Research Paper Volume :2 | Issue: 10 | October 2013 ¢ ISSN No 2277 - 8179

Stomatal Variations Among Certain Wild
Angiospermic Plants of Mysore, India

Biotechnology

KEYWORDS : Stomata types, index,
aperture, frequency, Venn diagram

Vidhya Lakshmi, A.

Final year BSc., (BtBM) , SBRR Mahajana First Grade College,

Jayalakshmipuram, Mysore-12

Avinash, V.S.

Assistant Professor, Department of Biotechnology, SBRR Mahajana First Grade

College, Jayalakshmipuram, Mysore-12

ABSTRACT Stomatal type, stomatal index, stomatal frequency and area of stomatal aperture of 11 wild angiospermic

plants in a unique environmental region of Mysore district were studied. Out of the 11 wild species, 6 plants
showed anomocytic type of stomata. 3 of them had paracytic type of stomata and 2 of them showed anisocytic stomata. Pongamia
pinnata L, Ficus racemosa L and Tinospora cordifolia (Thunb.) Miers were hypostomatic (stomata only on the lower epidermis). The
remaining 8 species were amphistomatic (stomata on both the epidermal surfaces). The data was subjected to the online Venn Dia-
gram Plotter to derive sets of similar data. Large variations in stomatal type, stomatal index, stomatal frequency and area of stomatal
aperture were observed, although diverse plants survived in a unique environment.

Introduction

Stomata are structures present in the epidermis of the leaves
which primarily help in regulating the process of transpiration
and gaseous exchange. The term ‘stoma’ refers to the stoma-
tal opening plus the guard cell. These guard cells have a dense
granular cytoplasm and some chloroplasts. The cell walls of the
guard cells are unevenly thick and this plays an important role
in the opening and closing of the stomata.

Leaves of angiospermic plants, exhibit two different modes
of stomatal growth and development. In the dicotyledonous
leaves, the stomata remains scattered, while in the monocoty-
ledonous leaves, they occur in parallel rows. In general, stomata
are more abundant in the lower epidermis of the dorsi-ventral
leaf; stomata are more or less evenly distributed on all sides.
(Dalal, 2012)

Fowden et al. (1993) reported that stomata perform the func-
tion of gaseous exchange which also includes the importance of
photosynthesis and respiration.

Transpiration occurs mainly through the stomata in the leaves.
Besides the loss of water vapour in transpiration, exchange
of oxygen and carbon dioxide in the leaf also occurs through
stomata (gaseous exchange). Hetherington et al. (2003) sug-
gest that the gaseous exchange is regulated by controlling the
aperture of the stomatal pore and the number of stomata that
form on the epidermis. Environmental signals such as light in-
tensity, the concentration of atmospheric carbon dioxide and
endogenous plant hormones control the stomatal aperture and
development.

The stomatal types are distinctive of certain families such as
Ranunculaceae (anomocytic), Brassicaceae (anisocytic), Cary-
ophyllaceae (diacytic) and Rubiceae (paracytic). Anomocytic
has ordinary epidermal cells surrounding the stomata. In oth-
ers, the epidermal cells surrounding the stomata are differen-
tiated as subsidiary cells. There maybe two subsidiary cells
at right angles to the guard cells (diacytic), two or more cells
parallel to guard cells (paracytic) or three subsidiary cells of
unequal size (anisocytic). The stomatal complex of Poaceae is
distinctive in having two dumb bell shaped guard cells with
two small subsidiary cells parallel to the guard cells. Anjum
Perveen et al. (2011) states that, the stomata can occur on
both surfaces of the leaf (amphistomatic leaf) or on only either
the upper (epistomatic leaf) or more commonly on the lower
side (hypostomatic leaf).

Croxdale (2000) reports that since stomata are struc-
tures critical to the survival of terrestrial plants, they
need to be viewed in relation to their function and their
interface with other structural components. Two dimen-

sional structures of stomata are well suited for investiga-
tion because the pattern simplifies analysis, and because
stomata occur on organ surfaces, which make them read-
ily accessible.

Materials and Methods
Selection of specimens

Eleven wild angiospermic plants were selected for this experi-
ment from the Yelwal region of Mysore.

Isolation of epidermal imprints

For this purpose, the replica technique was used. Here, a film
of clear nail polish was directly applied to the upper and lower
surface of leaf. After allowing it to dry, the clear film was easily
peeled off using clean forceps and micro needle. This synthetic
impression produces an excellent replica of the epidermis and
stomata. (Chen, 2001)

Microscopic study

A small portion of the synthetic stomatal imprint was mounted
in a drop of water for microscopic study to determine the sto-
matal types, Stomatal index, frequency and area.

Stomatal type

Stomatal types were determined based on the classification of
stomata on the grounds of nature and number of subsidiary
cells. (Metcalfe & Chalk, 1950)

Stomatal Index
Stomatal Index (SI) was determined using the formula, given by
Salisbury (1927):

A
S5I=—— X100
E+5

Where,

S: Number of stomata per unit area.
E: Number of epidermal cells per unit area.

Stomatal frequency

The stomatal frequency was determined as percentage occur-
rence of each stomatal type in 1cm? of the microscopic field at
40x magnification under Labomed microscope.

Area of stomatal aperture

The length and breadth of the stomatal aperture was measured
using Axiovision software (in pm) and the area of the stomatal
aperture was calculated using the formula:

A=SxIxbA=2xIxb, .
2 2 p* (since it is a semicircle)
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Statistical analysis
The Venn diagram plot was used to explain the variances in the
stomatal types.

Results and Discussion

Details of the observations are presented in Table 1. Results of
the Venn diagrams are presented in Figs 1.1 to 1.4. The different
types of stomata are shown in Plate 1.

Out of 11 wild angiospermic plants, Pongamia pinnata.L, Ficus
racemosa.L and Tinospora cordifolia (Thunb.) Miers exhibited
hypostomatous condition i.e., stomata only on the lower epider-
mis. While the rest were amphistomatic i.e., stomata found on
both the epidermal surfaces of the leaf.

Results based on the parameters studied are as follows:
Stomatal type

Anomocytic - Epidermal cells surrounding the stomata are not
differentiated into subsidiary cells. The species included in this
type are: Conyza stricta Less, Achyranthes aspera L, Pongamia
pinnata.L, Ficus racemosa.L, Psidium guajava.L. and Tinospora
cordifolia (Thunb.) Miers.

Paracytic - These have two or more cells that are parallel longi-
tudinally to that of the guard cell and are differentiated as sub-
sidiary cells. The species included in this type are: Sida acuta
Burm. f, Alternanthera pungens Kunth and Ipomoea sp.

Anisocytic - There exists three subsidiary cells of unequal size
exist around the stomata. The species included in this type are:
Plumbago zeylanica.L. and Amaranthus viridis,L

Stomatal Index

It is reported that the maximum and minimum values of sto-
matal index on the upper surface were 28.26 (Amaranthus
viridis,L) and 6.66 (Plumbago zeylanica.L) respectively. On the
lower surface, the maximum and minimum values of stomatal
index were 26.92 (Plumbago zeylanica.L) and 6.59 (Achyran-
thes aspera L) respectively.

Stomatal Frequency

The highest and lowest values of stomatal frequency on the
upper surface were 2588 (Sida acuta Burm. f and Amaranthus
viridis,L) and 398 (Plumbago zeylanica.L) respectively. On the
lower surface, highest and lowest values were 5971 (Psidium
guajava.L) and 995 (Tinospora cordifolia (Thunb.) Miers) re-
spectively.

Length and Breadth of stomatal aperture

On the upper surface, the length of the stomatal aperture varied
from 0.203 pm (Psidium guajava.L) to 0.428 um (Ipomoea sp.).
On the lower surface, length varied from 0.184 um (Sida acuta
Burm. f) to 0.561 pm (Tinospora cordifolia (Thunb.) Miers).
Breadth of the stomatal aperture, on the upper surface extend-
ed from 0.042 pm (Conyza stricta Less) to 0.145 pm (Psidium
guajava.L). On the lower surface, breadth varied from 0.027 pm
(Alternanthera pungens Kunth) to 0.253 pm (Tinospora cordi-
folia (Thunb.) Miers).

Area of stomatal aperture

With respect to area of stomatal aperture, the highest and low-
est values on the upper surface were 0.097 um? (Ipomoea sp.)
and 0.021 pm? (Sida acuta Burm. f) respectively. And on the
lower surface, the highest and lowest values were 0.227 pum?
(Tinospora cordifolia cordifolia (Thunb.) Miers)) and 0.012 pm?
(Alternanthera pungens Kunth) respectively.

Table 1 - Showing stomatal variations among certain wild angiospermic plants of Mysore.

Average Average Average area
No. |Species Stomatal Stomatal Stomatal length of breadth of of stomatal
: P type Index Frequency stomatal stomatal aperture
aperture (um) | aperture (um) | (um?)
Surface U L U L U L U L U L
1 Plumbago zeylanica L. | Anisocytic 6.66 2692 |398 2787 |0.366 [0.371 [0.134 |0.182 |0.082 |0.108
2 Sida acuta Burm.f Paracytic 13.54 |1591 |2588 |[4578 |0.269 |0.184 |0.050 |[0.053 [0.021 |[0.015
3 Q{}g{{;a“thera PUNEENS | paracytic 10.81 |12.5 [1592 [1194 [0.268 [0.272 |0.094 |0.027 |0.041 [0.012
4 Conyza stricta Less Anomocytic | 14.28 |17.91 |1592 |2389 |0.399 |[0.348 |0.042 |0.129 |0.045 |0.071
5 Achyranthes aspera L. | Anomocytic | 18.51 |6.59 1990 |1194 [0.292 [0.298 |0.068 |0.074 |0.031 [0.035
6 Pongamia pinnata.L Anomocytic | 00 17.5 00 1791 |00 0.247 |00 0.102 |00 0.040
7 Amaranthus viridis.L. | Anisocytic 28.26 |21.57 |2588 [1990 |0.299 |0.234 |0.048 [0.078 [0.023 |[0.029
8 Ficus racemosa.L Anomocytic |00 14.86 |00 2189 |00 0.353 |00 0.057 |00 0.032
9 Psidium gaujava.L Anomocytic |14.06 |23.43 [1791 |5971 [0.203 [0.259 [0.145 |0.172 |0.047 |0.070
10 |Ipomoea sp. Paracytic 12.5 16.98 [796 1791 |0.428 |0.389 |0.143 |0.174 |0.097 |[0.107
Tinospora cordifolia :

11 (Thunb.) Miers Anomocytic |00 10.63 |00 995 00 0.561 |00 0.253 |00 0.227
Table 1.1 - Comparison of stomatal index Table 1.2

List Names Number of elements | Number of unique Names Total | Elements

elements
Upper 1 00

Upper 1 2 Upper, Lower | 1 12.5

Lower 1 1 Upper 7 6.66 14.06 28.26 10.81 14.28 18.51
Overall number of unique elements 19 13.54

16.98 6.59 17.523.4317.91 1591
Lower 100 110,63 21.57 26.92 14.86
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Table 1.3 - Comparison of stomatal frequency

ListNames | Number of Number of unique
Upper 11 7
Lower 11 9
Overall number of unique elements 14
Table 1.4
Names Total | Elements
Upper 1 00
Upper/Lower |2 1990 1791
Upper 4 398 2588 796 1592
Lower 7 45782389 1194 5971 2189 995 2787

Table 1.5 - Comparison of length, breadth and area of sto-
matal aperture (Upper epidermis)

List Names 21%%2?1{ s°f gll(lartrllllég{sof unique

Length 11 9

Breadth 11 9 : _ I

Area 11 9 Plate 1: Microscopic photographs (40X) of various stomatal
Overall number of unique elements 25 types in leaves of wild plants. 1. Plumbago zeylanica L show-

ing anisocytic stomata. 2. Sida acuta Burm.f showing paracytic
stomata. 3. Alternanthera pungens Kunth showing paracytic
Table 1.6 stomata. 4. Conyza stricta Less showing anomocytic stomata.

Names Total | Elements 5. Athr'anthes aspera.L showing an.omocytic stomata. 6. Pon-
gamia pinnata.L. showing anomocytic stomata. 7. Amaranthus
Eeng(tihfl A 1 00 viridis.L showing anisocytic stomata. 8. Ficus racemosa.L show-
readth, Area ing anomocytic stomata.9. Psidium gaujava.L showing anomo-
Length 8 8233 8%2% 0.399 0.299 0.292 0.269 cytic stomata. 10. Ipomoea sp. sl}owing paracytic stomata. 11.
: : Tinospora cordifolia (Thunb.) Miers showing anomocytic sto-
0.042 0.134 0.050 0.094 0.048 0.145 mata.
Breadth 8 100680143
0.045 0.047 0.097 0.082 0.023 0.031
Area 8 |00410.021

Abternanthers pungens & lpamosa sp.

Table 1.7 - Comparison of length, breadth and area of sto-
matal aperture (Lower epidermis)

: Number of Number of unique
List Names elements elements
Length 11 11
Breadth 11 11
Area 11 11
Overall number of unique elements 33
Figure 1: Comparison of stomatal index
Table 1.8
Names | Total | Elements
Achyranthes aspera
0.184 0.234 0.247 0.272 0.389 0.561 0.348
Length 111 15298 0:353 0,371 0.259
0.174 0.027 0.053 0.129 0.078 0.182 0.074 UPPER o= Hlaceie
Breadth | 11 17702 0172 0,057 0.253 PRI e —
Area 11 0.0350.012 0.107 0.032 0.015 0.029 0.227 - s
0.040 0.070 0.071 0.108 A S .
oy = Ficus racomosa
= Tinospora cordifolia
Alternanthora pungens  —- = Plumbago zeyfanka

Psilum gayjava

Figure 2: Comparison of stomatal frequency
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Figure 3: Comparison of length, breadth and area of stoma-
tal pore. (Upper epidermis)
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Figure 4: Comparison of length, breadth and area of stoma-
tal pore. (Lower epidermis)

Conclusion

From the above results, it can be stated that, variation in each
stomatal parameter differs from one plant species to another. As
comprehended by Essiett et al. (2012), the presence and combi-
nation of different types of stomata on the surface of leaves can
be useful in the process of classification. And the stomatal index
is independent of the environment, size or portion of the leaf
surface, size of the intervening epidermal cell.

Stomatal index and the other studied parameters are highly
constant for any given species. By this analysis, substantial dif-
ferences in the stomatal parameter of several wild plants were
uncovered. The ability of these several wild plants to survive in
a unique environmental region is also well marked.
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