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SALVADORACEAE is a small family of three genera and abouy gy,
species, occurring 1n Africa, Madagascar and Asia, Azima and §g Ve
dora cccur in India while Dobera is African. In spite of its co t»a-
versial systematic position, there has been no work on the florg] n o
tomy of Salvadoraceae. Earlier, Tiagi (1954) worked out the embdna-
logy of Salvadora persica and suggested that the Salvadoracege telcr)i/](;;

to the Choripetalae. Mauritzon (1936 earlie imi
b ( ) I expressed a simjlar

In the present work vascular anatomy of the flo
persica, S. oleoides and Azima tetracantha lilas been des::\;:?‘tr:e?lf Slc\l?;ctzgqr(ll
of Salvadora species was sent to me from Agra by Dr. J. § .Gu ta rlad
that of Azima.from Gudivada by Dr. B. S M. Du.tt .Cus%oma?
methods of mlcorotechnique were employed. Floral bﬁds were agic)é
cleared Wlt'h 107, aqueous potassium hydroxide and lactic acid fE>r
understanding the 3-dimensional plan of vasculature.

OBSERVATIONS

External Morphology.—The flowers are borne in racemo -
tc}llisvm Sagiafora and In axillary cymes in Azima. In the for.mesre gle):llgs.
) \{et?re 1sexual but in the latfer unisexual, dioecious. The flower
ﬁoly etmlwrou.s. Iq Salvadora, the corolla is gamopetalous but® it is
somé)t? nall Outs in bAzzma. Thq ovary is umloc;ular, usually with a singe,
o es two basal .OYUICS.IH Salvadora (Figs. 8, 11, 20, 24, 25) where
| glanflulat transmitting tissue of the style expands in the top of the
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i ra persica. Figs. 1-10. Serial transections of a
P bléigz\'/ ltzé\}v.arcf iﬁgg{/oing {)he origin angd subsequgnt behaviour of“{hg
Somer fr?m of the different floral whorls. Fig. 11. Median longls%cgnonsam;_
b L mmatic) showing course of vascular traces. Figs. 12—--: al #
ﬂowcr-buq (dlag;:q s 12-23. Serial transections of a flower-bud from below 'up}\a; 7
dora_oleoides. 'lg;\' and subsequent behaviour of the vascular supp‘l)‘ho the
et dor longllcs Figs. 24,25. Median longisections of flower-buds showing
g(lfﬁrszr::)fﬂsgicaﬁi traces and uni- and biovulate ovaries respectively.

: . A ar trace; pd, petal dorsal
. dk, disk; obt, obturator; ovt, ovular trace; pd,
r, bract trace; dk, disk; obt, Kk Mgty _
tra;e[?rt’sdb-sepal e 1r’ace; sm, sepal marginal trace; sf, staminal trace
§ Yy
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FiGs. 26-51. Azimg lefracantha. Figs, 26-33. Serial transections of a stami-
nate flower-bud showing the origin and subsequent behaviour of the vascular traces
of the different floral cycles. Fig. 34. Median longisection of a staminate flower-
bud showing course of vascular traces. Figs. 35-49." Seria] transections of a pistil-
late flower-bud showing origin and subsequent behavioyr of the vascular supply of
bracteoles and the different floral cycles. Fig. 50. Median longisection of a pistil-
late flower-byd showing vascular traces and the ovule of one of the two loculi.
Fig. 51, Same but in a different plane passing through the body of the ovule of

brtl, bracteole trace; cd, carpellary dorsal trace; cmt, compound ma. gina
trace'; cpm, carpellary marginal trace; pd, petal dorsal trace; scm, secondary
marginal trace ; sd, sepal dorsal trace; sm, sepal marginal (race; sr, staminal trace;
std, staminode ; stdt, staminodal trace,

-
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loculus into a hood-shaped’stylar obturator which closely fits on the'
ghalazal side of the ovule. In Azima, the ovary is unilocular in 4he
lower bpt.bllocglar in the upper region and the stylar obturator is
lacking (Fi2s. 45, 46); a single basal an*tropous ovule is atta ‘h d« )
either side of a placenta whi Jar placenm

‘ . a ch is parietal, the other™simil: acent:
. beirg sterile (Figs. 45, 46, 50, 51). R ORE Pt

95

» Salvadora persica Linn, and S. oleoides Decne .-

_ ' ~Vascular anatomy
of the ._ﬂOH'(’r.—A‘smgle trace for the bract and two forlits(z"?xilllzlxrl,'
flower divergd out from the stele of the pedincle (Figs. 1, 12). TInside
the pedicel ‘the two bundles become laterally united to form &
continuous ring of xylem surrounded by phloem (Fig. 2). In Sa/vadora
oleoides which has sessile flowers, the receptacular stele is slightly
evaginated (Figs. 24-25). Two of the four sepals are median and the
other two lateral in disposition. In Salvadora oleoides, the sepals are
3-traced (Figs. 3-4, 13-15) butin S. persica  l-traced. However.
in  the latter species, the single bundle of a sepal quickly forks

into three in the basal part of the calyx tube, followed by further divi-
sions higher up; in S. oleoides, divisions of the three main traces of
the sepals are rather precocious (Figs. 4-8, 14-22). In any case cnly
a few bundles reach up to the apex of the calyx lotes (Figs. 9-10, 23).

After furnishing the traces of the calyx, the receptacular stele gives
out a set of four traces each for the corolla and the androecium in
quick succession (Figs. 5-6, 15-17). In S. persica, the single bundle
of a petal remains unbranched throughout its course (Figs. 6-10) but
in S. oleoides, it undergoes radial splitting (Figs. 17-23). The staminal
bundles remain unbranched throughout their course. The four scales
(disk) which are present only in S. oleoides in positions alternating with
the stamens are without any vascular supply. After furnishing the
vascular supply of the stamens, the receptacular stele again becomes
a continuous ring. Ten or more traces now diverge out into the ovary
wall, ascend upward inside it, some of them branching once and finally
terminate below the top of the stigma (Figs. 6-11, 18-25). The residual
portion of the receptacular stele now consists of 2 few strands_ of pro-
vascular tissue; these ascend upward and inward and establish con-
nection with a small mass of vascular tissue in the base of the ovary
from which the single ovular trace rises up 1into the raphe, finally
terminating in the chalaza (Figs. 11, 24-25).

Azima tetracantha Lamk.—The stele of the pedicel consists ‘ot‘u
ring of discrete collateral bundles (Fig. 26). The lazeral[ brnc)tco.lg“s\
like the leaves, are furnished with paired trace; (Flg."3_).‘ | n. the bd_slel
region of a bracteole. the two traces unite te form @ single \\trgnd W l}u 1
quickly forks into three bundles. of which the lateral ones undergo
one more division (Figs. 36-39).

fn the Male flowers, the sepals, petals and stamens are all I-traced
(Figs. 27-33) but in the femalz flower, two compound marginal traces
are furmished to the calyx (Figs. 36-40). The petals and staminodes
@

.
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ave I-traced (Figs. 40-42). After supplying the androecium, St

becomes a continuous ring. [n the male flower, a single bund|e asc'cﬂc({c
S

up in the pistillode, terminates I}lClll";llS ;[npcxI W},!llc,thc residug| ste]
disappears in its base (I:lgs. 30 31, 4) r? ch‘ .U.Tl(lle flower, ah()u~
ten bundles diverge out from the receptacular stele into the ovary w
On one side some of these bundles remain adnated to the receptacyl,.
stele (Figs. 41 43) 1t is here that a strong vascular cord dcvclofrr
which furnishes an ovular trace on cither side (Fig. 44). The Ovuly
bundle traverses upward in the raphe up to the chalaza ang lhér
extends bevond it into the outer integument (Fig. 50). A perucy (f}
Fies. 4446 shows that the two ovules are borne on a placenta f‘”mc)d
bv the fusion of adjacent margins of different carpels and the Other
similar placenta is sterile. Higher up, the fertile placenta unites with
the sterile one and the ovary tecomes bilocular (Fig. 46). The obligy
placement of the two carpels iq this genus 1s .a]so Cl@ar from these

The placental cord terminates in the apical region cf the sep-

figures. )
tum while most of the bundles of the ovary wall disappear in the tip

of the stigma (Figs 47-5I).
DiscussioN

The oblique placement of the carpels in Azima has already been
mentioned (Figs. 44-46). In Salvadora due to the indistinguishability
of the carpellary dorsals from the other bundles of the ovary wall, it
is not possible to decide this point conclusively. However, the oblique
placement of the ovule inside the loculus (Figs. 8, 20) is indicative of
similar disposition of the two carpels.

Salvadoraceae present a primitive type of vascular ground plan
in having practically no adnation and cohesion among the vascular
traces of different floral cycles. Like the leaf (Kshetrapal and Tiagi,
1967 b). the vascular supply of the bract and bracteoles in Azima
belongs to the unilacunar 2-traced type; in Salvadora, the leaves and
bracts are unilacunar 1-traced and bracteoles are wanting, In Salva-
dora oleoides, the sepals are ostensibly 3-traced. In the female flower
of Azima, some compound marginal bundles are present in the calyx
while in Salvadora persica and the male flowers of Azima, the sepals

have become 1-traced.

According to the definition given by Puri (1952), placentation 11
Salvadoraceac is basal. Detailed discussion exists on the morpho-
logical nature of basal placenta in the works of Puri (1952) and Eames
(1961). The placental condition in Azima is helpful in interpreting
the nature of basal placentation in this family. It will be recalled that
the ovary in this genus is unilocular in the lower region and the two
ovules remain attached one on either side of the placenta which -
borne on the junction of the two carpellary margins belonging to dl\ﬁ?_
rent (;al'pels,_the second similar placenta being sterile (Fig. 43). 1111"?
1 typical parietal placentation, topographically as well as anatomicd y.
Suppression of one of the two ovules would give rise to the usud
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condition in the genus Salyadgyq B
- Basal placentation )

e herefore. s S ' A pl alion in the Salvadora-

7 0 have been deriye from parictyl, .

RELATIONSH|PS OF THE SALVADORACEAE

Wide dl_\f'ergcncc of opinion exists re
placement of the Salvado

garding the phylogenetic
raceac among the phylogenetic

: , systems of angios .
According 10 one: school of thought  (Wetistein. 1934: “pporcrm

1964 ; Hutchingon, 1959; Takhtajan, 196 ), the family belongs to the

polypetalae while according to the off B _
Rendle, 1938), it belongg other (Bentham and Hooker, 1876

: . s to the gamopetalae. F it
relationships of the three L urther, the inter

. . genera of the Salvadoraceae also merit some
comments. - Little is known about Dobera.

: Available information
(Metcalfe and Chalk, 1950) indicates that Dobera is like Salvadora in
having interxylary phloem which is lacking

e Vhic in Azima. The latter
genus differsfrom Salvadora in its rambling habit, first pair of leaves

of axillary shoot modified into spines, stele of the stem and pedicel
consisting of a ring of discrete bundles, unilacunar, 2-traced type of
node, dioecious unisexual flowers in cymes, presence of bracteoles,
polypetalous, valvate corolia, reclinate tips of staminal filaments and
ovary with two ovules, unilocular below, bilocular above and without
a stylar obturator. Sa/vadora and Azima, however, resemble each
other in the oblique placement of their carpels and in their embryo-
logy. Further, similarity in the structure of their embryos is remarkable.
The cotyledons in both the genera are produced downward into pro-
minent obtuse lobes on either side of their attachment to the 'er%bgygmc
axis. In the author’s opinion, the Salvadoraceae may bt(31 d1Vl11 eS 1lnto_
two subfamilies, the Azimoideae to include Azima and the Salva
doroideae to include Salvadora and Dobera.

) i ement of the Salvadoraceae among
Regarding the phylogenetic plag 967) in her recent detailed
i s. Kshetrapal (1967) in
the systems of anglosperms, hology of the Gentianales concluded
f the phylogenetic mOrp 0l08Y : he family stands
study o lowing characters taken collectively, the d "
that in the following * rder : lack of intraxylary phloem and Squ
ly isolated in this 0 - . escences ; unilacunar
mpletely d racemose inflor
Coe"ge' presence of it anf rgflation among the vascular traces
r2Ii or I-traced type of node; lack Ols afree or united, valvate, imbricate
of the various floral d‘iydesf;tegei‘aemaining undivided ; gynoecium 5 -
i ir bundies © biteeminal and crassinucellar;
or_twisted, thelr 1 placentation; ovule biteg Further,
.1 D al 10bes.

carpous With bi?:saselﬁ): and cotyledons Wlu:kelziason the embryology
non-cpdosperlfgn%) and Tiagi (1954) Whoth\zo ossession of bitegminal,
Mauritzon ( psica concluded that in < gbsence Of inteaumentary
of Salvadord pe les. nuclear endosperm AL T mopetalac. On
crassinuceli3f SOVILVl fdz)r'tce'ie are unlike rgolS tsl?wcC'lc have the following
‘ alvadorer™ = . and the CelastracCdt =t = cemes,
ta Ctum, lhe » . Oraccd,c an " [N in Cyn“"\ or TIe .
thg other hand, S"‘W.‘ldﬁowers grccmsh-whll"‘_cm“y persistent | petals

comm@n Ch%raotcrs{l or unisexuals sepals gen

biseXue '
tetramerous,

anv as the petals, alter-
swo AG n‘l‘[ny as th . l .
on ¢ stamens as fa ~ach loculus
free but with 2 tendency ;0 ur;l/%’;]» . agsociated disk and ¢

nating With them & :
7%
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| anatropous ovules with an inferin, ..
of the ovary with one or lwOl an :::\(f li n several taxa of the ('cll(')r 1o
Occurrence of polyembryon! ‘ - Slrace,

pyle. ] fora (Tiagi, 1954) further corrobppyqec at

avis. 1¢ and  Salvador G Ere st relagin oS thi
(D‘.l\‘ls: Il);(,’(:)‘hmn‘icﬂ data by Gibbs (1958) suggest rglutmnshjp :l.
affimty.  Bioc § The latter family with s '

alvadoraceae to the Aquifoliaceac. 15 alisr {65 it Peng,
IS«;lllll‘ltztlzl‘k‘LﬂllliL‘ ovules with il.flmw]l I:Ir)(l)]; mztré('ﬂv'?(]llu.myll' an
minute embryo differs Consl?lwom)éxl'wtr'vlcs near 1‘flc()r€"c.?f[c' The
placement of Salvadoraceae in ’lh(? de ‘f)(‘)ltiﬁ ¢ € d\lru,u::y;
appears, therefore, to rest on a sound I g

SUMMARY

icel stele in Salvadora is a contin_uous ring of xylem Sii
rounﬁ?c? é);(i)lﬁ?oem; in Azima, it consists o_f a ring of cpl]ateral bundle
Bract and bracteoles in Azima are supplied w1.th paired traces from
a single gap. In Salvadora, brqcteoles are wanting and (he bracts are
I-traced. Sepals are 3-traced in Salvadora oleoides but 1-traceq in
S. persica and usually so in Azima. Petals and stamens are I-traceq
The two carpels are obliquely placed in this family and they are Mmany
traced. In Salvadora, the ovular bundle ends in the chalaza but in
Azima it continues further into the outer integument. There is g
adnation among the traces of the different floral cycles. Basal placep.
tation in Salvadoraceae appears to be derived from a parietal condition,
Sum total of evidence from floral structure and vasculature and embryo.
logy indicates that the Salvadoraceae belongs to the Celastrales.

I am grateful to Dr. Y. D. Tiagi for guidance and help and to

Prof. S. B. Saksena and Prof. B. Tiagi for facilities and €ncouragement,
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