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Abstract. Paracytic, emisoeytio, emomocytic, transitional forms, tetraeytio, cycloeytie stomata 
and partly and completely amphieyelic forms are found, often on the same surface, in nine 
combinations. The most frequent type is paralytic. A few morphological variations in the basic 
types and eight types of abnormalities in stomata are recorded. The stomatal ontogeny may be 
mesogenons, mesoperigenous or perigenons. Trichomes ave multieellular glandular club.shaped 
and unicellular eglandular. The taxonomic signifieanoe of stomata is indicated. 

The structure and ontogeny of stomata are studied on the stem, leaflets, 
rachises, stipules and sepals in 19 species of Caesalpiniaceae belonging to the 
genera Bauhinia, Caesalpinia, Cassia, Delonix, Peltophorum, Saraca and 
Tamarindus (SHAH and GOPAL 1971) but such studies on the pericarp are 
very meagre. In Cassia occider~talis stomata on pericarps are paracytie 
(OKPON 1969) or paracytic and anomocytic together with contiguous stomata 
and stomata with one guard cell as abnormalities and multicellular glandular 
and unicellular, tubereled, eglandular trichomcs (PATEL et al. 1976). These 
studies lack much of the desired information on the range of diversity and 
detailed ontogeny of stomatal types and their taxonomic significance. In 
the present paper, therefore, the observations on the structure and ontogeny 
of stomata and trichomes on the developing and mature pericarps of C. 
occidentalis are recorded as supplementary, new data. 

MATERIAL AND METHODS 

Pods of various sizes of Cassia occidentalis were collected from plants 
growing locally as weeds. The ovaries and pods cut in pieces of suitable size 
were fixed in formalin-acetic acid-ethanol. They were microtomed (10 ~m 
r and the sections stained with safranin-fast green combination 
were made permanent in the usual way. The epidermal peels from the apical, 
basal, middle and marginal regions of the fresh pericarps of the developing 
and mature pods were stained with Delafield's hematoxylin and mounted 
in glycerine. 

The stomatal and trichome indices, stomatal, trichome and epidermal 
densities/ram 2, average length • breadth of guard cells, pores and epidermal 

Received October 11, 1978; accepted February 27, 1979 

321 



322 P.K.R.  REDDY, G. L. SHAH 

cells and relative frequency [%] of different types of s tomata  are tabulated 
for ready reference. They are calculated from camera lucida drawings of five 
peels of different pods in each group at a uniform magnification, whereas the 
s tomata l  and t r ichome indices are calculated by SALISBURY'S (1927) method.  
For  the purpose of counting the relative frequency of different s tomatal  
types,  the basic types fitting with the terminology and description of 
mature  s tomata  by METCAL~E and CI~ALK (1950), METCALFE (1961), PAI~T 
and BANERJI (1965), STACE (1965) and SI~AI~ and KOTHARI (1975) are con- 
sidered. The ontogenetie terms--per igenous,  mesogenous and mesoperigenous 
(PA~T 1965) are used in the tex t  as they are easy to follow. The different 
s tomatal  types are labelled in figures for the perusal of readers. 

The pods are divided into three categories, 1--2 cm long, 3--6  cm long and 
7--12.5 cm long including dehiscent pods. They are designated in the table 
as young,  matur ing and mature  pods, respectively. 

RESULTS AND DISCUSSION 

Epidermal  cells may  be rectangular,  polygonal and isodiametric or vari- 
ously elongated with straight, anticlinal walls. S tomata  are oriented through-  
out the surface irregularly (Figs. 1, 3, 11, 15) or in the  same direction (Fig. 5). 
As can be judged from the da ta  on s tomatal  indices, s tomata  are few on 
margins, the largest number  in the  middle region and almost an equal 
number  in basal and apical regions or more in the former than  in the lat ter  
region. The s tomatal  and epidermal cell densities are highest in all 
regions of the young pods. On the other hand the number  and density of 
t r ichomes and the mean epidermal cell sizes are highest in different regions 
of the matur ing pods. But  the  average guard cell and pore sizes are higher 
in the apical regions than  those in the margins of matur ing pods where the 
pores are longest (Table 1). 

F rom Table 1 it will also be seen t h a t  s tomata  are paracytic (PA), aniso- 
cytic (A), anomocytic  (An), haplocytie (H), transit ional forms between 
paraeytie  and diaeytic (Tr), te tracyt ic  (T) and cyelocytie (C), different types 
often occurring side by side in different combinations (cf. Figs. 1, 3, 5, 10, 
11, 15). There are nine combinations,  two with six types  (Figs. 1--2,3--4) ,  
one with five types (Figs. 5--10), three with four types (Figs. 11--13 and 
14--16, 27--29, 30--32), two with three types (Figs. 33--35, 36--38) and 
one with two types (Figs. 39--40). The most  frequent  type  is PA (cf. Figs. 
1, 3, 5, 11, 32, 36) except on the margin of matur ing pericarps where An, H 
and T are in equal proportions (see Figs. 33, 35). Other types are less frequent,  
though  A, An and Tr consti tute a higher percentage in some cases. 

A few morphological variations affecting the basic types  are produced as 
follows: (i) A wall formation takes place in one or all subsidiary cells of PA, 
Tr, A or H (Figs. 7, 10, 33, 41, 43, 48), some of such forms resembling an A 
(Figs. 42, 44, 47) or An type  (Figs. 15, 51). The wall formation is observed 
even during the  ontogenetic stages (Fig. 26). (ii) The neighbouring perigenes 
assume the form of subsidiary cells. Such s tomata  may  be (a) par t ly  amp.in- 
cyclic PA (Figs. 52, 60) or A (Figs. 12, 49) or I-I and PA with an outer m- 
complete C ring (Figs. 33, 54) or (b) completely amphicyclic, the  inner ring 
of subsidiary cells surrounded by an outer ring of subsidiary cells. The dif- 
ferent forms of such s tomata  are (1) inner Tr with an outer A (Fig. 14), 
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PA (Fig. 45) or C (Fig. 46), (2) inner PA and outer PA (Fig. 32) or C (Fig. 38), 
(3) inner A and outer PA (cf. Fig. 15), (4) inner T and outer C (Fig. 56) rings 
and (5) both rings are C (Figs. 13, 55). (iii) At times both the processes 
operate simultaneously in the same stoma (Figs. 50, 53; also cf. Fig. 33). 

Abnormalities are (i) stomata with unequal guard cells (Figs. 1, 8, 17, 
44, 60), (ii) subsidiary cell-like guard cells (Fig. 9), (iii) obliquely oriented 
guard cells (Fig. 10), (iv) one guard cell (Fig. 7, 50, 57, 58, 61), (v) without 

Figs.  1 - -2 ,  3 - - 4 ,  5 - -10 ,  11 - -13 ,  14 - -16  - -  ep ide rmal  peels  f r om different  reg ions  of  y o u n g  
(middle ,  apical) ,  m a t u r e  (apical), y o u n g  (marginal)  a n d  m a t u r e  (marg ina l )pe r i ca rps ,  respect ive ly .  
Figs .  1 7 - - 2 6  - -  on togene t i e  s t ages  f r om m a t u r e  (middle) per iearp.  (M --  m e r i s t e m o i d ;  SM --  
sma l l  cell; $I  a n d  $2 - -  subs id i a ry  cells; SC --  smal l  cent ra l  cell; GC --  g u a r d  cells; P --  peri- 
genes) .  
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guard cells (Fig. 62), (vi) degenerating guard cells, (vii) variously oriented 
contiguous stomata of equal or unequal sizes (Figs. 63, 64) and (viii) wavy 
outer walls of one or both guard cells (Figs. 28, 54, 59, 60, 61). 

A detailed ontogeny (Figs. 17--26) of different types of stomata confirms 
the descriptions given by 8 ~  and GoPAL (1971). An, C and T are perigenous. 
Most of the PA and Tr are mesogenous but a few are mesoperigenous. Rarely 
a few T are tetramesoperigenous since two polar" subsidiary cells are per- 
igenous and lateral mesogenous (cf. Fig. 35). Since most of the A and a few 
An or T are secondarily derived from mesogenous or mesoperigenous P or 

F~GS ~7 -  d /~ 
�9 6 - . 9 ~ , 5 1 . 6 d l  FIGS h 5 .  5 0  

Figs. 27--29,  30--32,  33--35,  36--38,  39--40 -- epidermal peels f rom different regions of 
ma tu r e  (middle, basal) and  m a t u r i ng  (margin,  middle, basal) pericarps,  respectively. --  Figs. 
41- -64  --  s t oma ta  as seen in epidermal peels of  m a t u r e  pericarps.  --  Figs. 41 - -56 -- an  increase 
in the  n u m b e r  of  subsidiary cells (for details see text) .  --  Figs. 57, 58, ~1 -- s tomat~  wi th  o n e  

guard  cell. --  Figs. 59, 60 --  s t om a t a  wi th  w a v y  guard  cells. - -  Fig. 62 -- a s tomat ic  pore. --  
Figs. 63, 64 -- jux taposed  and  obliquely oriented cont iguous s tomata ,  respectively. 
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Tr by wall formation, their ontogeny is also considered similar to the types 
from which they are derived. Contiguous stomata may be the result of two 
meristemoids simultaneously developing into stomata (Fig. 19) or a mer- 
istemoid, cut off contiguously to a mature stoma, develops into a stoma 
(cf. Fig. 3). 

Figs .  6 5 - - 7 0  --  on togenc t i ca l  s tages  l ead ing  to  a fu l ly  o rgan i sed  g l a n d u l a r  t r i chome.  --  Fig.  71 --  
a b r a n c h e d  g l a n d u l a r  t r i chome.  --  Figs .  72 - -75  --  on togene t i ca l  s tages  of  a n  eg l andu la r  t r ichome.  
--  Figs .  76 - -79  --  shapes  of  e g l a n d u l a r  t r ichomes .  

Triehomes are glandular and eglandular on ovaries but only the latter 
type is observed on pericarp. A glandular trichome initial with a large nucleus 
and dense cytoplasm (Fig. 65) undergoes several periclinal and artticlinal 
divisions to form a club-shaped multicellular hair (Figs. 67--70). At times 
two adjacent initials (Fig. 66) simultaneously develop into such glandular 
trichomes which ultimately are branched (Fig. 71). The cells of the glandular 
trichomes retain their cytoplasm and nuclei. Eglandular trichome initial is 
similar to the glandular trichome initial (Fig. 72) but as it increases in size, 
it loses the contents gradually and finally is enucleate (Figs. 73--75). A fully 
developed eglandular trichome is unicellular, conical (Figs. 77, 79) or 
cylindric (Figs. 76, 78) in shape, being straight (Fig. 79), curved (Fig. 78) 
or hooked (Fig. 77), with distinct cuticular striation. 

The supplementary data to that  already published on the stomata in 
C. occidentalis are (i) Tr, T and C stomata, (ii) various types of partly and 
completely amphicyclic stomata, (iii) the different ways in which variations 
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in  t he  bas ic  m o r p h o l o g y  of  a s t o m a  are  b r o u g h t  a b o u t  a n d  (iv) s eve ra l  
a b n o r m a l i t i e s .  T h e  u n i f o r m  p a t t e r n s  of  o n t o g e n y  for d i f f e r e n t  t y p e s  of  
s t o m a t a  o n  d i f f e r en t  o r g a n s  ( S ~ i g  a n d  GOPAL 1971) a n d  p e r i e a r p s  also 
s u p p o r t  t h e  v i ew  of  STEBBINS a n d  KHUSK (1961). I n  sp i t e  o f  d i v e r s i t y ,  t h e  
p r e v a l e n c e  of  p a r a c y t i c  s t o m a t a  o n  d i f f e r e n t  o r g a n s  a d d s  a p o i n t  o f  t a x o -  
n o m i c a l  s igni f icance .  T h e  d i v e r s i t y  i n  s t o m a t a l  t y p e s  is d u e  to  t h e  c a p a c i t y  
of  t he  s t o m a t a l  i n i t i a l s  t o  r e t a i n  t h e i r  m e r i s t e m a t i c  a c t i v i t y  b u t  t h e  e x a c t  
cause  of  t h e i r  d i f f e r en t i a l  a c t i v i t y  is n o t  k n o w n .  INAMDAR et  a l .  (1974) a n d  
GANGADHARA a n d  INAMDAR (1975) a t t r i b u t e  s t o m a t a l  a b n o r m a l i t i e s  to  t h e  
a c t i o n  of  g r o w t h  r e g u l a t o r s  b u t  i n  p e r i c a r p s  t h e y  are  f o u n d  u n d e r  n a t u r a l  
cond i t i ons .  T h e y  a re  d u e  to  i r r e g u l a r i t y  or o m i s s i o n  of  c e r t a i n  o n t o g e n e t i c  
s tages .  T h e  e x a c t  cause  of  such  o m i s s i o n  or i r r e g u l a r i t y  is n o t  k n o w n .  T h e  
d a t a ,  the re fore ,  h a v e  to  be  ca re fu l l y  c o n s i d e r e d  w h e n  t a x o n o m i c  s ign i f icance  
of  s t o m a t a  is assessed.  T h e  o c c u r r e n c e  of  s u p e r p o s e d  c o n t i g u o u s  s t o m a t a  i n  
C .  o c c i d e n t a l i s  (PAT~.L et  a l .  1976) is n o t  c o n f i r m e d  b y  th i s  s t u d y .  I n  fac t ,  t h e  
f igures  24 a n d  29 of  t he se  a u t h o r s ,  b e y o n d  d o u b t ,  d e p i c t  j u x t a p o s e d  con-  
t i g u o u s  s t o m a t a .  

Our  o b s e r v a t i o n s  o n  t r i c h o m e s  are  a t  v a r i a n c e  w i t h  those  of  PATEL et a~. 
(1976) on  t h r e e  c o u n t s :  (i) G l a n d u l a r  t r i c h o m e s  are  f o u n d  i n  ova r i e s  on ly .  
(ii) B r a n c h e d  g l a n d u l a r  t r i e h o m e  a n d  i ts  o n t o g e n y  are  n o t  d e s c r i b e d  b y  
t he se  a u t h o r s .  (iii) V a r i o u s  t y p e s  of  e g l a n d u l a r  t r i c h o m e s  are  also n o t  
r e p o r t e d  b y  t h e m .  
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