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ABSTRACT

The vascular cambia of 20 species of the dodder and its allies belonging to the Cassy-
thaceae, Convolvulaceae and Cuscutaceae were surveyed, to assess their phenetic and phylo-
genetic significance. In natural cpndlt'xon all of them contain anomalous cambija. The
Cassythaceae bore tra.n.sxtOty_camb}u‘l‘n in the normal position but atypical by asmmetric
activity. (The Cambium aiternately reiards or accemiuates xylem formation on several
segments and there are profuse sehizongenous spaces in wood. Haustoria contains both
traheids and vessels). )

In stems and roots of the Convolvulaceae a series of widely different anomalous
cambia were found which sometimes differed in stems and roots of the same species. Stems
of arborescent group had bands of interxylary phloem in_concentric rings, while in the
primitive twiners these are arranged in_radial plates. In geperal, a tendency was to

of soft tissue. In Cuscutaceae the specified anomaly was the
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modified interfascicular cambium. y inifials were absent bu usiform initials
differentiated into profuse parenf:hymg cells and a few vessel elements.
Haustorium develops only imperforate tracheary elements. The evolutionary history
of the vascular cambium in the Convolvulaceae was mainly one of reduction in activity and
area. Thus the vesselless haustorium of Cuscutaceae may be regarded as a reduced form in

comparision with the vessel bearing haustorium of Cassythaceae. It is also concluded that the

primitive condition of Cuscutaccae is possibly derived from the general condition of
Convolvulaceae.

INTRODUCTION MATERIAL AND METHODS

The evolution and the phylogeny of The developing and mature organs of the
the taxa of Cuscutaceae are yet 10 be members of the Cassythaceae, Cuscutaceae
settled (Mukherjee and Bhattacharyya, 1970). and Convolvulaceae (Table I) were collected

The Cuscutaceae and its allies bear from different localities. A part of these
characteristic structure in their vascular organs were fixed in FAA and the rest were
cambia. The vascular cambia in the diffe- Rreserved in the Kalyani University herba-
rent organs of the natural taxa produce rium, Trafnsva{se and longitudinal sections,
tissues in highly specific patterns. To trace 15-50 pm 1n thickness were obtained either
the taxonomic (phylogenetic and phenetic) by free hand sectioning or with the different
relation of a taxon, along with the other types of microtomes. Usual process of
criteria, the vascular cambia must have some P?ra{ﬁn embedding and staining with safra-
bearings. The peculiarities of Cuscutaceae n.m-llgl_lt green combination or with crystal
are in excuse of its parasitic habit. So, a violet 1odme. and a picric acid or orange G
comparison among the members of the ‘cou‘nt_er stain ‘ were made. About 10,000
analogous parasitic Cassythaceae and  the lnfllvxdual sections were studied to acquaint
related Convelvulaceae was necessary. with the anomalies described herein. The

prepared slides are preserved in the Kalyani
Date of receipt 8 23:8.8% Date of acceptance : 11.6.87.  University slide collection, '
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RESULTS AND DISCUSSIONS

Almost all the members of the Cuscuta-
ceae, Cassythaceae and Convolvulaceae are
lianeous. Very feeble to vigorous anomalous
means of secondary thickenings were widely
dispersed among them. The structure of the
roots are more stable than that of the stems.
Roots changed less due to environment.
The haustoria of the Cassythaceae and the
Cuscutaceae contained modified cambia.
Secondary phloem was wanting in these
organs. Vessel elements occurred in the
haustoria of the Cassythaceae. But, in the
Cuscutaceae vessels were replaced by trac-
heids and sclerotic parenchyma cells
(Bhattacharyya, 1975). The interesting
variations of the vascular cambia are des-
cribed below.

normal position, but atypical by asymmeiric
activity,

The Cassythaceae had a complete ring of
normal cambium from the beginning of
secondary thickening. It consisted of a
hmited circumierential stems and the cam-
bium is active for a limited period of time.
The growth is retarded over several opposite
arcs of cambium and accentuated elsewhere
to result a lobed stem with a starshaped
cross section. At the retarded ares cylindri-
cal bundles of bast fibre differentiate for an
additional mechanical support. The accen-
tuated arcs of cambium in turn are retarded
at their centers to differentiate narrow
bundles of bast fibre (Fio,
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schizogenous spaces in wood. These lacunae
also help their torsion movements.

Greatly modified lateral meristem (cam-
bium) occurs in haustorium. Houstoria keep
pace with the secondary increase of the host
stem by regular cambium like divisions.
The inner derivatives of the haustorial
cambia differentiate into both tracheids and
vessels.

There are
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Table :
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The locality and the name of the specimens studied

Number

Taxa

Locality

1

Cassytha filiformis L.

Contai, Durga-
pur & Madras

2 Guscuta australis R. Br, Burdwan
3 Cuscuta chinensis Lamk. Calcutta
4 Cuscuta hyalina Roth Udaipur
5 Cuscuta obtusiflora ssp. latiloba (Engel.)
Bhatta. et Mukh. Kalyani
6 Cuscuta reflexa Roxb. Calcutta
7 Cuscuta sharmanum Mukh, et. Bhatta. Burdwan &
Nandigram
8 Ewolvulus nummularius (L.) L. Kalyani
9 Ipomoea aquatica Forsk, Kalyani
10 Ipomoea arborescens (Willd.) Sweet  Indian Botani-
cal Garden,
Shibpur
11 Ipomoea campanulata L. Krishnanagore
12 Ipomoea carnea Jacq. CGalcutta
13 Ipomoea fistulosa Mart. ex Choisy Calcutta
14 Ipomoea obscura (L.) Kar-Gawl. Kalyani
15 Ipomoea pes-caprae (L.) Sweet Digha, Durga-
. pur, & Madras
16 Hewittia bicolor Wight Kalyani
17 Merremia gangetica (L.) Cuf. Kalyani
18 Merremia hederacea (Burm. f.)
Hallier f. Krishnanagar
19 Operculina tarpethum (L.) S. Manso. Kalyani
i oxb. Kalyani
B Tha icntitnrons JUVSN SN I I
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fied interfascicular cambium.

Functional vascular cambia (Fig. 2, 3) are
absent from the primitive (according to the
doctrine of sequence, Yunckedr, 1932) mem-
bers of Cuscutaceae e.g. Cuscuta australis,
C. chinensis, C. hyalina and C. obiusifiora,
However, it is distinct in the advanced tropi-
cal members like C. reflexa and C. sharma-
num (Fig. 7). The medullary rays are pro-
minent in them. As the primary bundles
increase in size by means of the fascicular
cambium the rays are also extended by
additional thin-walled tissu€. Vvtil-aenned
interfascicular cambium rarely occurs in
them. Secondary xylem consists of a large
number of parenchyma cells and a few vessel
elements.

Haustorium of the primitive taxa is paren-
chymatous but in the climax members
haustorium is always associated with the
imperforate tracheary elements. However
vessel elements are totally, absent from it.
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C. The Convolvulaceae Anomalous
cambia

The vascular cambia in the root and shoot
of the same species always d.iﬂ‘er. in structure
and function. The anomalies in roots and
not identical. Normal secondary

ot~

e Ara
JLCLLID aiv

CAMBIA OF DODDER AND ITS ALLIES 1§51

(c) Modifications of the Cambium

At the stems and roots of Ipomoea obscura
(Figs. 18, 23, 19, 20, 24) and Hewittia bicolor
(Figs. 15, 21, 30, 31) at the root of Porana
paniculata (Fig. 26) and at the stems
of Operculina turpethum (Fig. 14) and
Merremia hederacea (Fig. 16) modifications

members of Convolvulaceae.

widely different cambia occur In the stems
and roots of the . hers of Convolvulaceae.

IMICIIIUVIO ¥4 v-._-
e convenience these are classified below :

to the activity of the Cambia have been
observed. The vascular Cambia initially
forms a cylinder of secondary xylem but at
later stage of development two or three arcs

TOT COnveIncoace all
1. Cambium normal  position  but

atypical

mn

(a) Asymmetric activity
Secondary growth at unequal rate takes

- e
place in the stems of Ipomoea pes-caprae,

Ipomoea agu(;tzca (Figs. 4 8), Ipomoea

ios. 17) and Merremia gange-
;’;‘C':P(‘gg:‘“é’(l‘:g. '1Zz\e stele becomes two,
three or more winged with alternate furr(})]wts.
Tips of the phloem ray cells syvell eno;s (i
keep pace with this asymmetric growth ; y}:a
there are discrete air Spaces betweep tre
endodermis and the phloem. Pericyc 1;
cells profusely proliferate at the furrowe
helps in the development of the

adventitious roots. ‘The normal vascular

Cambium breaks into small strips z;t ktlil:

mature stem of Merremia gangehica (Sukk:

wala and Shah, 1960) The asymmetric
’

lyvv,- . .
growth of some fascicular Cambia finds its

space in the hallow pith of the stem of

: A N
Ipomoea aquatica. Hence no ridge is man

1 syrface of the stem.
fested on the external 5u

.
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(b) Cessation of xylem formation |

In the root (Fig. 11) and shoot (Figs. 5, 9)
of“}‘k‘)‘(;lvv;tius \nu‘;nmzilarius.the activity on
the Cambium becomes modified at matulr]xty.
The xylem formation ceases OVEr the short
arcs of Cambium. The cylinders of xylem
and Cambium become weavy- The furr;)w;
between the arms of the xylem are fille

with secondary phloem.

of the Cambium become modified. Modified
arcs of these Cambium usually produce

nQrPhn]ﬁ“m')fnno relle
pRsvalayinaius L,

these modified arcs may resume their normal
activity to produce serondary wood. The.
initial cylinder of secondary xylem is rup-
tured at maturity and the parenchymatous
derivatives of these modified Cambia be-
come connected with the pith. These
radial bands of storage parenchyma are as it
were the broad medullary rays,

navrt nF
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(d) Included Phloem

In the stem of Ipomoea arborescens and
Porana paniculata a complete ring of nor-
mal cambium develops from the beginning
of secondary thickenings and it remains
active throughout the life of the plant. At
maturity an anastomossing system of com-
bretum type included phloem appears in
them. In the self supporting erect plant
(I. arborescens) alternating bands of secon-
dary xylem and included phloem appear in
concentric rings but in the primitive liane

(P. paniculata) the xylem and phloem bands
occur in radial plates.

2. Cambia in unusual positions

(a) Medullary Cambia

There are three types of medullary Cambia
in the stems and roots.
(1) Normal medullary Cambia :

In the stem of Ipomoea obscura (Figs. 19,
20) and Hewittia bicolor (Figs. 21) a few arcs
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Plate I: Figs. 1-6. T. S. stem (X 12) : 1. Cassytha filiformis. 2 & 3. Cuscuta obtusiflora ssp. latiloba. 4. Ipomoea
aquatica. 5. Evolvulus nummularius. 6. Merremia ica.

Plate11 : Figs.7-10. T.S.stem : 7. Cuscuta sharmanum { X9). 8. Ipomoea aquatica ( X9). 9. Evolvudus nummularius (% 9) ;
10, Merremia fmgm'u (x17).

Plate 111 : Figs. 11-12. T. 8. root : 11, E. nummularius ( X 16) . 12. M. gangetica ( X 27).

Plate IV : Figs. 13. T. S. root ( X 12) : M. gangetica. 14-18. T. S. stem (%12) : 14. Operculina turpethum. 15. Hewittia
bicolor. 16. Merremia hederacea. 17. Ipomoea lata. 18B. I, obscura. I

Plate V: Figs. 19-20. T. S. stem. I. obseura (% 10) : 19, Medullary region showing the intact “‘initial cylinder” of
secondary xylem. 20. Mature medullary region showing the to.n “initial cylinder” of secondary xylem and the
inverted medullary bundles. Fig. 21. T. S. stem of Hewittia bicolor showing a medullary bundle with single vessel
%l:‘fnent X 10).( = l'bg). 22, T. S. root of I. obscura showing a cortical vascular bundle and an arc of multiplied modi-

ium
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of medullary Cambia produce inverted
bundles with large vessels. Strong activity
of these Cambia find no room in the limited
pith and break the initial cylinder (?f secon-
dary xylem. Such medullary Cambia in .the
stem of Operculina turpethum rarely diffe-
rentiate lignified tracheal elements.
(i) Modified medullary Cambia in the stem
Two arcs of modified medullary Cambia
appear in the pith of Ev?lvulus nummaula-
rius. One of the arc remains on the abaxial
side and the other occurs in adax§a1 area
(Figs. 5, 9). Instead of produc?ng m‘v:trte“d
bundles it produces only secondary phioem
elements. o
(#1i) Modified medullary cambm.m thfe 100t :
With characteristic tangential d1v1sxon.s
some arcs of xylary procaml?ium are modi-
fied into meduliary Cambia In the roots of
Ipomoea aquatica” (Figs. 28, 29): Hewittia
bicolor (Figs. 30, 31) and Ipomoea ObSCWfL
There is a modified activity in these Cambx'a
to produce parenchymatous tisfue‘s. ThlS
modified activity at the centre of the roots
displaces the exarch primary xylem elements
and occasionally ruptures the 1plt1al secclm-
dary xylem ring along the wide VaSC111 ar
rays. In these roots large central mfetla)lc)y e(rin
may be displaced and thus the radial bands
of storage parencyma may fuse at centre.
(b) Cortical Cambia

Different types of cortical Cambia appear
in the stems and roots of the Convolvulaceac
and these are classified bc;low. .

(i) Concentric arcs of cortical Cambia :

In the stems and roots of Ipomoed fistu-
losa (Figs. 32), Ipomoea carnea and in tl}e
roots of Ipomoea arborescens. Concentric
arcs of additional Cambia arise from the
pericyclic tissues, These are arranged in a

ring. Each cambium functions ff)r a short
time and the succession of Cambia replaces
one another. In the stem of I garntia,
vessels are arranged in a radial rows ?ut l1]n
1. fistulosa, vessels are scattered within the

secondary xylem (Bhattacharyya, 1976). Just

20
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reverse situation has been observed in their
roots. In the root of I. fistulosa, vessels are
arranged in radial rows (Fig. 32) bLu.t in 1.
carnca, vessels are scatiereda wilnil e
secondary xylem.

In the root of Ipomoea arborescens wide
vascular rays become inconspicuous. The
derivatives of the first layer of the additional

Cambia remain separated permanently.

(11) Asymmetric patches of cortical Cambia :
In the stems and roots of Ipomoea cam-

panulata (Fig. 17), Ipomoea obscura (Figs.

24, 22), Operculing turpethum and Merremia

hederacea (Figs. 16, 25), asymmetric patches

of cortical Cambia differentiate just against
the bands of the secondary xylem. No
Cambia has been observed against the atypi-
cal region of the first Cambium. In all
cases first layer of additional Cambia arises
from the pericyclic tissues. Each of the
Cambium functions for a short time and
succession of Cambia replace one another in
the stem of I. campanulata (Fig. 17).

Usually four arcs of Cambia are differep-
tiated in the roots. As a result, the external
surface of the roots become quadrangular,
A ring of Perivascular fibre is present in the
root of I. campanulata. Normal vascular
rays are prominent in the root of Operculina
turpethum but these are inconspicuous in
the root of M. hederacea.

Il\\ r‘: ‘.I‘Illﬂ w
\C) Ndrcuiar

In the stem of Hewittia, a complete ring
of normal cambium develops at the beginn-
ing of secondary thickenings but it is active
for a limited period of time. Afterwards a
ring of circular Cambia is differentiated in
the pericyclic region. Each of the Cambia
possesses its own means of secondary thick-
ening and produces wide rays and tetra-arch
secondary xylem.

(d) Multiplication of modified Cambia

Hayward (1938) observed the anomalous
secondary Cambia in the storage root of
Ipomoea batatus (L.) Lam.
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Plate VI : Fig. 23. T. S. stem of 1. obscura showing three modificd arcs of cambia and three medullary cambia (X 16),
Figs. 2437. T. S. root (X 16) : 24. I. obscura showing cortical cambium and the arcs of multiplied modified cambia.
25. Merremia hederacea showing cortical fibre and cortical cambium. 26. Porana paniculata showing multiplication of
modified cambia. 27. Ipomoea a showing the activities of the normal cambium and three cortical

?.mhia.

Plate VII : Figs. 28-32. T. S. root (X 16) : 28. Ipomoea aquatica showing cortical fibre, ventilating space and modified
arcs of no'mal cambium. 29. I. aquatica showing three arcs of modified medullary cambia. 30-31. Hewittia
bicolor showing the activities of the multiplied modified cambia. 32. Jpomoea fistulosa showing the activities of the

Plate \.fut‘l ?mms"sm '%dsm wticg mm".'fu'u - howing the central lem (C. M.)

: Fig.33. T.S. root: rana paniculata ; portion showing the cen primary xylem (C. M.), norma
secoadary l;lem (S. X) and an arc of the multi slied and modified accessory cambium (A, G.) (X 70) i
Plate IX : Fig. 34. T. S. root : Porana paniculata ; enlarged portion showing primary xylem, secondary xylem and the

initiation of accessory cambium (X 150).
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In the roots of Porana paniculata (Figs. 26,
33 34), Ipomoea obscura and Hewittia
bicolor (Figs. 30, 31), multiplication of modi-
fied Cambia has been observed. Within the
derivatives of the modified Cambia, some
additional Cambia are agam amcrc tiate
with characteristic taugeu ial divisions, These
may be organised in tange ential or in radlal
Usual derrvatlves of this Cambium
are parenchymatous in nature or rarely it
may produce seconaary Pruucux
ivit these Cambia may disturb the

LIIUOU wuwiiiaws=es 22252

dlsplace some arcs of
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original stele or may
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the secondary xylem.

CONCLUSIONS

- 1 ° . 21
The nature of the vascular campia 1n the

enecies Mav
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roots and stems of the sameé SptLics
differ. Lignified and non-lignified tissues

asa

appear elther in concentric ring for an erect
self-supportrng plant or in radial plates for a

AQrar

hane_ Evrdently there fore this arborescent
e hare o Tonlarene 1 the “fac lltatlve
111C111 C UL Cullvouivuliasiaw 1§ i1

liane”. Mu tmlrcatron of the additional

cambium 1is the feature of the storage roots
but it occurs in the normal roots ot some
Convolvulaceae.

i-l'

a most primitive type of anomalous cam-
bium. Therefore parasltlsm has no bearing
on the structure and function of the cam-
bium. Evidently in the process of evolut

88 Of evoiut
thev indenendently a 1111' e
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thexr characteris-
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tic cambia.
In cross section, the stem of the Convol-

1.2~ Mnn .

. B . . ¢ o Masnnl
vulaceae shows a smgle rlng Ol DiCuUiiallral
arated bv narrow medul-

al (228 4 22

l
aunx

vaeriilar bt Alan anny

vasiuidal puliulcs su

lary rays. There are multiplication of modi-
fied cambia and other anomalous activities
in the secondary body of the Lonvolvulaceae.
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Thus these anomdwus avtivitd s
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increase in the proportion of soft tissue. The
evolutlonary history of the vascular cambia
in the members of the Convolvulaceae is
mainly one of reduction in activity and area.
This trend is again augmented in the n:etm-
bers of the Cuscutaceae and

101
their fﬁemrnlar and in

sailal assSat iy

it

Altvrfa CL
be paranchymatous rather than woody The
area and activity of the camblum are so re-

duced that there are no functional cambium

in tha cenen ,‘___l ___________ slin mtrnitiva
411 L1IC SLCILI1I 411 IldUbLUIlqu U]. 111 Pllllll‘-lV
members of Cuscutaceae. But their

presence
in the stem and haustorium of the climax
members may recall the doctrine of recapi-
tulation. As the primitive condition of
Cuscutaceae is t of
Convolvulaceae we may conclude that the
Cuscutaceae is possibly derived from the
lianous members of Convolvulaceae.
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