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A b s t r a e t . Comparative morphological and anatomical investigations on the seed of two
major pulses Cicer arietinum L. (Desi Chana) and Cajanus cajan (L.) Millsp. var. bicolor DC.
(Arhar)--vis-a-vis their common adulterant (Lathyrus sativus L. (Khesa¡ Dal)), have yielded
several features of value in pin-pointing adulteration in the market sarnples. Being basically
similar in constitution, the seed coat in all the three taxons-r
(i) a cuticle, (ii) ah
epidermis, (iii) a hypodermis, and (iv) a mesophylt. While the cuticle is 'thick and wavy' in
Cicer arietinum and 'thin and smooth' in Cajanus cajan, it is notably 'thick and dentate' in
Lathyrus sativus. The macrosclei'eids constituting the epidermis and osteosclereids forming
the hypodermis provide a set ofcontrasting features with regard to their shape, size, thickness
ar,d lumen/corrugation thereof.
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1. Introduction
A good deal ofwork is on record regarding the embryology and morphology ofseed in
Leguminosae (Pammel 1899; Comer 1951, 1976; Esau 1965, 1977; Davis 1966;
Chowdhury and Buth 1970; Vaughan 1970; Purseglove 1974; Kochhar 1981). Similar
studies on the fruits/seeds of some angiosperms have also been made by Gupta and
Lamba (1981, 1983, 1984), Lamba a n d Gupta (1981a, b) and Gupta (1982). A
comparative morphological/anatomical study on the seed of two major pulses---Cicer
arietinum L. (Brown or Desi Chana), Cajanus cajan (L.) Millsp. var. bicolor DC.
(Arhar)---vis-a-vis that of their major adulterant Lathyrus sativus L. (causing
lathyrism), not attempted earlier, was found most useful in pin-pointing adulteration
rampant in the Indian Markets (Jacob 1976). The results of the study are reported here.

2. Materials and methods
Pure seeds of the two pulses as also of their adulterant (L. sativus) were collected from
Botanical Garden, Kurukshetra University. The samples collected du¡
market
survey were subjected to critical analysis, macroscopically as well as microscopically
(using stereo-scopic binoculars and Iight microscope). Free hand sections/microtome
sections were cut (after subjecting the seed to glycerol-water treatment). These were
stained with safranin light green combinations. Temporary mounts were made in 5
glycerol medium after staining the sections with 1 ~ aqueous safranin. In order to
study the anatomical constitution of the field ripe seeds/seed coat, the same were also
subjected to maceration to study the constituents of the seed coat.
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Observations
Exomorphic features

While the seeds in the three taxons resemble in being derived from a bitegmic and
crassinucellate ovule (Singh 1964; Behl 1976), they differ in the ovule curvature----the
same being campylotropous in Cajanus cajan and anacampylotropous in C. arietinum
and L. sativus. Though the seed/decoated cotyledons and fragments apparently look
more or less alike (figures 1-4), these were found to possess several features of
distinction when put to critical examination. Table 1 depicts some exomorphic features
of the seed/cotyledons of the three taxons.

3.2

Anatomical features

Having a basically similar constitution, the ¡
seed in all the aforesaid three taxons
consists of the testa, enveloping a typically dicotyledonous embryo---the endosperm
being represented only by tattered remains that lie closely appressed to the testa in
transection (Comer 1976). The testa which is the metamorphosed outer integument in
toto (figures 5, 7, 9) comprises: (i) a cuticle, (ii) ah epidermis, (iii) a hypodermis, and
(iv) a mesophyll. The detailed anatomical structure of the seed coat in the three taxons
has been observed:
3.2.1 Cuticle: The cuticle is characteristically thick, rough and undulated in
C. arietinum, relatively thin and smooth in C. cajan and appreciably thick wi~h a
dentate surface in L. sativus (figures 5, 7, 9).
3.2.2 Epidermis: In all the three taxons, the epidermis is a single layer of 'palisadelike' cells which though similar in function differ significantly in their structure and
orientation (figures 5, 7, 9). Technically, known as 'macrosclereids' these cells are
lignified and appear dark-brown to black due to heavy deposition of tanniferous
contents. However, in L. sativus as also in C. cajan, the macrosclereids are of uniform
size---in contrast to those of C. arietinum wherein alternative groups of taller and
dwarfer macrosclereids characteristically constitute the epidermis (figures 5, 7, 9).
The comparative structure of individual sclereids in each of the three taxons
provides several significant features of distinction. Thus, while the macrosclereids in
C. arietinum are 'elongated, pointed and bent at the lower end' (figures 6, 17, 18),
'simply column like' in C. cajan (figures 8, 14), those in L. sativus are characteristically
'spool shaped" (figures 10, 11). Furthermore, their respective lumens are 'narrow at
both ends and sinuous in the middle' in C. arietinum (figures 6, 17, 18), 'bulbous at the
base being narrow above' in C. cajan (figures 8, 14) and 'broad and bulbous at base
narrowing above' in L. sativus (figures t0, 1 i). There is also clear difference in the
position of 'corrugation of inner faces' of macrosclereids: 'near the upper end' in C.
arietinum (figures 17, 18), 'more or less absent' in C. cajan (figures 8, 14) and 'near the
middle region' in L. sativus (figures 10, 11).
Table 2 gives the relevant comparative data regarding the macrosclereids:
3.2.3 Hypodermis: The layer subjacent to epidermis is 'hypodermis'. In all the
three pulses, it is made of osteoselereids (hour glass cells of Esau 1977). It is single-
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Figures 1-10. 1-3. Photographs of'whole seed' of C. arietinum, C. cajan and L. sativus in
front and side views respectively x 3-5.4. Decoated cotyledon of C. arietinum; L. sativus and
C. cajan respectively x 2. 5, 7, 9. Photomicrographs in transection of the ripe seed of
C. arietinum, C. cajan and L. sativus respectively x 500. 6, 8, 10. Macrosclereids and
osteosclereids in the seed coat of C. arietinum ( x 2000), C. cajan ( x 500) and L. sativus
( x 2000), respectively. CH, Chalaza; CU, cuticle; Ca,V, corrugated wall; ER, tattered remains
of endosperm; HI, hilum; MP, mesophyll; MS, macrosclereids; OS, osteosclereids; ST,
striations.
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Yellow; wedge shaped
relatively thin than
..C. arietinum
4·5 x 3·5-4 x 1·0
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Yellow; D-shaped
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Colour; shape
and size (mm)
of cotyledon

Table 1. Major exomorphic features of the seed in C. arietinum, C. cajan and L. satious
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Figures 11-13. L. sativus. 11, Macrosclereids showing corrugated inner wall; 1213. Osteosclereids with longitudinal striations, and in lateral view respeetively; 14-16.
C. cajan; 14. Macrosclereid. 15. Osteosclereids in two layer. 16. A typical osteosclereid.
17-20. C. arietiratm. 17-18. Taller and dwarfer macrosclereids. 19. Two ostcosclereids
in lateral view. 20. A singie osteosclereid. CW, corrugated wall; OSI, osteosclereid of 1st
layer; OSn, osteosclereid of II layer; ST, striations.

layered in C. arietinum and L. sativus (figures 5, 9) and contains 2 layers in C. cajan
(figures 7, 8). The osteosclereids are T shaped in C. arietinum (figures 6, 19, 20), boneshaped in C. cajan (figures 8, 15, 16) and possess longitudinal striations on the radial
walls in L. sativus (figures 10, 12, 13), which characteristically distinguishes it from the
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Table 2. Shape, size, lumen/corrugation in macrosclereids in C. arietinum, C. cajan and
L. sativus

Taxon

Shapr

Size in (#)

Lumen

Corrugation

Colour

C. ar/et/num

Elongated,
being bent at
Iower end

Taller ones:
155-170 x
12-18
Dwarfer ones:
100-110x
11-16

Narrow at
both ends but
sinuous in
the middle

Present (near
the upper end)

Dark-brown
to blaek

C. c a j a n

Column-like

50-0-110 x
10-24

Bulbous at
base tapering
above

More or less
absent

Greyish-brown

L. sativus

Spool shaped

75-90 x
10- 12.5

Broad and
bulbous

Present
(extending

Reddish-brown

(narrow above frombasal to
but constrict~ middleregion)
in the middle)
other two pulses (figures 6, 8, 10). The measurements of osteosclereids are 35 --45 x 2540 # for C. arietinum, 55-100 x 25-50/z and 27 x 27 g for the two layers in C. cajan
and 25-48 x 40-55 # for L. sativus.
3.2.4 Mesophyll: Lying inner to hypodermis, the mesophyU consists of aerenchymatous cells. This layer, too, provides an interesting contrast--being 3 to 4 layered
in C. arietinum, 5 to multilayered in C. cajan and 2 to 3-layered in L. sativus (figures
5,7,9).
4.

Discussion

The problem of adulteration of food materials is very much rampant in the various
Indian markets (Jacob 1976). Random samples of the two major pulses, C. arietinum
and C. cajan---in the 'whole seed forra' and as 'decoated/broken cotyledons'--were
found adulterated with 'whole seed'/'decoated cotyledons' of L. sativus. The said
samples were found adulterated to the tune of 5-8 %. The present investigations,
comp¡
macro- as well as microscopic studies, have yielded data of significant
potential importance in analysing such adulterated samples.
The seed in the three taxons, C. arietinum, C. cajan and L. sativus, all belonging to
family Fabaceae, possesses a basically similar constitution. However, the seed of C.
arietinum is notably brown to black, with angular or oblong shape and that of C. cajan
is silvery to reddish brown (showing different shades of red of yeUow) having orbicular
and compressed shape in contrast to the seed of L. sativus which is yellowish brown,
mottled, wedged and angled. Yet another remarkablr exomorphic feature is the
position of hilum which in case of C. arietinum is located in a sunken pouch with a
'white hard covering', whereas in C. cajan it is raised above the level of seed surface and
exhibits the 'significant white covering' but is notable for its being at level with the seed
sufface and showing absence of the 'white hard tissue' in L. sativus. Furthermore, the
cotyledons which are yellowish and globoso in C. arietinum are yellow and D-shaped in
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C. cajan b u t yellow a n d wedge shaped in L. sativus. Yet a n o t h e r feature is the texture o f
the seed surface which is wrinkled a n d n o n s p o t t e d in C. arietinum, s m o o t h a n d n o n spotted in C. cajan b u t characteristically s m o o t h a n d m o t t l e d in L. sativus.
C o m p a r a t i v e structure o f individual sclereids has also provided valuable features o f
distinction.
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