ,he collar) and ,hose 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 the inner integument in Alpinia, Roscoca and Cost us iglleus 

which may be reinvestigatcd, on the basis of present findings. The function 
of lid is perhaps protection and it is absent in other members. 

Another feature of interest is the chalazal tissue that persists below the 
nucellus where the vascular strand terminates (Figs. 97, 99, 100). It 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 E/eltaria (Fig. 102), but is absent in other 
members studied. According to Humphrey (1896) G/abba shows the beginning 
of the tissue, Amomum and Elellaria are intermediate in this character and 

-> 
FlUS. 95~110-(a, aril; c, collar; ct, chalaza I tissue; e, epidermis; emb, embryo; 

end, endosperm; ie, inner epidermis; ii, inner integument; I, lid; tip, nueellar pad; 1111, 

nucellus; 0, opening; oi, outer integument; p, pcrlspcrm; Y, cells with refractive maleria!; 
s, seed; .\.(, stone cells): Figs. 95~ 100. CostllS .~pecioslls. Figs. 95, 96. L. s. micropy Jar part 
of ovuks showing the d:vdopment of ari! anu 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. Port jon marked x jn fjg. 99 
enlarged to show the deposition of refractive material in the cells. Figs. IOh103. Ele11arla 
cardamomltm. Fig. 101. Mature seed enclosed within the thin veil-like aril (diagrammatic). 
Fig. 102. L. s. mature seed (reconstructed). Fig. 103. Micropylar part of the seed enbrged to 
show lid-like organi.lation in the outer integument at the micropyle. Figs. 104-105. Zingilu:r 
lIIucrostachYIlI1J. Fig. 104. Mature seed with a thick sheath of an arit terminaling Ln quill­
like fringes (diagramm::l.tie). Fig. 105. L. s. of a young seed. Fig. 106. Mature seed with 
the lobed aril (diagrammatic). Fig. 107. COsfusspeciosllS. Portion of the seed coat of a 
mature seed. Fig. 108. Elettaria cardamofrtuflt. Portion of thc seed coat. Figs. 109. 110. 
Hitc/rl'lIia cau/illa and Zing/her macrostachyum respectively. Magnified portions of the 
seed coat 
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the maximum development is reached in Costus specioslis. lIe presumes 
that the tissue aids in germination, whereas Schachner (1924) considers 
it as a .. tunnel ., for the transport of food mataial to the endosperm and 
embryo. In th.e author's opinion the latter view is a plausible one. 

Seed Coat. The seed coat is formed by th.e outer integument. whereas 
the inner integument degenerates (Figs. 107-110). The hardness to the seed 
coat is afforded by the thick walled outer and inner epidermis. In Cost us 
and Elettaria the inner epidermal cells are thickened with granu lar deposi­
tion, hut in the latter member a crystalline mass is observed which has been 
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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 Cost us has been investigated in detail and how 

. far some of these conclusions can be applied to thelSubfamily as a whole can 
only be revealed by further research. However, Tomlinson (1956) opines 
that the results obtained with Cos/us are equally applicable to its related 
genera. 

Embryologically, Costoideae is distinct from Zingiberoideae in having 
an unilayered sporogenous ceJls and fibrous thickening jn 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 lid 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 author's opinion, however, this suggestion is inappropriate. 
As far as embryology is concerned, although there are a few uni'l.~atures, 
numerous characters that are common to both the subfamilies namely, single 
anther with equal number of wall layers, secretory tapetum, isobilateral tetrad, 

"two-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, amounts 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 Costoideae are required for determining the rank of 
Cost us. Till then it seems best to retain the existing rank, Costoideae. 

SUMMARY 

Tile anther wall comists of 6-8 layers with a secretory tapetum. The 
spore tetrads are isobilateral. ln CosfUs and Elettaria 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 Cost us, but a pore in Zingiber, whereas in 
other members, it is smooth. 

The ovules arc anatropous, bitegmic and crassinucellate, arranged on 
axile placenta. The micropyle is formed by the inner integument. The 
ovules show chal acteristic 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 dose succession. 

Endosperm is Helobial. The basal apparatus is multinucleate and 
persistent in eastus, whereas it degenerates at two-nucleate stage in others. 

Embryo development follows Caryophyllad type in Costus and Asterad 
type in other members. Tendency for adventive embryony was noticed in 
Elettaria, HUchenia and Zingiber. 

In the mature seed starchy perisperm persists and the micropylar aril 
and collar develop from the outer integument. The aril is bulbous in Costus 
and only a sheath in others. Costus is characterized by its prominent micro­
pylar lid and the chalazal tissue which are less developed in Elettaria. but 
absent in others. The seed coat is formed by thickened outer and inner 
epidermal layers of the outer integument only. In Elettaria. 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 aurant((o/ia Swingle 

P. S. SABHARWAL 

Department of Botany, University of Delhi. Delhi 

The usefulness of nucellar embryos, especially in Citrus, is well known 
(see Mahcshwari, 1<)50). and of late nucelli and nucellar embryos have also 
been cultured ill I'ilro (Maheshwari & Ranga Swamy. 1958; Ranga Swamy, 
1958a, b, 1961). This paper deals with the effect of a few chemicals on the 
growth of the nucelli and embryos of Cilrus aurGnliJolia (lemon). 

MATERIAL AND METHOD 

The material for these experiments was obtained from lemon plants 
growing in an orchard in Panipat, about 40 miles from Delhi. The plants 
flowered in March-April and cultures of the nucelli and embryos were started 
in June-July, 1959. Dissections were carried out under sterile conditions 
under a stereoscopic microscope. The young fruits 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 afler which 
the nucelli were excised frum 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 zygotic embryo from nuceHar 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 nuclei 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 pcr cent Difeo 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, autoclavcd), gibberellic 
acid (1,5 or 10 ppm), indoleacetic acid (5 or ]0 ppm) and yeast extract (200, 
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500 ppm) with a view to studying their effects. The pH of the medium was 
adjusted to 5.8 after dissolving the agar. 

The cultures were maintained at a temperature of 25' ± l' C., and at 
a relative humidity 0[50 to 60 per cent in diffused light (2 to 10 foot - candies). 
Fifty cultures were run for each experiment, But in the experiment with the 
medium containing casein hydrolysate (400 ppm) 120 cultures of the micro­
pylar halves of nucelli were maintained. 

OBSERVATIONS 

The chalazal halves of the nucelli showed no response on any of the media. 
They remained quiescent for about three months then turned brown and ulti­
mately degenerated. 

On the basal medium. the micropylar halves of nuccHi bearing I to 4 
adventive globular embryos (Fig. I) showed a slight enlargement, but 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. 1.1 media containing gibberellic acid 
0,5 or 10 ppm) the embryos sometimes turned deep green in colour. When 
autoclaved coconut milk (40 per cent by volume) was added to the basal 
medium, some embryos developed deep green cotyledons but exhibited varied 
'forms. They callused slightly and ultimately produced footS. 

In yeast extract (200 or 500 ppm) medium, the adventive globular embryos 
grew to maturity. In 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 l1ucelIiis· 
showed varied responses. when reared on different concentrations of casein 
hydrolysate. 

When the micropylar halves of nucelli were cultured 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 fOfm. 

On a medium containing 400 ppm of casein hydrolysate, the nucelli 
showed a variety of responses. In about 50 per cent of the cultures, tile 
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 cells having numerous starch grains. 
After another montll. rounded or elongated bodies, designated here as pseu­
dobulbiIs, appeared on the surface of callus. Tilese developed singly or 
in groups, were light green or pale yellow in colour and gave rise 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 grains. 

The young pseudobulbils showed an outer region of large parel1chy-
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Fig. l. Whole O1ount of til'! °micropyl.Il parl of nucellus showing auventivc embryos. 
Fig. 2. Three-01ontb-old culture· .of micropylar half of nucdlus bearing caUusing 
advcntive embryos (basal medium -r ca:.ein hydroly :lIc-100 ppm). Fig, 3. Embryo-like 
structures differentiating from pscudobulbils. Pig. 4. Cullure showing a mass of embryos 
differentiating from pscullobulbils (3 month, aftor inoculation). Fig. 5. Stages in the 
differentiation of embryos from pscudobulbils: no tc the suspensor-like s tructures in 
four of them. Fig. 6. A fa.>ciated seedling obtained frolll adventive globular embryo 
attached to the micropylar half of the nucellus. Fig. 7. L. s. differentiating pscudobulbil 
showing well developed provascular strands 

P.E . .. 16 
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matous uninucleate cells and a median provascular strand of narrow, e1ong~ 
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 
either produced masses of tissue which later differentiated jnto 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. 

I n 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 vitro. 

SUMMARY AND CONCLUSIONS 

Tn Citrus microcarpa Ranga Swamy (l958a) observed tha, the micro­
pylar halves ofnucelli 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 pseudobulbils m~'patt also 
ongll1ate from calluslI1g of procmbryos." / 

The present study on Citrus auralllifolia shows that the nucellus does 
not proliferate per se but it is the proembryos (of adventive origin) which show 
a variety of responses even on lhe same medium. Maximum variations 
were observed in a medium supplemented with 400 ppm casein hydrolysate. 
Some advcntive 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 autoelaving and some of the amino acids may have been 
destroyed or modified by heat (see Nitsch & Nitsch, 1957). 

The micropylar halves of nucelli from which pro embryos had bcen 
excised, showed no response to 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 of nucelli 
containing I to 2 proembryos (in the micropylar part) were cultured, there 
was no callusing of the nueellus but only pro embryos developed. When 
procmbryos were excised and cultured separately, they did not callus bui 
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. 

It gives the author great pleasure to express his indebtedness to Professor 
P. Maheshwari for valuahle suggestions and guidance. Thanks are due to 
Dr H. Y. Mohan Ram and Professor E. A. Ball for going through the manU­
script and to Dr B. M. Johri for helpful comments. Grateful acknowledge­
ments are made to the Council of Scientific & Industrial Research, New 
Delhi, for financial assistance. 
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In Vitro Growth of Achenes of Ranuncullis 
sceleratus L. 

R. C. SACHAR & SIPRA GUHA 

Department of Botany, University of Delhi, Delhi 

The artificial rcaring of excised ovary has been found very useful in under­
standing the effect of pollination, fertilization and vegetative parts 011 the 
developing fruit. The piuneer attempt in this direction was made hy 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. Tn tomato, he was able to get parth­
enoearpic 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 Leopold & 
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 (Redei & Redei, 1955), Fragaria and Pisum (de Capite, 1955), 
Althaea (Chopra, 1958), Iberis (Mahest.wari & Lal, 1958), Linaria (Sachar 
& Baldev. 1958). Tropaeolum (Sachar & Kanta, 1958), Zephyrallthes (Sachar 
& Kapoor, 1959) and Aena (Murgai, 1959). 

The present study summarizes the authors' observations on the ill l'ifro 

cu1ture of ovaries of Rammculus sce/eratus. 

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 three and six days after po11ination* and were sterilized with ~~ 

!"5 per cent decanted solution of bleaching powder for 25-30 minules. There­
after, the ovaries were washed repeatedly with sterile waler. 

The basic medium was the one used by the senior author, in a previous 
investigation (see Sachar & Kanta, 1958). The medium was jelled with 
Difeo bacto agar (0' 7 per cent) and the pH was adjusted at 5·8. 

'" Young ovaries (i.e. at anthesis, and one and two da)s 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 25 per cent) from unripe 
fruits. For every treatment 50 ovaries were inoculated and three replicates 
were maintained. 

In vitro and in }'ivo growth of fruits was compared. The fruits were seC­
tioned at IO-15~ 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, ,;:;",'~-~~~ 

- , ¥'. 

OBSERVATIONS .J. 
Growth Pattern In Vivo. The plant is an annual, which llt~ers from 

February to April. The bisexual flowers are pentamerous with indefinite 
number of stamens and carpels. The carpels are free and arc 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 aehenes are fertile and show 
differentiated embryos. At maturity the fruit becomes light brown and tIle 
achenes are shed individually. 

The ovary wall is six-layered on the day of pollination and becomes 
eight- or nine-layered after two weeks. The two innermost layers become 
stony. The fruit is an etacrio of achenes. _______ ---------

Growth Pattern In 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, aU the achenes gave a plumpy appearance 
but only a few of them werd·ertile. 

TABLE l-FRUIT GROWTH 1:-' THE FIELD AND IN DIFFERENT 
NUTRIENT MEDIA 

Treatment 

Control ill vivo 
Nitsdt's basic (NB) 
NBY 
NBV + IAA 2 ppm 
NBV + IAA 5 ppm kinetin O' 5 ppm 
NBV + cascin hydrolysate 100 ppm 
N BV _L cascin hydrolysate 500 ppm 
NBV + casein hydrolysate 1000 ppm 
NBV + gibberellic acid 7' 5 ppm 
NBV + coconut milk 20 ~~ 

Av. size of 10 fruits (l4-day-old) 

r------A.-----, 
Length Breadth 
mm. . ~ mm . 
9·Q() :~i-."w."" - 3' Q() 
5'5 3'7 
5·5 3·7 
7· 7 3'4 
6· 5 4'0 
5'0 3·2 
5·5 3'3 
5·7 3'4 
8'0 3'8 
5'0 3'5 



246 

F IGs. 1-7 - III I·itro G ROWTH ANO GERMINATION 0 1 ACllfNES OF l?nIllI1lCII/IIS: F ig. I . 
III I'ifro germination of achencs (14-week-old) in N BV -t casein hydrolysate (1000 ppm) 
inoculated six days after pollination. Fig. 2. Same, in N O I- casein hydrolysate ( 100 
ppm). F ig. 3. A germinating achcne in the centre of the cuLture tube shows fasciation 
of slem (NBV 1_ cascin hydrolysate 1000 ppm). Fig. 4. Profuse germination of achene~ 
in NBV t cascin hydrolysate (500 ppm) (l4-w .. :ck-old culture) . Fig. 5. MaLUre achcnes 
reared on NBV I- cascin hydrolysate (500 ppm); some of them produce aberranl embryos. 
Figs. 6, 7. Callusing of embryos in N BV ..I.. Ulscin hydrol), ate (500 ppm). 10 Fig. 7, 
three root primordia nrc seen 10 arise from the radicular end of the embryo 
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Fruit !>ize was not inl1uenced by the addition of cascin hydrolysate. 
Ncverthdess, the achencs were ferti le and after seven weeks Lhey germinated 

10 
8 9 

PIGS. 8- 12- DEVELOI'MENt 01 ~.MlI!(yO s\c ill I'illo: Figs. 8-10. Mature embryo 
sa.:s. showing stages in the fusion of polar nuclei. Fig. 11. Embryo sac showing 
syngamy and two endosperm nuclei. Pig. 12. Bmbryo sac with free endosperm nuclei 
and a djviding zygote, the nmipodal cells continue to persist nt the basal end 
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ill situ. The seedlings grew vigorously and produced plantlets inside the 
test tubes (Figs. I, 2 & 4). In some cultures the young plants showed 
fasciation of the stem (Fig. 3). Although germination of achenes occurred 
in all the three concentrations used, 500 ppm sccmed to be the best for the 
growth of the plantiets (Figs. 1-4). A few ovaries rooted from the pedicels 
and the roots were often green in colour. 

Ovaries planted in NBV supplemented by TAA (2 ppm) produced larger 
fruits than those reared on the basic medium (Table I). The achenes de­
veloped beller on the lower palt of the torus. Only one or tWi) seeds germinat­
ed it! situ after 6-7 weeks and the seedlings were alSo no match to the ones 
obtained in casein hydrolysate medium. 

The basic medium was also fortified with kinetin (0·5 ppm) in combination 
with IAA (5 ppm). In this medium fruit growth was retarded and the fruits 
were smaller in length than those reared in IAA alone (Table I). None of 
the achenes germinated. 

Gibberellic acid (7' 5 ppm) induced the elongation of fruit more than 
any other chemical (Table I). Mature embryos were present only in a few ache­
nes and no germination was observed. The addition of autoclaved coconut 
milk did not promote fruit growth more than that in the basic medium (Table I) 
and there 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 medium, they gave rise to vigorous seedlings. 

Effect of Age of Ovaries on Fruit Growth, The a.ge of ovaries, at the 
time of inoculation, greatly influenced the growth of fruits. When planted 
on the day of anthesis or J -3 days after pollination they produced only small 
fruits. Best results were obtained when older ovaries (six days after pollina-

,. tion) were tested. 
Although prolifle germination of achenes took place in casein hydro­

lysate, ovaries inoculateu three and six days after pollination showed a marked 
difference in germination. 1n the former, germination was much delayed 
and seedlings produced were never so vigorous as those formed in the latter. 

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 fmed to form a secondary nucleus (Figs. 8-10). 

Fertilization occurred 24-28 hr after pollination. The development 
of endosperm started before the division of the zygote (Fig. II). The 
endosperm nuclei divided rapidly and by the time the zygote underwent the 
first division, 19-24 nuclei were formecl (Fig. 12). Thirteen to 14 days ofpolli­
nation the achenes showed mature embryos and the endosperm almost fIlled 
the cavity of the achene, 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-celled pro embryos (6 days after pollination) (Figs. 
13, 14). 

After a week's growth in Nitsch's basic medium about 5~/~ of the achcnes 
showed heart-shaped embryos and a normal endosperm. The remaining 
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FIGs. 13-21- 1111';lrO GROW rH or EMIlRYO AND ENDOSPERM: Fig. 13. L. s. ovule at the 
time of inocul:'lI ion, showing a ~ygote and ;1 few enJosperm nuclei (J days after 
pollination). Fig. 14. Same. showing thI\:.:-cellt!d procmbryo and free cndospcml nudei 
(6 days after pollination). Fig. I S. Seven days' growth of proembryo and endosperm 
tissue reared on NBY I . gibberellic' acid (7, 5 ppm). Fig. 16. Abnormal proliferation 
of proembryo grown on NBY -1 IAA (2 ppm). The endosperm tissue has completely 
aborted (7-day old). Fig. 17. Proembryo with exc~si\'cly enlarged slIsp,msor cells and 
dl:generating endospeml nuclei from two-wook-old culture (N BY Kinetin O' 5 
ppm .l.. IAA 5 ppm). Fig. 18. Procmbryo showing sign:. of cleavage. but such embryos 
fail (0 grow as the endospeml has already aboned ( BY .l ca~ein hydrolysate 500 ppm. 
2·weck old). Fig. 19. l. s. seed showing normul development of the endosperm and embryo 
on NBY -1 casein hydrolysoltc 500 ppm (2-wcek old) . Figs. 20. 21. L. s. embryos isolated 
from cultures Teared 0 11 NBV I- 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 the embryo, 
or failed to advance beyond the stage of inoculation (6 days after pollination). 
Usually the upper achencs showed rapid degeneration. Ovaries cultivated 
3 days after pollination were devoid of embryo and endosperm. Rarely 
1-2 achencs in the lower part of the torus contained weakly developed embryos 
and scanty endosperm. 

When IAA (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 lAA 
(5 ppm) and kinetin (0'5 ppm) was found to have a retalding effect on th 
development of the achenes. About 96 per cent 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 also 
well developed. 

On NBV -\- gibberellic acid medium only 4 per cent achenes showed mature 
embryos. A peculiar feature was that one cotyledon was much more 
deVeloped than the other. In certain achenes the proembryo grew up to 
globular stage (Fig. IS) 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 65-70 per cent of the 
achenes, produced mature embryos (Fig. 5). The rest showed all the stages 
of embryos starting from the zygote to the heart-shaped, with free nuclear 
endosperm. Usually these achenes showing early stages of embryogeny 

-failed to attain maturity. 
The achencs, inoculated six days after pollinatjon took morc or less the 

4fsame time for producing differentiated embryos as those under ill vivo condi­
tions (12-14 days). The development of embryo was considerably delayed 
(21-25 days) if the ovaries were inOCUlated three days after pollination. 

Usually degeneration of the embryo was preceded by that of the endo­
sperm tissue. Often 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 ill )'il'o (I5· 2 ~l). The maximum average size (24·4 Il) 
was attained in the medium which was fortified with gibberellic acid. In 
Nitsch's basic medium the embryo grew to 20'211. There was slight increase 
(21' 9~l) in NBV + lAA medium. On adding kinetin -\- IAA the growth 
of the embryo was distinctly inhibited (18 '111). J n NBV + casein 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 
embryos 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 differentiation. Thereafter, they projected out rupturing the wall 
of the achenes which were still attached 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 irregu lar tissue (Fig. 6). The place 
of maximum activity was the re6ion of hypocotyl which became enormously 
swollen. Several accessory buds appeared from this zone (Fig. 2 t). Simul­
taneously the radicular end grew and gave I ise to several rOOl primordia 
(Fig. 7). Such embryos did not develop any chlorophyll even when kept 
in cultures fo r many day~ . The embryos usually remained dwarf but some­
times the root system grew normally. A few embryos showed thl ee coty­
ledons but these were devoid of any accessory buds or root primordia (Fig. 20). 

SUMMAR Y AND CONCLUSIONS 

The ovaries of RaIlU/lCu/lIs sce/craw s were excised three and six days 
after pollinat ion, and planted in the fo llowing nutricnt mc;dia: (a) N itsCh's 
basic, (b) Nitsch's basic + vi tamins an.d glycinc (NBY), (c) N.BV + 1AA 
2 ppm, (d) NBV + IAA 5 ppm + kinetin O· 5 ppm, (e) NBV + gibberellic acid 
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FIG. 22- HIS1"OGRAM SHOWING GROWl ll OF EMBRYOS IN DIFFERENT NUTRIENT MEDIA. 
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THE EM.llRYOS 
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7· 5 ppm, (f) NBY + casein hydrolysate lOa. 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 after pollination they behaved 
in slightly different manner from those inoculated six days after pollination. 
In the former. the growth was considerably delayed, and the fruits did not 
allain the full size. While ovaries cultured younger than three days after 
pollination did not give any encouraging results. 

At the time of inoculation, the embryo sac showed a zygote or rarely 
a 2-eelled proembryo (three days after pollination) and 2- to 7-celled proembryo 
(six days after pollination). In the basic medium. 9S per cent of the achenes 
were l'Ompletely sterile, while the rest showed mature dicotyledonous embryos 
with well developed endosperm. More or less similar results were obtained 
when the basic medium (NBY) was supplemented by IAA, kinetin. or gib­
berellic acid. However, if the basic medium was supplemented by casein 
hydrolysate or coconut milk, the fertility of achelles shot up to 65-70 per cent. 
In casein hydrolysate 'medium the achenes germinated ill situ 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 mctjstematic activity, 
but were chlorophyll-less and failed to germinate normally. 

In the various culture media the size of the embryos was larger than 
that of the controls ill ri..o. The largest embryos were obtained in the gib­
berellic acid medium. 

It gives the authors great pleasure to express their thanks to Professor P. 
M1Iheshwari for his encouragement and keen interest. 
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Formation of Male Gametes in the 
Pollen Tubes of Some Crop Plants 

I. K. VASIL 

Department of Botany, University of Delhi, Delhi 

Pollen grains in angiosperms are shed either at the 2-or the 3-cellcd stage. 
In all those cases where shedding takes place at the 2-celled stage, i.e. after 
the formation of a vegetative nucleus and a generative ce11, the latter divides 
in the pol1en tube at any time during its growth towards the ovules in the 
ovary (see Maheshwari, 1950). Tn 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 tortuous course in the style and cannot be cut 
medianly in microtome secdons Of dissected out easily. Mainly due to these 
reasons our knowledge of male gamete formation in such plants where the 
mitosis of the generative 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 the 
vegetative nucleus in the pollen tube. 

MATERIALS AND METHODS 

Pollen grains of 14 species of plants belonging to 10 genera distributed 
over 6 families were cultured: 

Benincasa hi,~pida, Cifrullus vulgaris, Cucumis rnelo. C. melo' VaT. 

ntOlnordica, C. mela var. utilissimus, Momordica charalllia (Cucurbi(aceac)~ 

Capsicum annuum, So/anum rnt/angena, S. luberosum var. phulwa (Solana­
ceae), Dolichos lablah (Lcguminosae), Gossypium herbarcum, G. hirs­
utum (Malvaeeae), Carica papaya (Caricaccae) and Citrus microCGrpa 
(Rutaceae). 

Pollen were cultured in sugar-agar or sugar-agar-boric acid media by the 
hanging drop technique (see Vasil, 1960). The cover glasses containing 
growing pollen tubes on agar films were fixed in acetic acid-alcohol (J :3) and 
were subseq liCHtly stained, dehydrated and cleared in the following series: 

Propionocarmine --....... 45 per cent Propionic acid --...... Propionic acid 
-----> Propionic acid + tert.-Butyl alcohol (I: I ) --> let·I.-Butyl 
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alcohol---> tert.-Butyl alcohol + Xylol (I : I) ___,. Xylol (mounted 
in canada balsam). 

Propionocarminc was invariably found to be better than acctocarminc. 
Tn somc cases hematoxylin~fast green combinations were also used. 
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FIGS. 1-31-PORTIONS Of POLLEN TUI1ES SHOWING TilE GENERATIVE CELL, ITS [)IVISION AND 

fORMATION OF MALE GAMETES in l'i11'0 (EXCEPT Luffa cylindriea, Fig. 16, WHICH IS }--ROM ill viro) 
IN Benincasa hispida (Figs. 1-5), Ofrul/lls vulgaris (Figs. 6-9), CUcllmis melo (Figs. IO~15), 
Cucllmis melo var. nwmore/ica (Figs. 17-11), MOII/ore/;ell cltarafJfia (Figs. 22-26) AND Cucumis 
melo var. utilissimus (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. Generally the nuclei in the pollen grain did not move out 
immediately after the germination of the pollen and in most cases they moved 
only after the tube had attained a length of about lOOO-30OCf'. ln Sola­
num tuberosum, however, the generative cell elongated from g to 29 ~l 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 traceable in the pollen grain even at the time of its germination 
except in Dolirhos lahlah (Figs. 51-53), Gossypium herhareum and G. hirsutum 
(Figs. 55-59) where it could be clearly seen even after the formation of the 
male gametes. 

After the pollen tubes attained a particular length (about 1000f' in most 
plants) almost 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 (ube. The nuclei were generally present within about 200p 
from the extreme tip of the tube. 

The generative cell showed a thin hyaline area around its nucleus which 
represented the male cytoplasm reduced to its barest minimum. It "ad 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. Curumis melo 
var. uli1issimlls. Fig. 27). Mitosis of the generative nucleus was perfectly 
normal and spindle fibres were clearly seen during this period (Figs. 2-4, 
7, 8, 1/-13, 19,20,23-25,28-30,43,5'2-,54,56,61,62, 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 vaT. momordica (n~ 12), DolicllOS !ablah (n=1O; see Fig. 51), Solanum 

_,. 
FiGS. 32-66-Pigs. 32-35. So/auwtI tuberOSlI1II var. phubra-stagcs in the emergence 

of the generative cell from the poHen grain. into the tube; note lhl;! \;hang..:. in sileo Figs. 
36-44. Capsicum GlIIIII/lI1I N.P. 46A (Figs. 36AO) and Solunltm meiongellG Long purple I.e 
1417 (figs. 41-44) - parts of pollen lubes showing the generative ceil, its Jivision and for­
mation of male gametes III I'ilro. Fig. 45. Su/anum tuberosulIl var. phulwa ~ haploid chro. 
mosome complement (n -=24) 'from the generative nucleus. Figs. 46-50. Same, parts of pollen 
tubes enlarged to show the division of the generative cell and th:: formation of male gamcte'i 
in vitro. Figs. 51-59. Dolichos /ablah (Figs. 51-54), Gos.\ypillln hirsufum Indore-2 (Figs. 
55-57) and G. herbacl'ltm l027-A.L.F. (Fig'). 58-59)-parts of cultured pollen tubes showing 
generative cell, its division and male cells; vcgct:ltive nudeu'i can be secn in all tub.:s except 
in Fig. 54. Fig. 51 shoWS the haploid set of chromosomes of Do/iclws lab/lib (0---=10). 
Carica papaya (Fig-s. 60-62) and Citrus microcarpa (Figs. 63-66) -parts of poHen tubes showing 
the generative celi, its division and mate cells ill vitro. Flg. 6-1- snows the haploid chromosom~ 
complement of Citrus microcarpa (n -0::9) 
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tllberosum var. phlllll'a (n - 24; See Fig. 45) and Cilrus mkrocarpa (n = 9; 
see Fig. 64). 

In some plants from the very beginning the generative nucleus appeared 
in an early prophase (Figs. I, 10, 22, 36, 63) while in others it was in a 'resting' 
condiUon (Figs. 6, 17,27, 41, 46, 55, 58, 60). The spindles were normally 
organized lying parallel to the long axis of the pollen tube but may be obliquely 
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placed in some cases (Figs. 3, 25, 56). Rarely, the spindles may be placed at 
right angles to the long axis of the pollen tube (Fig. 54), 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 male cells formed in l'itro was the same as observed ill 
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. 

Cucurbitaceae 

Solanaceae 

Leguminosac 
Gossypium 

Citrus and Carica 

Mitosis starts after 4 hr. Male cells seen after 
anolher 2 hr. 

Mitosis initiated and completed within 6-10 hr, 
after inoculation. ~-1 

Division started and completed within 3·5 hr. 
Division s arted and compleled within 30 

minutes to 1 hr. 
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 Solanaceae. In the various species studied from 
the Cucurbitaceae, more than onc polkn tubes were often formed from a 
single pollen grain. In all such cases, whether the supernumerary pollen 
tubes arose due 10 branching or a polysiphonous habit, anyone pollen tube 
or its branch may receive either a siTJgle or all the nuclei from the pollen grain. 
~he pollen lube receiving the nuclei may not always be longest at the g;ven 

time but more often it was this tube which elongated most. 1n Solanum 
me/ongena the generative as well as the vegetative 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 enucleate grew to ahout 
4000 J.l. The generative cell arrested ncar the pollen grain without much 
accompanying cytoplasm underwent a normal mitotic division and produced 
I wo male cells. 

SUMMARY AND CONCLUSIONS 

The vegetative nucleus when present takes a very poor stain due to a low 
DNA level. Usually, however, it is ephemeral and is untraceable when the 
gcncrati\._'c cell is undt:rgoing mitosis. Evidently, it has no impact on the divi~ 
sion o{ Ite generative cell nor docs 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 gro~s normally 
even When the generative cell and the vegetative nucleus are arrested 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 
iheir 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 (1955) 
ill vil'O 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 micro gametes can change their form some­
times very markedly under external influences and perhaps, from internal 
changes which take place in the generative plasm". III CampaJJula mnericana, 
Scilla hispan;c·a var. rosea, Hyacilllhus orienta/is and Tradescallfia zehrina 
the tips of the male cells 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 gcnerative and the male cells as has been seen in Galanthus 
nil'alis 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 cases due to the different rates of 
the transformation of male gametes from one shape to the other. __ 

The question whether the male gametes occur as naked nuclei-l:rr-as -distinct 
cells has also attracted considerahle 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 barest minimum and is hyaline 
and clearer than the reSot of the vegetative cytoplasm in the pollen 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 docs not 
show any signs of degeneration even several hours after the cytopJasm of the 
pollen tube has coagulated and degenerated. 

A suggestion has often been made that the male gametes move passively 
along with the streaming of the cytoplasm in the pollen tube. If this were 
so, the gametes should keep on moving from the base of the pollen tube to 
its tip and back (if there arc 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 observed, however, passive as well as 
amoeboid movement of the generative and the male cells in Galalllhus 
niralis. 
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Grateful thanks are due to Professor P. Maheshwari and Dr B. M. Johr; 
for their kind help and suggestions. 
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Morphology and Embryology of 
LOl71atia Hr. with a Discussion on its 

Probable Origin 
C. VENKATA RAO 

Department or Botany, Andhra University, Wultair 

The Proteaceae with 61 genera and about 1,400 species is mainly a southern 
hemisphere-family. the chief centres of dimibution being Australia. New 
Caledonia, South America and South Africa. The genus Loma/fa was placed 
by Brown (ISIO). Bentham (1S70) and Engler (IS98) 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 Lamatla, 6 are found in East Australia, 2 in Tasmania, 
I in New Ca.ledonia, 1 in Tahiti and 3 in Chile, the various species being endemic 
in their respective regions. Though at present the genus is confined to the 
southern hemisphere, it apparently enjoyed a wider distribution in the past 
since fossits arc reported not only from southern land masses (East Australia, 
Tasmania. South Amclica 'ilnd Antarctica) but also from different regions 
of northern hemisphere like North America. Sauth of England. Italy and 
Switzerland (Kausik. 1943). Fossil specimens closely resembling Lomalia 
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 whol< family (Good. 1953). 

PREVIOUS WORK 

The embryological work in the Proteaceae is limited to the study of a 
few species of three Australian genera, Grel'illea, Hakea and Macadamia 
(Brough. 1933; Kausik. 1938-42) and the African genus Brabeium (lordaan. 
1946; Garside. 1946). Recently the embryological work in the family has 
been reviewed by the present author (Venkata Rao. 1960). 

The present paper deals with the morphology and embryology of 6 species 
of Lvmatiu viz. L. tinctoria Br., and L. po/ymurpha Br. of Tasmania, L. sa/ai­
(olia Br. of New South Wales, L. den/ala Br.. L. hirsula 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. salai/olia was kindly 
sent by Mr R. Carolin of Sydney University, Sydney, N. S. W., Australia. 
Herbarium spt:cimens. of the Chilean species were obtained from the National 
Herbarium, Chile, Fixed material of L. .f<'l'rligil1l'a 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. boiled in 2 per cent solution of sodium hydroxide 
for 2-3 minutes or left overnight in paraffin bath at 50 0 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 Lomalial leaving 
little for thejr identification besides their foliage which is extremely variable". 
The present studies show that this statement can be extended to the Chilean 
species also. 

Of the Tasmanian species, L. lillclaria is a small shrub 2 to 3 feet high, 
which reproduces by subterranean rhizomes and therefore occurs gregariously. 
It ranges from sea level to about 2,500 ft altitude. L. polymorpha is a taller 
shrub, 10 to 12 feet high and occurs from about 1,500 to 3,500 ft altitude. The 

<t leaves of L. lillclaria are usually bipinnately compound though rarely they 
may be simple. In L.polymorl'ha (as the name indicates) the leaves are usually 
simple but extremely variable in shape being oblong, linear, lanceolatc, entire or 
lobed even on the same plant. The same range of variation is noticed in the 
Chilean species: the leaves of L. dentala and L. "irsula are simple while those 
of L. ferruginea are bipinnately compound (Figs. 1-4,6). 

The inflorescences are axillary or terminal panicles; they arc lax in L. 
lincloria (Fig. 1) and L.ferruginea (Fig. 3) while in L. polYlllorpha (Fig. 2) 
and L. deillala (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 oriented in relation to 
the main axis but to a lateral 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 pedicellate, zygomorphic, hermaphrodite and mono­
chlamydcous. The apical portion of the bud is globular and termed as 'limb'; 
it remains curved in the bud (Figs. 5, 10, 12). The (our 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 
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rows 011 marginal placenta. The style i curved and bears a Jalcral stigma 
situated in the ccnlrc of a discoid pollen collecLing apparatus (Figs. 7,9, 
I (, 15, 16). The nectary consists of 3 free a lternitepa lo us lobes (Figs. 8, 14); in 
thi feature LOlllaria resembles the two other Australian genera Austromuellera 
and MusgrOl'ea which constitute the tribe Musgraveae (Venkata Rao, 1957). 
Presence of a small vest igial anterior lobe in L OmGfia fillc(oria (fig. 17) jl1di~ 
cales that probably the zygomorphic nectary has evolved due to th.e suppres-

FIG. 1 - A BRANCH OF LOnlalia lillcloria WITR I'ffLORESCENCE 
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sion of the fourth lobe of the typically actinomol phic flowers found in lhe 
tribe Persoonieae (Vcnkala Rao, 1960). 

Microsporogenesis and Male Gametophyte. The anthers are 4-locular. 
r n L . liTle/aria and L. polymorpha one or two rows of hypodermal archesporial 
ceUs differentiale at 4 places in the anther primordium. These em off the pri­
mary sporogenous cells to the inside and the primary parietal cells to the 
outside. Due to further division. in the parietal cell , the anther wall ultimately 

FIG. 2 - A BRAI'lCII OF L. pO!Ylllorpha WITH INFLORESCENCl! 



265 

18 

FIGs. 3-19 - rig. 3. Twig of L(1mmia (Clrl'll(!illl·u. Fig. 4. Twig of L. "irm/a. Fig. 5 
F lower bud of L. hirSllfn. Fig. 6. r" ig of L . deltlu/a. Figs. 7, 8. OV:lry anu nectary of 
L . II(,II((I/(I . Figs. 9-11. Ovary. bud and o,pen flower of L . P(II,l'1II0I'p/tCl . Fig. (2. L. s. nower 
buu of L. salal/olitl. Figs. 13-111. L. /i/lcror;(I. Fig. 13. A no\\ cr pair (bract removed). Fig. 
14. N';!Ctary. Fig. 15. Side and front views of p('lIcn collceting apparatus and stigma. Fig. 
(6. L. s. stigma. Fig. 17. T . s. flower bud showing vesligia l anterior lobe of the nectary. 
Fig. 18. 1. s. flower pa ir ; nOtt' the opposite orientation of the ovarics in tllC two nowers. 
rig. 19. Diagrammatic rcpr.:sentation of the relation of the flower pajr to the suppriMec.l 
lateral axis 
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FIGs. 20·35 - Fig. 20. T. \. of young anther lobe of L. p,,/ymo/'p}Jo. Pig. 2 1. Diakinesis 
in L. 1;/lcIOr;(I showmg II bivalcnts. FigS. 22·24. Pollen grains of L. .I'a/ai{o/ia, L. pO/YlIIorp/w 
and L. hirslllo respectively. Fig~. 25·32. L . pO/,l'lIIorp/l(l. Fig.s. 25·27. Stages in Ih~ develop­
ment of the ovule. Figs. 28, 29. Sections of ovule cut in the plane a·1I shown in Fig. 27. 
Figs. 30-32. Sections of ovule cut In the plane b·b shown in Fig. 27. Fig. 33. Median longi­
tudinal section of the ovule or L. t;IIeloria cut parallel to the flal side: notc the absence of 
the outer integument on the side of Ihe funicle. Fig. 34. Ovule of L. hirsllta. Fig. 35. 
Ol'ule of I.. (/mta/a 
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becomes 6-layered - the epidermis, the fibrous cndolhecium, 3 middle layers 
and the tapetum. In L. tinctoria the tapetum is 2-laycred on the side of the 
connective (Fig. 20). 

There is a secondary increase in the sporogenous cells. The meiotic 
divisions proceed normally and 11 bivalents are noticed at diakinesis in L. 
tinetoria (Fig. 21). The same number is reported by Lancaster (1952) in 
L. salaifolia (sec Darlington & Wylie, 1955). Cytokinesis is brought aboul 
by furrowing al the end of the second division and mostly tetrahedral tetrads 
are produced. The pollen grains in all the 6 species studied arc triangular, 
oblately flattened and tripora!e (Figs. 22-24). The germ pores are situated 
at the corner~. The exine is granular or reticulately thickened. The intine 
is Ihicker in the region of the germ pores and protrudes slightly. The 
pollen grains arc shed at the !wo-celled stage. 

Ovule. In all the 6 species studied, the ovule is bitegmie and erassinu­
eellate. It shows a characteristic and unique method of development. The 
ovule primordium arises transverse to the ovarian loculus (Fig. 25), and under­
goes. curvature during growth till in the mature condition the ovule lies parallel 
to the placenta (Fig. 38). The funicle elongates precociously and bends 
like a horse shoe (Figs. 26. 27) and finally becomes bellt ill the form of a hair­
pin in the mature ovule (Figs. 33-35). It devcJops into a samaroid wing in 
the mature seed (Figs. 56-59). The outer integument 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 integument ceases to grow along the line of 
contact with the funicle. From the chalazal region extensions of the outer 
integument arise and form flap like coverings on either side of the bent funicle. 
This structure becomes cJear when sections of developing ovule and seed taken 
perpendicular to the long axis of the ovule, and also:-l'aralleJ 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 layc'rs of parietal cells. The cells of the nucellar epidermis also undergo 
periclinal divisions early in developritent of the ovule and form a nllccllar 
cap (Figs. 37, 43). These cells accumulate some tannin and stand out distinct­
ly from other nuccllar cells (Fig. 41). Only the nuccllar 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 removed from the chalaza (Fig. 40). As the seed develops the outer­
most 3-4 layers of nucellar cells become richly protoplasmic and get tangen­
tially flattened; these cells persist along with the zone of richly protoplasmic 
cells in (he chalazal region, even in the mature seed (Figs. 46, 47). The 
remaining cells of the nucellus arc irregular, large, scantily cytoplasmic and 
get absorbed by the developing endosperm. 

Megasporogenesis and Female Gemetophyte. Usually there is a single 
archesporial cell in we ovule. After cutting otT the primary parietal cell it 
functions as the megaspore mother cell (Fig. 36). Megaspore tetrads are usually 
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Jinc:!.r (Fig. 43); ill one ovule of L. p(.l/j'/)wrp/I(J an inverted T-shaped tetrad 
was noriccd. where the micropylar megaspore was functioning (Fig. 39). 
The 3 antipodal:; are inconspicuo us and ephemeral. The polar nuclei do not 
fu c before fertilization (Fig. 41). 1n one ovule of L . polymorpha three develop­
ing embryo sacs wt:re noticed (Fig. 42). 

Endosperm and Embryo. The development of the endosperm was 

Fie!', 36-43 - Fig.." 36-38. L. I;,u:loria : t'ig.36. L. s. ovuh.: with megaspore mother cciI. 
Fig. 37. Ovule with 2-nuclealc embryo sac. Fig. 38. L. ~. ovule with 8-nuc(eale cmbryo sac. 
Figs. 39-41. L. pO/Ylllorplw. Fig. 39. Invcncd T-shapcd tetrad. Fig. 40. L. s. ma tu re 
ovule. fig. 41. Micropylar part of the nucclllls from Ihe abo~'e. Fig. 42. L. s. nuccllus of 
an ovule .vilh 3 developing embryo sacs. Fig. 43. L.~. young ovule of L. soilli/olio " jlh 
linear retrad 
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studied in detail in the Tasmanian species. The primary endosperm nucleus 
undergoes free nuclear divjsions. 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 3D-celled. The cells immediately around the embryo arc 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 (rigs. 49. 51). The 
cellular part becomes wavy in outline due to the dcyelopmclH of secondary 
haustorial lobes (Figs. 45, 52, 53). I n addition to these, finger-shaped, 
I-celled outgrowths arise all over the surface of endosperm and increase the 
absorbing area. These become absorbed as the endosperm grows. Since 
the growth of the nuclcar part of the endosperm in the early 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 .... hrinks and be­
comes less 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 endosperm in Lomatia resembles that descrihed in some 
Cucurbitaceae (Chopra & Agrawal, 1958). 

The endosperm in the Chilean species L. (errugil1('(f (Fig. 54) closely 
resembles the developmental sequence of the endosperm of the Tasmanian 
species. 

The first division of the fertilized egg is transverse. Both the cells divide 
longitudinally and hy fUI·ther divisions give I ise to a globular embryo which 
is devoid of a suspensor (Figs. 44, 45, 'i4). The embryo development keys 
out to the Penaea val iation of the Asterad type (Johansen. 19"0). as in other 
members of the family (Venkata Rao, 1960). The mature embryo shows 
foliaceous cotyledons with prominent basal lobes (Figs. 53-55:. 

Seed. Bentham (1870) stated "the fragile pellicle or powdery substance 
interposed between the seeds in Loma/ia and Te/or-ca appears to be epidermal 
production of the seed itself, but its real nature can scarcely be ascertained 
without observing it in the fresh state before and after maturity of the seed". 
The structure of the seed wing as also the presence of the powdery pellicle 
between the seeds are closely similar 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 outcr 
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 easily 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 outcr integument remains 2·laycrcd in the seed. The cells of the 
outer layer become somewhat papillate and stain deeply d lIC 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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lwo innermost layers persiSl in the malure seed (Figs. 62, 63). The seed coals 
are therefore flimsy. 

DISCUSSION 

The apparentJy simple racemes of LOn/alia as also those of other Grevil ­
loideae arc in reality condensed panicles in which the fateral branches a re 
red uced and represented by pairs of flowers in bract axi fs. Similar red L1 clion 

. ')( 144 
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F IGs. 44-58 - Figs. 44·47. L. p"/YlllorplJa: Fig. 44. YO.lOg embryo with some endo· 
sperm. Fig. 45. Endosperm and embryo disseer'.!d out from yOllng seed. Figs. 46, 47. 
L s. developing and mature seeds. Figs. 48-53. Stag~ in the development of endosperm 
of L. tillctoria . Fig. 54. Endo3perm of L. je,.rugillea dissected (rom young sccd. Fig. 55. 
Maturcembryo of L. hirs//la. Fig. 56. Seed of L. hirsllla. Fig. 57. Seed of L. delllala. Fig. 58. 
Seed of T •• /t'rrugill(!(1 
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of "he lateral branches of a paniculate inflorescence b noticed in other angio­
sperl1'lous familiec:. In the Amaranlaceae reduction has resulted in the per­
sistence of a single flower (Bakshi & CllhajlanL 1955). In the Palmae it led 
to the retention of three flowers at ea.ch node, the median being female and 

the laterals. male (Venkata Rao. 1958). 
There is some controversy regarding the natllre of the proteaccous 

nower. as (0 whether it is primitively monochlamydeolls or mOllochlamy­
deolls by reduction. The imerpretation rcsts on the nature of the nectary. 
Haber (1959) regarded the nectar) as reduced corolla and thollght thal the 
glandless flowers in some genera arc monochlamydeous by reduction. The 
author, howe"er, feels that the posi.tion of thl.! annular or tubular nectary inner 
to the tepal stamen \\horl (e. g., BraheiulIl, Macae/alllia) rules out the possibility 
of the nectary being homoJogou_) to the corolla (sec also VCllkata Rao, 1960). 

Several gencla of the sub-family Grcvilloidcuc arc charach:rizcd by winged 
~ceds. A comparalh'c s tudy of lhe various genera shows Ihal the seed wings 
are di,'er»e in method of formation and :.truCture. In Grel'i/le{l il is a 

membraneous outgrowth co\ering Ihe body of the seed uniformly all round. Tn 
Oriles and lIakea il i .. an outgrowth on the chalazal side inlo which the funi­
cular \-<lScularbuJldle does not c),£cnd.ln SWlocnrplls it is an outgrowth on the 
micropylar !>ide. Only in Te/opea and Lamatia (which belong to the tribe Telo­
peae). it is funicular. I J1 Ihese genera the funiclc is !lot only elaborated but speci­
a lized to form the seed "",ng. In other genera the .. eell wing is membraneous; 
in the two above named gcnaa it is stiff being maoe of thick-walled. ceHs. 

The Australian and Chilean specIes of Lomatia sho\) close similarity in 
morpnologlcal and anatomical !>lructure of the flower. de}'~lopmenz and 

FIGS. 59-63 - ( Qi, out.:r inl~g\lment: ii, inner integumem; ", nucellus): Figs. 59-61. 
L. lill('(uI'i(l ; Fig. 59. Young s.:ed. rig. 60. Surface vicw of the young seed-wing. Fig. 61. 
Surface 'lew of the wing of mature seed. Figs. 62, 63. L . polymorplta. Seed coats from 
developmg (\nd maturl! seed~ 
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structure of the poUen, ovule, endosperm and embryo, The development 
and structure of the seed wing and even the powdery pellicle between the seeds 
are also quite similar. 

The different species of Lomalia are disjunctly distributed on widely separat­
ed land masses. There are three possibilities which can account for such a 
distribution: (i) an independent (polyphyletic) origin pf the different species 
on separate land masses; (ii) long range dispersal by birds or oceanic currents; 
and (iii) 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 arc 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 whieh 
can make them attach to birds. Oceanic dispersal seems improbable since 
the seed coats are flimsy and the seeds lose their viability on being immersed 
in sea water even 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 place, But oceanic 
currents in southern latitudes run from America towards Australia. 

So it seems 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 gen~ 
of the Proteaceae viz. Geruillo, Oreoca//is and Orites and other angiospermous 
genera like Drymis and NOlho(agus common between Australia and South 
America gives strong support to such a view. It is interesting to notice that 
fossils of Lomalia, Drymis and NOllu!(agus were found on Grahamland (An tar-

p ctica), This shows that the continent was habitable to plants in the past. Hill 
(1929) also believed that it served as a migratory route for circumpolar species, 

The author wishes to express his thanks to tht Curator, National 
Herbarium, Chile, Mr V, Garcia, Delhi University and Mr R, Carolin, 
Sydney University, Sydney, N,S,W, Australia, for the materials they kindly 
supplied and to Shd K, Satyanandam for some line drawings and to the 
Department of Photography, University of Tasmania, for the photographs, 
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