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3.1. Materials and Methods 

3.1.1. Evaluation of Seed Antioxidant Potential 

3.1.1.1. Seed Material 

 Seeds of twenty pepper genotypes were acquired from Horticultural Research Station, 

Guntur, AP. Seeds were grown in randomized block design in greenhouse of K L University, 

Guntur. Elite genotypes (Table 3.1) were maintained through self pollination and were used 

for the study. Seeds of each genotype were ground and sieved to obtain fine powder. The 

seed powder was used to evaluate antioxidant potential in seeds. 

Table 3.1 Hot Pepper Genotypes used for Screening Drought Tolerance 

S.No. Pedigree Accessions Genotypic Code 

1 Super10 Super10-1-1 KCa-1 

2 Devunur Deluxe Devunur Deluxe-1-1 KCa-2 

3 SHP4884 SHP4884-1-1 KCa-3 

4 LCA353 LCA353-1-1 KCa-4 

5 BSS355 BSS355-1-1 KCa-5 

6 Indam 5 Indam5-1-1 KCa-6 

7 G4 G4-1-1 KCa-7 

8 Bss273 Bss273-1-1 KCa-8 

9 LCA334 LCA334-1-1 KCa-9 

10 CA941 CA941-1-1 KCa-10 

11 Rabi222 Rabi222-1-1 KCa-11 

12 Arunyam Arunyam-1-1 KCa-12 

13 CA960 CA960-1-1 KCa-13 

14 LCA341 LCA341-1-1 KCa-14 

15 Vishnu Vishnu-1-1 KCa-15 

16 Teja Teja-1-1 KCa-16 

17 Preethi Preethi-1-1 KCa-17 

18 NCH5 NCH5-1-1 KCa-18 

19 Super2 Super2-1-1 KCa-19 

20 Pusa Jwala Pusa Jwala-1-1 KCa-20 
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3.1.1.2. Determination of DPPH Radical Scavenging Activity 

 To evaluate DPPH scavenging activity, 100 mg ground seed powder was combined 

with methanol (2 ml) and incubated at room temperature for 24 hrs. Filtrate (1 ml) was mixed 

to 0.1 mM DPPH (3 ml) in test tubes and incubated for 30 min under dark conditions. 

Absorbance was taken at 515 nm with UV-Visible Spectrophotometer (Eppendorf 

BioSpectrometer, Epperndorf AG, Germany). DPPH radical scavenging activity was 

calculated as described in Okho et al., [153].  

 

3.1.1.3. Evaluation of Reducing Power 

 Seed powder (500 mg) was mixed with methanol (5 ml). The mixture was incubated 

at room temperature overnight. After the incubation, to the filtrate (1 ml), 5 ml phosphate 

buffer (2 M, pH 6.6) and 1% potassium ferricyanide (5 ml) were added. Contents were 

incubated for 20 min in water bath at 50o C. Post incubation, 10% trichloroacetic acid (5 ml) 

was added and contents were mixed to make uniform suspension. The contents were 

centrifuged for 10 min at 5000 rpm. Supernatant was carefully removed into another test tude 

to which, ddH2O (5 ml) and 0.1% ferric chloride (1 ml) were added and the absorbance of 

chromophore was read at 700 nm. Reducing power was determined as described in Do et al., 

[154].  

 

3.1.1.4. Estimation of Total Phenol Content 

Total Phenol Content (TPC) was quantified by extracting seed powder (300 mg) with 

80% methanol (5 ml). To 1 ml of the extract, 0.5 ml Folin-Ciocalteu reagent, ddH2O (7.5 ml), 

20% sodium carbonate (1.5 ml) were added. Contents were gently mixed to make uniform 

suspension. Absorbance of the contents was taken at 755 nm. Total Phenol Content was 

determined as described in Tohma et al., [155]. 

 

3.1.1.5. Estimation of Proline Content 

 In seed powder, proline content (PC) was estimated by extracting seed powder (500 

mg) with 3% sulfosalicylic acid (10 ml). To the obtained filtrate (2 ml), 2 ml each of acid-  
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ninhydrin reagent and glacial acetic acid were added and boiled in water bath for 1 hr. 

Produced chromophore was extracted using toulene (4 ml). Absorbance of chromophore was 

taken at 520 nm. Proline content was quantified as described in Sankar et al., [156]. 

 

3.1.1.6. Determination of Peroxidation of Lipids 

 Extent of peroxidation of lipids was evaluated by determining malondialdehyde 

(MDA) formed after reacting with thiobarbituric acid (TBA). Seed powder (1000 mg) was 

homogenised with 1% Trichloroacetic acid (10 ml). Homogenised material was centrifuged 

for 5 min at 10,000 rpm. Supernatant (1 ml) was taken into a separate test tube, to which 

0.5% TBA (4 ml) was added. Contents were mixed gently and the mixture was heated in 

water bath at 95o C for 30 min. Reaction was terminated by transferring test tubes onto ice. 

Absorbance at 600 & 532 nm was read and malondialdehyde concentration (mMoles/g) was 

determined using 155 mM-1 cm-1 extinction coefficient as described in Rasool et al., [157].  

 

3.1.1.7 Estimation of Hydrogen Peroxide (H2O2) 

 Hydrogen Peroxide was quantified by extracting seed powder (200 mg) in 0.1% 

trichloroacetic acid (5 ml). After filtration, to 0.5 ml filtrate, dichromate:acetic acid (2 ml, 

(5% potassium dichromate and acetic acid in 1:3 volume)) was added. The contents were 

then heated in boiling water bath for 10 min. Post boiling, test tubes were cooled to room 

temperature. Green coloured chromophore was formed and absorbance was taken at 570 nm. 

H2O2 (𝜇𝜇moles/g) content was estimated as described in Kaur et al., [158]. 

 

3.1.1.8. Statistical Analysis 

 For all the assays, values were determined in triplicates and data represented was 

mean ± SD. Data was analyzed using one way ANOVA and using Tukey’s post hoc test, 

multiple comparisons were performed at P=0.05. The correlation between the traits was also 

measured using Pearson’s correlation coefficient. All statistical analysis was performed in 

GraphPad Prism v 8.4.3 for windows.  
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3.1.2. Screening Genotypes for Drought Tolerance Traits at Vegetative Phase 

3.1.2.1. Plant Material 

 Elite hot pepper genotypes (Table 3.1) were raised in trays having mixture of 

vermicompost and peat (3:1) for 45 days under control conditions at 27oC (day time), 21oC 

(night time) with 16 hrs light and 8 hrs dark in green house. Seedlings were transplanted into 

pots after 45 days and acclimatised for one week.  

 

3.1.2.2. Stress Imposition 

 Experiments were performed in green house, K L Garden, K L University, Andhra 

Pradesh in the year 2015-16. Each pepper genotype was exposed to three different water 

regimes viz., 100% Field Capacity (FC) (Control), 60% FC (moderate drought stress) and 

40% FC (severe drought stress) 60 DAS, using gravimetric approach. With this method, 

precise stress imposition was possible by weighing the pots daily for two times and 

maintaining the pots at required weight by adding water that was lost due to 

evapotranspiration [159].  

 

3.1.2.3. Leaf Gas Exchange Parameters 

 At the end of water stress imposition, from upper canopy third leaf was kept inside 

the leaf chamber and left undisturbed so that; leaf gets acclimatized to new microclimate. 

Using CO2/H2O infra-red gas analyzer (LCpro-32070; ADC Bioscientific Ltd), Stomatal 

conductance (Gs; mol CO2 m-2 s-1), Net Photosynthetic Rate (Pn; µmol CO2 m-2 s-1), 

Transpiration (E; mmol m-2s-1), sub-stomatal CO2 concentration (Ci; µmol CO2 m-1) were 

measured. Leaf gas exchange parameters were measured between 10.00 and 13.00 solar time, 

at photosynthetically active radiation (PAR) of 1600 µmol m-2s-
 which was provided by light 

source (LC pro-32,070-Broad; ADC Bioscientific Ltd), temperature of 25-26o C, carbon 

dioxide concentration of 300 µmol and relative humidity of 55-60%. 

 

3.1.2.4. Determination of Proline, H2O2 and MDA contents 

 At the end of the stress period, leaf samples from control and droughted plants were 

collected and proline, H2O2, MDA contents were determined as aforesaid methods. 
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3.1.2.5. Estimation of Water Status in Leaf 

 Water status in leaves was determined by measuring RWC (relative water content) in 

control, droughted leaf samples. Leaf samples were collected and immediately fresh weight 

(FWt) was determined. Following this, leaves were immersed in ddH2O for four hours at 

room temperature and turgid weight (TWt) was calculated. Later, leaves were dried at 70o C 

for 48 hrs and dry weight (DWt) was documented. RWC was then determined using the 

method described in Shivakrishna et al., [160]. 

 

3.1.2.6. Estimation of Total Chlorophyll Content 

 Leaves (500 mg) collected from plants under control and stress conditions were 

incubated in 10 ml of dimethyl sulphoxide (DMSO) and acetone in 1:1 ratio for a period of 

6-8 hrs. At the end of the incubation, OD of the extract was taken at 645 and 663 nm. Total 

chlorophyll content was measured as per the formulae given in Shivakrishna et al., [160]. 

 

3.1.2.7. Determination of Cell Membrane Integrity 

 Cell membrane integrity was estimated by determining ion leakage from leaves. 

Chilli leaves were collected from both control and treated plants. Excised leaves were 

incubated in distilled water at room temperature for 4 hrs. Using conductivity meter, initial 

conductivity (C1) was measured. The solutions were then autoclaved to allow complete 

leakage from leaf sample and final conductivity (C2) was measured. Degree of electrolyte 

leakage was quantified as described in Su et al., [161].  

 

3.1.2.8. Determination of Catalase (CAT) Activity 

 Leaves (0.5 g) were excised and were homogenised using potassium phosphate buffer 

(5 ml, 50 mM, pH-7) in pre-cooled motor and pestle. Contents were centrifuged for 10 min at 

12,000 rpm at 4o C. To determine the CAT activity, potassium phosphate buffer (1.9 ml. 50 

mM, pH-7), 0.1 ml enzyme extract and H2O2 (0.1 mM, 1 ml) were added in experimental 

cuvette. CAT activity was assayed for 1 minute at 240 nm. Quantification of CAT activity 

was done by measuring decomposition of H2O2 [162].  
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3.1.2.9. Determination of Superoxide Dismutase (SOD) Activity 

  Leaves were homogenised using potassium phosphate buffer (3 ml- 50 mM, pH-7). 

Contents were centrifuged for 10 min at 10,000 rpm at 4o C. In the test tube, enzyme extract 

(0.2 ml) was taken to which sodium pyrophosphate buffer (1.2 ml, 0.025 M, pH-8.3), 

phenazine methosulphate (0.1 ml, 186 𝜇𝜇M), nitro blue tetrazolium (0.3 ml, 300 𝜇𝜇M) and 

water (2.8 ml) were added. Reaction was started by addition of 0.2 ml NADH (780 𝜇𝜇M). 

Reaction was allowed to happen for 90 sec and 1 ml glacial acetic acid was added to 

terminate the reaction. To this test tube, 4 ml of n-butanol was supplemented and centrifuged 

for 10 min at 10,000 rpm. Formed chromophore was separated and intensity was read at 560 

nm. Activity of SOD enzyme was determined as described in Sangeetha [163].  

 

3.1.2.10. Determination of Peroxidase (POX) Activity 

 Leaves were homogenised with phosphate buffer (5 ml- 0.1 M, pH-6.5) and contents 

were centrifuged for 10 min at 10,000 rpm at 4o C. Enzyme extract was used for 

determination of POD activity. In the experimental cuvette, 0.1 ml of enzyme extract, 3 ml of 

pyrogallol solution (0.05 M in 0.1 M phosphate buffer, pH-6.5) were added. Reaction was 

started by adding 0.5 ml of H2O2 (1% in 0.1M phosphate buffer, pH 6.5). Change in 

absorbance was read at 430 nm every 30 sec up to 3 min. POX activity was determined as 

described in Rajan and Pushpa [164]. 

 

3.1.2.11. Statistical Analysis 

 Data for all drought tolerance traits were collected in triplicates and data represented 

was mean ± SD. Data was analysed using two-way ANOVA and multiple comparisons 

between genotypes at a given Field Capacity was accomplished using Tukey’s post hoc 

analysis at p=0.05. Correlation between different traits was analysed using correlation 

coefficients. All the analysis was performed in GraphPad Prism v8.4.3 for windows. Further, 

for the visualisation of variables, genotypes and clustering of genotypes, Principal 

Component Analysis followed by K-means clustering was performed using XLSTAT.  
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3.1.3. Evaluation of Yield, Drought Stress Indices and Classification of Genotypes 

The investigation was carried out during 2016-17 at experimental garden in K L E F, 

Andhra Pradesh. Initially, seeds of 20 genotypes were grown in black trays and transplanted 

into soil after 45 DAS. The hot pepper genotypes were grown in accordance with advocated 

practices. Weeds were controlled manually. Experimental garden was divided into two 

blocks- one block being control and the other block was subjected to water deficit conditions 

(80 DAS). In both the blocks, each genotype was grown in a single row and each row 

contained 12 plants. To record number of fruits per plant, five plants per row were selected 

randomly. Based on yield under stress and control conditions, nine drought stress indices viz., 

mean productivity (MP), relative stress index (RSI), tolerance index (TOL), yield stability 

index (YSI), harmonic mean (HM), stress susceptibility index (SSI), geometric mean 

productivity (GP), yield index (YI) and stress tolerance index (STI) and were calculated 

using iPASTIC Tool (https ://mohse nyous efian.com/ipast ic/.) [165]. 

Based on drought stress indices, genotypes were classified into four groups (1) Group 

A- genotypes which show more or less same performance in both control and stress 

conditions, (2) Group B- high yield performance in non-stress conditions, (3) Group C- high 

yield in stressed environments, and (4) Group D- low yield in both control and stressed 

environments, by iPASTIC Tool (https://mohse nyous efian.com/ipast ic/.) which is in 

accordance with Ferdandez’s theory.  
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3.2. Results 

3.2.1. Seed Antioxidant Potential 

In the present investigation, scavenging activity of DPPH radical ranged from 11.43-

79.12% (Table 3.2). Highest scavenging activity was found in KCa-3 (79.12%), followed by 

KCa-6 (59.14%) and KCa-1 (51.28%). Among the genotypes, lowest scavenging activity was 

seen in KCa-19 (11.43%), thereupon in KCa-15 (18.84%) and KCa-10 (32.51%). Among the 

genotypes, reduction potential ranged from 15.77-76.13% (Table 3.2) with highest displayed 

by KCa-6 (76.13%), following KCa-3 (73.10%), KCa-1 (70.05%) and lowest displayed by 

KCa-19 (15.77%), following KCa-15 (17.03%), KCa-10 (27.98%). In hot pepper genotypes, 

total phenol content ranged from 0.28-0.55 mg/g with mean of 0.33 mg/g (Table 3.2). 

Highest phenol content was found in KCa-3 (0.55 mg/g), followed by KCa-6 (0.41 mg/g) and 

KCa-2 (0.40 mg/g). Lowest phenol content was seen in KCa-19 (0.28 mg/g), following KCa-

12 and KCa-8 (0.28 mg/g).  

Mean proline concentration was revealed as 0.48 µmoles/g (Table 3.2). Genotype 

KCa-3 had high proline content (1.69 µmoles/g) and genotype KCa-19 had low proline 

content (0.13 µmoles/g). Average H2O2 content among pepper genotypes was found to be 

167 µmoles/g (Table 3.2). Highest H2O2 content was present in KCa-8 (227.17 µmoles/g). 

Following this, next high H2O2 content was seen in KCa-20 (216.38 µmoles/g) and KCa-16 

(214.06 µmoles/g). Lowest H2O2 concentration was observed in KCa-3 (117.38 µmoles/g) 

followed by KCa-5 (125.33 µmoles/g) and KCa-6 (126.30 µmoles/g). Among the genotypes, 

mean MDA was found to be 7.56 mmoles/g (Table 3.2). MDA content was highest and 

lowest in KCa-14 (14.52  mmoles/g) and KCa-3 (0.83 mmoles/g). 
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Table 3.2 Seed Antioxidant Potential of Hot Pepper Genotypes 

Genotype 

DPPH Radical 

Scavenging Activity 

(%) 

Reducing Power 

(%) 

TPC 

(mg/g) 

PC 

(µmoles/g) 

H2O2 

(𝜇𝜇moles/g) 

MDA 

(mMoles/g) 

KCa-1 51.28* ± 0.41 70.05 ± 1.54 0.30 ± 0.02 0.39 ± 0.01 128.77  ± 0.83 1.52* ± 0.54 

KCa-2 34.32 ± 1.17 45.12 ± 0.86 0.40 ± 0.17 0.76* ± 0.01 174.53  ± 0.34 11.00 ± 1.31 

KCa-3 79.12* ± 0.49 73.10* ± 0.59 0.55* ± 0.10 1.69* ± 0.02 117.38*  ± 0.60 0.83* ± 0.07 

KCa-4 34.47 ± 0.46 51.73* ± 0.65 0.29 ± 0.03 0.40 ± 0.01 199.08  ± 0.39 13.42 ± 0.82 

KCa-5 35.78* ± 1.06 55.55 ± 0.62 0.29 ± 0.03 0.36 ± 0.04 125.33  ± 0.58 4.16 ± 0.45 

KCa-6 59.14* ± 0.09 76.13* ± 0.94 0.41 ± 0.05 0.85* ± 0.02 126.30  ± 1.28 2.26 ± 0.30 

KCa-7 37.82 ± 0.86 61.64 ± 0.47 0.33 ± 0.10 0.68 ± 0.12 181.21*  ± 0.85 13.27 ± 0.90 

KCa-8 33.12 ± 1.01 32.82 ± 1.23 0.28 ± 0.14 0.27 ± 0.03 227.17*  ± 0.18 7.53* ± 1.08 

KCa-9 44.20* ± 0.48 53.70 ± 0.49 0.31 ± 0.01 0.39 ± 0.02 129.23  ± 0.48 4.00 ± 0.50 

KCa-10 32.51 ± 0.46 27.98 ± 0.02 0.29 ± 0.05 0.20 ±0.02 173.73  ± 0.23 10.13 ± 0.59 

KCa-11 41.79* ± 0.86 59.13 ± 0.06 0.33 ± 0.01 0.41 ± 0.016 174.94  ± 1.85 2.42 ± 0.05 

KCa-12 32.60 ± 0.47 31.28 ± 0.89 0.28 ± 0.04 0.34 ±  0.03 187.37  ± 0.36 9.64 ± 0.57 

KCa-13 46.57 ± 0.70 68.71 ± 0.26 0.35 ± 0.08 0.38 ± 0.019 148.11*  ± 0.72 5.81* ± 0.41 

KCa-14 49.36* ± 0.46 32.33 ± 0.37 0.36 ± 0.01 0.41 ± 0.02 187.69  ± 0.96 14.52* ± 0.49 

KCa-15 18.84* ± 0.56 17.03* ± 0.53 0.29 ± 0.03 0.17 ± 0.014 168.87  ± 1.67 10.57 ± 0.83 

KCa-16 45.95 ± 0.03 60.49 ± 1.19 0.34 ± 0.03 0.25 ± 0.02 214.05*  ± 0.86 3.24 ± 0.86 

KCa-17 38.76 ± 0.83 54.82 ± 0.17 0.31 ± 0.05 0.37 ± 0.03 168.59  ± 0.57 9.85 ± 0.88 

KCa-18 37.77 ± 0.36 68.49 ± 0.54 0.38 ± 0.03 0.69 ± 0.01 156.50  ± 0.62 4.13 ± 0.02 

KCa-19 11.43* ± 0.09 15.77 ± 0.44 0.28 ± 0.10 0.13* ± 0.03 153.39  ± 0.71 11.96 ± 0.56 

KCa-20 34.40 ± 0.22 34.81 ± 0.20 0.28 ± 0.03 0.39 ± 0.03 216.38*  ±  0.47 11.00 ± 1.00 

Data shown were mean ± SD, within the column means followed by * were significant at p=0.05. 
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Figure 3.1 Pearson’s Correlation among Drought Tolerance Traits in Hot Pepper 

 Correlation analysis between the traits revealed significant positive and negative 

associations among traits (Figure 3.1). DPPH radical scavenging activity revealed to have a 

significant positive correlation with both proline content (0.77) and total phenol content 

(0.78) indicating phenol and proline contents to have role in radical scavenging activities. 

Both proline and total phenol contents showed significant negative correlation with H2O2 and 

MDA levels indicating the fact that, proline and phenol act as antioxidants. Significant 

negative correlation was revealed between DPPH radical scavenging activity and H2O2, 

MDA contents implying the decrease in H2O2 and resulting decrease in lipid peroxidation 

because of increase in radical scavenging activity of antioxidants.  



 

42 
 

OBJECTIVE-1 

3.2.2. Screening for Drought Tolerance at Vegetative Phase 

 When grown under 100% FC, chilli genotypes revealed an average of 10.61 µmoles/m2/s photosynthetic rate with highest 

in KCa-3 (20.96 µmoles/m2/s), following KCa-1 (18.24 µmoles/m2/s) and lowest in KCa-4 (5.27 µmoles/m2/s), next to KCa-7 

(5.50 µmoles/m2/s) (Figure 3.2). A 0.27 folds decrease was found in average photosynthetic rate (7.69 µmoles/m2/s) when 

genotypes were subjected to 60% FC. When genotypes rendered 40% FC, photosynthetic rate was further reduced by 0.67 folds 

(3.42 µmoles/m2/s) with highest Pn revealed in KCa-14 (8.97 µmoles/m2/s), followed by KCa-13 (8.13 µmoles/m2/s) and KCa-1 

(7.76 µmoles/m2/s). Lowest Pn was seen in KCa-7 (0.82 µmoles/m2/s) next to KCa-8 (1.29 µmoles/m2/s) and KCa-2 (1.31 

µmoles/m2/s) (Figure 3.2). 

 

Figure 3.2 Photosynthetic Rate (Pn) among twenty genotypes under different water regimes. Values represented were mean ± SD.      

* indicates significant difference from other genotypes under the respective FC. 
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Stomatal conductance ranged between 0.12-0.23 moles/m2/s with an average of 0.16 moles/m2/s under control conditions 

(Figure 3.3). Mean Gs was reduced by 0.48 folds when plants were rendered 60% FC (0.085 moles/m2/s). A 0.58 folds decrease 

was found in average Gs in chilli genotypes under 40% FC. Under severe drought conditions, highest Gs was maintained by KCa-3 

(0.16 moles/m2/s) followed by KCa-1 (0.12 moles/m2/s) and lowest was seen in KCa-19 (0.03 moles/m2/s) (Figure 3.3) 

 

Figure 3.3 Stomatal Conductance (Gs) among twenty genotypes under different water regimes. Values represented were mean ± 

SD.* indicates significant difference from other genotypes under the respective FC. 
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Sub-stomatal CO2 concentration ranged from 225.67 µmole CO2/mol to 273.33 µmole CO2/mol in genotypes grown under 

100% FC (Figure 3.4). Under 60% FC, Ci ranged between 243.67-294.00 µmole CO2/mol with highest found in KCa-17 (294.00 

µmole CO2/mol) followed by KCa-11 (µmole CO2/mol) and KCa-5 (286.00 µmole CO2/mol). Lowest Ci was observed in KCa-3 

(243.67 µmole CO2/mol) next to KCa-13 (244.00 µmole CO2/mol) and KCa-14 (247.33) (Figure 3.4). When plants were subjected 

to 40% FC, an increase of 0.13 folds was found in mean Ci.. Genotypes KCa-17 (296.33 µmole CO2/mol) and KCa-15 (195.33 

µmole CO2/mol) had high levels of Ci, genotypes KCa-13 (243.00 µmole CO2/mol) and KCa-14 (263.33) had low levels of Ci 

(Figure 3.4). 

 

Figure 3.4 Sub-stomatal CO2 Concentration (Ci) among twenty genotypes under different water regimes. Values represented were 

mean ± SD. * indicates significant difference from other genotypes under the respective FC. 



 

45 
 

OBJECTIVE-1 

 In chilli genotypes grown at 100% FC, WUE ranged between 0.98-4.69 (Figure 3.5). Mean WUE was observed to be 1.98 

in genotypes when they were subjected to 60% FC. Under 60% FC conditions, high WUE was exhibited by KCa-3 (3.60), 

followed by KCa-14 (3.46), while the lowest WUE was exhibited by KCa-7 (0.53), KCa-4 (0.78) and KCa-6 (0.88) (Figure 3.5). 

Under 40% FC, high WUE was exhibited by KCa-14 (3.25), KCa-13 (2.85) and low WUE was exhibited in KCa-7 (0.45), KCa-8 

(0.60) (Figure 3.5).  

 

Figure 3.5 Water Use Efficiency (WUE) among twenty genotypes under varied water regimes. Values represented were mean ± 

SD. * indicates significant difference from other genotypes under the respective FC. 
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Average RWC among the genotypes decreased with increase in the intensity of drought stress (Figure 3.6). During100% 

FC, average RWC was revealed to be 81.45%, which was reduced by 0.32 folds (54.57%), when the genotypes were subjected 

60% FC. When genotypes were submitted to 40% FC, further mean RWC was decreased by 0.56 folds (35.46%) (Figure 3.6). 

Under 40% FC, high RWC was retained by KCa-1 (50.10%), following KCa-3 (48.08%) and KCa-4 (40.90%). Low RWC was 

retained by genotypes KCa-19 (17.65%), following KCa-5 (18.09%) and KCa-7 (18.32%) (Figure 3.6).  

 

Figure 3.6 Relative Water Content (RWC) among twenty genotypes under varied water regimes.  Values represented were mean ± 

SD. * indicates significant difference from other genotypes under the respective FC. 
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 Chilli genotypes revealed an average of 6.48 µg/g Wt proline content. With increase in drought intensity, there observed 

increase in proline accumulation (Figure 3.7). When genotypes were exposed to 60% FC, proline accumulation was amplified by 

11.68 folds (82.22 µg/g Wt) (Figure 3.7). Proline accumulation was further intensified by 29.33 folds (196.69 µg/g Wt). During 

severe stress, maximum amount of proline was accumulated by KCa-1 (228.70 µg/g Wt), thereupon by KCa-4 (226.66 µg/g Wt) 

and KCa-13 (224.25 µg/g Wt). Genotypes KCa-7 (169.95 µg/g Wt), following KCa-12 (173.86 µg/g Wt) and KCa-11 (174.59 

µg/g Wt) accumulated minimum amount of proline (Figure 3.7). 

 

Figure 3.7 Proline Content among twenty genotypes under Control, Moderate and Severe Drought Conditions. Values represented 

were mean ± SD. * indicates significant difference from other genotypes under the respective FC. 
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Average total chlorophyll content was found to be 13.90 mg/g FWt at 100% FC (Figure 3.8). It was lowered by 0.21 folds 

(10.93 mg/g FWt) and 0.64 folds (4.95 mg/g FWt) at 60% FC and 40% FC respectively (Figure 3.8). During moderate stress, 

highest amount of chlorophyll was present in KCa-8 (1.21 mg/g FWt) following KCa-5 (11.87 mg/g FWt), KCa-10 (11.76 mg/g 

FWt) and lowest amount of chlorophyll was present in KCa-18 (9.73 mg/g FWt) following KCa-19 (9.91 mg/g FWt) (Figure 3.8). 

In the period of severe stress, highest and lowest amount of chlorophyll was revealed in KCa-10 (5.87 mg/g FWt) and KCa-19 

(4.09 mg/g FWt) correspondingly (Figure 3.8).  

 

Figure 3.8 Total Chlorophyll among twenty genotypes at 100% FC, 60% FC and 40% FC. Values represented were mean ± SD. * 

indicates significant difference from other genotypes under the respective FC. 

 



 

49 
 

OBJECTIVE-1 

When chilli plants were grown at control conditions, average H2O2 accumulated in genotypes was found to be 167.89 

µmoles/g (Figure 3.9). It was intensified by 0.54 folds (259.67 µmoles/g), 0.29 folds (216.02 V) upon 60% FC and 40% FC 

respectively. Genotypes KCa-14 (317.80 µmoles/g), KCa-2 (317.23 µmoles/g) and genotypes KCa-4 (187.66 µmoles/g), KCa-5 

(203.61 µmoles/g) revealed high and low accumulation of H2O2 correspondingly during moderate stress (Figure 3.9). Upon severe 

stress, maximum accumulation of H2O2 was seen in KCa-14 (268.36 µmoles/g), KCa-1 (267.05 µmoles/g) and lowest 

accumulation was seen in KCa-2 (158.6 µmoles/g), KCa-4 (176.19 µmoles/g) (Figure 3.9).  

 

Figure 3.9 Hydrogen Peroxide among twenty genotypes under different water regimes. Values represented were mean ± SD. * 

indicates significant difference from other genotypes under the respective FC. 
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In chilli genotypes, average MDA accumulation was observed as 14.42 mMoles/g (Figure 3.10). MDA accumulation was 

observed to be intensified with augment in the intensity of drought stress. MDA accumulation was magnified by 3.75 folds and 

5.68 folds at 60% and 40% FC respectively (Figure 3.10). Upon moderate stress, KCa-7 (84.55 mMoles/g) and KCa-3 (35.54 

mMoles/g) showed maximum and minimum MDA accumulation. Genotypes KCa-2 (164.55 mMoles/g) and KCa-3 (52.64 

mMoles/g) revealed highest and lowest accumulation of MDA under severe stress (Figure 3.10).  

 

 

Figure 3.10 MDA accumulations among twenty genotypes under different water regimes. Values represented were mean ± SD. * 

indicates significant difference from other genotypes under the respective FC. 
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Mean ion leakage among the genotypes in 100% FC was very less (32.88%). Ion Leakage was intensified by 3.65 folds 

(152.97%) and by 4.24 folds (172.48%) upon 60 % FC and 40% FC respectively (Figure 3.11). Genotypes KCa-19 (191.31 %), 

KCa-7 (191.8%) exhibited high levels of ion leakage and genotypes KCa-3 (95.96%), KCa-4 (104.72%), KCa-1 (105.55%) 

exhibited low levels of ion leakage when submitted to 60% FC (Figure 3.11). While genotypes KCa-19 (229.87%), KCa-7 (223%) 

showed maximum ion leakage, genotypes KCa-3 (114.92%), KCa-1 (124.11%) showed minimum ion leakage when submitted to 

40% FC (Figure 3.11). 

 

Figure 3.11 Extent of Ion Leakage among twenty genotypes under different water regimes. Values represented were mean ± SD. * 

indicates significant difference from other genotypes under the respective FC. 
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In hot pepper genotypes, catalase activity ranged from 70.5 Units/mg protein to 95.5 Units/mg protein under 100% FC 

(Figure 3.12). When plants were presented with 60% FC, catalase activity was heightened by 0.58 folds and varied between 114 

Units/mg protein-164 Units/mg protein (Figure 3.12). Activity of catalase enzyme was further accelerated by 0.73 folds and varied 

between 96.5 Units/mg protein-180 Units/mg protein when chilli genotypes were presented with 40% FC. At moderate stress, 

KCa-10 (164.5 Units/mg protein) revealed highest catalase activity and KCa-4(114 Units/mg protein) revealed lowest catalase 

activity. At severe stress, genotypes KCa-14 (180.5 Units/mg protein), KCa-3 (173.5 Units/mg protein) and KCa-7 (96.5 Units/mg 

protein), KCa-19 (120 Units/mg protein) exhibited maximum & minimum catalase activities correspondingly (Figure 3.12).  

 

Figure 3.12 Catalase activities of Hot Pepper Genotypes. Values represented were mean ± SD. * indicates significant difference 

from other genotypes under the respective FC. 
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Mean SOD activity in pepper genotypes was 841.55 Units/mg protein under 100% FC (Figure 3.13). When genotypes were 

subjected to 60% FC, it was augmented by 0.04 folds (883.17 Units/mg protein), whereas at 40% FC, SOD activity was enhanced 

y 0.039 folds (874.8 Units/mg protein). Under control conditions, genotypes KCa-17 (973 Units/mg protein), KCa-11 (725 

Units/mg protein) revealed high and low SOD activities respectively (Figure 3.13). At severe stress, genotypes KCa-17 (1206 

Units/mg protein) and KCa-14 (813 Units/mg protein) exhibited high and least SOD activity correspondingly (Figure 3.13).  

 

Figure 3.13 Superoxide Dismutase activity among twenty genotypes under varied water regimes. Values represented were mean ± 

SD. * indicates significant difference from other genotypes under the respective FC. 
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Mean peroxidase activity among the pepper genotypes was 37.35 Units/mg protein (Figure 3.14), which was magnified by 

1.77 folds (103.62 Units/mg protein) and 2.04 folds (113.85 Units/mg protein) under 60% FC and 40% FC respectively (Figure 

3.14). Genotypes KCa-19 (134.5 Units/mg protein) and KCa-1 (84.5 Units/mg protein) revealed high & low POX activity when 

genotypes were exposed to 60% FC. At 40% FC, genotypes KCa-13 (136.5 Units/mg protein) & KCa-19 (84.5 Units/mg protein) 

showed maximum & minimum POX activity correspondingly (Figure 3.14). 

 

Figure 3.14 Peroxidase activities of Hot Pepper Genotypes. Values represented were mean ± SD. * indicates significant difference 

from other genotypes under the respective FC. 
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To screen hot pepper genotypes for drought tolerance, all twenty genotypes were 

subjected to different water regimes viz., 100%, 60% and 40% field capacities. A total of 14 

traits viz., Pn, Gs, E, Ci, WUE, Proline Content, RWC, Total Chlorophyll Content, H2O2, 

MDA, Ion Leakage, CAT, SOD and POX activities were assessed under all water regimes 

with three replications each. Data obtained was subjected to Two-way ANOVA to estimate 

the effect of treatment, genotype and interaction between genotype and environment (Table 

3.3). 

 

Table 3.3 Analysis of Variance (ANOVA) for Drought Tolerance Traits in Hot Pepper 

Source of Variation Genotype X Environment Genotype Treatment Replication Residual 

DF 38 19 2 40ns 80 

Pn 9.047**** 141.9**** 783.6**** 0.05501 ns 0.05194 

Gs 0.001408**** 0.01148**** 0.1603**** 0.1603 ns 0.0002403 

E 0.1927**** 3.197**** 25.67**** 0.006054 ns 0.005914 

Ci 214.6**** 1293**** 18649**** 3.222 ns 4.397 

WUE 0.5330**** 7.520**** 8.597**** 0.004505 ns 0.005730 

RWC 62.32**** 120.6**** 39854**** 2.656 ns 2.352 

Proline 381.1**** 854.3**** 550201**** 8.058 ns 6.847 

Chlorophyll 1.319**** 2.516**** 1243**** 0.1616 ns 0.1258 

H2O2 2076**** 5361**** 126558**** 3.835 ns 3.846 

MDA 963.6**** 2269**** 104193**** 2.972 ns 2.286 

Ion Leakage 1220**** 3929**** 342884**** 4.983 ns 5.922 

Catalase 613.8**** 312.3**** 42448**** 8.492 ns 7.14 

Superoxide Dismutase 3419**** 12647**** 19372**** 4.067 ns 3.292 

Peroxidase 378.0**** 287.1**** 68995**** 6.575 ns 5.475 

Data presented were Mean Square (MS) values. DF- degrees of freedom. The significance was displayed using 

asterisks. **** <0.0001, ns represents non significant. 
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The mean square (MS) values obtained due to genotype were greatly significant (P 

<0.0001) for physiological and biochemical parameters assessed indicating the occurrence of 

genetic variation in the studied genotypes. Mean square values obtained due to treatment also 

exhibited high significance (P <0.0001) emphasising the effect of intensity of drought stress 

on studied physiological and biochemical traits. Mean square values from genotype x 

treatment interaction also revealed high significance (P <0.0001), highlighting the fact that, 

effect of stress depends on both magnitude of stress and genotype involved.  

 

 

Figure 3.15 Pearson’s correlation among Drought Tolerance Traits at 40% FC 
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 Present study revealed significant correlations between studied physiological and 

biochemical traits (Figure 3.15). Significant positive correlations were found between Pn, Gs, 

E and WUE. A significant negative correlation among photosynthetic rate and sub-stomatal 

CO2 concentration was observed. A significant positive association was found between MDA 

content and Ion Leakage. Activities of SOD, CAT and peroxidase enzymes revealed a 

significant negative relationship with MDA and Ion Leakage (Figure 3.15).  

 Principal Component Analysis (PCA) plot was depicted in Figure 3.16. Among 

fourteen principal components (PCs) obtained, two PCs viz., PC1 and PC2 were used for 

analysis. PC1 and PC2 explained variability of 75.17 % and 15.19% respectively. Based on 

the effect of trait on genotype, interrelation between traits under stress conditions, and the 

similarities of genotype’s response, all twenty pepper genotypes were clustered into three 

groups viz., drought tolerant (KCa-1, KCa-3, KCa-13 and KCa-14), drought susceptible 

(KCa-19 and KCa-20) and moderately drought tolerant (KCa- 2, KCa-4, KCa-5, KCa-6, 

KCa-7, KCa-8, KCa-9, KCa-10, KCa-11, KCa-12, Kca-15, KCa-16, KCa-17 and KCa-18) 

genotypes.  
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Figure 3.16 Principal Component Analysis (PCA) under severe drought stress. Genotypes 

boxed in green were considered as drought tolerant, genotypes boxed in red were drought 

susceptible and genotypes in purple box were considered as moderately drought tolerant. 
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3.2.3 Yield and Drought Stress Indices 

 Present work evaluated the effect of water deficit conditions on chilli yield by 

determining total weight of green chilli under control and drought conditions. Results 

revealed significant detrimental effect of drought conditions on yield of pepper genotypes 

(Figure 3.17). When hot pepper genotypes were grown under control conditions, highest 

yield was observed in KCa-13 (17.80 t/ha green chilli) followed by KCa-14 (17.46 t/ha green 

chilli) and lowest yield was observed in KCa-17 (6.86 t/ha green chilli) followed by KCa-9 

(8.29 t/ha green chilli). Under water deficit conditions, with reduction in yield by 0.13 and 

0.25 folds, KCa-14 (15.18 t/ha green chilli) and KCa-1 (11.90 t/ha green chilli) showed 

highest yields respectively. Genotypes KCa-8 (0.81 t/ha green chilli) and KCa-10 (1.56 t/ha 

green chilli) revealed to produce lowest yield under water deficit conditions with a reduction 

in yield by 0.91 and 0.81 folds correspondingly. Based on yield under control conditions and 

water deficit conditions, nine drought stress indices were calculated (Table 3.4) for all the 

twenty hot pepper genotypes.  
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Figure 3.17 Yield of hot pepper genotypes under Control and Drought Conditions 
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Table 3.4 Drought Stress Indices of Twenty Hot Pepper Genotypes 

Genotype Yp Ys RC TOL MP GMP HM SSI STI YI YSI RSI 

Kca-1 15.8 11.9 24.68354 3.9 13.85 13.71204 13.57545 0.401536 1.081461 2.34252 0.753165 1.954892 

Kca-2 9.46 2.68 71.67019 6.78 6.07 5.035156 4.176738 1.165884 0.145825 0.527559 0.283298 0.73532 

Kca-3 13.15 8.89 32.39544 4.26 11.02 10.81219 10.6083 0.526988 0.67241 1.75 0.676046 1.754724 

Kca-4 13.08 9.44 27.82875 3.64 11.26 11.11194 10.96583 0.4527 0.71021 1.858268 0.721713 1.873256 

Kca-5 13.73 6.71 51.12891 7.02 10.22 9.598349 9.014511 0.831732 0.529907 1.320866 0.488711 1.268484 

Kca-6 16.36 2.99 81.72372 13.37 9.675 6.994026 5.055959 1.329428 0.281359 0.588583 0.182763 0.474374 

Kca-7 15.57 3.07 80.28259 12.5 9.32 6.913747 5.128745 1.305985 0.274937 0.604331 0.197174 0.511779 

Kca-8 11.74 2.52 78.53492 9.22 7.13 5.439191 4.149341 1.277555 0.170167 0.496063 0.214651 0.557141 

Kca-9 8.29 4.45 46.32087 3.84 6.37 6.073755 5.791287 0.753518 0.212188 0.875984 0.536791 1.39328 

Kca-10 9.81 1.56 84.09786 8.25 5.685 3.911982 2.691926 1.368049 0.088024 0.307087 0.159021 0.412751 

Kca-11 15.67 4.73 69.81493 10.94 10.2 8.609245 7.266578 1.135704 0.426321 0.931102 0.301851 0.783475 

Kca-12 15.51 3.03 80.46422 12.48 9.27 6.855312 5.069612 1.30894 0.270309 0.596457 0.195358 0.507065 

Kca-13 17.8 7.8 56.17978 10 12.8 11.78304 10.84688 0.913896 0.798585 1.535433 0.438202 1.137385 

Kca-14 17.46 15.18 13.05842 2.28 16.32 16.28014 16.24037 0.212426 1.524484 2.988189 0.869416 2.25663 

Kca-15 13.39 2.3 82.823 11.09 7.845 5.549504 3.925685 1.347311 0.177139 0.452756 0.17177 0.445841 

Kca-16 12.96 2.7 79.16667 10.26 7.83 5.915404 4.468966 1.287832 0.201268 0.531496 0.208333 0.540744 

Kca-17 6.86 3.62 47.23032 3.24 5.24 4.983292 4.73916 0.768312 0.142837 0.712598 0.527697 1.369674 

Kca-18 9.13 0.81 91.12815 8.32 4.97 2.71943 1.487988 1.482413 0.042537 0.159449 0.088719 0.230275 

Kca-19 15.62 2.5 83.99488 13.12 9.06 6.249 4.310155 1.366374 0.224609 0.492126 0.160051 0.415424 

Kca-20 12.32 4.72 61.68831 7.6 8.52 7.625641 6.825164 1.003505 0.334472 0.929134 0.383117 0.994407 
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Chilli genotypes were grouped into four clusters depending on their yield at stress 

and non-stress conditions based on Fernandez’s theory [166].  Group-A encompassed 

KCa-1 and KCa-14 as they maintained relatively uniform performance in both control 

and stress environments. Genotypes KCa-3, 4, 5, 6, 7, 8, 15, 16, 19 and KCa-20 were 

grouped into Group-B, as they showed high yield performance under non-stress 

conditions. Genotyped KCa-2, 9, 10, 17 and KCa-18 were grouped into Group-D as they 

revealed low performance under both control and stress conditions. Among the studied 

pepper genotypes, none of them were clustered into Group-C which represents high 

performance under stress conditions.  
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3.3. Discussion of Results 

3.3.1. Seed Antioxidant Potential 

 When faced with stress conditions, plants undergo several physiological, 

morphological, molecular and biochemical changes. Plants respond differently and the 

response often depends on stress duration, stress magnitude, plant growth phase during 

which stress occurs and the genetic constitution of plant. Changes that take place in plant 

enable plants to escape or avoid or tolerate stress. Although many defensive frameworks 

are housekeeping and become stimulated under unfavourable conditions, seed selective 

defensive mechanisms are of paramount importance during establishment of seedling. 

Seedling’s establishment and growth becomes a decisive factor in the growth during 

vegetative phase which emphasise the significance of seed traits in plant growth [167]. 

This reiterates the influence of seed tolerance traits on stress tolerance at vegetative stage.  

Oxidative stress is one of the complex phenomena that manifest itself due to every 

biotic or abiotic stress in plants. Plants being obligate aerobes contain higher amounts of 

oxygen in comparison to animals. Under stress conditions, plant cells experience 

substantial oxidative stress due to production and accumulation of ROS. Furthermore, 

because of the presence of innate oxygen metabolism, plants are likely to generate large 

amounts of ROS [168]. Augmented production and accumulation of ROS disrupts redox 

state of the plant cell which in turn affects metabolic and signalling pathways. To 

counterattack the negative impacts of altered redox state in the cell, plants have a non-

enzymatic and enzymatic antioxidant protective mechanism that balances excessive ROS 

production and accumulation. Antioxidant defense system alleviates oxidative stress by 

scavenging ROS, thus shielding cells against negative effects of oxidative stress [169].  

 Efficacy and effectiveness of antioxidant system in seeds determine stress 

tolerance in plants. Considering the fact that, seed traits influence and govern the growth 

and establishment at vegetative phase, we hypothesized that, seeds which possess greater 

antioxidant potential would carry biochemical traits that would allow plantlets to survive 

and thrive during adverse conditions. For this reason, the current research intended on 

determining antioxidant potential of seeds of twenty chilli genotypes. With ability to 

scavenge ROS, phenolic compounds are efficacious antioxidants. They maintain balance  
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between production and removal of ROS in plants thus safeguarding cells. Non-

enzymatic antioxidant potential of plants is mainly attributed to phenolic compounds 

[170]. In the present work, genotypes (KCa-3 and KCa-6) which reported high TPC 

content revealed high DPPH radical scavenging activity. In addition, KCa-19 which 

revealed low phenolic content exhibited low radical removal activity. These results 

indicated presence of strong positive correlation between phenolic compounds and 

antioxidant potential. Our results were in accordance with Wangcharoen and Morasuk 

[171]. Also, according to Verma et al., [172] and Esmaeili et al., [173], seed antioxidant 

ability is positively associated with phenolic compounds. In contradiction, KCa-2, KCa-1 

genotypes exhibiting high and low phenolic compounds revealed low and high 

scavenging activity respectively. This might be on the account of fact that, entire 

antioxidant capability of the plant does not rely on only phenolic compounds. Antioxidant 

capacity is also attributed to other cellular compounds. Ascorbic content, proline, flavaoid 

components are known to contribute to antioxidant capacity [174]. In addition to non-

enzymatic compounds, enzymatic components also contribute in reducing ROS by 

scavenging [175].  

Increased production and thereby accumulation of proline content is implicated to 

be one of the efficient strategies deployed by plants to counterstrike the effects of stress. 

By drawing extracellular water, osmolyte proline aids in maintaining cell turgor which 

enables the plant’s survival during water deficit. In accordance to Farooq et al., [176], 

osmolyte production is often augmented to maintain osmo-regulation in the cell by 

alleviating cytoplasmic acidosis. In addition to being an osmolyte, proline also acts as a 

molecular chaperon, which facilitates stabilization of proteins under stress conditions. 

Proline accumulation under salinity [177, 178], low temperature, drought [179] and heavy 

metal exposure [180] was reported. Keeping in view the eminent role of proline under 

stress conditions, we hypothesised those genotypes which showed high proline content in 

seeds (KCa-3 and KCa-6) would display drought tolerance.  

Within the cell, altered redox state leads to the accumulation of H2O2. Although, 

H2O2 acts as signalling molecule in metabolic pathways, higher amounts of H2O2 in the 

cell negatively affects metabolism. One of the most familiar effects of increase 

accumulation of hydrogen peroxide is lipid peroxidation. Lipid peroxidation leads to 

formation of many products and MDA is one of them. According to Moller et al., (2007),  
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determining MDA would reveal extent of lipid peroxidation. Hence, the current work 

hypothesised seeds that accumulated lesser amount of MDA and H2O2 would be 

containing tolerance mechanism which resulted in less lipid peroxidation. Genotypes 

KCa-3, 6 which revealed low amounts of H2O2 also exhibited low levels of MDA. Results 

from the study revealed a significant positive correlation between H2O2 accumulation and 

MDA levels. Our results were in line with Yang and Miao [181] who reported 

corresponding increase of MDA and H2O2. Interestingly, the same genotypes exhibited 

high levels of phenolic and proline components. These results would suggest that, 

because of the presence of potent antioxidant mechanisms, KCa-3 and KCa-6 might have 

reduced ROS accumulation and thereby minimized lipid peroxidation. Lower lipid 

peroxidation as a result of minimal accumulation of ROS was reported in Cerasus humilis 

[182].  

 

3.3.2. Drought Tolerance Traits and Yield Performance 

 Limited water or water deficit is anticipated to intensify in amplitude, duration 

and frequency in coming years due to rapid climate changes especially in Asia, Central 

America, South America and Africa [183]. Limited water availability constrains the plant 

growth by potentially reducing growth. In response to drought, even plants produce array 

of changes such as reducing leaf area, mediating stomatal closure, decreasing 

photosynthesis, respiration, growth and protein metabolism, altering assimilate 

partitioning [184-186].  Plant’s tolerance or susceptibility depends not only on the type of 

mechanisms that plant deploy, but also on the magnitude of stress, plant species, genetic 

constitution, development stage of plant, duration of stress and interaction with additional 

stress components [187]. These factors often make plant’s responses highly complex. For 

this reason, current work researched drought induced changes in twenty Capsicum 

annuum genotypes under two water regimes at vegetative phase.  

 Photosynthesis, a vital process of plant metabolism determines plant’s growth and 

productivity [188]. Drought induced effect on photosynthetic rate was studied in the 

present work. Reduction in net photosynthetic rate was observed in all genotypes during 

both 60% and 40% field capacities. Decrease in photosynthetic rate upon the exposure of 

plants to drought was reported in mulberry [105], maize [189], Polygala mytrifolia and 

Viburmum tinus [190]. 
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Decreased photosynthetic rate under water deficit conditions is often attributable 

to decreased stomatal conductance and increased leaf resistance to diffusion of CO2 [191]. 

Although all the genotypes reduced their photosynthetic rate, genotypes KCa-1, KCa-3 

and KCa-14 maintained relatively higher photosynthetic rates in both drought intensities. 

Different genotypes respond to drought diversely.  Present results specified that KCa-1, 

KCa-3 and KCa-14 were less susceptible to drought in comparison to KCa-7 as 

photosynthetic rate was relatively higher in KCa-1, 3 and 14 under drought conditions. 

This might be due to higher adaptability of the genotypes. Reduction in photosynthetic 

rate is because of reduced stomatal conductance in drought tolerant genotypes while 

photosynthetic rate is reduced because of impairment caused to drought susceptible plants 

[192]. 
Stomata are significant gateways for passage of gas and water in plants because of 

which, stomatal conductance plays an indispensible role in regulation of photosynthetic 

rate and transpiration. Present work revealed significant reduction of stomatal 

conductance under moderate and severe stress. Minimized stomatal conductance induced 

by drought has been reported in wheat [193]. mulberry [105] and maize [194] genotypes. 

Because of limited water availability, plants incline to partially shut stomata to reduce 

transpiration but inevitably reduces influx of CO2 which ultimately reducing 

photosynthetic rate [188]. Present study exhibited strong correlation between 

photosynthetic rate and stomatal conductance in KCa-3, KCa-4, KCa-1 and KCa-14 

genotypes in which relatively high Gs under drought conditions enabled them to maintain 

relatively higher photosynthetic rates.  Increase and decrease in Pn and Gs was found to be 

parallel in Robinia pseudoacacia and Amorpha fruticosa [195], alfalfa [196], Panicum 

virgatum [59]. But, in few genotypes viz., KCa-6 and KCa-7, though stomatal 

conductance did not decline drastically, photosynthetic rate was reduced significantly 

under severe stress. In genotypes KCa-2 and KCa-8, although stomatal conductance was 

high, photosynthetic rate was reduced under severe drought conditions. These results 

indicated role of non-stomatal limitations on photosynthetic rate in the present work. 

According to Mafakheri et al., [197], lowered photosynthetic rate could be implicated to 

stomatal and non-stomatal (decreased RuBisCO enzyme activity, impaired chloroplast, 

mesophyll resistance) factors.  
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With the help of stomata, CO2 diffuses into the stomatal cavity. Carbon dioxide 

diffusion from sub-stomatal cavities to carboxylation site is referred to as mesophyll 

conductance (gm) [198]. As, CO2 diffusion pathway through mesophyll does not share 

with transpiration, increased gm increases photosynthetic rate without increasing 

transpiration [199, 200]. But in the current work, there observed a significant 

intensification in Ci levels, emphasising the effect of drought on mesophyll conductance 

in hot pepper genotypes. Many studies reported drought induced reduction in mesophyll 

conductance [201, 202]. Movement of CO2 through liquid phase becomes a limiting 

factor in mesophyll in numerous plant species [203, 204]. Reduction of photosynthetic 

rate due to reducing mesophyll conductance and increased Ci was reported in apple [205] 

and Phaseolus vulgaris [206]. Water Use Efficiency was reduced in all genotypes under 

drought stress. Drought induced WUE reduction was reported in wheat [207]. WUE is a 

complex trait and to gain better understanding, WUE should be investigated not only at 

leaf level, but also at plant and canopy levels [208].  

  Understanding water relation determinants at cellular and whole plant level is 

prerequisite for evaluation of drought tolerance among genotypes. Among several water 

relation components, evaluating relative water content precisely determines water status 

in plants. Hence the present investigation determined RWC across the genotypes under 

control and drought stress. No significant variation in RWC among the genotypes was 

observed when grown under control conditions Present results revealed significant 

decrease in RWC of all genotypes and the decrease was elevated with increase in the 

magnitude of stress. Results were in line with Madhusudhan et al., [209], who reported 

reduced RWC with increasing drought intensity in groundnut genotypes. In the present 

work, KCa-3 and KCa- 13 which retained high RWC, revealed higher photosynthetic 

rate, indicating a positive association between hydrated leaves and photosynthetic rate. 

But, KCa-1 which retained less RWC, at severe stress, still maintained higher 

photosynthetic rate. This might be due to drought tolerance ability of KCa-1 genotype 

that enabled it to sustain lower water content in tissues.  

 In response to drought stress, plants frequently accumulate solutes in large 

concentration especially amino acids [210]. In addition to being a component of proteins, 

amino acids play an active role in plant development and metabolism. Among different 

amino acids, accumulation of proline is highly associated with plant stress [211]. Apart 
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from the fact that proline acts as an osmolyte, proline also acts as signalling and 

antioxidative molecule which further imparts tolerance to cell by sustaining cell turgor 

and by scavenging ROS. Keeping in view the importance of proline accumulation under 

drought stress, present work evaluated proline concentration in hot pepper genotypes 

under control and drought conditions. In the current investigation, proline accumulation 

increased in all genotypes and the accumulation was augmented with increase in the 

magnitude of drought stress. Significant increase in proline accumulation was reported in 

leaves of Periploca sepium under drought conditions [212]. Yet, correlation between 

drought stress tolerance and proline accumulation is not perceived always. In both 

drought tolerant and susceptible genotypes, proline was observed to be accumulated 

[213]. Nevertheless many studies reported role of proline accumulation in imparting 

tolerance under stress [214, 215].  

Drought stress often results in increased permeability of cell membrane resulting 

in loss of membrane integrity [216]. Therefore, evaluation of ion leakage would estimate 

cell membrane integrity of plants under stress conditions. Hence, the present work 

evaluated percentage of ion leakage in leaves. Findings showed increased ion leakage in 

all genotypes under drought stress. Loss of membrane integrity resulting in increased ion 

leakage under progressive drought was reported in tobacco genotypes [217]. There 

observed a significant negative correlation between RWC and ion leakage. Genotypes 

KCa-7 and 19 which retained less RWC, exhibited high ion leakage suggesting the loss of 

cell membrane integrity because of loss of water in cells. Further, KCa-1 that 

accumulated higher amounts of proline, revealed less ion leakage indicating the role of 

proline in maintaining cell turgor and cell membrane integrity. Increased ion leakage in 

KCa-7 and KCa-19 might be because of their drought susceptibility. Oxidative stress is 

one of the complex phenomena that follow drought stress. During oxidative stress, rodox 

balance of the cell is disrupted as equilibrium between production and scavenging of ROS 

is interrupted. According to Anjum et al., [218], altered redox state leads to cellular 

damage. Increased ROS leads to oxidation of lipids and MDA is one of the significant by-

products of the lipid peroxidation. Hence, determining the levels of MDA is best tool to 

evaluate injury induced by abiotic stress [219]. To determine drought induced damage 

occurred to hot pepper genotypes, accumulation of MDA levels were estimated. Present 

findings revealed increased lipid peroxidation in leaves with increased drought stress. 
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Genotypes (KCa-7, KCa-6, KCa-2 and KCa-19) which showed high MDA levels indicate 

increased lipid peroxidation which further signified their susceptibility to drought stress. 

While the genotypes (KCa-3) with relatively less lipid peroxidation accumulated low 

levels of MDA indicating their tolerance towards drought. Lower MDA content in 

drought tolerant genotypes was reported in Phaseolous [220].  

Among multivariate methods, principal component analysis (PCA) is widely and 

frequently used statistical tools to comprehend the relationships between different 

variables and to visualise the complex data in a precise and simple fashion. Further, K-

means clustering method is highly useful to cluster the elements into groups based on 

their similarities. Current work focussed at understanding the interrelationships between 

different physiological and biochemical traits and their effect on genotypes under drought 

stress. Based on the genotypic variations of hot pepper genotypes for traits and 

associations between traits, all hot pepper genotypes were divided into three clusters viz., 

drought tolerant genotypes, drought susceptible genotypes and moderately drought 

tolerant genotypes. Clustering of cultivars and visualisation of datasets using PCA 

analysis has been reported in rice cultivars [221]. 

Rapidly changing environment has raised intensity and frequency of drought 

stress. Determining the effect of drought on yield becomes indispensible to develop high 

yielding drought tolerant genotypes [222]. Only when deeper comprehension of the 

correlations among yield and other selection criteria was gained, breeding programs can 

become efficient. Also, assessing drought tolerance in genotypes also becomes 

indispensible [223, 224].  

Several drought stress indices were formulated to select tolerant genotypes [165]. 

In the present work, all the genotypes were evaluated with drought stress indices and 

based on yield; genotypes were classified into four groups according to Fernandez’s 

theory [166]. From the classification, genotypes KCa-1 and KCa-14 were clustered into 

group-A and were considered drought tolerant as both genotypes exhibited more or less 

same performance under both control and water deficit conditions.  According to Clarke 

et al., [225], screening for tolerance is based on high performance of genotype under both 

stressed and non-stressed conditions.  
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OBJECTIVE-1 

 

Genotypes were classified into three groups based on the biochemical, 

physiological parameters studied when genotypes were subjected to drought stress at 

vegetative phase using K-Means Clustering method following PCA and the same 

genotypes were classified into four groups based on the effect of drought stress on yield. 

As variables against which genotypes were measured were different, grouping was 

different. Yet, among the genotypes which were identified as drought tolerant (KCa-1, 3, 

13 and 14) in vegetative phase, only two genotypes (KCa- 1 and 14) maintained relatively 

uniform performance in both control and stress environments. As drought tolerance is a 

quantitative trait which is governed by several drought tolerance traits. A genotype can be 

considered tolerant when it carries many tolerance traits. Further, as chilli is grown for 

fruit, genotypes which can maintain vegetative growth under drought and maintain 

minimal loss of yield under drought should be considered as drought tolerant. Hence, in 

the present study, KCa-1 and KCa-14 were considered as drought tolerant genotypes. 

 

 

 

 

 

 




