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Abstract
Combined occurrence of drought and heat stresses becomes a major constraint in the era of 21 st century. The present study was carried
out in chilli K1, TNAU chilli hybrid CO1 and Ramanathapuram Gundu with six treatments of heat and drought to standardize the
combined stress levels. The experiment to study the physiological basis of stress tolerance was conducted in open top chambers. The
results showed that chilli could tolerate a combined stress up to a stress tolerance index of 0.501 based on the flowering and yield traits
and this coincided with 60% pot capacity and ambient temperature + 3°C stress. Variety K1 had better tolerance to the combined stress
with minimum yield reduction of 43.90% while, the Hybrid CO1 had poor performance with higher yield reduction of 57.23%.
Irrespective of the genotypes, osmotic potential, osmotic adjustment and relative leaf water content (RLWC) were traits strongly
associated with drought tolerance. Melaondialdehyde (MDA), plant height and leaf temperature were found to be associated with heat
tolerance. The susceptibility of Hybrid CO1 was strongly correlated with severe reduction in RLWC and plant height and significant
increase in MDA content under combined stresses
Keywords: chilli, drought, heat stress, reproductive stage, yield, pot capacity
1. Introduction
Increasing temperature and water scarcity had made agriculture
production and productivity under threat. Combination of both
water deficit and temperature occur simultaneously. Water deficit
increases the atmospheric temperature and resulted in increased
atmospheric drought (Rizhsky et al., 2004) [37]. Climate change
has negative impact on yield and quality improvement with
estimated loss of 10-40% crop production in India by the year of
2080-2100 (IPCC 2014; Damatta et al., 2010) [20, 9]. Water deficit
and high temperature stress are major abiotic stresses directly
affect the growth, development, reproduction and yield of crop
plants (Bilal et al., 2015; Lobell et al., 2015 ) [6, 26]. The climate
change scenario affects plants physiologically, leading to crop
failure (Wahid et al., 2007; Ziska et al., 2011and DeBoeck et al.,
2012) [49, 52, 10].
Chilli (Capsicum annum), is the second most important vegetable
next to tomato (Benson et al., 2014). It also an important spice
crop of solanaceae family with nutrient qualities like antioxidant
properties, phenolic and carotenoid compounds including
vitamin C and has important oleoresins and pungency
compounds, capsaicin and capsanthin (Zhu et al., 2012; Tian et
al., 2014) [51, 45]. In India, chilli crop has spread to an acreage of
0.364 M ha with production of 3.720 Million Mt and Tamil Nadu
with 2197 ha with production of 30562.62 Mt (NHB, 2019;
HAPIS 2019) [19, 18].
Among the different growth stages of crop, reproductive stage is
more sensitive to the extreme temperature and water deficit
(Wheeler et al., 2000) [50]. Drought stress in chilli had negative
effect on the growth and yield characters (Khan et al., 2008) [22].
One degree rise in temperature during growing period at field
condition initially showed slight increase in the growth characters

and yield of chilli, however it resulted in the negative relation to
that of the harvest index and crop growth rate (Abhayapala et al.,
2018) [1]. Occurrence of both water deficit and heat stress is very
much sensitive for chilli and more particular during flowering
and reproductive stage considered as critical stage of chilli
growth (Moreno et al., 2003) [30].
An important physio-chemical mechanism by plant to
acclimatize to abiotic stress is the changes in the osmotic
potential of the cell with increased accumulation of osmolytes
(Gonazalez-Chavira et al., 2018) [15]. Osmotic adjustment
maintains the turgor of the guard cell, leaf tissues and regulates
the stomatal opening and closing under water stress in relation to
the transpiration ratio (Ludlow and Muchow, 1990) [27]. Osmotic
adjustment under water stress showed correlation with higher
yield in various crops (Blum et al., 2005) [7]. Relative Leaf Water
Content (RLWC) determines the drought tolerance capacity
without much hindrance to the normal physiological processes by
maintaining the cell water contents. Decrease in RWC under
abiotic stress results in reduced net CO2 assimilation rate (Lawlor
et al., 2002) [25]. Wide transpiring leaf surface and elevated
stomatal opening, has made Capsicum annum a susceptible crop
to the water deficit (Delfine et al., 2001) [11]. Combined stress of
drought and heat, stomata experience antagonistic function. High
temperature needs stomata to be open for lowering the leaf
temperature whereas drought needs stomata to be closed for
reducing the water loss (Rizhsky et al., 2002) [36]. Interaction of
water and high temperature stress negatively correlates with the
plant height reducing the overall growth, number of leaves, leaf
expansion and early completion of life cycle (Gunawardana and
DeSilva, 2014) [16]. Malondialdehyde (MDA) content indirectly
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measures the damage to membranes caused by lipid peroxidation
during heat stress (Vivitha et al., 2017) [48].
Numerous studies on chilli revealed that, the effect of individual
drought and high temperature stresses results in alteration of
growth, physiological, biochemical and yield characters.
However, the studies pertaining to the combined stress of drought
and high temperature is very few. Hence, the combined stress
effect of chilli need to be addressed under changing climatic
conditions. This study will address the deleterious effects of
combined stress during the reproductive stage of the chilli with
reference to growth and yield parameters. Therefore, the
objective of this study was standardizing the drought and heat
treatments in chilli using Stress Tolerance Index (STI) to further
study the physiological basis of stress tolerance, to investigate the
physiology and yield traits of the chilli under the drought and
increasing temperature, and to correlate the morphophysiological traits with yield under stress.
2. Materials and Methods
2.1. Chilli genotypes
Two chilli varieties viz., Kovilpatti 1 (K1) from Regional
Research Station, Kovilpatti and local variety of
Ramanathapuram Gundu (RG) type and a TNAU chilli hybrid
CO1 (CO1), released from Tamil Nadu Agricultural University
were selected for the study. The fruits of K1 and TNAU chilli
hybrid CO1 are elongated and RG is round. The varieties were
selected based on the yield and consumer preference along with
recently released hybrid.
2.2. Drought and heat treatments
The study was carried out during 2019-2020 in Open Top
Chamber facility located at Department of Crop Physiology,
TNAU, Coimbatore. The open top chamber fabricated by
polycarbonate sheet, with a dimension of 4 m × 4 m were used.
Three open top temperature-controlled chambers, one for
ambient and two for elevation were used for the study and
temperature of one chamber was elevated by 3°C and other by
5°C compared to ambient chamber. The drought treatments were
imposed by dry down gravimetric method (Durgadevi and
Vijayalakshmi, 2020) [12]. Combined stress was given with
imposing different levels of pot capacity under temperature
elevation chambers.
2.2.1. Experiment 1: Standardizing drought and heat
treatments in chilli based on STI for physiological analysis
Nursery of the three selected chilli genotypes were raised in the
protrays. The crop was transplanted in pots during 2019 and
grown with all package of practices recommended. 35 days old
seedlings were transplanted to the pots with red soil and two
seedlings were maintained per pot of 18 kg capacity with 15 kg
of soil. The individual pots were maintained for control and other
treatments in their respective chambers. The plants were grown
normally till flowering stage and the treatments were imposed.
The treatments include T1- Control (100% Pot Capcity (PC) +
Ambient Temperature), T2- 80 % PC and A+ 3°C, T3- 80% PC
and A+ 5°C, T4- 60% PC and A+ 3°C, T5- 60% FC and A+ 5°C,
T6- 40% PC and A+ 3°C and T7- 40% PC and A+ 5°C. Then the
pots at 50% flowering were subjected to elevated temperature
treatment under the Open Top Chambers. After 15 days of stress
treatments, the plants were shifted to normal condition. The
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flowering and yield data were collected from the tagged plants
and flowers which are exposed to stress for a period of 10 days.
The data related to maximum temperature and relative humidity
during the treatment period of stress treatments are given in Table
1.
2.2.2. Experiment 2: Morpho-physiological traits of chilli
genotypes under combined drought and heat stress condition
Based on experiment 1, 60% PC and A+ 3°C was considered as
optimum level of combined stress treatment to study the morphophysiological mechanism of chilli. The lower level of PC
combined with high temperature had higher deleterious effect
while, higher PC had less effect on growth, physiology and yield
of chilli. Three varieties Kovilpatti 1 (K1), TNAU chilli hybrid
CO1 (Hybrid CO1) and Ramanathapuram Gundu (RG) were
taken for the study and the stress treatments include i) Control (100% Pot Capcity (PC) + Ambient Temperature), ii) Drought 60 % PC with Ambient Temperature, iii) High temperature 100% PC and A+ 3°C, iv) Drought + High temperature - 60% PC
and A+ 3°C. At the time of flowering, the pots of all varieties
were shifted to respective chambers of ambient and high
temperature. Reproductive stage stress was imposed for 10 days
and data were recorded during stress on 7 th day and after one
week of stress recovery. Recorded maximum temperature at the
time of flowering ranged from 36°C to 43°C in the elevated
chamber.
2.3. Methods
2.3.1. Stress tolerance index
Stress tolerance index (STI) of chilli was calculated based on the
yield data collected from stressed and non-stressed plants using
the formula, of STI = (Yp×Ys)/Yp 2 where Yp is the yield under
control condition, Ys is the yield under stress condition
(Fernandez, 1992) [14].
2.3.2. Osmotic potential and osmotic adjustment
The penultimate fully expanded leaf on the main stem was cut,
wrapped in a plastic bag and soaked in water in the refrigerator
for 24 hours to rehydrate the tissue. The rehydrated leaf was
placed in aluminium foil, frozen with liquid nitrogen for 30
seconds to stop the physiological function of its cells and stored
in a -80°C freezer. The sap was collected by squeezing the leaf
sample with the help of a sterile syringe and the osmolality (mmol
kg-1) of the expressed sap was determined using a vapour pressure
osmometer (Vapro Model 5520 Wescor Inc., Logan, UT, USA).
Osmotic potential (s) was calculated as, π = -c RT, where c is
concentration, R is the universal gas constant (0.0832) and T is
the temperature in degrees Kelvin (310o K). The following
conversion equation was used to compute osmotic potential (in
MPa).
Osmotic potential = [(Osmolality mmol kg-1) (0.0832) (310)] /
10000
Osmotic adjustment was calculated as the difference between the
turgid potential in the well-watered treatment and stress treatment
(Babu et al., 1999) [3].
Osmotic adjustment (MPa) = Osmotic potential in control osmotic potential in drought
2.3.3. Relative Leaf water content
Fully expanded third leaf was collected early in the morning.
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Leaf discs of equal size were soaked in water for four hours and
turgid weight was measured. Then the leaf bits were kept in hot
air oven at 60°C and dry weight was recorded (Barrs and
Weatherly, 1962) [4]. RLWC were calculated using following
formula and expressed as per cent.
RLWC (%) = [(Fresh weight – Dry weight) / (Turgid weight –
Dry weight)] x 100
2.3.4. Plant height
The plant height was measured using the meter scale from the
lower shoot region to the highest position of plant. The plant
height was measured in cm.
2.3.5. Leaf Temperature
Leaf temperature were measured using Fluke 59 mini IR
thermometer and expressed in °C
2.3.6. Malondialdehyde
The lipid peroxidation level was determined by quantifying the
MDA equivalents using 2- Thiobarbituric acid (TBA) and
expressed in µmol g-1 of fresh weight (Hodges et al., 1999) [17].
For this 0.25 g of leaf tissue was homogenized in 4 ml of 1% TCA
solution (w/v) and centrifuged at 10,000 rpm for 10 min.
Supernatant was transferred to a fresh test tube and 1 ml of 0.5%
TBA in 20% TCA was added and incubated in boiling water for
30 min. Then, the samples were re-centrifuged at 10,000 rpm for
5 min and the absorbance values of the supernatants were
measured at 532 nm. The values for non-specific absorption at
600 nm were subtracted. MDA concentration was calculated by
the formulae: MDA content (μmol g-1) = Δ (A532 – A600) / 1.56
× 105.
2.3.7. Yield parameters
The yield parameters like individual fruit weight, No. of fruits per
plant ant fruit yield at 1st picking were taken after fruit tagging
during stress. Each sample was taken with proper replicates to
minimize the error and mean values were given in the table.
2.4. Statistical analysis
The data on various parameters were subjected to univariate
analysis of variance using IBM SPSS statistics 21. ANOVA was
performed with proper replications to minimize error and to study
the physiological differences between the treatments and
genotypes of chilli. Experiments were arranged in a Factorial
completely randomized design (FCRD), with four and five
replications in Experiment 1 and Experiment 2 respectively. The
collected data were presented with the respective standard errors
of means and the least significant difference (LSD 0.05). The
software ORIGIN Pro 8 software was used to draw the graphs.
Pearson Correlation was done using IBM SPSS statistics 21.
3. Results
3.1. Experiment 1: Standardizing drought and heat
treatments in chilli based on STI for further physiological
analysis
Number of flowers per plant at 50 % flowering and days to 50 %
flowering shows significant difference (P<0.05) among stress
treatments and genotypes (Table 2). Severity of stress decreased
the number of flowers and days for 50% flowering. Among the
six stress treatments, T4 (60% PC+ 3°C) attained 50% flowering
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nearly 10 days earlier in all genotypes compared to control plants
irrespective of variety/hybrid. Treatment with 60% PC+ 3°C had
better physiological relevance to abiotic stress with 50%
tolerance nature. Early flowering of chilli was seen in Hybrid
CO1 (104.0, 89.33 days) RG (105.0, 89 days) and K1 (104.33,
92. 67 days) under 60% PC+ 3°C and 40% PC+ 5°C treatments
respectively.
Among the genotypes, Hybrid CO1 recorded higher number of
flowers (43.33) compared to other varieties in control, while the
same resulted in higher flower reduction under stress condition.
Among the different stress treatments, T2 (80% PC+ 3°C)
exhibited lower reduction in numbers of flower while the highest
was recorded in T7 (40% PC+ 5°C) compared to control (100%
Pot Capcity (PC) + Ambient Temperature) while, the treatment
with 60% PC+ 3°C had optimum level of flower reduction
compared to control. Variety K1 had higher number of flowers
(22.67) under 60% PC+ 3°C stress condition followed by RG
(21.33) and hybrid CO1 had minimum flowers (19.33).
Chilli genotypes are morphologically varies with one another as
they have elongated and rounded chilli types. Yield characters of
chilli showed significant variation (P<0.05) between treatments
and varieties (Table 3). As occurrence of stress gradually
decreases the average fruit weight, number of fruits per plant
irrespective of genotypes, the lowest yield was recorded in
treatment with 40% PC and A+ 5°C. The average fruit weight of
Hybrid CO1 was 7.23 g and K1 was 5.93 g followed by RG chilli
with 4.47 g under control (100% Pot Capcity (PC) + Ambient
Temperature) condition. Under 40% PC+ 5°C stress condition,
the Hybrid CO1 had higher weight loss over control. 60% PC and
A+ 3°C had significant weight reduction over control irrespective
of genotypes.
The number of fruits per plant showed significant difference
(P<0.05) among the treatments and genotypes (Table 3.). Stress
treatments showed decreasing trend and drastically reduced the
number of fruits per plant under severe stress condition. Moderate
stress of 60% PC and A+3°C had higher reduction of fruits
compared to control (100% Pot Capacity (PC) + Ambient
Temperature) and lesser reduction over severe stress condition
(40% PC and A+ 5°C). Hybrid CO1 had significantly reduced
number of flowers (10.33) followed by K1 (12.00) under severe
stress condition of 40% PC and A+ 5°C while RG had higher
number of fruits.
3.1.1. Stress tolerance index
STI showed significant (P<0.05) difference between drought and
heat stress treatments and genotypes. Among the treatments,
control (100% Pot Capacity (PC) + Ambient Temperature), T2
(80% PC+ 3°C), T3 (80% PC+ 5°C), T4 (60% PC and A+ 3°C)
had higher level of stress tolerance (above 0.5) whereas, the other
treatments had STI lesser than 0.5. This results showed that
treatments with mild stress had higher tolerance and intense stress
had lesser tolerance capacity (Fig. 1). The treatment, 60% PC+
3°C with 0.501 STI had moderate level of stress tolerance and
above 0.5 and it was selected to study the further physiological
changes in chilli under combined heat and drought stress.
3.2. Experiment 2: Morpho-physiological traits of chilli under
individual and combined stress conditions
3.2.1. Osmotic potential and Osmotic Adjustment
Osmotic potential and adjustment exhibited highly significant
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Variations (P<0.05) among the genotypes under different stress
conditions (Fig. 2). Among the treatments, combined stressed
plants (D+HT) showed maximum osmotic potential and osmotic
adjustment followed by drought treatment (D). Combined
stressed plants of K1 (-2.35 MPa; 0.83), Hybrid CO1 (- 2.21 MPa;
0.80) and RG (-2.23 MPa; 0.80) had higher osmotic potential and
adjustment. Drought stress plants (D) have second higher osmotic
potential and osmotic adjustment with values of -1.99 MPa;
0.47in K1, -1.91 MPa; 0.49 Hybrid CO1 and -1.98 MPa; 0.55 RG
respectively. The variety K1 exhibited plasticity to combined
stress and individual drought stress, by maintaining higher
osmotic potential and adjustment.
Under stress recovery, the osmotic potential and osmotic
adjustment got decreased irrespective of treatment and genotypes
and no variations were found under interaction effect of treatment
and Varieties. The osmotic potential of combined stress of
drought and heat got decreased to -1.86 (K1), -1.80 (Hybrid CO1)
and -1.88 (RG) compared to stressed plants. Among the different
stress treatments, combined stress and individual drought stress
influenced the synthesis of osmolytes to mitigate stress and
exhibit tolerance in chilli.

temperature decreased to average of 31°Cover stress recovery
among all the genotypes.

3.2.2. RLWC
Significant variations on RLWC were observed between
genotypes and treatments (Fig. 3). The RLWC values were
maintained above 55% and the treatments with combined stress
of drought and heat (D+H) and drought (D) had minimum RLWC
compared to heat stress (HT). Hence, K1 had higher RLWC and
lower percent reduction among the stress treatments and showed
relative tolerance compared to other genotypes as sustained by
maintenance of better water status. With regard to stress recovery,
the treatments and genotypes showed significant difference
(P<0.05). Chilli plants regains its turgidity and recorded higher
RLWC over stress treatments and maintained the RLWC above
75% irrespective of treatments and genotypes.

3.2.6. Yield characters of chilli under combined stress
conditions
Fruit weight, number of fruits and total weight of chilli showed
significant difference (P<0.05) between stress treatments and
genotypes. The combined drought and heat stress (D+HT) had
recorded lower yield with reduced fruit weight and number of
fruits per plant followed by heat stress (Table 3). Hybrid CO1
registered higher number of flower reduction of 59.25% over
control followed by K1 with 50.39% under combined stress
condition. The heat and drought had reduction percentage
(51.23% and 27.77% in Hybrid CO1; 41.02 and 17.94% in RG;
37.79 and 15.74% in K1). Higher yield reduction was recorded in
hybrid CO1 (57.23%) followed by RG (44.03%) and minimum
reduction was registered in K1 (43.90%) over control under
combined stress (D+HT). Heat stress also had yield reduction of
36.93% 25.42% and 24.33% respectively for Hybrid CO1, RG
and K1 whereas drought stress experienced comparatively lower
yield reduction with 21.50% (Hybrid CO1), 13.08 % (RG) and
14.65% (K1). Among the genotypes, hybrid CO1 had higher fruit
and yield reduction under all stress conditions compared to
control.

3.2.3. Plant height
Irrespective of the stress condition and genotypes, the plant
height showed significant variation (Fig. 3). Among the
treatments, combined stress (D+HT) and drought stress (D)
treatments have reduced height whereas the high temperature
treatment had increased height or maintained the height over
control. The treatment with D+HT had higher reduction of
31.14%, 23.86% and 26.31% over control in K1, Hybrid CO1 and
RG respectively. An increase in plant height was recorded during
the stress recovery stage.
3.2.4. Leaf Temperature
A highly significant difference was observed between the chilli
variety/hybrids and treatments during stress and stress recovery
treatments (Fig. 4.). The treatment of combined stress D+HT and
high temperature (H) showed higher leaf temperature of 35.57,
36.07 and 35.94 and 32.87, 35.73, 34.95°C in K1, Hybrid CO1
and RG genotypes respectively. While the drought stress
treatment had lower temperature compared to heat and combined
stress. Chilli variety of K1 had lower leaf temperature during
stress treatments and maintained cooler canopy over other
genotypes.
Stress recovery of chilli showed no variation while treatments
and interaction had significant difference (P<0.05). The leaf

3.2.5. MDA content
The present study revealed that drought, heat and combined
drought and heat stress had significant variation on MDA content
in chilli (Fig. 4). Considering the treatments, combined drought
and heat stress (D+HT) registered maximum MDA content in
Hybrid CO1 (2.92 µmol g-1) followed by RG (2.66 µmol g-1) and
minimum MDA content was recorded in K1 (2.54 µmol g-1)
while the same recorded 2.57 µmol g-1, 2.35 µmol g-1 and 2.14
µmol g-1 under stress recovery condition. The heat stress
treatment had higher MDA content with higher degree of
membrane damage due to lipid peroxidation next to combined
drought and heat stress (D+HT). 2.48, 2.31, 2.29 µmol g-1 were
the hierarchy of higher to lower MDA content expressed by
Hybrid CO1, RG and K1. The stress recovery MDA content
decreased to 2.11 µmol g-1 in Hybrid CO1, 1.94 µmol g-1 in RG
and 1.77 µmol g-1 in K1. Drought and control treatments had
lower level of MDA content compared to heat and combined
drought and heat stress.

4. Discussion
Reproductive stage stress is most sensitive to drought and high
temperature in various crops (Abhayapala et al., 2018) [1]. Stress
Tolerance Index (STI) was used to standardize the combined heat
and drought treatments based on flowering and yield characters
under control and stressed condition. STI was calculated by
comparing the yield potential of control and stressed plant.
Among the six treatments, the tolerance level of three treatments
(T2, T3 and T4) were found to be above 50% STI. T4 (60% PC
and A+3°C) was standardized to study the physiological basis of
combined treatment to drought and heat.
Generally, all the stress treatments caused a decrease in number
of flowers and days taken for 50% flowering, fruit weight and
fruit numbers in all the varieties taken for the study. In the present
study, six treatments of combined drought and heat stress
imposed at flowering had higher flower reduction over control.
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Occurrence of stress during flowering resulted in reduced number
of flowers and yield in Hybrid CO1 and also shortened the
flowering period by early flowering. Combined stresses were
found to have retarded growth and flower abscission. Chilli crop
exposed to high temperature or drought or combined stresses
during vegetative and reproductive stage have reduced growth,
flower and fruit abscission (Saha et al., 2010) [40]. Elevated
temperature at reproductive stage resulted in sterility of the
flower, flower drop, ill-filled distorted fruits and time taken for
flowering in bell pepper (Erickson and Markhart, 2001) [13].
Severity of the drought stress reduced the number of flowers in
Capsicum (Malika et al., 2019) [29].
Reduced fruit size and number of fruits were observed in the
present study. Among the genotypes, Hybrid CO1 had higher
yield reduction over control (Table 2.) with less number of fruits
per plant and reduced fruit weight, while variety K1 had lower
reduction. Combined drought and heat stress had lower yield with
reduced grain weight in wheat (Urban et al., 2018) [46]. In line
with the above findings, flower drop and sterility during heat
stress due to pollen abortion, reduced fertilization, malformation
of the floral characters and abnormal seed set were seen in crops
like tomato, maize, bell pepper, canola, soybean, flax and
brassica (Erickson and Markhart, 2001; Pagamas and Nawata,
2008) [13, 32]. Similarly reduction in number of fruits per plant,
fruit length and diameter, individual fruit weight, fruit yield per
plant and fruit dry weight per plant were recorded under water
deficit condition in chilli (Khan et al., 2008; Malika et al., 2019;
Rosmania et al., 2019) [22, 29, 39].
An important physio-chemical mechanism by plant to
acclimatize the abiotic stress is the changes in the osmotic
potential of the cell with increased accumulation of synthesis of
osmolytes 18. In this study, combined and individual drought
stress had higher level of osmotic potential with accumulation of
osmolytes and decreased the water potential of plant less than the
soil to absorb more water from the deeper layers. Variety K1, was
found to have better tolerance towards the stress with higher
accumulation of osmolytes and hence had better level of
adjustment towards drought. Osmotic potential and osmotic
adjustment had positive relation with total yield of chilli (Table
4.). Osmotic adjustment maintains the turgor of the guard cell,
leaf tissues and regulates the stomatal opening and closing under
water stress in relation to the transpiration ratio (Ludlow and
Muchow, 1990) [27]. In line with our findings, combined drought
and heat recorded higher osmotic potential than individual
drought and heat stresses in lentils (Sehgal et al., 2017) [43] and
wheat (Sattar et al., 2020) [42]. Individual drought stress had
higher level of osmotic adjustment in Thai chilli (Sato et al.,
2003) [41]. Heat stress alone accumulated osmolytes to decrease
the osmotic potential in wheat (Argentel-Martinez et al., 2019)
[2]
. Osmotic adjustment and potential were the traits that strongly
associated with drought stress, which could be used to
characterize the drought scenario and tolerance of chilli
genotypes.
The plant water status under abiotic stress condition were
measured with relative leaf water content of the crop.
Maintaining of internal water status is much important to have
normal functioning of plants and other metabolic activities.
RLWC is found as index for measuring the abiotic stress,
especially the low water stress. Study in chilli showed a
decreasing trend in RLWC under combined and drought stresses
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(Fig. 3b). Drought stress showed positive correlation with RLWC
and yield potential in chilli (Table 4). Among the genotypes, K1
was found to have higher RLWC during stress condition
irrespective of treatments. Among the treatments, combined
stress (D+HT) recorded higher RLWC reduction of 29.76 %,
35.82% and 30.77% followed by drought (D) treatment with
24.96%, 29.34% and 26.85% over control in K1, hybrid CO1 and
RG respectively. Earlier findings also revealed that tolerant
plants maintain higher levels RLWC to get higher yield under
drought condition (Malika et al., 2019; Okunlola et al., 2017) [29,
31]
. Interaction of drought and heat stress had higher impact over
leaf water potential with decreased photosynthetic activity in
wheat (Shah and Paulsen, 2003) [44]. Hydration capacity of plants
decides the drought tolerance capacity of plants. Heat stress had
lower effect on water relations in sorghum as it directly impacts
the soil moisture status (Machado and Paulsen, 2001) [28]. The
water deficit in plants lowered the water potential and turgidity
of cell by closing stomata and reduced cell expansion (Jaleel et
al., 2009) [21].
The combined effect of drought and high temperature had
negative effect on the plant height compared to that of single
stress because of its additive effects (Prasad et al., 2008) [35]. Plant
growth and development is coupled with number of metabolic
reactions. Under stress condition, the growth of the plant is
hampered as an adaptation strategy (Rollins et al., 2013) [38] and
result in reduced plant height, number of leaves and leaf
expansion (Gunawardena and DeSilva et al., 2014) [16]. In the line
with above findings, plant height was severely reduced under
combined heat and drought treatments. Contrary to the above
findings, heat stress increased the plant height (0.09%) in Hybrid
CO1. Individual drought stress and heat stress had decreased the
plant height in chilli. Plant height was found to reduced under
individual drought and heat stress treatments in chilli and
sorghum (Prasad et al., 2006; Khan et al., 2012) [34, 23]. In
accordance with the results of present study, interaction of
drought and heat had experienced a negative effect over plant
growth in chilli Gunawardena and DeSilva et al., 2014) [16].
Occurrence of drought and heat together has greater impact over
individual stress effects. Leaf temperature was found to be an
important indicator of abiotic stresses such as drought and heat
stress in chilli plants as it had negative relation with yield which
is evident in Table 4. ((Malika et al., 2019; Rollins et al., 2013)
[29, 38]
. Decreased leaf temperature during drought and heat
stresses was found to have improved stress tolerance. The variety
K1 chilli with lower leaf temperature had tolerance to the
combined and individual stresses (Fig. 4). Decreased leaf
temperature regulates transpirational cooling, maintains stomatal
movement, evaporation rate, gas exchange properties and WUE
during stress and imparts tolerance in chilli. Increased leaf
temperature increases the heat stress intensity and reduced the
stomatal conductance in rape seed. Heat stress combines with the
drought and occurs simultaneously, as the increased leaf
temperature had photosynthetic impairment in crop plants and
depletes the soil water (Lamaoui et al., 2018) [24].
Lipid peroxidation of membrane under stress results in higher
malondialdehyde content. Combined stress (D+HT) followed by
heat stress had higher level of membrane damage with the
measure of MDA content in all variety/hybrid. Membrane is the
main structure which get affected first under the temperature
stress because it alters the membrane fluidity. This impairs the
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membrane based physiological process (Blum, 1988) [8]. Measure
of MDA content is a reliable indicator of heat stress tolerance in
chilli (Vivitha et al., 2017) [48]. MDA content of chilli had
negative relation with that of yield in chilli (Table. 4). Variety K1
had minimum lipid peroxidation (50.39%) over hybrid CO1
(58.94%) and RG (58.27%) compared to control in interactive
stress effect. Likewise K1 had lower percent increases of 44.97%
and 17.10% in individual heat and drought stress respectively.
Combined stress as well as heat stress showed sensitivity over
membrane integrity resulting in membrane fluidity and leaky
resulting in impairment of photosynthesis in barley (Rollins et al.,
2013) [38]. Heat stress in rice showed increased membrane damage
by measuring higher MDA content (Vivitha et al., 2017) [48].
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The fruit yield of chilli has positive correlation and significant
(P<0.01, P<0.05) among number of fruits, plant height, osmotic
adjustment, osmotic potential and RLWC and negative
correlation with MDA content, leaf temperature (Table. 4). This
indicate that under stress condition, plant height, number of fruits,
osmotic potential and RLWC contributes maximum to the yield
of chilli. Varieties with higher fruit numbers, plant height and
higher level of osmolyte synthesis and relative leaf water content
had better yield while, MDA and leaf temperature decrease the
yield potential of chilli. Similar results were reported in chilli by
correlating the yield with plant height, osmolytes synthesis,
RLWC, leaf temperature and MDA content in Capsicum annum
(Patel et al., 2009; Vani et al., 2007) [33, 47].

Table 1: Temperature and RH in Open Top Chamber during the experimental period
Date
18/2/2019
19/2/2019
20/2/2019
21/2/2019
22/2/2019
23/2/2019
24/2/2019
25/2/2019
26/2/2019
27/2/2019
28/2/2019
1/3/2019
2/3/2019
3/3/2019
4/3/2019

Ambient
Ambient+3°C
Ambient+5°C
Temperature (°C) Relative Humidity Temperature (°C) Relative Humidity Temperature (°C) Relative Humidity
36.22
82.0
39.08
79.3
41.23
75.2
34.60
79.2
37.59
78.5
39.19
77.1
32.76
81.2
36.25
80.9
38.17
80.6
32.97
81.5
35.65
84.7
37.74
82.1
32.81
83.6
36.50
83.4
38.22
82.0
32.38
83.1
36.32
82.6
37.96
80.6
33.01
80.6
37.32
78.5
38.16
77.5
32.13
80.8
36.20
79.6
38.52
78.3
35.53
83.9
38.61
82.9
40.76
81.5
35.00
85.6
39.25
83.6
41.75
84.9
35.43
83.5
39.80
83.0
41.52
82.6
36.19
81.9
39.92
81.5
41.21
80.7
36.24
80.9
40.36
78.1
42.59
79.6
36.59
79.6
39.58
79.0
41.02
78.4
36.52
84.2
39.32
82.6
41.54
81.8

Fig 1: Stress tolerant index of chilli under combined drought and heat stress treatments
Table 2: Effect of combined drought and heat stress on flowering and yield characters in chilli
Days to 50% flowering (Days)
Treatments
T1
T2

KI
116.33
110.00

CO1
110.33
108.33

RG
115.00
113.33

No. of flowers per plant @50% Individual fruit weight (g
flowering (Number)
fruit-1)
KI
CO1
RG
K1
CO1
RG
38.00
43.33
36.00
5.93
7.23
4.47
34.00
35.00
32.00
5.20
6.83
4.10

No of fruits plant-1
K1
22.67
21.67

CO1
26.33
23.67

RG
20.00
19.00
312
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T3
T4
T5
T6
T7

108.67
104.33
101.00
96.33
92.67
G
SE(d)
0.866
CD (P <0.05) 1.750**
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100.33
104.00
95.67
90.67
89.33
T
0.371
0.750**

110.33
29.33
27.67
25.00
5.33
6.37
3.50
18.00
21.33
18.00
105.00
22.67
19.33
21.33
5.50
6.03
3.60
17.33
21.00
15.67
100.67
16.00
16.00
14.33
5.30
5.50
3.40
15.67
14.67
13.67
92.33
18.00
14.00
16.33
5.07
5.10
3.30
13.00
11.67
15.00
89.00
16.00
13.33
14.67
4.77
4.90
3.30
12.00
10.33
14.00
G×T
G
T
G×T
G
T
G×T
G
T
G×T
2.598
0.376
0.1614
1.129
0.029
0.013
0.088
0.241
0.103
0.722
5.250 NS 0.761** 0.326** 2.283** 0.059** 0.025** 0.178** 0.487** 0.209** 1.460**
NS- Non significant *-significant **-Highly significant
T1- Control (100% Pot Capcity (PC) + Ambient Temperature), T2- 80 % PC and A+ 3°C, T3- 80% PC and A+ 5°C, T4- 60% PC and A+ 3°C,
T5- 60% PC and A+ 5°C, T6- 40% PC and A+ 3°C and T7- 40% PC and A+ 5°C.

Fig 2: Effect of heat and drought stress on osmotic potential and
adjustment of chilli

Fig 3b: RLWC of chilli genotypes under different stress conditions

Fig 4: Influence of heat and drought stress on MDA content and Leaf
temperature in chilli
Fig 3a: Plant height of chilli genotypes under combined, heat and
drought stress and stress recovery (SR) conditions
Table 3: Yield characters of chilli under heat and drought stress conditions
Individual fruit weight (g)
No of fruits plant -1
Fruit yield (g plant -1)
K1
CO1
RG
K1
CO1
RG
K1
CO1
RG
5.9
7.06
4.46
25.4
32.4
23.4
143.10
188.13
125.99
5.44
6.28
3.64
21.4
23.4
19.2
121.65
147.80
109.51
5.36
6.38
3.26
15.8
15.8
13.8
108.27
118.64
93.96
5.12
5.46
2.76
12.6
13.2
12.2
80.27
80.46
70.51
G
T
G×T
G
T
G×T
G
T
G×T
SE(d)
0.021
0.016
0.065
0.164
0.123
0.494
0.462
0.346
1.387
CD (P <0.05)
0.043**
0.032**
0.131**
0.332**
0.249**
0.99**
0.931**
0.698**
2.795**
NS- Non significant *-significant **-Highly significant
Control - (100% Pot Capcity (PC) + Ambient Temperature), Drought (D) - 60 % PC with Ambient Temperature, High temperature (HT)- 100% PC
and A+ 3°C, Drought + High temperature (D+HT)- 60% PC and A+ 3°C
Treatments
C
D
HT
D+HT
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Table 4: Correlation of yield with physiological parameters of chilli under heat and drought stress conditions
Yield/physiological traits

Fruit yield
(g plant-1)
1

No. of fruits MDA Leaf temperature Plant height
plant-1
(µmol g-1)
(°C)
(cm)
**
0.962
-0.792**
-0.823**
0.651*
1
-0.884**
-0.905**
0.523
1
0.952**
-0.281
1
-0.386
1

Osmotic
Osmotic
adjustment potential (MPa)
0.089
0.798**
0.146
0.799**
-0.281
-0.768**
-0.235
-0.740**
-0.302
0.676*
1
0.074
1

Fruit yield
No. of fruits plant-1
MDA
Leaf temperature
Plant height
Osmotic adjustment
Osmotic potential
RLWC
**-Correlation is significant at the 0.01 level (2-tailed) *- Correlation is significant at the 0.05 level (2-tailed)

5. Conclusion
Drought of 60% PC and elevated temperature of + 3°C based on
STI was standardized as is the optimum level to identify the
physiological mechanism underlying stress tolerance in chilli.
This treatment clearly differentiated the contrasting genotypes for
susceptibility/tolerance to combined stress. The parameters like
osmotic potential, osmotic adjustment and RLWC were used as
reliable trait to identify the drought tolerance mechanism. Plant
height, leaf temperature, MDA content were observed to indicate
the degree of heat stress treatments. Higher the stress level,
greater was the impact on yield of chilli. Among the genotypes,
Kovilpatti 1 (K1) followed by Ramanathapuram Gundu (RG) had
better survival under combined stress with heat and drought.
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