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ABSTRACT

Pisum sativum is one of the most important crops of northern part of India.
Stomata not only serve for transpiration but also help in CO: sequestration by allowing
the CO. to enter in to the carbon assimilatory assembly and its fixation in to
photosynthetic product. Thus stomatal opening and closing mechanism plays a pivotal
role, in primary productivity, agricultural productivity, atmospheric CO, mitigation and
controlling the global warming. Many signal molecules have been reported by many
workers in different plants having pronounced effect on stomatal mechanism. Considering
the importance of stomata for plant and in ecosystem balancing, the present study was
initiated to study the effect of some chemicals on opening and closing of stomata. The
fairly study demonstrates the influential role of ABA and chitosan on H2O; production and

stomatal opening and closing.

INTRODUCTION

Molecular oxygen was introduced to the
early reducing atmosphere of earth about 2.7
billion years ago by oxygen evolving
photosynthetic organisms, causing the advent of
the reactive oxygen species (ROS) as unwanted
(Halliwell,  2006).

metabolism constantly generates ROS which

byproducts Aerobic
are confined to the different plant cellular
compartments, like the chloroplast,
mitochondria and peroxisomes. Living systems

have developed a mechanism of defense and

regulation that uses reactive oxygen species
(ROS, like superoxide radicals (O,7), hydrogen
peroxide (H,0O;), hydroxyl radical (OH") and
singlet oxygen (O7) during the process of
growth, development and defense (Das and
Roychoudhury, 2014). They are often formed
as byproducts of normal metabolism as a result
of leaky electron transport systems. Sources
known to exist for the generation of ROS,
include plasma membrane localized NADPH
and NADH oxidases, apoplastic peroxidases,

amine oxidase and oxidases as well as
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protoplastic  sources from  mitochondria,
chloroplasts and peroxisomes (Cao et al.,
2005). The chief toxicity of H,O, has been
attributed to their ability to initiate cascade
reactions that result in the production of
hydroxyl radicals and other destructive species
such as lipid peroxides (Noctor and Foyer,

1998).

The exchange of oxygen and carbon
dioxide in the leaf occurs through stomata, a
pair of guard cells, which are modified
epidermal cells, surrounds each stoma. Guard
cells are highly differentiated, metabolically
active and respond quickly and reversibly to
diverse environmental signals. Therefore, the
guard cells have been the focus of intense
research in plant biology (Willmer and Fricker,
1996). Guard cells surround stomatal pores in
the epidermis of plant leaves and stems (Fig.1).
Stomatal opening is essential for CO, influx in

to leaves for photosynthetic carbon fixation. In

K*, channel
Cl-transporter >
u_
K' ,echannel Anion channel
S —

exchange, plants lose over 95% of their water
via transpiration to the atmosphere (Assmann
1999).

Fig. 1: Stomata in epidermal strips of Pisum

sativum (pea)

The stomata offer an attractive model
system for investigating the mechanism of
responses to different environmental signals
(Fig. 2). The stomatal guard cells respond to an
array of stimuli, such as COy, light, temperature
or hormones, by an alteration in their cell
turgor, which in turn results in change in
stomatal aperture (Willmer and Fricker, 1996;
Assamann, 1999; Cousson, 2000; Schroeder et
al., 2001; Outlaw, 2003).

H*-pump

K*,-channel

Cl-transporter
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Fig 2: Schematic representation of signalling in guard cells during stomatal opening and stomatal

closure modulated by various ion movements
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The stomatal opening is stimulated by
light while stomata close in response to
hormone such as abscisic acid (ABA) or
atmospheric levels or higher CO,. ABA, a
hormone and signal molecule of water stress in
plants, causes marked stomatal closure. During
the past two decades, extensive work has been
done to study various aspects of stomatal
closure induced by ABA (Assmann, 1993,
Giraudat, 1995; Schroeder et al.,, 2001).
Chitosan is a linear polysaccharide composed
of R-(1-4)-linked D-glucosamine (deacetylated
unit) and N-acetyl-D-glucosamine (acetylated
unit). The amino group in chitosan has a pKa
value of ~6.5, thus, chitosan is positively
charged and soluble in acidic to neutral solution
with a charge density dependent on pH and the
%DA-value. Present study was undertaken to
know the effective concentrations of ABA and
chitosan for H,O, production and stomatal

opening and closing.

MATERIALS AND METHODS
Plant material

Pea (Pisum sativum, cv. Arkel)
seedlings were grown in plastic trays filled with
soil and farmyard manure (3:1, v/v). Plants
were grown outdoors under natural photoperiod
of approximately 12 h, and average daily
temperature of 30°C day/20°C night (Fig. 3).
The first and second fully expanded leaves

were picked from 8-10 day old plants.

Fig 3: Field crop of 8-10 day old plants of

Pisum sativum (pea)

Epidermal strips

Leaves from 8 to 10 day old plants were
used for the experiments. The abaxial (lower)
epidermis were peeled off from the leaves and
cut into pieces of 0.4 cm? and then transferred
into 3 cm diameter Petridishes containing 30
mM KCI, 10 mM Mes-KOH, pH 7.0, and other
test compounds at 27°C. The epidermal strips
were exposed to 250 u moles m? sec™ light
intensity by using tungsten lamps whose light
was filtered through water jacket. The

epidermal strips were incubated for 3 hours.

Measurement of stomatal aperture
The width of stomatal apertures were
measured under a

(Optiphot-2, Nikon, Tokyo, Japan) with the

research  microscope

help of a precalibrated ocular micrometer fitted
with a camera lucida and a digitising table
(Houston instrument TG 1017, Austin, TX,
USA) linked to a personal computer. The
apertures were monitored at random in each of
the three different epidermal strips from each
treatment. For each treatment, at least 60

stomatal apertures were measured.
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H,0O, content
Hydrogen  peroxide levels  were
determined as described by Velikova, et al.,
(2000) with minor modifications. 1 gram of leaf
tissue was homogenised in 1.0 ml of 1% (w/v)
trichloroacetic acid (TCA). The homogenate
was centrifuged at 12000 g for 15 minutes. 0.5
ml of supernatant was added to 0.5 ml 10 mM
potassium phosphate buffer (pH 7.0) and 1.0 ml
of 1.0 M KI. The absorbance was recorded at
390 nm using double beam spectrophotometer
(Hitachi 160 UV) after 10 min of incubation.
The content of H,O, in leaf extract was
determined with the help of a standard curve

prepared with H,0,.

Replication
The experiments were repeated atleast

thrice on separate days. The average values are

reported.

RESULTS

Effect of chitosan and ABA on stomata
Chitosan inhibited light-induced

opening of stomata (Fig 4). Following 120 min

of treatment, the stomatal aperture was
increased 24% at 50 mg ml™* chitosan
concentration and further only a little
enhancement at 100 mg ml™ whereas, at 200
mg ml? concentration of chitosan 46% of
stomatal closure is observed than the controls
illuminated in the absence of chitosan (Fig 4).
A sharp decrease in the stomatal aperture was
noticed with the increasing concentration of

ABA (Fig 5).

Effect of Chitosan and ABA on H,0,
production

Upon treatment with 50 mM
concentration of chitosan, maximum increase in
H,0O, was observed (Fig 6). Enhancement in the
chitosan concentration further a decrease in
H,O, concentration was noticed. Treatment

with ABA also increased the H202 production
(Fig. 7)
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Fig 4: Effect of various concentrations of
Chitosan on epidermal strips of Pisum sativum,
at 200 mg ml™ concentration of chitosan 60%

of stomatal closure is observed.
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Fig 5: Effect of various concentrations of ABA
on epidermal strips of Pisum sativum, gradual
decrease in stomatal aperture were observed
related to the increasing concentrations of
ABA. At 5uM concentration of ABA 50%
stomatal closure is observed there after no
change till 25 yM
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Fig 6: Effect of various concentrations of
Chitosan on H,O; production in the leaf disc of
Pisum sativum, maximum increase in H;O,
production in leaf discs were observed at 50 mg
ml™, later a partial decrease is observed till 200

mg ml™
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Fig 7: Effect of various concentrations of ABA
on H,O, production in the leaf disc of Pisum
sativum, gradual increase in H,O, production in
leaf discs were observed related to the
increasing concentrations of ABA. Except at 50

mM where a partial decrease is observed.

DISCUSSION
ABA, the plant hormone and growth
regulator, is involved in several physiological

mechanisms including seed dormancy, leaf
abscission, stomatal movement and plant stress
responses including draught stress. Reduction
of guard cell turgor by ABA diminishes the
aperture of stomatal pore and there by
contributes to the ability of the plant to
conserve water during periods of drought
(Desilva et al., 1985). Elevation of cytosolic
Ca®", an increase in pH and reduction in K*, CI
and organic solute content in guard cells
surrounding the stomatal pore are downstream
elements of ABA induced stomatal closure
(Gilroy et al., 1991, McAinsh et al., 1992).
Some researchers have shown the effect of
ABA on carbon fixation for stomatal regulation
(Ward and Bunce 1987) by inhibiting the
ribulose-1,5-bisphosphate carboxylase (Popova
et al., 1996) while others have not found any
evidence of reduced photosynthetic capacity

following ABA treatment.

There is evidence that ABA and

chitosan induce stomatal closure due to
elevation of intracellular ROS (Shinozaki and
Shinozaki, 1997; Lee et al., 1999), this further
proceeds finally activates inward Ca®* channels,
outward K" channels, that leads to closing of
stomata. Plasma membrane, Chloroplast and
Mitochondria are the effective sites for
production of ROS, where electron transport

takes place.

Chitosan is also playing duel role in
stomatal regulation. At lower concentration
(50ug ml™) it facilitates stomatal opening

where as at higher concentration (200pg ml™) it
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promotes the stomatal closure. Chitosan
induced stomatal closure is accompanied by
ROS as a second messenger in Commelina
communis and Pisum sativum (Lee et al., 1999;
Srivastava et al., 2009). In P. sativum, chitosan
induced ROS production is mediated by
NADPH oxidase-like abscisic acid (ABA) and
methyl jasmonate (MeJA) (Srivastava et al.,
2009; Munemasa et al., 2007; Saito et al.,
2008; Islam et al., 2010). Hossaain et al. (2015)
have also shown the role of H,O; as a signaling

molecule for stomatal closure.

ACKNOWLEDGEMENTS
Visiting fellowship from IASc-NASc-
INSA is gratefully acknowledged.

REFERENCES

Assmann, S. M. (1993) Signal transduction in
stomatal guard cells. Annu Rev Cell Biol
9: 345-375.

Assmann, S. M. (1999) The cellular basis of
guard cell sensing of rising CO,. Plant
Cell Environ. 22: 629-637.

Cao, Y., Niu, Y. and Zhao, B. (2002) Study of
effect of NO on wheat stripe rust by
ESR. Free Radical Biol. Med. 33: 74.

Cousson, A. (2000) Analysis of sensing and
transducing processes implicated in the
stomatal responses to carbon dioxide in
Commelina communis L. Plant Cell
Environ 23: 487-495.

Das, K. and Roychoudhury, A. (2014) Reactive
oxygen species (ROS) and response of
antioxidants as ROS-scavengers during
environmental stress in plants. Frontiers
in Environmental Science 2(53): 1-13

Desilva, D. L. R., Hetherungton, A. M. and
Mansfield, T. A. (1985) Synergism
between calcium ions and abscisic acid
in preventing stomatal opening. New
Phytol. 100: 473-482

Gilroy, S., Fricker, M. D., Read, N. D. and
Trewavas, A. J. (1991) Role of calcium
in signal transduction of Commelina
guard cells. Plant Cell 3(4): 333-344.

Giraudat, J. (1995) Abscisic acid signalling.
Curr Opin Cell Biol 7: 232-238.

Halliwell, B. (2006) Reactive oxygen species
and antioxidants. Redox biology is a
fundamental theme of aerobic life. Plant
Physiol. 141: 312-322.

Hossain, M. A., Bhattacharjee, S., Armin, S.,
Qian, P., Xin, W., Li, H., Burritt, D. J.,
Fujita, M. and Tran L. P. (2015)
Hydrogen peroxide priming modulates
abiotic oxidative stress tolerance:
insights from ROS detoxification and
scavenging. Frontiers in Plant Science
6(420): 1-109.

Islam, M. M., Munemasa, S., Hossain, M. A.,
Nakamura, Y., Mori, I. C. and Murata,
Y. (2010) Roles of AtTPC1, vacuolar
two pore channel 1, in Arabidopsis
stomatal closure. Plant Cell Physiol. 51:
302-311.

Lee, S, Choi, H., Suh, S, Doo, I. S., Oh, K. Y.,
Choi, E. J., Schroeder Taylor, A. T.,
Low, P. S, Lee, Y. (1999)
ligogalacturonic acid and chitosan
reduce stomatal aperture by inducing
the evolution of reactive oxygen species
from guard cells of tomato and
Commelina communis. Plant Physiol.
21(1):147-52.

McAinsh, M. R., Brownlee, C. and
Hetherington, A. M. (1992) Visualizing
changes in cytosolic-free Ca2+ during

EFFECT OF ABSCISIC ACID AND CHITOSAN ON H>0> PRODUCTION AND OPENING AND CLOSING OF STOMATA IN PEA -

Anuj Saxena

2015 Vol. 3 (Issue 4) Page 27


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&itool=PubMed_Abstract&term=%22Lee+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&itool=PubMed_Abstract&term=%22Choi+H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&itool=PubMed_Abstract&term=%22Suh+S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&itool=PubMed_Abstract&term=%22Doo+IS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&itool=PubMed_Abstract&term=%22Oh+KY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&itool=PubMed_Abstract&term=%22Choi+EJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&itool=PubMed_Abstract&term=%22Schroeder+Taylor+AT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&itool=PubMed_Abstract&term=%22Low+PS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Search&itool=PubMed_Abstract&term=%22Lee+Y%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Plant%20Physiol.');

the response of stomatal guard cells to
abscisic acid. Plant Cell 4: 1113-1122.

Munemasa, S., Oda, K., Watanabe-Sugimoto,
M., Nakamura, Y., Shimoishi, Y. and
Murata, Y. (2007) The coronatine-
insensitivel  mutation reveals the
hormonal signaling interaction between
abscisic acid and methyl jasmonate in
Arabidopsis guard cells.  Specific
impairment of ion channel activation
and second messanger production. Plant
Physiol., 143: 1398-1407.

N., Munemasa, S., Nakamura, Y.,
Shimoishi, Y., Mori, I. C. and Murata,
Y. (2008) Role of RCN1, regulatory A
subunit of protein phosphatase 2A, in
methyl jasmonate signaling and signal
crosstalk between methyl jasmonate and
abscisic acid Plant Cell Physiol. 49:
1396-1401.

Saito,

Noctor, G. and Foyer, C. (1998) Ascorbate and
glutathione keeping active oxygen under
control. Anul. Rev. Physiol. Mol. Biol.
Plants 49: 249-279.

Outlaw, W. H. Jr. (2003) Integration of cellular
and physiological functions of guard
cell. Crit. Rev. Plant Sci. 22: 503-529.

Popova, L. P., Tsonev, T. D., Lazova, G. N. and
Stoinova, Z. G. (1996) Drought and
ABA induced changes in photosynthesis
of barley plants. Plant Physiol. 96: 623-
629.

Schroeder, J. 1., Allen, G. J., Hugouvieux, V.,
Kwak, J. M. and Waner, D. (2001)
Guard cell signal transduction. Annu.
Rev Plant Physiol. Plant Mol. Biol. 52:
627-658.

Shinozaki, K., Yamaguchi-Shinozaki, K.
(1997) Gene expression and signal
transduction in water-stress response.
Plant Physiology 115: 327-334

Srivastava, N., Gonugunta, V. K., Puli, M. R.
and Raghvendra, A. S. (2009) Nitric
oxide production occurs downstream of
reactive oxygen species in guard cells
during stomatal closure induced by
chitosan in abaxial epidermis of Pisum
sativum. Planta 229: 757-765

Velikova, V., Yordanov, I. and Edreva, A.
(2000) Oxidative stress and some
antioxidant systems in acid rain treated
bean plants protective role of exogenous
polyamines. Plant Science 151: 59-66.

Ward, D. A. and Bunce, J. A. (1987) Abscisic
acid simultaneously decreases
carboxylation efficiency and quantum
yield in attached soybean leaves,
Journal of Experiment Botany 38: 1182-
1192.

Willmer, C. M. and Fricker, M. (1996) Stomata
(Chapman & Hall, London) Second
edition.

EFFECT OF ABSCISIC ACID AND CHITOSAN ON H>0> PRODUCTION AND OPENING AND CLOSING OF STOMATA IN PEA -

Anuj Saxena

2015 Vol. 3 (Issue 4) Page 28



