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Chilli (Capsicum annuum L.) is an important solanaceous crop highly
susceptible to drought due its higher transpiring leaf surface, high stomatal
conductance and low membrane integrity. The pot culture experiment to
screen the 12 chilli genotypes for drought tolerance was conducted with two
treatments with 100 % field capacity as control and 50 % field capacity as
drought and screening was done on the basis of various parameters. The
overall results revealed that the tolerant genotypes maintained higher level of
cell membrane integrity, chlorophyll stability, osmolyte accumulation and low
lipid peroxidation under drought. Among the genotypes, CA 176 showed its
supremacy by maintaining higher chlorophyll content, relative water content,
cell membrane integrity and lower lipid peroxidation followed by CA 183 in
its performance under drought. On the other hand CA 45, CA 104 and CA
174 showed poor performance by being very sensitive to water stress with
very low yield.
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Introduction

several  physiological and biochemical
characters. Water stress leads to the loss of

Chilli (Capsicum annuum L.) is an
important spice in every Indian Cuisine
because of its pungency, spicy taste, appealing
colour and flavour. Chillies are very sensitive
to various biotic and abiotic stresses. In
chillies, the flowering and fruit development
stages are very much sensitive to drought
situations negatively affect the fruit yield
(Antony & Singandhupe 2004). Drought is an
abiotic stress that causes reduction in plant
growth and yield and also leads to decline in
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cell turgidity, stomatal closure which in turn
affects the leaf gas exchange, increase in
foliage temperature and decrease chlorophyll
stability index (Sivakumar et al. 2014).
Drought causes decline in stomatal
conductance, net photosynthesis (Singh &
Raja Reddy 2011) and leaf chlorophyll
content (Gladden et al. 2012). Water deficit
conditions leads to a decreased Fv/Fm ratio
due to protein deactivation in chlorophyll
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structure (Hazrati et al. 2016). Plants tolerate
moisture stress through mechanisms like
maintenance of cell membrane integrity
(Leopold et al. 1981), high relative water
content (RWC), high chlorophyll stability
index (CSI) and osmotic adjustment with
proline, glycine betaine. Exposure of
capsicum plant to water stress treatment
reported to have reduced transpiration rate as
an outcome of the increased stomatal
conductance. High sensitivity of nitrate
reductase and anti - oxidant enzymes to
drought stress serves as an excellent tool to
assess drought tolerant capacity in crop plants
(Correia et al. 2005). However, different
cultivars of chilli respond to drought
differently. There is a need to select high
yielding, moisture tolerant chilli genotypes
under rainfed conditions and hence the present
investigation was carried out to screen chilli
genotypes for drought tolerance.

Materials and Methods

A pot culture experiment was carried
out at glass house facility of Department of
Crop Physiology, Tamil Nadu Agricultural
University, Coimbatore to screen the chilli
genotypes for drought tolerance and to
understand  various  physiological  and
biochemical mechanisms of drought tolerance.
The experimental material for the study
comprised of 12 chilli genotypes viz., CA 7,
CA 11, CA 41, CA 45, CA 104, CA 116, CA
141, CA 162, CA 174, CA 176, CA 183 and
Arka Lohit. Two treatments were imposed
viz., 100 % field capacity (FC) and 50 % field
capacity (FC), each replicated three times
adopting factorial completely randomised
block design.
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capacity weight of pots. Half the volume of
water required to maintain 100% field
capacity was poured to pots to maintain 50%
field capacity. Forty five days old seedlings
were transplanted to these pots and treatments
were imposed 20 days after transplanting to
avoid transplanting shock. The pots were
maintained at field capacity by weighing
reference pots and by adding measured
volume of water to each pot at regular
intervals. Cultural practices were followed as
per the package of practices recommended for
Tamil Nadu. All the observations were
recorded on physiologically active leaf at the
vegetative stage.

The total chlorophyll pigment content
in leaves of different genotypes was
determined by dimethyl sulphoxide (DMSO)
method (Hiscox & Israelstam 1979). The
relative water content (RWC) of leaves of
different genotypes was estimated according
to Bars & Weatherly (1962) method by noting
the fresh weight, turgid weight and dry
weight.  Nitrate Reductase activity was
estimated in fully expanded functional fresh
leaves. The proline content in each leaf was
estimated using the method adopted by Bates
et al. (1973) and expressed as mg g'fresh
weight. Cell Membrane stability index (MSI)
was estimated as per the procedure followed
by Sairam et al. (1997). Cell Membrane
Stability Index was calculated using the
following equation and expressed as
percentage.

MSI (%) = [1 - (C1/C)] x 100

Where C, conductivity at 45° C, C, conductivity at 100°C

The chilli seeds were sown uniformly in well
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The lipid peroxidation level was
determined by quantifying the
malondialdehyde (MDA) equivalents using 2-
thiobarbituric acid (TBA) and trichloro acetic
acid (Heath & Packer 1968) and absorbance
was measured at 532 and 600nm.The data
collected were subjected to statistical analysis
in completely randomized block design
following the method of Gomez & Gomez
(1984).

Results and Discussion

Drought  and
concentration

chlorophyll  pigment

The drought significantly reduced the

genotypes. Among the drought imposed
plants, the total chlorophyll content varied
from 1.42mg gt in CA7t02.82mgg*in CA
183 while under 100 per cent field capacity
the highest chlorophyll content of 2.94 mg g™
was recorded in CA 183 where the decrease in
chlorophyll content under drought was found
to less (Table 1). The genotypes CA 141
exhibited maximum chlorophyll reduction of
28.10 % in drought compared to control. The
decrease in chlorophyll content under drought
is considered to be a typical symptom of
oxidative stress and may be the result of
pigment photo-oxidation and chlorophyll
decomposition (Demmig-Adams et al. 1996)

total chlorophyll content of the chilli  or decreased chlorophyll biosynthesis.

Table 1. Effect of drought on total chlorophyll content and relative water content in chilli

genotypes
Treatment Total chlorophyll content (mg g™) Relative water content (%)
Genotypes Control Drought Mean Control Drought Mean
CA7 1.73 1.42 1.57 87.27 78.50 82.92
CA 11l 2.37 2.19 2.28 76.06 64.71 70.39
CA 41 2.22 1.96 2.09 86.00 69.09 77.55
CA 45 2.01 1.79 1.90 87.67 73.38 80.53
CA 104 1.59 1.46 1.52 90.02 64.00 77.01
CA 116 2.61 2.20 2.41 90.00 76.00 83.00
CA 141 2.31 1.66 1.99 80.00 60.00 70.00
CA 162 1.92 1.62 1.77 86.04 77.70 81.87
CA 174 2.60 2.06 2.33 81.63 70.00 75.82
CA 176 2.74 2.07 2.40 89.74 84.37 87.06
CA 183 2.94 2.82 2.88 89.00 84.00 86.50
Arka Lohit 2.75 2.56 2.65 85.48 77.78 81.63
Mean 2.38 1.98 2.15 85.74 73.30 79.32

G T GXT G T GXT

SEd 0.04 0.01 0.05 1.28 0.52 1.81
CD(p=0.05)  0.07 0.03 0.10 2.58 1.05 3.64

G — Genotype, T- Treatment, GXT — Genotype Treatment Interaction

Plant water relations under drought

Relative water content is a measure of
plant water status and its maintenance under
drought indicates drought tolerance (Altinkut
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et al. 2001). The maximum decline in relative
water content was observed in CA 104 with
28.90 % reduction (Table 1). While the
genotypes CA 183 and CA 176 maintained
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high relative water content of 84.37 % and
84.00 % respectively during drought and
found to be drought tolerant. Tolerant
genotypes are able to sustain high relative
water content by maintaining protoplast
hydration for a longer span and by reducing
water loss through transpiration (Samadia &
Haldhar 2017).

Nitrate Reductase enzyme activity

Nitrate Reductase enzyme is highly
sensitive to water stress and hence used as a
biomarker for plant stress. In the present
study, limited water availability affected the

enzyme activity by 64.70 % and 64.60 % in
CA 183 and CA 176 respectively (Fig 1).
However, Arka Lohit maintained the same
level of Nitrate Reductase activity both under
control and drought and these were strongly
supported by a study in tomato where the
decrease in plant water content due to drought
reduced the activity of Nitrate reductase
(Umebese et al. 2009). The high sensitivity of
Nitrate Reductase to drought was observed in
genotypes CA 176 and CA 183 which
exhibited a marked reduction in its activity
due to decrease in synthesis of Nitrate
Reductase protein.

Fig.1. Effect of drought on Nitrate Reductase activity (ug NO>g™ h™) in chilli genotypes
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Osmolyte accumulation during drought

Proline accumulation helps in avoiding
detrimental effects of drought and is involved
in tolerance mechanisms against oxidative
stress. The increase in proline content was
observed in all genotypes under drought with
the maximum increase of 59.90 % in CA 7
followed by 54.90 % in Arka Lohit while the
least increment of 18.10 % was observed in
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CA 174 (Fig 2). In CA 174, the proline
content was found to be higher both in control
(2.04mg g') and drought (2.49 mg g™%)
compared to other genotypes but the drought
induced increase in proline content was found
to be lower. The results were in agreement
with the drought induced proline accumulation
in sesame which happened due to the high
ROS production and its scavenging
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(Hassanzadeh et al. 2009; Haldhar et al. additional water from environment to
2018). High levels of proline enable the plant  withstand the immediate effect of water
to maintain low water potential under stress  shortage in plants.
and helps in osmoregulation by taking up
Fig.2. Effect of drought on Proline content (mg g™) in chilli genotypes
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Cell membrane integrity under drought

Water stress causes decrease in cell
membrane stability index (CMSI) and high
CMSI during drought indicated better drought
tolerance (Gupta et al. 2000). Severe drought
induces solute leakage from cells and this
directly relates to the cell membrane damage
caused by drought. In the study, drought
induced reduction of cell membrane stability
index was observed in plants. Arka Lohit
maintained the supremacy in having the CMSI
both under control (81.78%) and drought
(78.69%) (Table 2). The membrane stability
was found to be lower in CA 116 which
recorded a reduction of 13 % in drought
compared to control. This might be due to the
increase in permeability and loss of integrity
of cellular membranes (Blokhina 2003). The
extent of this abiotic stress can be measured
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by the solute leakage from the tissues
(Chaturvedi et al. 2012). The lipid
peroxidation (LPO) helps to determine the
level of membrane lipid destruction under
stress. During lipid peroxidation, small
hydrocarbon fragments such as ketones,
malondialdehyde (MDA) etc. are produced
when the ROS levels reach beyond threshold
level (Moller et al. 2007). LPO decreases the
membrane fluidity by increasing the leakiness
of the membrane to the substances that usually
travel through specific membrane channels.
Among the genotypes, CA 174 recorded to
have high MDA content (1.02umol g of
fresh weight) under drought (Table 2). The
genotypes, CA 176, CA 183 and Arka Lohit
recorded to have lower MDA content both
under control and drought. The decreased lipid
peroxidation indicates  higher  drought
tolerance. From the results it can be concluded
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that the genotype CA 176 showed supremacy
over the other genotypes maintaining higher
chlorophyll content, relative water content,

cell membrane integrity, proline content and
lower lipid peroxidation followed by CA 183
in its performance under drought.

Table 2. Effect of drought on cell membrane integrity in chilli genotypes

Treatment Cell membrane stability index (%) Lipid peroxidation
(umol MDA g of FW)
Genotypes Control Drought Mean Control Drought Mean
CA7 78.28 69.46 73.87 0.51 0.65 0.58
CA1ll 79.89 69.55 74.72 0.53 0.64 0.58
CA 41 79.74 73.25 76.50 0.52 0.56 0.54
CA 45 80.10 70.67 75.39 0.59 0.66 0.62
CA 104 74.72 71.20 72.96 0.51 0.57 0.54
CA 116 78.71 68.47 73.59 0.61 0.65 0.63
CA 141 79.69 72.28 75.99 0.51 0.56 0.54
CA 162 77.93 71.84 74.88 0.37 0.60 0.48
CA 174 78.87 72.92 75.89 0.54 1.02 0.78
CA 176 83.06 76.49 79.77 0.46 0.55 0.50
CA 183 81.84 76.12 78.98 0.31 0.35 0.33
Arka Lohit 81.78 78.69 80.23 0.21 0.39 0.30
Mean 79.55 72.58 76.07 0.47 0.60 0.54
G T GXT G T GXT
SEd 1.03 0.42 1.46 0.01 0.004 0.01
CD(p=0.05)  2.07 0.84 NS 0.02 0.007 0.02
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