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Fruits of the family Umbelliforae are generally characterized by the presence
of clearly-delimited tissues known as ‘Vittae® which occur in the mesocarp
and serve as reservoir for specific volatile oil. The number, shape and size of
vittae as also their contents differ from one species to the other. A fairly
correct identity of fruits of this family and their botanical source can be
based on morphological characters of vittac. A detailed investigation of
vittae of some species of medicinal value or of those used as condiments has
been made; their linear measurements and morphological characters re-
corded. A tentative key of 28 species representing temperate and sub-
temperate habitat, growing either wild or introduced, has been presented.
This may be helpful in detecting the adulteration in a mixture of fruits which
apparently look identical.

INTRODUCTION

Majority of umbelliferous plants produce volatile oil in clearly-delimited
tissues, known as ‘Vittae’ or schizogenous canals, occurring in the mesocarp
of the fruits. These vittae may be compared for their functional activity to
the resin or gum producing ducts of Coniferae and other woody plants, except
for their location and their morphology.

The vittae are long-elongated tubular canals lined by a layer or two of
secretory cells. The marginal outline of the vittae may, however, vary from
spherical to elliptic in different species of plants. Vittae may appear in
regular or irregular form or may be scattered or anastomosing in definite or
indefinite numbers in the mesocarp. The nature and mechanism of formation of
these schizogenous canals have been described by various workers (Esau 19535,
Fairbairn and Challan 1959, Metcalf and Chalk 1960). The vittae in general
arise schizogenously by the dissolution of middle lamella of the adjacent cells.
The cells lining the vittae function as secretory and the secretions are released

and deposited in these vittae.

1 Present address: Scientist, National Botanic Gardens, Lucknow.
2 Present address: Department of Pharmacognosy, University of Nebraska, Lincoln, U.S.A.
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A review of the literature (Esau 1953 a, b, Fairbairn and Challan 1959)
reveals that very little systematic work has been reported with regard to the
morphological aspects of vittae as they occur in the family Umbelliferae.
Morphological studies of the vittae of different species of umbelliferous fruits
of medicinal value were undertaken with a view to detecting the adulterants
in the commercial samples of genuine plant material. The fruits of many
species are macroscopically so identical that it is rather difficult to differentiate
between the genuine and spurious stuff. The studies presented in this paper
deal with 28 species of the family Umbelliferae which are widely used as drugs
or condiments both in allopathic and Indian systems of medicine.

MATERIALS AND METHODS

Authentic fruits were collected from the plants either growing in the
medicinal plant nursery or in nature. In some cases fruits from the her-
barium of the Regional Research Laboratory, Jammu, or commercial samples
from the market were also made available for confirmation. To study an
individual vitta, the dry fruits were treated with 5-10 per cent potassium
hydroxide solution at 60° C for durations ranging from 15 to 120 minutes,
depending upon the individual sample and then washed thoroughly with
running water. An individual fruit from the washed sample was put on a
glass slide along with a drop of dilute glycerine and chloral hydrate. After 10
minutes, the fruit was dissected with a pair of fine micro-needles, which
isolated the vittae. Isolated vittae were mounted in glycerine for morpho-
logical studies.

For the study of transverse sections small fruits were passed through
various grades of alcohol, embedded in wax and microtomed at 15-20 p and
stained with safranin and fast green. The larger fruits were hand-sectioned
and studied after treating with chloral hydrate.

For general morphology of shape, size, length (linear measurements),
septation and for tissue map drawings (Text-figs. 1-4) the vittae were studied
under low power. For the breadth and cellular organization of the walls
they were observed under higher magnification (Text-figs. 5-7). The measure-
ments recorded represent an average of 10 readings. For topography, the
vittae were studied in transverse section under low and high magnification
(Text-figs. 8-9).

The length measured was from end to end of the vittae but the breadth
had been measured at the centre of the vittae as seen in surface view. The
description of vittae of individual species is described in the following pages.
The linear measurements of the vittae are given in Table I. For each measure-
ment, minimum and maximum readings are recorded along with the average

measurement shown in the centre and in bold figures.
IB
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OBSERVATIONS AND RESULTS
1.  Ammi majus Walt.

Syn. Discopleura capillacca DC. Am. bor, Ammi majus Linn. Europ;
Oriens; Afr. bor.

Source—Nursery.

Introduced in India.

Vittae light brown, six, occasionally only five may be present, 15-20
septate. Septa dark-brown, thin, single-walled, curved or oblique. Vittae
dimorphic; dv and cv differ only in breadth and length. The former are slender
and longer and the latter broader and shorter. Walls irregular, both ends
pointed and irregularly tapering (Text-fig. 6), apical end bluntly pointed, basal
end sharply tapering. Wall of the vitta lined by a layer of thin, secretory,
irregularly outlined parenchymatous cells (Text-fig. 9). Cell-wall undifferen-
tiated in surface view.

2. Ammi visnaga Lam.

Source—Cultivated.
Introduced in Jammu.

Vittae dark-brown, six or occasionally five, 10-15 septate; septa trans-
verse and broad, double-layered as compared with A. majus, where it is single-
layered. Basal and apical ends of vitta identical and rounded. Vittae
dimorphic ; dv longer, slender and curved; commissural vittae (cv) shorter,
slender and regular; walls of vitta regular. The cellular organization of the
walls indistinet. The segments are separated by a blackish-brown, well-differ-
entiated double wall (Text-fig. 7). Vittae smaller and narrower than those in
A. majus.

3.  Anethum graveolens Linn.

Syn. Peucedanum graveolens Benth. & Hook., f. Fl. Brit. India, 1I,
709 (in part).
Source—Cultivated.

Vittae brown to dark-brown, six, dimorphie, four dorsal (dv) and two
commissural (cv); 10-15 septate, situated in furrows and alternating with
vascular traces, dv comparatively slender, longer and less darkly-stained
than cv which are stouter and broader with less tapering basal ends (Text-fig. 2).
Segments almost equal. Apex bluntly pointed and the basal (stalk) end
sharply tapering into a long thread-like structure (Text-fig. 2). The wall of the
vitta regularly cellular. The cells have thickenings near the angle of their
walls. Septa transverse or oblique. Generally, the dorsal vittae have a ta-
pering thread-like end, whereas commissural ones are less tapering (Text-fig. 6).
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In t.s. the vittae are round to oblong, lined by a single layer of well-defined
secretory cells and a second layer of subsidiary cells (Text-fig. 8).

4, Anethum sowa Roxb. ex Flem.

Syn. Peucedanum graveolens Benth. & Hook., f. Fl. Brit. India, II,
709 (in part).

Vern. name—Indian dill, Sowa.

Source—Commercial.

Brown to dark-brown, six, dimorphic, four dorsal and two commissural,
10-15 septate (Text-fig, 2). The latter stain more darkly than fornier; elon-
gated, spindle-shaped, regular or irregular. Segments almost equal, apical
end tapering bluntly as compared to basal end which is tapering sharp. Cell-
walls with thickened angles, vittae differ from 4. graveolens in having more
compact cellular organization per segment and more darkly-thickened angles
of the secretory cells; irregular marginal walls of vittae in contrast to straight,
regular walls of 4. graveolens. Basal end of vittae less elongated in comparison
to much-elongated thread-like end of A. graveolens (Text-fig. 6). In t.s. the
vittae of both species are, however, identical.

5.  Angelica archangelica Linn. var. himalaica (Clarke) Krishna and Badhwar.

Syn. Archangelica officinalis Hoffm. var. himalaica Clarke, Fl. Brit.
India, IT, 707 ; Angelica himalaica (Clarke) Wolff.

Vern. name—Moorshar,

Source—Growing in forest in Gulmarg (Kashmir).

Vittae light to medium brown, 10 or more, polymorphic, some complete
and branched or unbranched, others incomplete, dwarf or partially-developed
(pdv), thin and irregularly slender and much-elongated tabular structures.
Septa oblique, curved and irregular, 5-20 septate. Breadth of the vittae
varies; some are very slender, while others are comparatively broader. Dwarf
vittae (dwv) with as many as five segments also present (Text-fig. 1). Apical
end of vittae more or less blunt but the stalk end is irregularly tapering. Dwarf
vittae have blunt ends on both sides. Wall cellular, parenchymatous and
dark-stained with KOH (Text-fig. 5). Walls with broken ends in t.s.
(Text-fig. 8).

6. Angelica glauca Edgew.

Vern. name—Chaura,
Source—Wild (Gulmarg, Kashmir, 3,000 m).

Vittae dark-reddish, but walls and septa may become opaque on treat-
ment with KOH. Vittae six, an additional abortive dwarf vitta (dwv) may be
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ldv—lateral dorsal vitta; mdv—median dorsal vitta; pdv—partially developed vitta).



10 L. D. EAPOOR & B. K. KAUL

present occasionally, 10-15 septate, septum double-walled, curved or oblique;
segments unequal; vittae dimorphic; dv thicker and broader; commissural
vittae (cv) thinner and more irregular in shape (Text-fig. 1). Dv generally
curved, may be slightly straight in some cases. The ends of vitta are compara-
tively less dark-stained with KOH. Septa dark red; the wall of vitta from the
surface view appears to be cellular with parenchymatous cells having dark-
stained contents (Text-fig. 5). In t.s. walls of the vitta appear to consist of
two to three layers of cells (Text-fig. 8).

7. Anthriscus nemorosa Spreng.

Vern. name—Kanthal.
Source—Wild (Gulmarg, Kashmir, 3,000 m).

Vittae absent in mature fruit. The ridges bulging out with vasecular
traces. In t.8. some differentiated cells in the furrows of the fruits visible,
with loosely-placed walls, which may be representing the loci of vittae (Text-
fig. 9).

8.  Apium graveolens Linn.,

Vern. name—Ajmoda, Celery.
Source—Commercial.

Vittae light brown, six, sometimes only five may be present, 10-15 sep-
tate, segments unequal, dimorphic, dorsal vittae bluntly tapering towards
apical end (gpv) and curved towards basal end (bpv), transverse septa, curved
or oblique. Commissural vittae club-shaped, bluntly tapering on both ends
and comparatively shorter than dorsal vittae (Text-fig. 4). Wall cellular of
poly- or hexagonal parenchymatous cells (Text-fig. 7). Int.s. the vittae appear
to be lined by a single file of secretory cells (Text-fig. 9).

9. (I) Bunium persicum (Boiss.) Fedts.

Syn. Carum bulbocastanum Koch.
Vern. name—Kala Zira, Black Caraway.
Source—Lahul (Punjab).

Vittae brown, six, more than 20 septate; septa transverse, oblique or
curved and double-walled, darkly stained; dimorphie, dv long, having distinet
curved fapering basal end and pointed apical end (Text-fig. 2). Walls of vittae
irregular, and lined by two layers of irregular poly- or hexagonal cells with
dark brown contents. If the fruits are soaked in concentrated solution of
potassium hydroxide, a less stainable region is differentiated in the middle of
each segment and the cell-walls disorganize. In t.s. vittae are seen to be lined
by a layer of darkly-stainable, well-defined secretory cells.
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(I1) Bunium persicum (Boiss.) Fedts.

Syn. C. bulbocastanum Koch.
Vern. name—Zira-Siah.
Source—Ladakh, Gangles (Kashmir), 4,000 m.

Vittae light brown, six, not more than 10 septate (morphological features
clear and distinct). Vittae dimorphic, dv have well-differentiated basal and
apical ends in comparison with cv, apical ends of dv longer than ¢v. In addi-
tion to the transverse septa, there are also present obliquely-placed longi-
tudinal irregular septa, which occasionally may conmect the two adjacent
transverse septa (Text-fig. 4). The transverse septa usually bifurcate near the
walls of the vittae on one or both ends. This is a distinguishing feature of the
species of the fruits collected from this locality. Septa as well as the walls
of vittae are thin and very well-defined by parenchymatous cells. Apex
bluntly tapering. Basal ends irregularly tapering. Walls of the vittae
irregular, and thin; septa double-layered, cells parenchymatous (Text-fig. 7).
In t.s. dv and cv are almost identical with regard to size of the lining cells
which are thin-walled and less defined. The secretory cell-wall is darkly
stained.

10, Bupleurum candollii Wall, ex DC,
Source—Wild (Drang, Kashmir, 2,350 m).

Vittae reddish-brown, more than six; dimorphic, normal and dwarf
vittae present; dorsal and commissural vittae morphologically not much
differentiated. Septate, not more than 10 septa per vitta; long, slender;
septa obliquely placed, double-walled, separated by comparatively less darker
region (Text-fig. 3). Base and apex both bluntly tapering. Basal end curved,
dwarf vittae variable in number., Wall of vitta lined by a layer of paren-
chymatous poly- or hexagonal cells. Walls thin and irregular (Text-fig. 6).
In t.s. more than one vitta in each furrow. Commissural side may have more
than two vittae; vitta-wall lined by a layer of secretory cells.

11. {(a) Carum carvt Linn,

Fl. Brit. India, IT, 680.
Vern. name—Zira, Caraway.
Source—Gulmarg (Kashmir), 3,000 m.

Vittae yellowish-brown, six, dimorphic; ¢v and dv differentiate generally,
not more than five septate, walls and septa of vittae thin and very well
defined; wall single-layered, finely dentate (Text-fig. 4). Wall composed of a
thin layer of parenchymatous cells. Basal and apical ends may be bluntly
tapering or the basal stalk end may be sharply tapering into a thin, short,
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thread-like structure, and septa slightly oblique or almost transversely placed
(Text-fig. 7). In t.s. vittae are oblong, irregular in outline, lined by very thin
layer of secretory cells.

() Carum carvi Linn.

FL. Brit. India, I, 680.
Vern. name—Kala Zira.
Source—Commercial (Jammu market).

Vittae reddish-dark, six, 10-17 septate, bluntly pointed at either ends, the
basal stalk end may be tapering and the apical end is curved or twisted into
a vesicle-like structure. The general morphology in many respects is identical
with Cuminum cyminum Linn, (Text-fig. 3). Septa curved or obliquely
placed. Walls lined by a layer of secretory cells of comparatively larger size
(Text-fig. 7). In surface view the walls of the individual segment appear
darkly stained with potassium hydroxide solution and thicker as compared
to C. carvi collected from Gulmarg (Kashmir),

12, Caucalis latifolia Linn.
Source—Wild (Srinagar, Kashmir).

Vittae somewhat dark-brown, six; 20 or more septate; septa transverse,
double-layered, curved and may widen at the margins (on one or both ends).
Segments unequal and walls irregular and bluntly tapering at both ends of
the vittae (Text-fig. 3). Vittae dimorphic in transverse section; dorsal vittae
wider than commissural vittae (cv), cv placed very closely and stain brighter than
dw, vittae lined by a single well-defined layer of secretory cells (Text-fig. 9).

13. Centella asiatica (Linn.) Urban.

Syn. Hydrocotyle asiatica Linn.
Vern. name—DBrahmi.
Source—Growing wild (Jammu).

Well-defined vittae not present, oil canals represented by a very thin and
sparse system of irregularly-scattered anastomosing ducts which are hardly
25 p broad and of variable length.

14. Coriandrum sativum Linn.

Fl. Brit. India, I, 717.
Vern. name—Dhaniya, Coriander.
Source—Commercial.
Vittae six or more, non-septate, dimorphic (Text-fig. 3), only the two cv
get stained distinctly with safranin or potassium hydroxide solution, dv 14 or
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more, with oblong or spindled outline in t.s., without a differentiated secretory
wall; cv are well defined, lined by a double-layered wall of hexagonal or poly-
gonal secretory cells. Wall irregular and tapering at both ends. Basal
region longer than apical region; dv lined by three to five layers of
undifferentiated thin-walled cells (Text-fig. 6).

15. Cuminum cyminum Linn.

Fl. Brit. India, II, 718.
Vern. name—Safed Zira.
Source—Commercial.

General morphology of the vittae closely resembles that of commercial
Carum carvi, described above. Vittae light brown, 15-25 septate, segments
unequal. Apex tapering more bluntly than the basal end. The two ends are
not well differentiated, vittae dimorphic; cv shorter and broader than dv.
Vittae constricted near the septa, which are either transverse or curved,
double-walled, broader in the centre and narrowing near the wall (Text-
figs. 3, 6). Walls irregular, lined by a layer of small thin-walled secretory
parenchymatous cells. In t.s. the vittae appear irregular in outline (Text-
fig. 8).

16. Ferulo jaeschkeana Vatke.

F1. Brit. India, II, 708.
Vern. name—Kaindal,
Source—Drang (Kashmir), 2,300 m.

Vittae distinct and brown in dry seeds and on treatment with 10 per cent
potassium hydroxide for 30 minutes they become gradually brownish-yellow
and if kept for longer duration they may become undifferentiated from the
other adjacent tissues in the pericarp. Vittae are usually six, non-septate and
occasionally one to three comparatively narrow additional canals may also be
present. When soaked in warm water or in warm dilute potassium hydroxide
solution, they are seen as thin-walled, sac-like canals, becoming inflated as
elongated tapering bladders (Text-fig. 1). The wall is so thin that, unlike the
vittae of other species, they do not separate out on soaking or on subsequent
maceration. Wall consists of thin hexagonal or polygonal parenchymatous
cells with brown-colgured contents (Text-fig. 5). In t.s. the vittae appear as
oblong, darkly-stained spaces; dorsal vittae lying almost at equal distances,
while commissural are placed farther apart. The darkly-differentiated layer is
subtended by thin-walled parenchymatous cells (Text-fig. 8).
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17. Foeniculwm vulgare Mill.

F1. Brit. India, II, 695.
Vern. name—Saunf, Fennel.
Source—Commercial.

Vittae brownish-yellow, generally six; dorsal and commissural vittae not
much differentiated ; long, slender, 10-15 septate, septum transverse or curved,
double-walled ; apex tapering bluntly in contrast to sharp, tapering, basal end.
Two layers of septa may join or widen near the ends (Text-figs. 2, 6). Wall
irregular, lined by a layer of thin-walled, elongated, parenchymatous cells. In
t.s. vittae circular to oblong in outline. Secretory layer stains darkly with
safranin and is further enclosed by a layer of less stainable larger parenchy-
matous cells (Text-fig. 8).

18. Heracleum candicans Wall. ex DC.
Source—Wild in Gulmarg (Kashmir).

Vittae dark red, easily separable from the fruit as flattened canals. Six
normal and occasionally seven or eight dwarf vittae may be present, situated
usually near the basal ends of the dorsal lateral vittae. Basal end of dwarf
vittae tapering and apical end triangular. They may also be present in the
middle of the fruit, formed by five or more segments with almost identical
triangular ends. Normal vittae 20-25 septate, double-walled, septa transverse
or curved, dimorphic; dorsal vittae broader and stouter than commissural
vittae, bluntly joining at the apical end and tapering towards the basal stalk
end. Commissural vittae tapering on both ends, thinner and with more
irregular walls than dorsal vittae (Text-fig 1). This is unlike the vittae of most
of the Umbelliferae, where commissural vittae are broader and stouter. Wall
irregular of indistinct layer of thick broad cells. Stains with safranin. Com-
missural vittae narrower than dorsal vittae. In t.s. vittae lined by a layer of
irregularly-elongated cells (Text-fig. 8).

19. Heracleum canescens Lindl.

Vern. name—Kaindal.
Source—Sanji Poonch.

Vittae light brown to brownish-yellow; six, up to five septate, occasionally
only five; dimorphic, dorsal vittae have a thread-like basal end and
commissural vittae have a sharply tapering, curved end. Abortive or partially-
developed vittae rare. Vittae spindle-shaped, bluntly pointed towards the
apex, and sharply tapering towards the base. Septa transverse, double-
walled, narrow in the centre and widening near the walls (Text-fig. 4). Each

segment full of more or less brown-stained granular contents. Wall somewhat
2B
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regular and lined by an inner layer of larger parenchymatous cells. Segments
unequal. In t.s, the vittae are ellipsoidal in outline (Text-fig. 8).

20, Hydrocotyle javanica Thunb,

Vern. name—dJal-Brahmi.
Source—Wild in Jammu.

Like Centella asiatica well-defined elongated oil canals are absent, which
are instead represented by brightly-stained, reddish-brown glandular vesicles of
varying shapes and sizes, present throughout the mesocarp (Text-fig. 9).

21. Pastinaca sativa Linn.

Vern. name—Eng. Parsnip,
Source—Commercial.

Vittae dark reddish-brown, six, occasionally one or two additional fully- or
partially-developed, dwarf vittae also present; 5-10 septate, trimorphic;
commissural vittae are short, broad and flattened, tapering bluntly at apical
and sharply towards basal ends; canals show dark and less stained regions.
Wall of commissural vittae is composed of a layer of thick-walled poly-
or hexagonal cells. Dorsal lateral vittae are longer and comparatively thicker,
with irregular walls, up to 10 septate, bluntly tapering at apical and sharply at
basal end. Dorsal median vittae are shorter with thinner, irregular walls,
usually enclosing one dwarf vitta in the middle or near the basal end (Text-
fig. 3). The wall of dorsal, lateral vittae is composed of two layers of outer
thin and inner darkly-stained, thick-walled, elongated cells. Dorsal median
vittae lined by a single layer of secretory parenchymatous cells (Text-fig. 6).
In t.s. commissural vittae are distinctly double-layered and larger in dimen-
sions than dv and vitta is lined by an inner layer of broad and subsidiary
layer of ordinary parenchymatous cells (Text-fig. 8).

22.  Prangos pabulario Lindl.

Vern. name—Kusbungus, Komal.
Source—Kamri (Kashmir).

Vittae yellowish, very small and numerous, may be up to 50. After
soaking in hot water and subsequent treatment with chloral hydrate they
are seen closely associated all around the endodermis, joined almost end to
end as small perforations. The wall is lined by a very thin layer of undiffer-
entiated cells. Vittae not clearly observed or separable on maceration of the
fruits, as in the case of 8. vaginatum Clarke.
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dv—dorsal vitta ; oc—oil canals).
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23.  Selinum vaginatum Clarke.

Vern. ngme—Bhoot-Keshi.
Source—Drang (Kashmir).

Vittae rudimentary, indistinct, undifferentiated and not separable on
maceration, dorsal vittae being less wider than commissural vittae. Both,
however, have an undifferentiated secretory wall of thin parenchymatous cells,
which in turn is surrounded by another layer of identical cells. In t.s. the
vittae are seen as schizogenous space, differentiated only under high power.
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24, Seselr stbiricum Benth. ex Clarke.

Vern. name—DBhoot-Keshi.
Source—Drang (Kashmir).

Vittae light brown. Dimorphic; 15-25 septate, irregular in outline;
commissural vittae broader, shorter and more deeply stained than dorsal
vittae. Both have a blunt tapering of apical part and a sharp tapering of
basal part (Text-fig. 2). Septa double-walled, oblique and irregularly curved
(Text-fig. 5). Wall consists of a thin layer of secretory parenchymatous
cells. Vittae oblong in t.s. (Text-fig. 8).

25.  Stum latijugum Clarke.

Vern. name—Bhoot-Keshi.
Source—Drang (Kashmir).

Vittae brownish-yellow, very small, six, non-septate (Text-fig. 4). Apical
end somewhat globular or may be bluntly pointing towards the basal end
(Text-fig. 7). Wall lined by a loosely-arranged layer of parenchymatous cells,
enclosing intercellular spaces. A false transverse septum, probably formed
by the aggregation of the contents of the vittae, may be seen (Text-fig. 9).

26. Trachyspermum ammi (Linn.) Sprague,

Syn. Carum copticum (Linn.) Benth. & Hook., f. ex Clarke, FL
Brit. India, IT, 682.

Vern. name—Ajowan.

Source—Commercial.

Vittae brown, six, 10-15 septate. Septa curved or obliquely placed,
dimorphie, elongated, cylindrical, dorsal vittae spindle-shaped, apex bluntly
triangular towards the middle of the mericarp and basal stalk end much
elongated into a narrow thread-like canal. Commissural vittae shorter than
dorsal vittae; the basal end does not taper into a thread-like structure, but
ends sharply (Text-fig. 4). Septa transverse or slightly curved, double-layered.
Walls of the vittae loosely placed, lined by a layer of transversely elongated
thin-walled parenchymatous cells (Text-fig. 7).

27. Trachyspermum roxburghianum (DC.) Craib.

Syn. Carum roxburghianum Benth. ex Kurz., Fl. Brit. India, II, 682.
Vern. name—Ajmod.
Source—Commercial.

Vittae brown, polymorphic, larger primary vittae on dorsal surface, two on
commissural; two to three secondary vittae alternating with the primary on
dorsal surface and the tertiary ones are more towards the periphery of the
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mericarp. The three categories of the vittae are based on the size and position
as they are situated in the mesocarp. Ten to fifteen septate, septa transverse or
curved, double-layered and broad and meet towards both curved ends, com-
paratively slender than commissural vittae, which are shorter and broader,
somewhat sharply pointed towards both ends (Text-fig. 4). Other vittae
may be extremely slender and curved. Vittae walls irregular. Segments
unequal, the size of dorsal vittae has a wide range. Vittae lined by a layer of
rectangular or polygonal secretory cells, which in turn are delimited by com-
paratively broader and less stainable cells of the endocarp (Text-figs. 7, 9).

28.  Vicatia coniifolia DC.
Source—Kamri (Kashmir).

Vittae brown, more than six, average number 10, long, slender, up to 50
septate, segments almost uniform in size. Dorsal and commissgural vittae not
much differentiated. Septa double-walled and transverse. Each segment
stained more darkly than the septa. Straight or curved, bluntly tapering at
apical end. Basal end also straight or curved but more sharply tapering
(Text-fig. 2). Walls of the vittae lined by a layer of thin-walled, round,
parenchymatous cells. In t.s. vittae appear as small spaces, Commissural
vittae placed close together as in the case of Caucalis latifolia, but dorsal vittae
are apart, two or more in each furrow (Text-fig. 8).

Disoussion

From the observations made on the vittae of the umbelliferous fruits it is
evident that they vary in number, size and morphological characters from
species to species and even in the same species if collected from different
geographical races.

In some of the species, the vittae are in the abortive stage, e.g. Conium
and Anthriscus (Text-fig. 9); whereas in others they may be represented by
thin, scattered canals or glandular cavities, e.g. Hydrocotyle javanica and Centella
astatica (Text-fig. 2). There may be only six vittae present as in Anefhum
graveolens, Carum carvi and Cuminum cyminum, ete. (Text-fig. 8); there are
still other species which may have more than six but less than 15 vittae, viz.
Trachyspermum roxburghianum, Vicatia coniifolio and Buplewrum candollii
(Text-figs. 8, 9). Some species may have more than 15 vittae and up to
25, viz. Angelica (Text-fig. 8). The number of vittae may reach up to 50 as
in the case of Prangos pabularia. The number of vittae are, however, specific
for each species.

The linear measurements of vittae indicate the length almost equal to
that of fruit. But the breadth varies, being more in the middle than at the
proximal ends. 1In the case of Heracleum candicans, Buplewrum candollii and
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Archangelica officinalis some of the vittae may be dwarf as compared to normal
vittae (Text-figs. 1, 3). Vittae may be altogether absent in some species as
Ferula, Pastinaca, ete. (Text-figs. 1, 3).

The breadth of a vitta is generally proportional to the length of a vitta
and diameter of the fruit. No direct correlation can be established but it
depends on the number of vittae occurring in each fruit. ,

Each species presents some characteristics of morphological features of
the vittae peculiar to it. The vittae may be designated as mono-, di-, tri- or
polymorphic. Monomorphic types are those in which there is no well-marked
difference in the size and morphology of dorsal and commissural vitta, e.g.
Vicatia coniifolia, Foeniculum vulgare, Ammsi visnaga, A. majus (Text-figs. 2,
4). Dimorphic types include the species in which the dorsal and commissural
vittae are differentiated on the basis of their size and morphology, e.g. Ane-
thum graveolens and Carum carvi, ete. (Text-figs. 2, 4). Trimorphic types are
those in which, besides the dorsal and commissural vittae, the former may
further be differentiated into dorsal-median and dorsal-lateral vittae or
besides the dv and cv dwarf vittae may also be present, e.g. Heracleum
candicans, Angelica glauca, Pastinaca sattva and Angelica archangelica (Text-
figs. 1, 3). Polymorphic types are those in which the dorsal vittae may be
further subdivided into primary, secondary and tertiary vittae, depending
as they are placed in the mesocarp, viz. T'. roxburghianum (Text-fig. 4).

Most of the vittae in the umbelliferous fruits are septate, the number of
septa varying from species to species. But some plants have non-septate
vittae, viz. F. jaeschkeana, C. sativum and H. canescens (Text-figs. 3, 4).
Septa may be represented by single- or double-partition wall. When double-
walled, it may be double-concave or double-convex, i.e. the septa walls may
come close together in the centre of vittae and diverge near the secretory
wall or they may join near the secretory wall but remain apart in the centre of
each vitta. In some cases two walls may run parallel to each other, e.g.
Vicatia, Anethum, Caucalis, Foeniculum, ete. (Text-figs. 5, 6, 7). There may
be exceptional cases of having a septum placed longitudinally or obliquely
between the two adjacent transverse septa, as in the case of C. bulbocastanum
from Ladakh (Text-figs. 4, 7). This species possesses a unique distinguishing
feature for the fruit from Ladakh (3,666 m altitude).

The secretory wall of the vitta also presents a variety of formation. It
may consist of extremely thin, membranous cells, viz. Hydrocotyle and
Ceniella. 1In others the cell walls may be very poorly defined, viz. Selinum and
Prangos. In transverse section they are seen as lacunar structures, not
much differentiated from the surrounding tissue. In Ferula, Sium
and Heraclewm the wall is very thin-lined by a single layer of paren-
chymatous cells, placed closely together or enclosing intercellular spaces,
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VITTAE NUMERGUS

Vitiae 10-25 in number, eoloured brown with KOH, only two on commirsural surface
Vittae more than 25, coloured yellowish with KOH, vittae several on commigsurel surface

VITTAE FEW (not more than 15)
Vittae more than 6
Vittae polymorphic
Vittae not polymorphic
Septa more then 10 in each vitta
Septa not more than 10 in each vitta

Vittae 6 only
Vittao not separable on maceration and not distinguishable
Vittae susily separable and distinguishable on maceration

Vitlue non-sepiate
Vittao very small, less than 1-7 mm long
Vittae more than 1-7 mum long
Vittae dimorphic dv and ev differentiated
Vittae not, dimorphic dv and er not differentiated

Angelica archungelicu,
Prangos pabuluria.

Trachyspernwm roxburghinnim.
Viertia coniifolia,

Bupleurum candollii,

Selinvm vagineatin.

Stum fadifugum.

Cortandrum sotivum,
Ferula jueschheana,

Vitive sepitate
¥ittao less than 5 mm long
Vittae trimorphic .. .- ‘e .y o a «+  Pastinaca sufive,
Vittee dimorphic
Vittae narrow, not more than 150 p

Vittae narrow, up to 75 g, septa broad . .. .. - o Awent visnaga,
Vittae broad, moere than 75 p, septa narrow .. . .. . o Anoni majus,
Vittae wide
Transverse and oblique septa present, less than 15 septa .. .. .. -« Bunjum persicum {Ladakh),

Only transverse septa presont
Vittae small {not more then 3 mmj
Yitine narrow, not more than 190 a4 . s . .- .. Heracleumn canescens.
Septa genorally five
Sopta more than live, walls broad (more than 25 uj, poly- or hexagonal, stalk end acuminate A pium gravealens.
Cells of vittas walls narrow (less than 25 )
Stalk end not acuminate .. . .- .. .. <. Seseli sibiricion,
Vittas broad {more than 19 u)
Cells polygonal, stalk ond of dv acute or slightly drawn out, murgin serrate, septa usually 3 Carwm cerei (Gulmarg),

Cells not polygenal, stalk end of do acuminete, septa more than 6 .. .- Trachyspermum ummi.
Yittae long {more than 3 mm)
Vittoe broad, dv more than 200 ; - .. . . v Cuminwm cypminum,
Vittae narrow, dv losg than 200 g
Walls rogular, stalk end of dv drawn out into a long thread.like structure ‘e o Anethum graveolens,
Walls wavy, stalk end of d» tapering e .. .. . oo Anethum sowe,

Vittae more than 5 mm long
Du generally broad, more than 220 u

dv and ov well differentiated, dwarf vittac absent o . .. . o Angelica glace,

dv and cv not well diffeventiated, dwarf vittae present .. . .. . .. Heraclewn candicans.
Dv generally narrow, less than 220 u

Vittae stain brown with KOH, ev narrower than dov sopta 20 or more in each vitta . .. Cauenlis latifolia.

Vittae stain light brown with KOH, cv and dv identical, sopta less than 20 in cach vitta .. .. Foeniculum vulgore.

VITTAE 4BSENT
Vittae represented by dark-spotted, reddish-brown vil glands o . . .+ Hydrocotyle javanicn,
Vittae altogethor absent in mature fruits, no locations of any abortive vittas seen .. .. o Anthriseus nemorosa,
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In some cases the secretory wall is well differentiated as in the case of Ane-
thum, Foeniculum, Coriandrum and Carum. The angles of the parenchy-
matous cells of the secretory wall may be thickened as in the case of Anethum
(Text-fig. 6). The cells in others may be very broad and thickened, viz. Cori-
andrum, Pastinaca, Angelica and Heracleum. The outlines of vittae are visible
in some dry fruits, where the testa is transparent, viz. Carum, Angelica, Ferula,
Heracleum, etc., but in most of the dry fruits their outlines are not visible.

From the point of view of the morphology of vittae the genus Carum
presents interesting variations. For instance, the fruits of Carum carvi and
C. bulboecastanum, sold under the trade name ‘Kala Zira’ obtained from two
different localities (Lahul and Kashmir), consist of vittae with distinguishing
morphological characters. These differences may be attributed to varietal
differences in the species which are probably due to hybridization of different
species when the population is brought under cultivation or due to geo-
graphical races. The vittae should be more or less constant in morphology
in a true species. It will be interesting to find out the morphology of the
vittae obtained from a genuine species grown under different climatic condi-
tions from wild-growing plants and also to evaluate the reasons for such
diversities in the morphology of the vittae.

From the perusal of the number, size and morphological characters of
vittae 28 species of umbelliferous fruits, from temperate and sub-temperate
habitat, growing either wild or introduced, a tentative key to distinguish
between one species from the other has been presented (Table IT). This key
may be helpful in detecting the adulteration or mixture of seeds which
apparently look identical.
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