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A B S T R A C T  

The family 1,oranthaceae has been divided into the subfamilies Loranthoideae and Viscoideae 
@ngler, 1888-89 ; Danser, 1929, 1933a, b). These two subfamilies show great dissimilarity in their 
morphological as well as their embryological characters. 

In the Loranthoideae flowers may be unisexual or bisexual, but a calyculus is invariably present. 
The ovary may contain a lobed or unlobed mamelon, or the mamelon may be extremely reduced 
or absent. A collenchymatous pad or tube is invariably present in the ovary. The embryo sac i s  
of the Polygonurn type. Many embryo sacs may develop simultaneously in the same ovary and 
their tips grow up into the style and in some cases reach the stigma. The lower end of the 

'sac sometimes produces a caecum. The endosperm is a composite structure formed by the fusion 
of all the endospe- developing in the same ovary. The first division of the zygote is always vertical 
and is followed by transverse divisions resulting in a long biseriate proembryo. The fruit shows 4 
distinct layers and the viscid layer is situated outside the vascular bundles of the corolla. 

In the Viscoideae, flowers are unisexual and the calyculus is absent except in Viscum orient& 
and V. artinrlatm. The central ovarian papilla has 2 or more archesporial cells, each of which divides 
to form two dyad cells. Of these the upper dyad cell is the larger and functions, whik the lower 
soon degenerates. Thus the development conforms to Allium type. A peculiar feature is that after 
the 4-nucleate stage there is a slow but steady curvature of the embryo sac, which causts its lower 
end to bend out of the papilla and proceed upwards into the carpellary tissue. The egg apparatus 
differentiate from the quartet in the originally lower pole, which is later situated at  a hi her level 
than the upper. Gnerally only one embryo sac develop which is said to show invertJpo~uity.  
The endosperm is derived from the primary endosperm nucleus of a single embryo sac. The fint 
division of the zygote is transverse except in Korthalscl~a. The embryo lacks a suspensor. The viscous 
part of the fruit is situated within the vascular bundles of the perigone. 

Thus, the Loranthoideae and the Viscoideae show important differences in floral structure, 
mode of development of the embryo sac, endosperm and embryo, and in the location of the viseid 
zone of the fruit. These differences adequately warrant the raising of the two subfamilies to the rank 
of families. As proposed by Miers (see Danser, 1929), the naine Loranthaceae may be retained 
for the Loranthoideae, and the Viscoideae may be designated Viscaceae. 

Most of 'the taxonomists (EngIer, 1888-1889 ; coideae. The calyculus is well developed in the 
Danser, 1929, 1933 a, b) classified the family Loran- dendroid Atkinsonia and Gaiadendron. In N u y t h  
thaceae into the subfamilies Loranthoideae and it is fleshy but reduced in size, and in Lepeostegefes 
Viscoideae. Miers (1851), however, treated the it is. e ually well deveb ed but remains membra* 
subfamilies as separate families-Loranthaceae and nous 1 % ig. 8). It is ra&er small in Toly#a tz th~~ 
Viscaceae. Maheshwari (1954, 1958), Maheshwari, and Tapnunthus and several other members, and 
Johri and Dixit ( 1 9 ~ ~ )  and Johri and Bhatnagar inconspicuous in Amyemi. The calyculus is devoid 
(1960) are also of opinion of giving the .rank of of vascular supply. However, in Nuytsk floribunda 
families to these subfamilies. (Narayana, 1958 b) and Atk-insonia (Prakash, 1960) 

During recent years several numbers of the distinct vascular supply has been observed. The 
Loranthaceae have been thorbughly investigated morphological nature of the calyculus has been a 
at the University of Delhi by Agrawal, S., Agrawal, subject of much controversy and has been discussed 
J. S., Bhatnagar, S. P., Correa, J. P., Dixit, S. N., by 'Maheshwari, ~ o h r i  and Dixit (rg57), , 

Johri, B. M., Maheshwari, P., Narayana, R, and The pollen grains in the Loranthoideae are typi- 
Prakash, 5. In li ht of huge available embryolo- cally 3-rayed and have a smooth exine (Fi 
gicsl and .morpho f ogical data, the author strongly Rarely 4-rayed grains occur in Helicanthra t o i d ;  
feels that these subfamilies deserve the rank of two Agralval and Garg, 1957), Ly-a (Narayana, 
different families. 1958 a) and Lepeostegeres (Dixit, r 58. b). How- 

In the Loranthoideae the flowers are mostly bi- ever, in Tupeia (Smart, 1952) an '! a AtEim& 
sexual but occasionally unisexual flowers occur iq (Prakash, 1960) the pollen grains are reported to be' 
Barathranthus, Tupeia, Struthanthus and Ph tht- round and show irregular exine. 
rtrsa. N y t &  floribunda shows polygamous con- The ovary does not contain any normal ovule 
idition. but several species show a speciaI mammiliform 

a fringed out structure, called the mamelon, which arisea from the 
Taxonomists have base of the ovarian cavity. The mamelon ma be 
j c  calyculus as a lobed and may be fused with the o v q  waE in 

character in subdividin . the between the lobes (Fig. y, b) e.g, LeQeostepre~ 
intp .Laranthoidas V i  (EX&, 1938 b), Lydmw and Nuytai. ( N a r a F t  

t! 
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Figs. 8-19. (ant-antipodal cells, ca-calyculus, cue-caecum, eg-egg, &-lower polar, m-mamelon, ml-lobe of mame- 
Ion, oc-ovarian cavity, S-synergid, sc-stylar canal, up-upper polar), Figs. 8-15.. meg;wporogcnsis and female gam- 
etophyte in the LoranthoiQeae. Figs. 8-13. Lpcqrtcgdrcsgemm;Po~u.~ (Afler Dixit, 1958b). Fig. a. L.S. carpel at 
megaspore cell stage. Flg. 9. Enlarged view of mamelon from Fig. 8. Fig, 10. L.s. single lobe of the mame- 
Ion showing two linear tetrads. Fig. 11. 4-nucleate emblyo sac. Fig. 12. 6-nucleate embryo sac. Fig. 
13 a, b, c. Upper, middle and lower part of embryo sac rhowing egg apparatus and upper wlar nudeus, lower 
polar and the antipodal cells respectively. Fig. 14. L.5. carpel showing extension of embryo iQ the style ; 
the names indicate the levd of the tips of embryo sacs in respective genera. Fig? !5-19. rnegaspomgen&i and 
female gametophyte in the Viscoideae. Rg. 15. Kortha[~ella @n&. L.s. ptstdlate flower mamelon 
and the position of embryo saa (A* Correa, 1958). Fig. 16. K. opmtid L.s. -placenta two 
pore m~tber  cells (A@ Rutishaum,l937). Figs, 17, 18. K. danydii. &and 4-1iucleate sacs (A& 

Rutlsha)~ser, 1935). Fig f 9. Embvo sacp enlar~ed h m  fig. 13. 



Fig. I-7i.1. Pollen and placenta of I,oranthoideae and 
Vlscoidcae. Fig. 1. Snmula fiulvmlenta. Tri-radiate pollen 
r i n  (A* Agrawd, 1953). Fig, 2. Aratbbim m i u u ~ m .  
pherical poll? grak (A* Cotrea, 1958). Figs. 3a-6b. L.s 

and t.9 of ovaries s h m g  types of placenta in the Loranthoideae ; 
the dotted regions indicate the aporogenous tissue. Figs. Sa, b. 

1958 a, b) or the memelon may be free (Fig. q o, b) 
as in Elytranthe (Schaeppi and Steindl, 1942) and 
Macrosolen (Maheshwari and Singh, 1952). A freei 
amamelon but without any lobes occur jn HelC. 
canthes (Fig. 5 a, b) (Johri, Agrawal and Garg, 
1937) 1 it is extremely short in Amyema (Dixit, 
1958 a), Dzndrophthoe neslgherrensis (Nara ana, 
19.54) and Tolypanth~rs (Dixit, 1g61), and is a g sent 
(Fig. 6n, b) in Rartrlhrnnthus (Schaeppi and Steindl, 
1942)~ Dendrophthoe falcata (Singh, 1952)~ Helix- 
anlhera (Maheshwari and Jshri, 1g5o), Scurrula 
(Agrawal, 1g54), Tapinanthus (Dixit, 1956), Taxillus 
(Narayana, 1955) and Tupek (Smart, 1952). Thd 
morphological nature of the mamelon has also been 
much debated and has been recently .discussed by 
Maheshwari, Johri and- Dixit, (1957). 

' 

At the time when reduction' divisions are taking 
place it1 the megaspore mother cells some of the 
cells lying below them start developing thickenings 
and later on form a saucer-shaped or tubular hy o- 
stage. Saucer-shaped hypostage which is 'a  f so 
referred to as collenchymatous pad has, been 
reported i n  Nuytsia (Narayana, 1958 b), Amyema 
(Dixit, 1958 a), Tolypanthus (Dixit, 1961) etc., 
while tubular hypostage which is known as collen- 
chymatous tube has been re orted in Macrosolen 
(Maheshwari and Singh, I ~ ~ * {  Lysinna (Narayana* 
1958a), Lepeostegeres (Dixit, 1958 b) etc. The 
presence of collenchymatous thickenings or hy o- 
stage has been reported in all the members of t e 
Loranthoideae worked out so far. 

K 
The atchesporial cells are one-to-fsur-celled in 

Elytranthe (Schaeppi and Steindl, 1 ~ 4 % ) ~  Mucqsolen 
(Maheshwari and Singh, 1g52), Lepestegeres and 
Tolypanthus (Dixit, 1958 21, 1961), wliile th'w is a 
much larger number in Dendrophthoe (Singh, 195%)~ 
ScGruZa (Agrawal, 1g54), Helicanthes (Johrit-Agra- 
wal and Garg, ,19.57). Lysiana and Nuytsia (Nara- 
yaria, 1958 a, b); The sporogenous cells elongate 
and function as megaspore mother cells (Fig. 8, 9). 
The reduction -divisions are normal and linear 
tetrads are formed Fig. 10). Occasionally, rwall for- 
mation may be de \ ayed in the dyad cell towards 
the epidermis and a triad may be formed. . Such 
a behaviour has also been reported in ~endro$hthoe 
(Singh, I 952 ; Narayana, I 954) and Scurruk .-(Agra- 
wal, 1 ~ 5 4 ) .  Sometime I-shaped tetrads occurs in 
Amyema (Dixit, 1958). Usually the basal me- 
gaspore of the tetrad produces the gameto hyte P but Singh (1952) mentions that in D.. falcata a 1 the. 
megaspores of a tetrad excepting the one lying to- 
wards the upper part of the ovary have the power 
of further growth. In Amyema and Tolypanthus 
(Dixit, 1958 a, 1961) sometimes all the megaspores 
develop cancurrently up to the two-nucleate stage. 

-- - 

Lysiana cxocnrpi (Aftn Nara ana, 1958a). Fi 4a, b. ~acmsolm 
mchinclrtnensi, (yn ~abcs iwar i  b Singh, &2). Ff. 5a, b. 
Helic~nthar eladua (AJtsr Johri, Agrawal and Garg, 19 7). Fig#; 
68, b. H6iixmthero lig~ttrina (A@ Maheshwari and JoW4 
1950). Figs. 7a, b. Diagrammatic repreamtation of L.s. and 
t.s. of ovaries showing placedta in the Viecoih$. KorthofsdII~ 
o p t i a .  



Figu. 20-30. (Ccnd-coniposite endos~erm, dot-dcgcnrratcd ovarian h u e ,  mb-embryo, end-endosperm, pan- 
procmbryo, sus-suspcnsor, vl-viscid layer, vs-bascular supply). Figs. 20-27. Endosperm, emhryo and h i t  
of .  the Loranthoideae. Figs. 20, 21. To[2pcail.us inroluratus. l .s.'  ort ti on of ovaries sk.cwir.g fo~ma&n of 
ccm~odte  cxdos~erm (After Dixit, 1961). Eig. 22. Anjema niqcelii. I..s. ovary stm'ng a proembryo embedded 
in colhposite cndosperm (After Dixit, 1958). Fig. 23. Magnifitd view of' endosperm and procmbryo ftam 
Fig. 22. Fig. 24. Tolyhanthus incolucratu~. Diagrzernaticreprescntaticn of a carpel atowing t i ~ s  of 11 embryo 
ram in the style (Afrer Dixit, 1961). Fig. 25. Two-cellrd prormbryo enlax ed from Fig. 24 ; note thelongi- 
tudscn; 9vision of zygote. Fig. 26. Youxg bheriate proembryo enlaqtd frcm Wg. 24. Figs. 28-30. Endosperm, 
crtlbryo and trui, of'the Viscoidcae. Fig. 28. Ancurkcbium mit~ulis~imtrni. Two celled proembryo and endosperm 
(A@ Corrca, 1958). Fig. 29. A. rninutzksi~ticm. Globular proembryo with advanced stage of endosperm ( A f m  
Corrta, 1958). Fig. 30. Korthaisella ofunlia L.s. fruit (&b, Corrca, 1958.) 
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Treub (I 88 I) repwted a three-nucleate stage in 
Macrosolen cochinchin~tuis but this has been con- 
tradicted by Maheshwari and S i g h  (1952). They 
have shown that a four-nucleate embryo sac is 
formed as usual. This has been observed in all the 
plants worked out by the author (Fig. I I.); How- 
ever, the two lower nuclei divide earlier resulting in 
a six-xiucleate Codtian (Fig. I 2.). Subsequently, 
the upper two nuclei also divide and the two quar- 
ters organize in the usual manner (Fig. 13 a, b, c,). 
Several embryo sacs develop simultaneously in the 
same ovary (Fig. 24). During their growth they 
digest the contents of the adjacent cells which are 
rich in, starch. 

The emhiyo sacs extend down up to the collea- 
chymatous pad or tube. ward they go up to 
the base of the style or stil "I' higher (Fig. 14). In 
At kinsonia (Prakash, 196 I), Macrosalen .cachinchi- 
nensis (Maheshwari and Singh, 1952) the ti s af 
the embryo sacs extend only to the base ok!.the 
.style ; up to one-fifth the length of the style in 
Lepeostegeres ,gemmif2orus (axit, 1958 b) ; half 
the style in Helicanthes ehstica (Johri and Agrawdl 
and Garg, 1957), Lysiana exocarpi (Narayana, 
1958 a), Taxillus cuw~tus, T. tomentosus (Narayana, 
1 % ~ ) ~  Tolypanthus Zagenifer (Dixit, 196 I), and 
Tapinanthus uhehensis (Dixit, 1956); and to ..two- 
thirds the height of the style in Taxillus sclerophyl- 
lus (Schaeppi and Steindl, I gqz), Dendrophthoe 
falcata (Singh, 1952), D. neelgherrensis (Narayana, 
,1954)~ Amyema Dixit, 1958 a), Nuytsia floribunda 6 (Narayana, 1958 ) and Tolypanthus i~volucratus 
(Dixit, 1961). In Helixanthera hookeriana (Schaeppi 
and Steindl, .1g4z and Tupek antarctica (Smart, 2 1952) the apex o the embryo sac reaches up to 
the stigma and in Irle2ixanthera ligustrina (mhesh- 
wari and Johri, 1950) it grows as far as the stigma- 
tic epidermis,, 

The antipodal cells appear to be ephemexal and 
have been missed in a number of species. Occa- 
sionally, only two cells are organized, one being 
biiucleate, e.g., Lepeostegeres gemmiflorus (Fig, 12, 
136) (DiXit, 1958b). Persistent antipodal cells have 
been reported in ~~acrosolen cochinchineusis 
Maheshwari and Sin h, 1952), Helzcanthes elastica 

bohri, Agrawal and Earg, 1957) and Le#eostegeres 
,gemmiflorus (Dixit,. 1958 6). 

Polar fusion has so far been observed only in 
Macrosolet cochinchinensis (Maheshwa~i . and 
Singh, 195%) and Lyskna exocarpi (Narayana, 19584 
but may be presumed to'occur in other $pecies also. 
It is the lower polar nucleus which migrates to the 
upper part of the embryo sac and fuses with the 
upper polar. 

Maheshwari and Singh (1952) showed that in 
Macrosolen cochinchimnsis a lateral pouch arises 
slightly above the level .of the antipdals, qnd .pro- 
gresses downwards as far as -the collenchymatous 
tribe formhg a caecum. n i s - h a s  since been cap- 

firmed als'o in Lysianu (Narayana, 1958~) and 
Lepeostegeres (Fig. 13c) (Dixit, ~ g $  b) and others. 

The earliest observalions on the develu ment of 
the endosperm are by Griffith (1844) on &idropk 
thoe falcata and Macrosolen cochinchinensis, and 
Hofmeister (1959) on Hyphbar europaeum. A more 
detailed account .has been given by Maheshwari and 
Singh (1952) in Alacrosolen and Singh i952) in 
Dendrophthoe, Agrawal (1953) in Elytrarpt e, Heli- 
capthes, Scurrula, Nara ana (1955) in LysimM, 
Nuytsia m d  l.axillus, 8 ix i t  (1956) in Amyem, 
Lepeostegeres, Tapinanthus and Tolypanthus, The' 
primary endosperm nucleus travels to the lower 
end of the embryo sac and the first division is 
followed by a transverse wall. Further divisions 
produce a four-seriate arrangement followed by 
additional divisions. Endosperm formation .occurs 
in several embryo sacs in the same ovary and finally 
all of them fuse to form a coinposite 'structure 
pig. 20-23). The mature en.dosperm is vaseshaped 
and its appearance large1 depends on the vascular 
skeleton of the ooar . Luring these chan a the 
mllenchymatous may often be shifte% to 8 
lateral position. 

Griffith (1844) recorded that in Dezndrophthoe 
falcafp, Marosolen cochinchimnsis and Src~~rruk 
prrasiticrc the first division of the zygote is vertical. 
Treub '(1881) confirmed it in M. cochinchinensis 
and since then it has been found to be normal 
condition in the Loranthoideae pig. 25). The 
vertical division of the z,ygote is rather rare in an- 
giosperms. The second and subsequent' divisions 
are transverse resulting in a long biseriate proem- 
bryo (Fig. 26). In Helicanthes elastica QoW, 
Agrawal and Garg, 1957)~ sometimes two roem- 
bqas, derived from difterat zygotes, may &velop 
in a coinrnon cavity formed by the fusion of add 
Saceni kmbryo sacs. Several plioembryos develop 
simultaneously in the style (Fig. 24) but only a few 
grow down to rhe ovary. They pass through the 
endospe~m and reach as far as the collenchymatous 
pad or tube. The terminal tier of the prokmbrlgo 
undergoes repeated divisions forming a mass of 
cells (Figs. 22, 231, Due to the growth of the en- 
dosperm below die embryonal mass, the I ~ t e r  is 
eventually seen to occupy a more central position. 
Normally only a single embryo reaches maturity 
but two well developed emb os have been seen 
sometimes in Dedrophthoe Tingh, 1952 ; Nara- 
yana, ~9.34) and Lepeostegeres (Dixit, r ~8 $1. 
The emb y o  is dicotyledonous but the 'cotyledons 
may fuse for part of the distance resulting ie a 
pseudomonocotyledonous condition (Fig.. 27). A 
true radicle is absent and the radicutar end has 
endarch collateral bundles (Singh, rggq). 

The structure of the fruit is more or less uniform. 
n e  pericazp is distinguishable into three d i s t w  
zones (Fig. 27). The outermost is the leathery or 
safnetimes fleshy zone. .The next is the viscid, 
followed by a parenchymatous zodle through whh$ 
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traverse the vascular traces to the perianth, androe- 
cium . and style. The viscid layer is .situated out- 
side the vascular supply to corolla. The seed is 
'naked' in the sense that it lacks a testa and the 
pericarp directly surrounds the endosperm (Fig. 27). 

In the Viscoideae, the flowers are unisexual 
@.smser, 1931)~ and the calyculus is absent except 
in staminate flowers of Viscum orientale and 
V .  articulntum (Shaep~i and Steindl, 1945). The 
pollen rains are invariably spherical (Fig. 2). The 
ovary gas a disrincb central papilla or lnarnelon 
which inay contain two or more hypodermal arch- 
es orial cells (Figs. 7 a, b, 16). Each archesporial 
ce i divides to form two dyad cells. Of these, the 
upper dyad cell is the larger and functions, while 
the lower soon degenerates (Fig. 17). Thus the de- 
velopment conforms to the Allium type and has 
been described in Ginalloa (Rutishauser, 1937). 
Korthalsella (Rutishauser, 1935, 1937 ; Schaeppi and 
Steindl, 1945) and Viscurn (Schaeppi and Steindl, 
1945). A peculiar feature is tllat after the four- 
nucleate stage there is a slow but steady curvature 
of the embryo sac, which causes its. lower end to 
bend out of the papilla and.-proceed upwards into 
the carpellary tissue (Fi . 15, 18, 19). The egg a p  
paratus differentiates gem the quarter in. the 
originally lower pole, which is, however, now situat- 

ed at a higher level than the 
Dendrophthora (York, 1g13), 
ings, 1933) and Korthalsella (Rutishauser, 1935, 1937; 
~Correa, 1958). The embryo sac is straight in Vts- 
cum (Schaeppi and Steilidl, 1g45), Arceuthobiurn 
(Thoday and Johnson, 1930 ; Correa, 19~8) and 
Ginalloa (Rutishauser, 1937). Generally oqly ane 
embryo sac develops which 1s said to show inverted 
polarity. Maheshwari (1948) draws attention to the 
fact that the embryo sacs "although apparently 
inverted, are not really so." The endosperm is de- 
rived from the primav endosperm nucleus of a 
single embryo sac. The first division of the zygore 
is transverse (Fig. 28) except in %(orthalsella (Rutis- 
hauser, I 935 ; Correa, .I 958) and Arceuthobiurn 
(Correa, rg58). The embryo lacks a sus ensor R '(Figs. 28-30) (Thoday and Johnson, 1930 ; Sc aeppi 
and Steindl, 1945 ; Correa, r 958). The fruit shows 
three zones ; the outer fleshy .coat is followed by 
the viscid and parenchymatous zones. The' viscid 
layer is situated internal to the vascular supply to 
perianth. In Korthalsella viscid layer is surround- 
ed by the vascular tissue on either side. 

Thus the two subfamilies show marked emb o- 
logical as well as morphological characters. a i s  

.becomes quite clear from the following comparative 
chart : 

Gihn ACTB~ L o m ~ o r n w s  - *. - Vrscomw - _cI. 

Habit Stem parajlites ; &me root parasites Stem parasites. 

Leathefy ~eathery, sometimes absent 

Mostly bisexual, sometimes unisexual (i) Always unisexual. 
Calyculw invariably present ( i i )  Calyculw abaent except in V&W Spp. 

Pollen grah  Trkadiate except in Tvjeia and Atkinsonid Spherical 

hb!J= ( i )  Polygonurn type 
(ii) Several cmbryo sacs devebp concurrentfy in 

the same ovary'; their tips reach upto the base, 
of the style or upto different hdghts in the style 
and etl'gma ; the lower end produces a caeccm 
leaving the antipodal cells in sifu 

(iii) Collenchymatous pad or tube (hv~ostaae) always . .- - ,  
present. 

E m m  Composite structure formed by the fusion of different 
endosperms developing in the name ovary 

( i )  Dfvidon of zygote always vertical 

(ii) Suspensor Mghly elongated 

( i )  Allium type. 
( i i )  A peculiar feature is that at the 4-nucleate surge 

tbe 'lower' end bends,:out of the papilla and 
proceeds upwards towards the carpellary. time 
The embryo sac is straight in vis(~m,- Arcsulo- 
bium and Ginalloa. 

1%) Collench~matous pad or tube ak~tnt. 

Develops individually in each embryo sac and do 
not fuse. 

( i )  Division of zygote most1 transverse (except in 
X w t h a W a  and dru.tho&Lcm]. 

( i i )  Suspensor absent. 

The ~ d d  layer situated outside the vascular supply The viscid layer is situated internal to the vascular 
to gcrianth. supply to perianth ; in Kmthalsclla viscid layer 

is surrounded by athe vascular tissue on either 
side. 

Thus, *e Loranthoideae Viscoideae *haw retained for the Imanthoideae and the Viscoideac 
important' differences in their floral structure, mode ma9 be designated as Viscaceae. 
of develo ment of the embryo sac, endosperm, em* B ACKNOWLEDGEMENTS 
bryo an pericarp, and therefore, hey can ade- 1 owe a debt of gratitude -to P r o f e m  PC PJlahesh- 
WtcIy be. raised to the rank of families. As 6ug- wari and Dr.. B. M, Johri fqr their guiaahce and m 
P t e d  by Miei.8 (1851) name Loranthaceae may be Protessor K. S; Bhargava for enchagement. 
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