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ORGANOGRAPHIC VARIABILITY OF STOMATAL 

CHARACTERS IN HEVEA BRASILIENSIS MUELL. ARG. AND  
ITS POSSIBLE SIGNIFICANCE IN CLONAL SUSCEPTIBILITY 

TO LEAF FALL DISEASE,
B y

D. P r e m a k u m a r i  a n d  a . O. N. P a n i k k a r  
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a b s t r a c t

D e n s ity  o f  s to m a ta  on  l e a f  b la d e  a n d  p e tio le  a s  w e ll a s th e  a p ertu re  s ize  o f  th e  s to m a ta  
on p e tio le , l e a f  b lad e  ̂  vein a n d  f r u i t  w a ll h ave  been  s tu d ie d  in s i x  c lones o/Hevea brasiliensis 
o f  w h ich  th ree  w ere  su scep tib le  a n d  th e  o th e r  th ree  w ere so m e w h a t to lera n t to  a b n o rm a l 
l e a f  f a l l  d isease. T h e  s tu d y  r e v e a k d  th a t a  f e w  s to m a ta  a re  p re se n t on  th e  ep id erm is  o f  
petio les^ ve in s, a n d  f r u i t  w a ll b u t th e  s to m a ta l d en s ity  is  v e ry  lo w  co m p a red  to  th a t in th e  
vein less p o r tio n  o f  th e  l e a f  b lade. T h e  a p ertu re  len g th  a n d  a p ertu re  w id th  o f  p e tio la r  a n d  
ve in a l s to m a ta  w ere s ig n ific a n tly  h ig h  c o m p a red  to  th o se  o f  th e  s to m a ta  on  th e  l e a f  b lade. 
T h ere  w as a  s ig n ifica n t p o s itiv e  correla tion  betw een  th e  a p ertu re  len g th  o f  p e tio la r  s to m a ta  
a n d  th a t o f  ve in a l s to m a ta . T h e  a p e rtu re  len g th  o f  f r u i t  w a ll s to m a ta  w as com parab le  to  
th a t o f  p e tio la r  s to m a tay  b u t w a s m o re  w ide open . I t  a p p ea re d  th a t th e  o rganographic  
v a ria b ility  o f  s to m a ta l cha ra cters h a ve  a n  in flu en ce  on  th e  organographic  s p e c i f ic i ty  o f  l e a f  
f a l l  d isea se  in fec tio n . I t  a lso  a p p ea red  th a t the  a p ertu re  in d e x  o f  p e tio la r  s to m a ta  w a s in  
so m e w a y  re la te d  to  th e  c lo n a l su sc e p tib ili ty  to  a b n o rm a l l e a f  f a l l  d isease.

\

I N T R O D U C T I O N

A review of stomatal studies in different species reveal a range of structural, func­
tional or ontogenetic variations of the stomata of the leaf laminae. The nature and den­
sity of stomata in H e v e a  b ra siliensis  have also been studied (Bobilioff, 1923 ; Chen e t a h ,  
1981 ; Panikkar, 1974 ; Senanayake e t  a l ., 1970). Attempts to study the entire stomati- 
ferous area of a plant, however, are very rare. Nevertheless such investigations will 
yield useful information on the nature and extent of variation of the stomata of the different 
stomatiferous parts as well as their functional significance. This piece of investigation 
has been attempted with a view to ascertaining the nature of the stomata on the leaf blade, 
vein, petiole and fruit wall of H ev ea  b rasiliensis and also their probable significancc'in 
relation to abnormal leaf fall disease.

M A T E R IA L S  A N D  M E T H O D S

The studies were conducted on six clones of H ev ea  b ra siliensis namely, RRII 101, 
R R II102, RRII 105, RRII 106, PR 107 and Tjir 1, planted in 1966 in a single tree single 
plot clone trial with forty replications. Three trees were selected randomly from each 
clone. Three leaves at random positions on the tree were collected from each. All the 
leaves collected belonged to comparable nodal positions on the twig. Fruits were collected 
as available. The sample collections were made when the trees were 15 years of 
age. Leaf bits were taken out from the middle portion of the central leaflets and peelings 
of the lower epidermis were prepared. Samples of the petioles were taken 2 cm away 
from the node and epidermal peelings of the abaxial half were taken. Epidermal peelings



of the fruits were also taken. Standard methodology (Purvis e t. a l ,  1966) was followed 
for the preparation of the peelings and for the staining.

Density of stomata per 1 min^ of the leaf blade and fruit wall and 10 mm* of the 
pstiole was assessed. Length and width of the stomatal aperture were also measured, 
The aperture index of leaf blade and petiolar stomata have been worked out for which 
density per 1 mm  ̂ was used in both cases. The data were statistically analysed, except 
for the stomata on the fruit wall.

Field observations were made on the clonal response to abnormal leaf fall disease 
under normal prophylactic conditions during 3 years.

R E S U L T S  A N D  D I S C U S S I O N

Stomata were present on the petiole, vein and fruit wall although their number wai 
very low compared to that on the leaf blade. The stomatal density in the petiole and 
leaf blade in different clones under study are given in Table 1. In the leaf blade, stomatal 
density varied from 297 0 to 348 3 in an area of 1 mm .̂ The range of stomatal density 
in H e v e a  b ra siliensis  as reported by Senanayake e t  a l ,, (1970) on the leaf blade is com­
parable to this observation. In the petiole the range was only 3.00 to 5.25 in 10 mm*.

Table 1. C lo n a l d iffe ren ces  in th e  d en s ity  o f  l e a f  b lad e  a n d  p e tio la r  s to m a ta

Stomatal density
Clones Leaf blade Petiole

(in a unit area of 1 m m ^ ) (in a unit area of 10 m m * )

RRII 101 297 00 +  13 60 3 00 -f- 0 67
RRII J02 343-30 +  6-60 3-33 +  0-73
RRII 105 348-30 +  6-30 3 00 0 43
RRII 106 303*50 +  6 20 4 63 +  0 28
PR 107 332-60 -t- IMO 5-25 4- 0 95
Tjir 1 323-10 +  7 00 4-50 +  119

The organographic variability of the length and width of stomatal apertures and the
MAW AXA ^  X VO^VVI.AT WAjr « Jl 1J.V AVligbli \Jk

leaf blade stomata ranged from 9 96  ]um  (RRII 101) to 12.33 (RRII 105) and that 
of petiolar stomata ranged from 14 -10 (RRII 101) to 18 60 ju m  (PR 107). The 
aperture width of the leaf blade stomata had a range of 1-50 ju m  (PR 107) to 2-20 jwm 
(RRII 106) and that on the petiole from 3 90 (RRII 105) to 4 80 (RRII 101) 
respectively. The veinal stomata were noted to be intermediate in both the characters. 
The part to part difference was highly significant.

Table 2. P a r t to  p a r i  d iffe re n ce  in  th e  s iz e  o f  s to m a ta l  a p ertu re

Character Leaf blade Vein Petiole
Aperture length ;ttm 10-94 14 15 16 88
CD 5% level 1-26 

1% level 1-69
Aperture width p m  1*93 3 16 4 26
CD 5% level 0 -45 

l%level0-60
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A positive correialion between the aperture length of veinai stomata and ttat of 
petiolar stomata was highly significant and no other significant correlations were observed 
(Table 4). The aperture index of leaf blade and petiolar stomata in different clones are 
furnished in Table 5. The aperture index of petiolar stomata ranged from 4 23 (RRU101) 
to 9 ■ 77 (PR 107) and that of leaf blade stomata ranged from 2940 • 30 (RRII101) to 4284 * 10 
(R R II105).

Table 4. Correlation in the length and width of stomatal apertures in the leaf blade vein
and petiole

Characters 

Leaf blade vs. vein 

Leaf blade vs. petiole 

Vein vs. petiole 

** P 0 01

Aperture length 

005 

014  

0-75**

Aperture width 

0 05 

0-34 

0 02

Table 5. Clonal differences in leaf blade and petiolar stomatal aperture index

Clones
Tolerant to leaf fall disease Susceptible to leaf fall disease

Clones
Petiolar

stomatal
index

Leaf blade 
stomatal 
index

Petiolar
stomatal
index

Leaf blade 
stomatal 

index

RRII 101 4-23 2940'30 RRII 106 8 21 3429 60

RRII 102 4-93 3982-30 PR 107 9 77 3525 60

RRII 105 4-29 4284 10 Tjir 1 7 97 3392-26

4-48+ 3735-60+ 8 65+ 3449'30+

0-22 259-70 0-56 39-70

The fruit wall stomata were characterised by long apertures comparable to petiolflr 
stomata and the opening was very wide (Fig. 1).

The clones studied had been grouped into two categories based on the field obser­
vations on abnormal leaf fall. From field observations it was found that RRII 101, 
RRII 102 and RRII 105 had a certain extent of tolerance to abnormal leaf fall disease, 
whereas the other three were highly susceptible, under normal prophylactic conditions. 
Earlier reports on clonal susceptibility to abnormal leaf fall disease in Hevea brasiliensis 
also support this view (Bhaskaran Nair et al., 1975 ; Radhakiishna Pillai and Chee, 1968).
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Fig. 1. The epidermal peelings with stomata. 

Fruit wall (a) Petiole (b) Leaf Blade fc)



It was also interesting to notice a part to part difference in the structure of epidermal 
cells. The epidermal cells of the leaf blade have sinuous walls resulting in irregular shape. 
It also forms a wrinkled nature due to a large number of wall outgrowths which overlap 
the guard cells (Fig. 1). The epidermal cells on the petiole, vein and fruit wall are some­
what regular in shape and the wall outgrowths arc absent except in the region of tertiary 
veins.

Ramayya and Jagannatha Rao (1969) had emphasised the importance of investigating 
the entire stomatiferous area of a plant and the response of a given plant part to a function 
according to its stomatal variations. The present study brings to the fore the occurrence 
of stomata on the vein and fruit wall other than the leaf blade and petiole and it reveals 
the organographic variability in stomatal density and aperture size. Premakumari e t, a h ,  
(1979) had reported the occmrence of stomata on the petiole of H ev ea  brasU iensis where 
the clonal differences in stomatal characters and their importance in clone selection were 
described.

In H evea  the abnormal leaf fall disease is preceded by fruit rot disease which is caused 
by the same organism and the leaf infection starts first on the petiole (Thankamma e i. a h ,  
1975). The nature of organographic variability in the density and aperture size of stomata 
and the structure and orientation of epidermal cells recall the organogiaphic specificity 
of infection site of fruit rot disease and abnormal leaf fall disease and it appears to be 
linked with the mode of entry of P h y to p h th o ra  spp. in H e v e a  brasU iensis reported by 
Thankamma e t. a !., (1975).

The clonal differences regarding the aperture index of petiolar and leaf blade stomata 
was another interesting feature. Of the six clones under study, those which have some 
extent of tolerance to abnormal leaf fall disease were characteristic with low aperture 
index of the petiolar stomata. The observation is reflected in Table 5 where the group 
mean of tolerant clones is 4 48 +  0 22 as against 8*65 -f 0 -56 in the susceptible group.

The present study reveals a close relationship between the organographic specificity 
in stomatal characters, their clonal differences, the structure and orientation of the epider­
mal cells in different parts and also the part to part specificity of infection as well as the 
clonal susceptibility to abnormal leaf fall disease. The above information has streng­
thened the earlier findings that the aperture index of petiolar stomata can be taken as 
a criterion for the selection of H ev ea  clones tolerant to abnormal leaf fall disease (Pre­
makumari e i. a l.t 1979).
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