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The ligand molecule contains a thicamide moiety

' !
H-»NHCI: =8 or N= (E——-—SH and hence gives
rise to four characteristic *thioamide bands’ in the
i.r. spectrum of the ligand., Because of redistribution
of the electron cloud as a result of complex formation,
one can expect systematic shifts in the positions of these
thioamide bands in the i.r, spectra of the complexes

as compared to those of the ligand (Table II).

Bonding of the metal with ligand through thiol
silphar would localise the double bond between N
and C of the thioamide group. This would result in
the biue shift of the band due to y (CN) and red shift
of the band due to y (C8), disappearance of the band
due to y (S-H) and appearance of a new band due fo
¥ (M-S} in the spectra of the metal complexes'!-23,
All these changes are observed (Table Ti).

Ag(D), T and Cu(l) being saft acids show pre-
ference for bonding with sulphur — a soft base. Keep-
ing this and their preferred geometries in yiew, linear
polymeric structures are proposed for these complexes.
[nsolubility of these metal complxes in common non-
coordinating solvents lends further support to the struc-
{ures as proposed,

Metal ions like Zn(II), Cd(II) and Pb(Il) have inter-
mediate polarizabilities and so they can bhond with
‘a-~class ” bases like N or ® b-class ” bases like S aecord-
ing as situation demands., Besides, they prefer to
form tetrahedral complexes. Therefore they can bond
with S of the thiolate group and co-ordinate with N
of the benzylidene group of different ligand molecules
simultaneously to form stable five membered chelates.
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This is in conformity with charge balance too. Hence
monomeric complexes of these metals seem 1o be a
distinct possibility. The solubility of the metal com-
plexes in alcohol lends further support to the structures
as proposed.
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ON THE OCCURRENCE OF ABNORMAL STOMATA IN PLANTS
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Department of Botuny, The University, Allahabad, Indid

ABSTRACT
A number of different types of unusual and abnormal stomata are described along with

examplies of taxa in which they have been reported.

As the abnormalities are more common In

mature leaves it is suggested that they are due (o an interaction of factors responsible for stomaial
differentiation and leaf maturalion and may belong 10 the last generation of meristemoids,

INTRODLUCTION

LTHOUGH extensive information is available on
abnormalities of different plant orgaps, relatively
ittle Is known of similar occurrences in the stomata,
However, from time (0 time there have been scanly
reports or passing remarks of unusual or abnormal
* Present  address ! Jrorest
Cotmbutore 641 002, India,

Research Centre,

ctomata in the literature. An cxhaustive account of
these is presented bereunder,

The term “stoma” (Pl stomata) 5 detid as @
pore in the epidermis, bounded by two lenticular
svister cells, called guard eells. The guard ceils are
normally  clongated, their fong axes being parallel
(o the pore, In Azelle, the guard cells are broader
than Jong and the pore is dicected at right angles w
the polar anis,  In Hanwlia patesy® aostoma sath two
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porey Day been reported (Fig, TAY. The normal
mature stonmtata of moss capsules™ and A-ofla are
unusual in having a single rmg-shaped cell around
the pore, formed by the dissolution of the common

wall between the two guard ¢ells,

Subep dermal or internal stomata lrave been re-
ported*s% in various plants, and in ericaceous and
other unrelated frusts.®® In etiolated shoots of Opuntia
blakeana, 3 stomata were found developing under

several lavers of ¢ork cellst!,

In hypostematic leaves, stomata are wusually uni-
formly dispe-sad throughout the lower epidernus
but are less frequent or totally absent on the upper
eprdermis. In  Stangeria’l, some Combretaceaess,™
and Bombav'®, although the general surface of the
upper epiderma’s is free of stomata, several rows of
stomata are present adjacent to the m'drib and at the

base of major veins,

Most plants have scaftered stomata placed singly
and almost evenly between epidermal cells. In
some plants (eg., Begoniaceae!® and Cruciferaet,i)
they are crowded in distinct groups (Fig. 1 B) but the
individual members of a group are still separated by
a few intervening epidermal cells.

Size of the stomata is more or less constant for a
leaf, but o some qlints, e.g., Myrtaceae, Marngifera
indica, Limoniqa acidissima, Plumeria rubrg and some
Apocynaceae, Celastraceae and Convolvulaceae, abnor-
mally large * g'ant stomata (Fig. 1C) are found inter-
mixed with normal sized oOnes®,14,8%%3,94,% 1 eaves of
Prunus padus® show stomatal polymorphism and they
fall] into three groups on the basis of differences in
size. The size of stomata is also reported to decrease
or increase cons:derably as a result of gall formation

on leaves of Rivea™.

In linear or strap-shaped leaves, especially those
with parallel venation, the stomata tend to be orientated
paralle] to the longitudinal axis of the leaf, However,
in the leaves of Cycadeoidales, stems and scale leaves
of Casuaring™, leaves of some species of Portulaca™
and some others®?, they are transversely oriented, with

their pores at right angles 1o the long axis of the organ,

The convex side of the guard cells is usually almost
semicircular but in some species of Selaginella, Salvinia
and Azolla, etc., it is irregular or three or four sided
(Fig. 1 D). In Penaeca myrtojides and Sarcocolla fucata
(Fig. 1 E) peg-like projections extend into the cavities
of the cells adjoining the stomata*®, The lateral walls
of guard cells in some Cycads™?¢ and Phylloglossunm®
show small, spine-like outgrowlths.

In Escallonin discolor and E. resinosa, lhe accessory
cells which form a ring around the guard cells are
rrominently horned and the circle of horns overlaps
the guard cells®,

Scrence

Stomata are either flush with the gencral surface
of the {eaf or sunken to various degrees beJow over-
Japping epidermal cells. Sometimes they may be
placed in spec’alized pits. In some Celastraceae’?,
Plutanus kervied and others, the surrounding cells of
the stomata creep under the guard cells, which are,
therefore, slightly raised (Fig. 1 F), On the revolute
leaf margins of Escallonia polifolia, the stomata present
on the incurving portions of the lamina are raised above
the leaf surface at various angles®® probably due to
mechan’cal stress or drying,

Gertz1*-22 wezs perkaps one of the earliest authors
to report a number of aberrant stomata in leaves of
Avena, Cucurbjta, Luffa, Phaseolus and Secale. His
observations were, however, on plants grown uncer
conlrolled conditions of moisture, temperature and
ligh t.

According to Ahmad® and Kannabiran®, stomatal
abnormelities are usually absent or very rare in young
end developing leaves, but their frequency increzses
as the leaf matures. My own observations confirm
this statement, In Clerodendrum phlomnidis® gbnormal
stomata are reportedly as frequent as normal stomata
on the Jower epidermis.

TYPES OF ABNORMAL STOMATA

Ahwmarmal, shomata may he ¢lassified nto the fallow-
ing groups, although intermediate and intergrading
types are also present.

1. Contiguous stemata

These have been reported from a large number of
plants, They are usually developed from two or more
stomatal meristemoids lying adjacent to each other.

Shah and Gopal*t:8® have described their formation
by a melthod which they have termed as budding
(Fig. 1 G-1I). According to these authors, in Lathyrus
sativus, one of the guard cells gives out a protuberance
towards one or both ends, The nucleus of the guard
cell divides and cne of the daughter nu:lei moves
into the bud, The bud gets cut off from the guard
cell and behaves as an independent stomatal imtial
forming a stoma which is contigucus to the parent
stoma. This pecul’ar method cf contiguous stomata
formation has not been described elsewhere.

In Asparagus??, often the guard cells of the nearby
stomata show protuberances which extend and meet
each other and the two stomata become contigucus.

Neubauer and Apandi®® were successful in inducing
the formation of contiguous stomata in seeds of
Bauhinia by jrradiation and Jain and Mukherjee®
by treatment with Morphactin, Raman and Devadas’®
have reported formation of contiguous stomata in

Rivea, due to the formation of galls by Asphondylia
rivege,
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Fig. 1, Unusual and abprormal stomata in plants (diagrammatic). A, Stoma with two pofes;
B, Stomata arranged in groups; C, Giant stoma—compare with normal sized stoma of the same leaf; 1, Guard
cells with irregular convex sides; E, Stoma showing peg-like projcctions extending into cavities of adjucent cells;
F, Stoma with raised guard cells and subsidiary cells lying below them; G, H, [, Stages in the developtent of cons
liguous stomata by budding; J, Side to side contirgous stomata: K, Three-celled stomatal twins with two pores
and three guard cells; L, Pole to pole contliguous stomata,
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Zimmermann and Schwegler® have reported the
sccurrence of ag many as seven contiguous stomata
in Pulsatifla albana and Abbott! has also recorded a
remarkable ageregation of numerows contiguous
stomala in Annularia srellara, A similar aggregation of
upto 6 stomata was reportedly formed due to treat-
ment with Niagara (Ethyl hydrogen I- Propyl Phos-
phonate)t. Stomatal contiguity may be of the fcllow-
ing types:

(@) Side to side (lateral contiguity ; Juxtaposed stomata),

When two or more adjacent stomata touch each
other on the sides (Fig. 1J). Examples® : Gretum*’»*
Phvla nodiflora®, Selaginella helferi®®, Ranunculaceae®,
Piperaceae™®, Araceae®®, Elueodendron glaucum®s?,
Magnoliaceae®, Scoevola frutescens™, Gentianaceae®,
Equisetum ramosissimum®®, Caryophyllaceae®, Nyctagi-
naceae’’, Fabaceae®, Crotalaria®®, Verbenaceae®,
Ophioglossum sp.%8,  Amaryllidaceae™,  Twmesipleris
tannensis®, Polygomem glabrunt®, Argemonet, Laurus
abehasicaV, Micrococea mercurialis™, Amaranthus®® and
Bignoniaceae™,

In Michelia fuscata®, besides laterally contiguous
stomata with a total of four guard cells, there are also
a few three-celled twins where a central common guard
cell intervenes between two pores and two guard cells
(Fig. 1 K). A similar stoma is figured in Lycopersicon
esculentum after treatment with morphactin®,

(b)) Pole to pole (Polar contiguity; Superimposed
stomata)

Where the contiguous stomata touch each other at
the polar ends (Fig. 1L). These are less frequent
than laterally contiguous stomata,

Examples :
Isvetes panchanani®, Ranunculaceae®™, Zamioculcas®®,

Canscora decussata®, Oplioglossum nudicaule’®, Payilio-
naceaetl,’2  pedicel epidermus of Crinum bulbisper-
mumtt, Cratoxylem”, spikes of Ophioglossum sp.*,
Tmesipteris tannersis®, Argemone't, Amaranthus®,

(¢) Intermediate types

In some cases an intermediate type of contiguity
also exists, the polar end of a sfoma being contiguous
with the side of another stoma (Fig. 2 A). These,
though not pointed out as such by the authors, have
been represented in drawings or photographs in the
following : Ephedra®™, Mussaenda, frondesa™, Crota-
laria®®, Ophioglossum  gramineum®,  Araliaceae®?,
Asparagus®®, Polygonum glabrum®, Micrococca mercu-
rialis™ and Bignoniaceae®,

Sometimes the two contiguous stomata may neither
be wholly parallel nor precisely at right angles, but at
various other angles to each other, e.g., Gretum®,
Amaranthus®, Bignoniaceae™ and others,

* Examples are given in chronological order through-
out,
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2. Siomata connected by cytoplasmic strandy

Gopal and Shah?? have reported the presence of
peculiar cytoplasmic strands between guard cells of
nearby stomata in four species of Asparagus (Fig., 2 B),
Upto four stomata may thus be connected by such
cytoplasmic strands, According to these authors,
the strands are extensions of cytoplasm of the guard
cells through pits present in their walls. Similar
connections have also been reported in Amarylis,
Crinum asiaticam and Pancratium by Shah and Gopal*
but in these cases the authors are not sure whether
they are cytoplasmic or not. Rao and Raju™ and
Yunus ef al®® have also reported cytoplasmic connec-
tions between adjacent stomata in 3 species of Euphor-
biaceae and Amaranthus respectively and between
guard cells and adjacent epidermal cells in Euphorbia

milli,
3. Stomata with unequal guard cells

In Asparagus, Gopal and Shah®?* have figured a
stoma with one guard cell larger on one side of the
pore and the other extending towards the opposite
side (Fig. 2 C). Stomata with one guard cell smaller
than the other (Fig. 2 D) have been reported in some

Araceaess,

4, Stomata where one or both the guard cells are like
subsidiary cells (Fig, 2 F)

Examples can be seem in leaf epidermises of Cucurbi-
taceae, Convolvulaceae and Piperaceae’-5%,

5. Sromata with single guard cells

Stomata with single guard cells are formed (i) due
to the failure ¢f the guard ell mother cell tc divide
further and its direct conversion into a single guard
cell. In such cases there is usually no pore formation
(Fig. 2 F):

(i1) due to the degeneration of one of the guard
cells. Such stomata have a pore and also show degene-
rated remnants of the lost guard cell (Fig, 2 G).

Stomata with single guard cell have been reported
in Begonia aridicaulis'®, Solanaceae®, Phyla nodiflora™,
other Verbenaceae®®, Convolvulaceae®®, Cucurbitaceae™,
Piperaceae®, Araceae®™, Cruciferae’’, Oleaceae®,
Nyctaginaceae?® Caryopbhyllaceae?”, Malvaceae and
Bombacaceae®', Araliaceae®?, Polygonales and Centro-
spermae®®, some Eusporangiate ferns®, Ophioglossum
sp.,2" Kalanchoe sp.®%, Clerodendrum®, Micrococca
mercurialis®®, Amaranthus®® and Bignonizceae™,

Kropfitsch®® found that by treating leaves with ultra-
violet radiation, stomata with single guard cells could
be induced to form. Similarly Paliwal ef al.*! were
successful in inducing such stomata by trecatment
with Niagara, According to Ahmad® in Brunfelsia
americana and Withania somnifera * they are often as
frequent as normal stomata’’,
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Fig, 2. Unusual and abnormal stomata in plants (diagrammatic). A, Contiguous stomata where the pole
of one is contiguous with the side of the other; B, Stomata connected by cytoplasmic strands; C, Stoma with ong
guard cell larger on one side and the other extending towards the other side: D, Stoma with one guard cell smaller
than the other; E, Stoma with one guard cell like subsidary cell; F, Stoma with a single guard cell and no pore
G, Stoma with a single guard cell and pore; H, Pore with degencrated remnanis of guard cells; 1, Por:::bt:tweeu
ordinary epidermal cclls; J, Depenerated stoma; K, Degenerated stoma with the pore surrounded by thick-wallad
epidermal cells; L, Stoma with one guard cell divided into threo,
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6 Sromara wiffput grmrd cell

These may bz formad by the degeneration of both
the guard celly (Fag. 2H) or by the formation of a
pore hetwean two or nore ordiary epidermal cells
{Fig. 21). In the later cawe, the pores are not stomaia
in the strict sense. Pores without the accompanying
euard cclls have been reported Inm  Sclanaceae?,
Ruhaze1c™® Piperaceic®, Araceae®d, Magnoliaceae®,
Cruciferae™, Oleiccae™®, Nyctiginace1e®, Tmesip-

teriv®  Thunhereia alatg and T. fragrans®,

7. Degenerated stomata

Stom1ta in various stages of degeneration and show-
ing shrivelled guard cells (Fig. 2 J) have been reported
in Cucurbitaceie™, Rubiaceae™, Araceae®, Apocy-
naceae’, subfamily Nelsonioideae of Acanthaceaet,
Thunbergi i*, Clerodendrun®, Celastraceae and Convol-
vulaceae®, Micrococea mercuriaiis®, Casuarina™, and
Gnetum sp.*2.

According to Pant and Kidwai®®, 1n some Araceae,
even the surrounding cells become disorganised and
the mesophyll cells become exposed, The ep:dermal
cells bounding these wide openings become somewhat
thickened {Fig. 2 K).

According to Gupta et al.*®, in Nelumbo nucifera
the young leaves show well organized stomata on both
surfaces. However, at a later stage, almost all the
stomata of the lower surface degenerate. The guard
cells show irresularly thickened walls, disintegrated
nuclei and highly vacuolated cytoplasm which lead to
the degeneration and finally the complete disappearance
of the stomata,

Degeneration of guard cells, following treatment by
external factors such as radiation® and by wounding
of mature leaves's has also been reported.

8. Occluded stomaia

Fischer!® has described the frequent occlusion of the
stomatal pores by outgrowihs from the puard cells
and from cells of the subjacent tissue, tn fruits of a
number of species.

In the Pandanaceae, Tomlinson® reporfed stomata
which stain intensively with safranin. Such stomsta
become occluded by resinous or tanniferous material
which plugs the stomatal pores, Subseguently the
guard cells die and their back walls collapse against
the front walls. The substomatal, hypadermal celis
put out tylose-like structures which fill up the sub-
stomatal chamber. Later these protuberances may
become thick-walled and lignified, This, according
to the author seems to be an antitranspiratiocn device.

9. Sromata with divided guard cells

These are reported in Carya aquatica, Cucurbiia
pepo and Populus pyramidigles® and in Alocasia®®. 1In
Alocasia, such stomata have one normal guard cell
while the other, seems to have been partitioned inta
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three (Fig. 2L). Somctimes the pore is surrounded
by 3 cells formed by thz division of one of the guard

Fig. 3, Unusual and abnormal stomata in plants
(diagramatic). A. Pore surrounded by three cells
formed by division of guard cells, B, Subdivisionl
of guard cells by longitudinal walls, each forming a
pore. C. Subdivision of guard cells in different
directions, some segments forming miniature stomata
D, E, F, Arrested stomata showing anomocyt'c, aniso-
cytic and diacytic arrangements of subsidiary celis,

In the stomata, berne by the connective of Momeordica
charantia (Cucurbitaceae), a number of bizarre struc-
tures are seen. The abnormality is due to an unusunal
proliferation of the guard cells and their irregular
arrangements’, The guard cells subdivide several
times, in longitudinal (Fig. 3 B) and cther directions
to give rise to a cluster of guard cells usually with
pores between them. In the extreme formations of
this type, the guard cells become irrecongnisable.
The guard cells may sometimes prol.ferate into small
sized stomata through their subdivision acrcss the
guard cells and give rise to mintature stomata (Fig. 3 C).
Formation of minlature stomata 1s also recorded in
the lower leaf epidermis of Scaevola frutescens™,
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10, Arresied stomala

Gertz1#-21 was probably the first (0 notice * persis-
tent stomatal initials” in var.ous plants, particularly
those associated with galls of fungal and insect etiology.

Subsequently, they were reported from a large
number of plants. Weber®, Tonzig and Oti-
Candela®?, Weisenbock®’, Krophitsch*s%, and Neubauer
and Apandi® were successful in inducing such cells
by various experimental proceedures and Paliwal
et al® by treatment with Niagara. Kenda and Weber®
reported their presence in green leaf-like corolla
members of Verbascum blattaria and Brat and Weber!®
observed them on the petals of Nymphaea zanzibariensis,
Dehnel’® reported them from leaves of Begonia aridi-
caulis and described such a structure as “ essentially
a circular ce!l with chloroplasts and a wall of uniform
thickness'., Because of the shape and arrangement of
the three cells adjacent to ta¢ persistent stomatal
initial, he suggested that it may bave developed from
a normal stomatal initial after it had formed subsidiary
cells, the final division of the guard cell mother cell
into the two guard cells being eliminated, Ahmed??
has reported their presence in Cesfrum, Pant and
Kidwai®® have also recorded them in Phyla nodiflora
and have named them *¢ arrested stomata >>, They bave
suggested that “the arrested structurgs are possibly
laggards in the last generation of the meristemoid
whose development was prematurely cut short by the
maturation of the leaf ”,

In support of their view that such groups of cells
are indeed °*¢arrested stomata”, Pant and Kidwai%®
have brought forth evidonce to which additional
support can now be extended :—

(i) The arrangement of the cells in the group re-
sembles various developing stages of stomata,

(if) The reported presence of chloroplasts (other-
wise normally present only in the guard cells of the
epidermis) in such epidermal cells of Begonia aridi-
caulis’®,  Cestrum  purpurascens*,  Rhaphidiophora
calophylium®?® and Ophioglossum sp.®® confirms that
even when the guard cell mother cell fails to divide
and forms the two guard cells, 1t retains the potentia-
lity of forming chloroplasts. As chloropliastsin arrested
stomata are nof reported in other cases, the present
author feels that even this capabilify is lost in mgst
of the other plants,

(iii) The cells in these groups are otherwise: like
ordinary epidermal ¢clls,

(iv) The groups ar¢ found ian the epidermis of
mature Icaves which do not show any devcloping
stages of stomala,

Pani®%.% has reviewed their prescnce in a number
of living as well as fossil plants and has pointed out
that these groups of ¢ells form important or * indelible ™
clues to the mode of stomatal development as they

Curr Sci—3
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simulate various developmental stages of stomata
(Fig. 3 D-F). Their presence has been reported in
widely diverse taxa like Convolvulaceae®™, Curcurbi-
taceae®, Piperaceae’®, Magnoliaceas’, Celastraceae®?
Araceae®®, Cruciferae®®, Caryophyllaceae®s, Gentian-
aceae’s, Polygonales and Centrospermae®, Ophio-
glossum sp.3°, Asparagus®?, Papavaraceae'* and Micro-
cocca mercirialis®.

DiIsCUssION

It is clear that wunusual or abnormal stomata
are formed in a large number of plants — pterido-
phytes, gymnosperms, monocotyledons and dicoty-
ledons. Phylogenetically, they may be of no signi-
ficance but morphologically they are important and
should be noted and recorded by workers undertaking
epidermal studies. Occurrence of abnormal stomata
further emphasizes the need to determine the ful
range of stomatal variations 1mn plants chosen for
experimental purposes.

As pointed out by Ahmad?3, Kannabiran® and
also from my own studies, the striking feature of
stomatal abnormalities is that they are almost absent
or very rare on young leaves and are found only on
mature leaves. As is well known, most planfs with
wide Jeaves show stomatal development of the mixed
type and successive generations of stomatal meriste-
moids are formed between older ones in consecutive
waves, It is likely that the last generation forms such
abnormalities because the different’ation is (p. 481),
“cut short in infancy by the over-powering tide of fe>f
maturation ™ (Pant®® —on arrested stomata), Again,
the factors responsible for their proper differentation,
e.g., enzymes, growth substances, etc., may be with-
drawn or replaced by factors favouring leaf matva-
tion. The interaction of these two sets of opposing
factors and the urgency on the part of the initials to
complete their differentiation may be responsible for
producing such abnormalities like arrested stomata
(‘“ persistent stomatal initials™ of Dehnel?®) apd
stomata with single guard cells (without pores).

According to Bunning'®,'® ecach developing stoma
i3 surrounded by an inhibitory zone, wh'ch inhibits
other cells within a certain range from turning into
meristemoids and giving rise to new stomata. With
the onset of leaf maturation, the opposing causes
may be removed, resulring in the formation of conti-
guous stomata.

Stomata showing shrivelled or degenerated remding
of onc or both guard cells may be formed sccondarily
duc to the degencration of the guard cells, with the
stoma being represented by cither only the pore or,
the pore with a single guard cell.

According to Rao and Ranuyya™ stomatal abaorma.
lities in general may arise (p, 357) ** due to & momentary
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disturbance mn the factors controliing the normal
stomatal dewelopment™,. If such were the case,
abnormilities should be egually frequent in younger
leiaves as the disturadnces could occur at any moment
in iime and not necessarily on the verge of the maturation
of the leaf, [n my view, therefore, in reticulate-veined,
dorsiventral Ieaves, abnnhrmal stomata are normally
produced by the last generation of meristemoids.
However, the view of Rao and Ramayya®™ may still
hold good in cases where abnormal stomata are pro-
duced as a result of exposure to injury, chemicals,
pathogzsns, radiation, et¢., or where they are present
on young organs also.

The frequent presence of abnormal stomata on
reproductive organs of flowers, on submerged leaves
or on the Jower surface of floating leaves shows that
they replace normal stomata, as the latter are in eny
case not required by such organs. This supports the
idea of Porsch™ that stomata when once acquired
become hereditarify associated with the plant organ,
irrespective of their utility. When present on such
organs, stomata are frequently modified (Jarger guard
cells and permanently open pores) to adopt to func-
tions other than transpiration, e.g., as hydathodes or
as outlets for secretions of nectaries and glands.

The formation of stomata with a single guard cell,
degenerated guard cells or occluded pores seem to be
an antitranspitation device,
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