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INTRODUCTION

STANT (1964) has published a comprehensive account on the anatomy of the
family Alismataceae in which there is information concerning almost all the
taxa excepting Sagittaria guayanensis ssp. lappula which is commonly represented in South India. Therefore, the present paper forms a sequel in providing the anatomical information of the above mentioned taxon.

Sagittaria guayanensis ssp. lappula, according to the territorial flora, is
reported to have an alpine distribution being restricted to an altitude of about
2,800 m. But for the first time, the author was able to collect this element
in plains, in a village at Sriperumputhur which is situated 30 miles away from
Madras and there it is found growing commonly in paddy fields. According
to the report of the villagers, this species is growing there as one of the common
weeds of the paddy fields for the past several years. The villagers are not
able to fix up from their living memory, its advent into this village. Under
these circumstances, it may be stated, that in all likelihood, this taxon might
have assumed an extended range of distribution perhaps along with the cultigen. However, this particular taxon has been known in Indian floras under
Sagittaria guayanensis H.B.K. But according to den Hartog (1957)who
has revised this family for Flora Malesiana, this Indian species becomes
synonymous with Sagittaria guayanensis ssp. lappula (D.Don) Bogin.
As mentioned by Stunt (1964), the leaf morphology which is prevailing
in this family, as a whole, exhibits considerable gamut of variability in regard
to size and form and in view of this fact, it becomes necessary in this case
also to describe its leaf morphology. It is interesting to note that within the
population of this species, two distinct forms are at once recognized; one
form is 30--3~ era, tall, having well-developed organs while the other one is
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less than 10-12 cm. tall developing distally either smaller laminal structure
or none (Figs ~. 17, 18). However, thc leaves of the taller forms differ from
the remaining species of Sagittaria in not having the characteristic sagittate
leaf-base but on the other hand, possess cordate base (Fig. 17) as in species
of Echhlodorus, Caldesia and Lophotocarpus. The pctioles possess a welldeveloped basal sheath and the venation pattern resembles more or less that
of other species of this genus excepting for the fact that there are 13 primary
veins and all of them being free and originating from the point of petiole
attachment; 5 proceeding towards the apex, 2 lateral pairs inserted at right
angles to the lamina and the remaining 2 pairs dipping into the basal lobes
(Fig. 17). On the other hand, it is interesting to notice that the smaller forms
(10-12 cm. tall) retain the juvenile aspect of the plant. In the smaller forms,
variation is observ6d in regard to the morphology and in the expression of
the distal laminal part. There are ribbon-shaped flattened axes which may
be comparable with the petioles of the taller forms and this modified petiole
ends distally either with small lanceolate leaves (Fig. 18) or without the latter.
Therefore, the leaf anatomy of this smaller form has also been studied which
in conformity with its peculiar external morphology is found to reveal certain
differences from that of the taller forms.
METHODS

Of the four different methods tried by Stant (1964), none of them is
said to have yielded satisfactory results. I have adopted the customary
paraffin wax method and in order to have a check and to supplement, freehand sectioning and sledge microtome sectioning were also tried and all such
preparations were stained with safranin and fast green. For studying the
details of the conducting elements of the xylem in different organs of this
material, maceration was done by means of 5% Jeffrey's reagent. Clearing
was accomplished by means of 2-3% sodium hydroxide solution at room
temperature for studying the epidermal characteristics of leaf, petiole and
peduncle.
OBSERVATION

Cordate Leaf (Adu# Form)
Surface view.--Hairs absent. Epidermis: adaxial cells isodiametric;
anticlinal walls slightly sinuous in the adaxial but more so in the abaxial
surface (Fig. 33); " Hydropoten " in diverse configuration common on the
abaxial than on the adaxial surface (Figs. 1-4). Stomata confined to abaxial
epidermis only and oriented at variable but at a particular angle to the longi-
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tudinal axis of the leaf; paracytic with crescentiform subsidiary cells but
occasionally showing a tendency to become tetracytic (Figs. 14, 34); guard
cells long and narrow (L. 37.8/~; W. 14.8/z).
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F~s. 1-14. Figs. 1-4. Surface view of "Hydropoten" from adaxial surface of leaves~
x291. Fig. 5. Starch grains, ×445. Fig. 6. T.S. central vascularbundle of juvenile form,
× 345. Fig. 7. Part of metaxylem vessel element from root, ×445. Fig. 8. T.S. juvenile
leaf, ×29. Fig. 9. T.S. midrib of cordate leaf, ×75. Fig. 10. T.S. cordate leaf margin, x186.
Fig. 11. Surfaceviewofstomatainjuvenilel~af, ×291. Fig. 12. Starch grains, ×445. Fig. 13.
Part of a metaxylem vessel element from root, X445, Fig, 14. Surfac© view of adaxial .qom~ta,
i n ¢~rdate leaf, x445,
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FIGS. 15-23. Fig. 15. T.$. petiole (middle and distal parts), ×19. Fig. 16. T.S.
portion of petiole, x186. Fig. 17. Cordate leaf, ×½. Fig. 18. Juvenile leaf, x½. Fig. 19.
T.S. peripheral vascular bundle of petiole, x 186. Fig. 20. T.S. central vascular bundle of petiole,
x186. Fig. 21. T.S. root stele, x241. Fig. 22. T.S. marginal vascular bundle of juvenile,
leaf, x445. Fig. 23. T.S. laticifers, X241.

T.S. Lamina.--Cuticle thin. Stomata with rounded guard cells and
provided with two ledges--inner and outer--the outer one being more prominent (Fig. 35); Mesophyll dorsiventral; adaxial palisade tissue 2-layered intermixed with longer cells having granular contents (Fig. 39); H- or U-shaped
arm palisade cells not seen. Air-cavities forming less extensive intercellular
System in the mesophyU but 4--5 cavities conspicuously present in the midrib
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region forming an abaxial arc (Figs. 9, 32). Midrib rounded, raised, prominent; epidermal cells on the abaxial surface smaller, more thick-walled than
in the remaining part (Fig. 32) and containing a single large central vascular
bundle encircled by parenchyma sheath; vascular bundles connected with
the surrounding tissues by uniseriate parenchymatous strands on the abaxial
half; vascular bundle confronting with a latieifer on the abaxial side (Figs. 9,
32) and between the laticifer and the abaxial epidermis 3 layers of collenchyma
present in the centre of the midrib (Fig. 32); collenchyma absent on the
adaxial side; lamina almost even excepting for the presence of few inconspicuous ribs at irregular intervals, each rib containing one vascular bundle
with normally oriented elements. Margin attenuated, rounded, even,
enclosing a collateral pairs of laticifers; palisade tissue gradually diminishing
towards the margin (Fig. 10). VascualrBundle, midrib bundle large, solitary
with normally oriented adaxial rows of metaxylem elements and the elements
being thin-walled and scalariformly thickened tracheids; no protoxylem
cavity seen; phloem rather massive consisting of distinct sieve tube elements
and companion cells arranged irregularly (Fig. 32); lateral bundles of two
size groups possessing well-developed parenchymatous sheath, one group
relatively large occupying the inconspicuous ribs and containing 3-4 thinwalled metaxylem tracheids and a group of 5-6 protoxylem elements on the
adaxial side; the other group consisting of normally oriented 5-6 narrow
relatively thick-walled metaxylem elements subtended abaxially by a laticifer
cavity (Fig. 39). Laticifers resembling the articulated type present in the
mesophyll of midrib and lamina (Figs. 32, 39); each laticifer canal encircled
by I-layered, parenchymatous sheath of 7-8 cells (more commonly 8) with
prominent nuclei (Figs. 9, 32, 39). Crystals not common but rhombic type
of crystals seen only in the epidermal cells overlying the veins. Tannin cells
very common.

T.S. Petiole.--Circular in outline in the middle and distal portion

(Fig. 15); sheathing base broadly oval in outline with clasping margins
(Fig. 26). Hypodermis, distinct consisting of 1 layer of cells. Ground Tissue,
peripheral portion consisting of 2-3 layers of compactly arranged cells out
of which the layer lying immediately beneath the hypodermis cotlenchymatous,
the rest parenchymatous; chlorenchymatous layer not well differentiated
(Fig. 16); central ground tissue distinct with a system of large vertical cavities
separated by uniseriate network of thin-walled chlorenchymatous strands;
the cavities at intervals traversed by diaphragm and the latter consisting of
chlorenchymatous cells with nuclei. Diaphragm cells polygonal with projecting thickened lobes (Fig. 36). Vascular tissue in the diaphragm containing
sc,.alariform trach~ids and phloem. VascularBundles, in two series, peripheral
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and central constituted of large, medium and small-sized bundles ; peripheral
part consisting of 10 bundles of small and medium size embedded in the solid
ground tissue and alternating with each other; the central portion consisting
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FIGS. 24~31. Fig. 24. T.s. petiole of juvenile leaf, ×16. Fig. 25. Diaphragm in
surface view showing starch grains, : 345. Fig. 26. T.S. petiole al base xviih shea|hing base,
)',19. Fig. 27. T.S. root, :: 11.1. Fig. 28. T.S. peripheral vascular lumdle of petiole (adtlll
form), ;~241. Fig. 29. T.S. ground tissue of sheath showing laticifcrs and diaphragm cells,
×114. Fig. 30. T.S. peripheral vascular bundle of peduncle (axis), :.,186. Fig. 31., T.S.
peduncle (axis) from mid-region, × 29.
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of 3 large bundles (Fig. 15) and all having normally oriented elements.
(i) Small bundles with a single protoxylem canal and narrow metaxylem
elements with a few cells representing phloem (Figs. 19, 28). (ii) Medium
bundles having 5-6 metaxylem tracheids and with a protoxylem cavity
(Fig. 16); phloem well developed with polygonal sieve tube elements and
companion cells (Fig. 16) and confronting with these bundles in the hypodermis, sclerenchymatous strand present (Fig. 16). (iii) Large bundles
being similar to type II of the peripheral system but the metaxylem elements
orderly aligned to form a curve towards the phloem side (Fig. 20); phloem
much more massive than in type 11; however, all the bundle types provided
with parenchymatous sheath. Laticifers fairly regularly distributed in the
peripheral ground tissue and few in the central part (Fig. 15) and also present
in groups of 1-3 in vertical parenchyma strands separating the air-cavities
(Fig. 23). Transversely oriented laticifer system embedded in the midst
of the diaphragm and being connected to the vertical system as in the sheath
(Fig. 29). Tannin present in all the tissue components excepting the elements of the ×ylem (Fig. 16). Crystals not seen. Starch Grains abundant
in the non-vascular tissues (Figs. 5, 12).
T.S. Leaf sheath.--Outline as in Fig. 26. Hypodermis absent. Grow~d
Tissue, peripheral part containing group of few cells only where the parenchymatous strands abut on the epidermis while the remaining part recognized
as regularly arranged air-cavities separated by uniseriate, thin-walled parenchymatous strands. Air-cavities provided with diaphragms as in petiole
(Fig. 25) ; the details of diaphragm as in petiole (Fig. 36). VascularBundles
in two rows, peripheral and central, the former containing 10-12 smaller
bundles, the latter 3 larger ones (Fig. 26). For details of the bundles see
petiole. Tannin and starch grains present in diaphragm cells.
Axis
T.S. Peduncle.--Circular in outline at all levels (Fig. 31). Stomata
not seen. GroundTissue consisting of 3-4 peripheral layers of chlorenchyma
interrupted by collenchyma in the region of vascular bundles. Air-cavities
and Diaphragms as in petiole. VascularBundles recognizable in two systems:
(i) Central system consisting of 3 strands each enveloped by parenchyma and
interconnected by aerenchyma (Fig. 31); bundles characterized by a single
large protoxylem cavity, an arc of 3-4 metaxylem tracheids and an arc of
phloem as in petiole (Fig. 20). (ii) peripheral system consisting of medium
and smaller bundles (Fig. 30) both having a solitary protoxylem cavity and
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1-2 thin-walled metaxylem elements. Vertical system of Laticifers present
both in peripheral chlorenchyma and in aerenchyma. Starch Grains abundant
in parenchymatous sheath of the vascular bundles as well as in peripheral
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FIGS. 32--40. Fig. 32. T.S. portion of the cordate leaf mid-rib, x186. Fig. 33.
Abaxial epidermis of cordate leaf, x 186. Fig. 34. Surface view of abaxial stomata (cordate
leaf), x445. Fig. 35. T.S. cordate leaf stomata, x445. Fig. 36. Surface view of diaphragm
cells showing nucleus and pits, x291. Fig. 37. T.S. juvenile leaf ground tissue showing laticifers
and starch grains, ×291. Fig. 38. L.S. juvenileleaf, x19. Fig. 39. T.S. portion of cordate
leaf, x 345. Fig. 40. T.S. root cortex showing diaphragm and intercellular spaces, x 114.
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ground tissue, sometimes in aerenchyma also (Figs. 5, 12). Tannin more
common in peripheral ground tissue.

T.S. Root.--Epidermis persistent (Fig. 27); inner tangential walls thin.
Exodermis 2-layered (Fig. 27). Cortex with air-cavities separated from one
another by means of radiating parenchymatous strands (Fig. 27); inner
cortex consisting of 3-4 layers of uniformly thin-walled cells radiating from
stele and progressively increasing in size towards periphery. Air-Cavities
in outer cortex occupied by diaphragms (Fig. 40). Diaphragms in surface
view, showing radial rows of characteristically lobed perenchymatous cells
each with increasing tangential diameters towards periphery (Fig. 40). Endodermis consisting of thin-walled cells without any obvious casparian thickenings (Fig. 21). Pericycle 1-1ayered. Vascular Bundle consisting of 1 large
central thin-walled vessel having 4-5 protoxylem units (Fig. 21); perforation
simple, oblique porous with opposite pitting (Fig. 13) or transverse with
alternate pitting (Fig. 7); phloem in 4-5 strands each consisting of 1 sieve
tube element and 2-3 companion cells (Fig. 2t). Laticifers and Crystals
absent. Tannin occasionally present.
Lanceolate Leaf (Juvenile form)
Surface view.--Epidermis adaxial and abaxial cell walls straight;
" H y d r o p o t e n " abundant and variable in size and shape as in cordate leaf
(Figs. 1-4). Stomata absent in the adaxial epidermis but present in the
abaxial surface; stomata paracytic (Fig. 11); " Hydropoten" absent in the
abaxial surface.
T.S. Lamina.--Outline as in Fig. 8; margins and abaxial median part
thickened (Fig. 8). Ground Tissue permeated by air-cavities, the latter being
demarcated from one another by a system of vertical parenchymatous network thereby forming a characteristic pattern (Figs. 8, 38). Diaphragms
present in air-cavities (Fig. 8) and the details similar to those of the cordate
leaf. Vascular Bundles, in two rows, peripheral and central: (i) the peripheral row having 4 smaller bundles and situated beneath the hypodermis.
(ii) The central part consisting of a single large bundle (Fig.. 8). Peripheral
bundle with two large metaxylem elements and a group of 3-5 cells representing the phloem; 2-1ayered abaxial sclerenchyma present (Fig. 22). Central
bundle consisting of transversely arranged rows of metaxylem elements and
one protoxylem cavity; phloem rather m,~ssive, the whole bundle being
surrounded by parenchymatous sheath (Fig. 6). Laticifers in the hypodermis
and 1 or 2 in the centre (Fig. 8). Crystals absent.
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Petiole
Surface view.--Epidermis adaxial cells undulate, elongated parallel to

the axis; stomata absent; abaxial cells with straight walls and relatively
short; stomata very few. No "Hydropoten " on either surfaces.
T.S. Petiole.--Outline as in Fig. 24.

Details pertaining to laticifers,
air-cavities, diaphragm tissue, and vascular bundles as in the petiole of the
cordate leaf but differing in regard to the limited number of vascular bundles,
their pattern of distribution, marginal thickening and flattening of the
axis (compare Fig. 15 with Fig. 24). Air-cavities separated by parenchymatous strand containing abundant starch grains and laticifers (Fig. 37).
T.S. Root.--See the root of adult form.

Material examined.--Govindarajalu 4394, 4398, 4399, 4405, 4406, 4409,
4410, 4413, 4420 (all HCPM), Sriperumputhur, Chinglepet Dt. (adult forms).
Govindarajalu 4421, 4422 (HCPM), Sripermnputhur, Chinglepet Dt. (juvenile
forms). HCPM--Herbarium Collegii Presidentiae Madrasensis.
In conclusion, it may be stated that this species differs from its other
congeners of the genus Sagittaria by way of possessing the following specific
features: (1) Occurrence of both paracytic and tetracytic stomata in the leaf;
(2) absence of 'H'~ or 'U'-shaped arm palisade; (3)less extensive system
of air-cavities in the leaf; (4) leaves with inconspicuous lateral ribs and
rather conspicuous midrib containing normally oriented single solitary
bundle; (5) mid-rib with abaxial collenchyma, the latter connecting the
bundle to the abaxial epidermis; (6) petiole with sheating bases and circular
in outline containing 2 rings of bundles; (7) vascular bundlcs in basal sheath
in two rows, the peripheral row of 10-12 smaller bundles and the central of
3 larger ones; (8) peduncle without stomata; (9) peduncle with a central
system of 3 strands; (10) endodermis without an obvious casparian thickening; (11) metaxylem vessel thin-walled in root surrounded by 4-5 protoxylem
units; (12) absence of druses and raphides in all the organs.
SUMMARY

The vegetative anatomy of one South Indian species of Sagittaria
IS. gmty~mensis ssp. lappula (D.Don) Bogin] which has not been studied before

has been investigated. The studies t~crmin not only to the anatomy of the
adult form but to that of the juvenile form. It is shown that this taxon
differs fcom oll:er 1elated species of the genus in 12 important characters and
thus seems to be distinct.
B2
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KEY TO LETTERING USED IN FIGURES
(A.E., abaxial epidermis; AD.E., adaxial epidermis; B.S., bundle sheath; COL., collenchyma;
D.C., diaphragm cell; D.T., diaphragm tissue; E., epidermis; E.C., epidermal cell; END., endodermis; G.C.,guard cell; G.T., ground tissue; HY., "hydropoten"; I.A.S., intercellular air-space
L., lacuna; L.C., laticifer canal; M.V., metaxylem vessel; N., nucleus; P., pits; PA., palisade;
P.C., protoxylem cavity; PH., phloem; P.X., protoxylem; S.C., subsidiary celt; S.G., starch
grain; SCL., sclerenchyma; ST., stomata; ST.C., stomatal cavity; T., tannin; V.B., vascular
bundle; XY., xylem.

