
Heterosis study for morphological and yield traits under ChiLCV in chilli (Capsicum annuum L.)
  
ABSTRACT
The present investigation was conducted to estimate heterosis for yield, yield-attributing traits and chilli leaf curl virus (ChiLCV) resistance in chilli (Capsicum annuum L.) using a line × tester mating design. Five female lines and six male testers were crossed to produce 30 F₁ hybrids, which were evaluated along with their parents and two commercial check hybrids. Heterosis was estimated over the mid-parent, better parent and standard checks. Significant variation was observed among the hybrids for all studied traits. The hybrids L5 × T2, L3 × T3, L5 × T3, L4 × T6 and L1 × T6 exhibited significant positive standard heterosis for green fruit yield and several yield-contributing traits. The cross L4 × T6 recorded the highest heterosis over the mid-parent and better parent for plant height, whereas L5 × T3 showed superior performance over both commercial checks. For number of branches per plant, L2 × T3, L1 × T6 and L2 × T6 were the best-performing hybrids across different heterosis estimates. Earliness was observed in L3 × T6, L1 × T2 and L3 × T3, as indicated by significant negative heterosis for days to 50% flowering. Hybrids L1 × T6, L5 × T3 and L4 × T6 expressed superior heterosis for fruit length, while L3 × T6, L3 × T5 and L1 × T6 performed best for fruit diameter. The hybrids L2 × T6, L2 × T2 and L1 × T6 showed the highest heterosis for fruit weight. Cross L3 × T5 recorded superior performance for number of fruits per plant, whereas L5 × T2 exhibited the highest positive heterosis for green fruit yield. For ChiLCV disease severity, L3 × T5 expressed significant negative heterosis over the mid-parent and better parent, while L1 × T6 showed the lowest disease incidence compared with both commercial checks. These hybrids may serve as promising genetic resources for developing high-yielding and ChiLCV-tolerant chilli hybrids.
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Introduction 
Chilli (Capsicum annuum L.) (2n = 24) is one of the most important spice-cum-vegetable crops cultivated worldwide and occupies a prominent position in both domestic consumption and international trade. It belongs to the family Solanaceae, which comprises nearly 90 genera and about 2,000 species. The genus Capsicum, derived from the Greek word Kapsimo meaning “to bite”, consists of five widely domesticated species, namely C. annuum, C. baccatum, C. chinense, C. frutescens and C. pubescens, while nearly 25 additional wild species have been identified. Among these, C. annuum is the most extensively cultivated species because of its wide adaptability, high productivity and diverse culinary and industrial applications. Chilli is predominantly grown under tropical and subtropical climatic conditions and has become an indispensable crop in many agricultural production systems. The crop was first domesticated in Central America, particularly in Mexico, with secondary centres of diversity reported in Guatemala and Bulgaria (Kraft et al., 2014). Following its introduction into Europe by Christopher Columbus during the fifteenth century, chilli was subsequently introduced into India by Portuguese traders during the seventeenth century, from where it spread rapidly across different agro-climatic regions and became an integral component of Indian agriculture and cuisine.
Chilli is valued not only for its pungency but also for its attractive colour, characteristic flavour, nutritional richness and medicinal properties. Green and dry fruits are rich sources of vitamins A, C and E, minerals, antioxidants, carotenoids, flavonoids and capsaicinoids, making them important in human nutrition and the food-processing industry. Capsaicin, the principal alkaloid responsible for pungency, possesses antimicrobial, antioxidant, anti-inflammatory and pharmaceutical properties, resulting in increasing demand from the food, cosmetic and pharmaceutical industries. Chilli fruits are consumed fresh as vegetables, dried as spice and processed into powders, sauces, pickles, oleoresins and natural food colourants, thereby contributing substantially to agricultural income and employment. Owing to its multiple uses and high economic value, chilli is often referred to as the “wonder spice” and remains an essential ingredient in almost every Indian cuisine. India is one of the leading producers, consumers and exporters of chilli in the world. It accounts for nearly 44% of global chilli production, with an annual production of approximately 2.1 million tonnes, ranking first among chilli-producing countries, followed by China, Thailand, Ethiopia and Indonesia. The crop occupies about 22.7 lakh acres, with an annual production of approximately 26.93 lakh tonnes in the country (Spices Board India, 2025). Despite its vast cultivated area and economic significance, the average productivity of chilli remains relatively low compared with its genetic potential. Several biotic and abiotic constraints contribute to this yield gap, among which chilli leaf curl virus (ChiLCV) disease has emerged as one of the most destructive factors affecting commercial cultivation during the past decade. The disease, transmitted mainly by the whitefly (Bemisia tabaci), causes severe leaf curling, vein thickening, stunted plant growth, flower drop and drastic reduction in fruit yield, resulting in substantial economic losses. The absence of highly resistant commercial cultivars further aggravates the problem. Recent reviews and screening studies indicate that ChiLCV management through breeding depends on identifying reliable host resistance and validating sources under disease pressure (Deepika et al., 2026; Mangal et al., 2024; Nalla et al., 2023). Recent field screening of chilli genotypes for thrips incidence also highlights the importance of field evaluation in identifying donor parents for biotic-stress tolerance in chilli (Nyamagoud et al., 2026). Improvement in chilli productivity therefore requires the development of high-yielding and disease-tolerant hybrids capable of performing consistently under leaf curl virus pressure. Exploitation of heterosis through hybrid breeding has proved to be one of the most effective approaches for enhancing yield, earliness, fruit quality and disease tolerance in chilli. Recent heterosis work in chilli further supports the use of hybrid breeding to improve yield and quality traits (Yadav et al., 2025). Identification of genetically diverse parents and superior cross combinations capable of expressing high heterotic vigour provides valuable opportunities for developing commercial hybrids with improved productivity and resilience. However, information on standard heterosis for yield-contributing traits together with ChiLCV disease response in the same line × tester population remains limited in the present context; therefore, cross-specific evaluation under leaf curl virus pressure is necessary before identifying promising hybrids for breeding. Hence, the present investigation was undertaken to evaluate heterosis for yield, yield-contributing traits and chilli leaf curl virus tolerance using a line × tester mating design, with the objective of identifying promising hybrid combinations for future chilli improvement programmes.
Material and Methods
Eleven diverse, leaf curl virus-resistant chilli genotypes, namely ANK-1 (L1), ANK-3 (L2), ANK-5 (L3), ANK-6 (L4), ANK-8 (L5), ANK-17 (T1), ANK-20 (T2), ANK-22 (T3), ANK-23 (T4), ANK-25 (T5) and ANK-26 (T6), were used to develop 30 F₁ hybrids through a line × tester mating design. The parents, their F₁ hybrids and two commercial checks (CH-27 and Padma) were evaluated during kharif 2025 in a randomised block design with three replications at the SVVV Research Farm, Sanawad (Indore). Each treatment consisted of 20 plants spaced at 75 × 60 cm in one row, and data were recorded from five selected plants for ten characters. Observations were recorded for plant height (cm), number of branches per plant, days to 50% flowering, fruit length (cm), fruit diameter (cm), fruit weight (g), number of fruits per plant, green fruit yield and leaf curl virus PDI at 120 days after transplanting. The magnitude of heterosis was calculated as the percentage increase or decrease of the F₁ mean over the mid-parent (MP), better parent (BP) and standard check (SC) (Hayes et al., 1955; Turner, 1953a, 1953b).

Estimation of heterosis & ChiLCV PDI:	
		                            F1 – MP 
i) Mid parent- (%) = 	        x 100
	                                             MP
Where, MP = Mean of mid parent
		                F1 – BP 
ii) Better parent (%) =    	         x 100
		                                 BP
Where, BP = Mean of Better parent
			                   F1 – SC 
iii) Standard check- (%) =                  x 100
		                                 SC
Where, SC = Mean of standard check


iv) LCV disease scale
	Scale
	0 - 5

	Grade
	PDI Range (LCV)

	Immune
	0

	Resistant
	 1 - 10

	Moderately resistant
	 11 - 20

	Moderately Susceptible
	21 - 50

	Susceptible
	>50


(Kumar et al., 2006)
Result and Discussion – 
The analysis of variance (Tables 6 and 7) showed significant mean squares due to treatments, parents and crosses for all traits. The parent versus cross comparison was significant for all traits except number of fruits per plant. The lines were significant for all traits except days to 50% flowering, green yield and LCV PDI, whereas the testers were significant for all traits except days to 50% flowering. These results indicated the presence of sufficient variation for all characters.
Heterosis
In the present study, heterosis was estimated over the mid-parent, better parent and two standard checks. The results are presented below.
Plant height (cm)
For plant height, mid-parent heterosis was significant in five crosses, with L4 × T6 (19.5%), L5 × T3 (17.8%), L2 × T6 (16.6%) and L4 × T5 (15.4%) showing the highest values (Table 1). When heterosis was calculated over the better parent, two cross combinations, L4 × T6 (10.9%) and L4 × T5 (10.9%), were significant for plant height. Standard heterosis was calculated over two commercial checks. The top five crosses were L5 × T3, L1 × T3, L4 × T6, L4 × T3 and L2 × T6 over C-1 (41.7%, 39.6%, 39.6%, 35.6% and 34.8%, respectively) and over C-2 (50.0%, 48.0%, 48.0%, 43.0% and 42.9%, respectively). Similar findings on plant height and heterosis in chilli have been reported by Meena et al. (2020), Zeynali et al. (2020), Rani et al. (2021) and Lata and Sharma (2024).
Number of branches per plant
For the mid-parent, seven crosses showed significant positive heterosis for number of branches per plant. The top crosses were L2 × T3 (40.0%), L1 × T6 (39.3%) and L2 × T6 (37.5%), whereas two crosses, L1 × T6 (35.0%) and L1 × T2 (31.2%), were significant over the better parent (Table 1). Heterosis calculated over C-1 was positive in nine crosses; the top three were L1 × T6 (73.6%), L2 × T3 (73.6%) and L3 × T5 (47.3%). Two crosses, L2 × T6 (22.2%) and L2 × T3 (22.2%), were superior over C-2 for number of branches per plant. Positive heterosis for number of branches per plant has previously been observed by Patil et al. (2012a), Tembhurne and Rao (2012) and Lata and Sharma (2024).
Days to 50% flowering
For days to 50% flowering, among the 30 F₁ hybrids, 14 crosses displayed significant negative heterosis over the mid-parent, 18 crosses showed significant negative heterosis over the better parent, 20 crosses showed significant negative heterosis over C-1 and two crosses showed significant negative heterosis over C-2 (Table 2). The top three crosses, L3 × T6 (-16.5%), L3 × T3 (-14.7%) and L5 × T6 (-14.2%), showed significant negative heterosis over the mid-parent. The crosses L2 × T2 (-10.6%), L1 × T6 (-10.3%) and L4 × T3 (-8.2%) displayed significant negative heterosis over the better parent. Two crosses, L3 × T3 and L3 × T6, were identified as superior for negative heterosis over both standard checks. Similar findings for this character in chilli were reported by Patil et al. (2012a), Suryakumari et al. (2014) and Lata and Sharma (2024).
Fruit Length (cm)
For fruit length, of the 30 F₁ hybrids, 13 crosses showed significant positive heterosis over the mid-parent, four crosses over the better parent, eight crosses over C-1 and 13 crosses over C-2 (Table 2). The crosses L1 × T6 (31.4%), L3 × T6 (27.3%) and L5 × T6 (26.6%) showed significant positive heterosis over the mid-parent. Three crosses, L5 × T3 (11.3%), L1 × T2 (9.9%) and L4 × T3 (7.6%), showed significant positive heterosis over the better parent. The crosses L4 × T6, L5 × T6 and L1 × T6 showed significant positive heterosis over both checks used in the trial. The superiority of fruit length in chilli observed in the current study aligns with earlier findings by Patil et al. (2012a, 2012b), Meena et al. (2020), Zeynali et al. (2020) and Lata and Sharma (2024).
Fruit Diameter (cm)
For fruit diameter, among the 30 F₁ hybrids, 18 crosses showed significant positive heterosis over the mid-parent, four crosses were significant over the better parent and 22 crosses showed significant positive heterosis over C-2 (Table 3). For mid-parent heterosis, the top three crosses, L3 × T6 (29.8%), L3 × T3 (20.7%) and L1 × T2 (20.6%), showed significance in a positive direction. The crosses L3 × T5 (12.5%), L1 × T2 (9.3%) and L4 × T1 (9.3%) showed significant heterosis over the better parent. Over SH-2, the top three crosses were L1 × T6, L5 × T6 and L4 × T6, each with 52.0% positive heterosis for fruit diameter. Similar findings were reported by Patil et al. (2012a), Meena et al. (2020) and Sreenivas et al. (2020).
Fruit weight (gm)
For fruit weight, among the 30 F₁ hybrids, 16 hybrids showed significant positive heterosis over the mid-parent, two crosses over the better parent, and six and 23 crosses showed significant positive heterosis over C-1 and C-2, respectively (Table 3). The crosses L2 × T6 (51.9%), L3 × T6 (48.7%) and L5 × T2 (48.3%) showed the highest significant positive heterosis over the mid-parent. The crosses L2 × T2 (15.1%), L4 × T3 (11.6%) and L3 × T4 (6.8%) showed significant positive heterosis over the better parent. For heterosis over C-1 and C-2, three crosses, L1 × T6, L2 × T6 and L4 × T6, showed significant values for fruit weight, with 21.5% and 171.7%, respectively. Earlier studies by Dhaliwal et al. (2014), Aiswarya et al. (2020), Rani et al. (2021) and Lata and Sharma (2024) have reported heterosis for fruit weight in hybrid chilli.
Number of fruits per plant
For number of fruits per plant, among the 30 F₁ hybrids, 15 crosses showed significant positive heterosis over the mid-parent, nine cross combinations showed higher heterosis over the better parent, 14 crosses showed significant positive heterosis over C-1 and one combination showed significant heterosis over SH-2 (Table 4). Based on estimation over the mid-parent, the top three crosses were L3 × T5 (143.5%), L1 × T2 (89.1%) and L3 × T2 (69.8%), which showed significant positive heterosis. The crosses L3 × T5 (114.7%), L3 × T2 (64.9%) and L1 × T2 (63.1%) showed positive heterosis over the better parent. For heterosis over C-1, the top three crosses were L3 × T5 (209.4%), L2 × T5 (98.6%) and L3 × T2 (92.6%). The cross L3 × T5 (66.1%) was superior over C-2. Similar findings were observed by Lata and Sharma (2024) and Zeynali et al. (2020).
Green & red Yield (kg)
For green yield (kg), among the 30 F₁ hybrids, 19 crosses showed significant positive heterosis over the mid-parent, 20 hybrids were superior over the better parent, 10 combinations were superior over C-1 and 12 crosses showed superior heterosis over C-2 (Table 4). For mid-parent heterosis, the top cross combinations were L5 × T2 (147.0%), L1 × T2 (145.2%) and L3 × T3 (118.3%). Among the 20 crosses with positive better-parent heterosis, the top three were L2 × T2 (139.5%), L5 × T2 (106.5%) and L3 × T3 (80.3%). The top three crosses superior over C-1 and C-2 were L5 × T2, L3 × T3 and L5 × T3, with 41.5%, 33.7% and 29.2% over C-1 and 70.2%, 60.2% and 55.4% over C-2, respectively. The heterosis percentage was higher in cross combinations than in standard checks, possibly due to leaf curl virus susceptibility in the check hybrids. The present study showed conformity with the findings of Patil et al. (2012a), Rohini and Lakshmanan (2017), Rani et al. (2021) and Lata and Sharma (2024), who reported significant heterosis over the better parent and standard check variety in chilli.
LCV (Leaf Curl Virus) PDI
For LCV PDI, among the 30 F₁ hybrids, one cross was superior over the mid-parent and all tested hybrids were superior over C-1 and C-2 (Table 5). The cross L3 × T5 (-38.5%) showed significant negative heterosis over the mid-parent. Three crosses, L1 × T6, L5 × T6 and L5 × T2, showed superiority over C-1 (-75.2%, -74.2% and -74.2%, respectively) and C-2 (-84.0%, -83.3% and -83.3%, respectively). Similar results were observed by Bhutia et al. (2015) and Aiswarya et al. (2020).
Conclusion
The study demonstrated measurable heterosis among the 30 chilli hybrids generated through line × tester mating. The magnitude and direction of heterosis varied across yield, morphological and leaf curl virus response traits, indicating useful genetic variability within the evaluated material. Among the tested hybrids, L5 × T2, L3 × T3, L5 × T3, L4 × T6 and L1 × T6 showed promising performance for green fruit yield and associated morphological traits. Negative heterosis for leaf curl virus percent disease index was desirable, and selected hybrids showed reduced disease incidence relative to parents or commercial checks. These findings suggest that the identified crosses may be useful in chilli breeding programmes aimed at improving yield and ChiLCV tolerance. However, the results should be interpreted as preliminary because the trial was conducted in one season at one location. The promising hybrids require further multilocation and multiseason testing under adequate disease pressure before any recommendation for commercial hybrid development or wider cultivation.
Limitations
This study was conducted during one season at a single research location; therefore, the stability of heterosis across environments could not be confirmed. In addition, the procedure for chilli leaf curl virus screening, natural disease pressure and disease confirmation was not described in sufficient detail. Further multilocation validation under uniform ChiLCV pressure is required.
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Table No. 1. Heterosis (%) over mid parent, better parent and standard hybrid check in L (5) x T (6) in Chilli  
	Sr. No.
	Cross
	Plant height (cm)
	No. of branches per plant


	
	
	MP
	BP
	SH over C-1
	SH over C-2
	MP
	BP
	SH over C-1
	SH over C-2

	1
	L1 X T1
	8.730*
	-3.175
	23.482**
	30.901**
	-5.263
	-18.182
	-5.263
	-33.333**

	2
	L1 X T2
	5.263
	-14.285**
	9.312
	15.880**
	31.250*
	31.250*
	10.526
	-22.222**

	3
	L1 X T3
	6.977
	4.545
	39.676**
	48.069**
	25.000*
	25.000
	5.263
	-25.926**

	4
	L1 X T4
	2.273
	-14.286**
	9.312
	15.880**
	-3.704
	-18.750
	-31.579**
	-51.852**

	5
	L1 X T5
	7.143
	-4.762
	21.457**
	28.755**
	6.977
	-14.815
	21.053
	-14.815

	6
	L1 X T6
	5.431
	4.762
	33.603**
	41.631**
	39.394**
	35.294**
	21.053
	-14.815

	7
	L2 X T1
	-5.138
	-7.692
	-2.834
	3.004
	1.887
	-12.903
	42.105**
	0.000

	8
	L2 X T2
	-1.747
	-13.462*
	-8.907
	-3.433
	14.894
	-12.903
	42.105**
	0.000

	9
	L2 X T3
	-3.390
	-13.636**
	15.385**
	22.318**
	40.426**
	6.452
	73.684**
	22.222**

	10
	L2 X T4
	-7.822
	-16.154**
	-11.741*
	-6.438
	-23.810*
	-48.387**
	-15.789
	-40.741**

	11
	L2 X T5
	4.950
	1.923
	7.287
	13.734*
	-37.931**
	-41.935**
	-5.263
	-33.333**

	12
	L2 X T6
	16.637**
	7.074
	34.818**
	42.918**
	37.500**
	6.452
	73.684**
	22.222**

	13
	L3 X T1
	-0.178
	-11.111*
	13.360*
	20.172**
	-52.174**
	-54.167**
	-42.105**
	-59.259**

	14
	L3 X T2
	-2.534
	-20.635**
	1.215
	7.296
	-35.000**
	-45.833**
	-31.579**
	-51.852**

	15
	L3 X T3
	-2.326
	-4.545
	27.530**
	35.193**
	20.000*
	0.000
	26.316*
	-11.111

	16
	L3 X T4
	-2.652
	-18.413**
	4.049
	10.300
	-25.714*
	-45.833**
	-31.579**
	-51.852**

	17
	L3 X T5
	-5.357
	-15.873**
	7.287
	13.734*
	9.804
	3.704
	47.368**
	3.704

	18
	L3 X T6
	-0.958
	-1.587
	25.506**
	33.047**
	21.951*
	4.167
	31.579**
	-7.407

	19
	L4 X T1
	-0.391
	-4.135
	3.239
	9.442
	-21.951*
	-27.273**
	-15.789
	-40.741**

	20
	L4 X T2
	-14.200**
	-25.188**
	-19.433**
	-14.592*
	-31.429**
	-36.842**
	-36.842**
	-55.556**

	21
	L4 X T3
	12.4
	1.515
	35.628**
	43.777**
	20.000
	10.526
	10.526
	-22.222**

	22
	L4 X T4
	0.209
	-9.774
	-2.834
	3.004
	-20.000
	-36.842**
	-36.842**
	-55.556**

	23
	L4 X T5
	15.459**
	10.902*
	19.433**
	26.609**
	0.000
	-14.815
	21.053
	-14.815

	24
	L4 X T6
	19.584**
	10.932*
	39.676**
	48.069**
	16.667
	10.526
	10.526
	-22.222**

	25
	L5 X T1
	-9.803*
	-12.879*
	-6.883
	-1.288
	-27.273**
	-27.273**
	-15.789
	-40.741**

	26
	L5 X T2
	-2.597
	-14.773**
	-8.907
	-3.433
	36.842**
	18.182
	36.842**
	-3.704

	27
	L5 X T3
	17.845**
	6.061
	41.700**
	50.215**
	31.579**
	13.636
	31.579**
	-7.407

	28
	L5 X T4
	6.918
	-3.409
	3.239
	9.442
	9.091
	-18.182
	-5.263
	-33.333**

	29
	L5 X T5
	2.161
	-1.515
	5.263
	11.588*
	-18.367*
	-25.926**
	5.263
	-25.926**

	30
	L5 X T6
	13.043**
	4.502
	31.579**
	39.485**
	28.205**
	13.636
	31.579**
	-7.407

	31
	SE+-
	3.9
	4.5
	4.5
	4.5
	0.6
	0.7
	0.7
	0.7

	32
	CD @ 5 %
	7.7
	8.7
	8.7
	8.7
	1.2
	1.4
	1.4
	1.4

	33
	CD @ 1 %
	10.3
	11.9
	11.9
	11.9
	1.6
	1.9
	1.9
	1.9




*, ** Significant at 5 and 1 per cent levels, respectively 

Table 2 :  Heterosis Estimation for days to 50% flowering and fruit length (cm)
	Sr. No.
	Cross
	Days to 50% flowering


	Fruit length (cm)



	
	
	MP
	BP
	SH over C-1
	SH over C-2
	MP
	BP
	SH over C-1
	SH over C-2

	1
	L1 X T1
	-10.044**
	-18.254**
	-16.935**
	-4.630
	1.532
	-2.110
	-21.088**
	-7.570**

	2
	L1 X T2
	-12.097**
	-13.492**
	-12.097**
	0.926
	10.204**
	9.955**
	-17.347**
	-3.187

	3
	L1 X T3
	-1.167
	-3.053
	2.419
	17.593**
	0.000
	-16.258**
	-7.143**
	8.765**

	4
	L1 X T4
	-3.279
	-6.349**
	-4.839*
	9.259**
	-1.099
	-4.255
	-23.469**
	-10.359**

	5
	L1 X T5
	-0.426
	-7.143**
	-5.645*
	8.333**
	-5.708*
	-11.858**
	-24.150**
	-11.155**

	6
	L1 X T6
	-13.740**
	-16.912**
	-8.871**
	4.630
	31.485**
	2.545
	37.075**
	60.558**

	7
	L2 X T1
	0.926
	-3.540
	-12.097**
	0.926
	0.204
	-3.150
	-16.327**
	-1.992

	8
	L2 X T2
	-7.234**
	-10.656**
	-12.097**
	0.926
	4.421
	-2.362
	-15.646**
	-1.195

	9
	L2 X T3
	-13.934**
	-19.847**
	-15.323**
	-2.778
	9.310**
	-2.761
	7.823**
	26.295**

	10
	L2 X T4
	6.494**
	4.237
	-0.806
	13.889**
	-5.112*
	-8.661**
	-21.088**
	-7.570**

	11
	L2 X T5
	0.901
	-0.885
	-9.677**
	3.704
	-6.509**
	-6.693*
	-19.388**
	-5.578*

	12
	L2 X T6
	-13.253**
	-20.588**
	-12.903**
	0.000
	22.720**
	1.018
	35.034**
	58.167**

	13
	L3 X T1
	9.091**
	7.547**
	-8.065**
	5.556*
	0.424
	0.000
	-19.388**
	-5.578*

	14
	L3 X T2
	5.263*
	-1.639
	-3.226
	11.111**
	1.754
	-1.277
	-21.088**
	-7.570**

	15
	L3 X T3
	-14.768**
	-22.901**
	-18.548**
	-6.481*
	2.674
	-11.656**
	-2.041
	14.741**

	16
	L3 X T4
	0.000
	-5.085*
	-9.677**
	3.704
	0.851
	0.851
	-19.388**
	-5.578*

	17
	L3 X T5
	-4.186
	-5.505*
	-16.935**
	-4.630
	5.328*
	1.581
	-12.585**
	2.390

	18
	L3 X T6
	-16.529**
	-25.735**
	-18.548**
	-6.481*
	27.389**
	1.781
	36.054**
	59.363**

	19
	L4 X T1
	6.250**
	-1.653
	-4.032
	10.185**
	-2.264
	-11.604**
	-11.905**
	3.187

	20
	L4 X T2
	-3.704
	-4.098
	-5.645*
	8.333**
	7.004**
	-6.143*
	-6.463**
	9.562**

	21
	L4 X T3
	-11.905**
	-15.267**
	-10.484**
	2.778
	12.763**
	7.055**
	18.707**
	39.044**

	22
	L4 X T4
	-2.092
	-3.306
	-5.645*
	8.333**
	4.545*
	-5.802*
	-6.122*
	9.960**

	23
	L4 X T5
	-5.217*
	-9.917**
	-12.097**
	0.926
	6.593**
	-0.683
	-1.020
	15.936**

	24
	L4 X T6
	-12.840**
	-17.647**
	-9.677**
	3.704
	20.117**
	4.835**
	40.136**
	64.143**

	25
	L5 X T1
	8.491**
	5.505*
	-7.258**
	6.481*
	1.443
	-0.806
	-16.327**
	-1.992

	26
	L5 X T2
	-8.225**
	-13.115**
	-14.516**
	-1.852
	10.874**
	4.839
	-11.565**
	3.586

	27
	L5 X T3
	-9.167**
	-16.794**
	-12.097**
	0.926
	26.481**
	11.350**
	23.469**
	44.622**

	28
	L5 X T4
	3.084
	-0.847
	-5.645*
	8.333**
	-2.692
	-5.242
	-20.068**
	-6.375*

	29
	L5 X T5
	3.670
	3.670
	-8.871**
	4.630
	-7.784**
	-8.696**
	-21.429**
	-7.968**

	30
	L5 X T6
	-14.286**
	-22.794**
	-15.323**
	-2.778
	26.677**
	3.308
	38.095**
	61.753**

	31
	SE+-
	0.8
	0.9
	0.9
	0.9
	0.1
	0.2
	0.2
	0.2

	32
	CD @ 5 %
	1.7
	1.9
	1.9
	1.9
	0.3
	0.4
	0.4
	0.4

	33
	CD @ 1 %
	2.2
	2.6
	2.6
	2.6
	0.5
	0.6
	0.6
	0.6



*, ** Significant at 5 and 1 per cent levels, respectively 

Table 3 :  Heterosis Estimation for Fruit diameter (cm) and Fruit weight (gm)







	Sr. No.
	Cross
	Fruit diameter (cm)


	Fruit weight (gm)

	
	
	MP
	BP
	SH over C-1
	SH over C-2
	MP
	BP
	SH over C-1
	SH over C-2

	1
	L1 X T1
	1.818
	-12.500**
	-24.324**
	12.000*
	-0.493
	-6.481
	-46.842**
	18.824**

	2
	L1 X T2
	20.690**
	9.375*
	-5.405
	40.000**
	25.683**
	6.481
	-39.474**
	35.294**

	3
	L1 X T3
	7.937*
	6.250
	-8.108*
	36.000**
	9.677**
	-10.526**
	-19.474**
	80.000**

	4
	L1 X T4
	10.345**
	0.000
	-13.514**
	28.000**
	7.692
	-2.778
	-44.737**
	23.529**

	5
	L1 X T5
	3.571
	-9.375*
	-21.622*
	16.000**
	1.493
	-5.556
	-46.316**
	20.000**

	6
	L1 X T6
	13.433**
	8.571*
	2.703
	52.000**
	38.739**
	2.667
	21.579**
	171.765**

	7
	L2 X T1
	4.167
	0.000
	-32.432**
	0.000
	2.299
	-6.316
	-53.158**
	4.706

	8
	L2 X T2
	1.961
	0.000
	-29.730**
	4.000
	18.182**
	15.190*
	-52.105**
	7.059

	9
	L2 X T3
	10.714**
	0.000
	-16.216**
	24.000**
	36.800**
	0.000
	-10.000**
	101.176**

	10
	L2 X T4
	1.961
	0.000
	-29.730**
	4.000
	2.410
	-2.299
	-55.263**
	0.000

	11
	L2 X T5
	2.041
	0.000
	-32.432**
	0.000
	1.163
	-6.452
	-54.211**
	2.353

	12
	L2 X T6
	16.667**
	0.000
	-5.405
	40.000**
	51.974**
	2.667
	21.579**
	171.765**

	13
	L3 X T1
	11.111*
	8.696
	-32.432**
	0.000
	7.865
	1.053
	-49.474**
	12.941*

	14
	L3 X T2
	-4.167
	-11.538*
	-37.838**
	-8.000
	7.595
	2.410
	-55.263**
	0.000

	15
	L3 X T3
	20.755**
	3.226
	-13.514**
	28.000**
	33.858**
	-0.585
	-10.526**
	100.000**

	16
	L3 X T4
	4.167
	-3.846
	-32.432**
	0.000
	9.412
	6.897
	-51.053**
	9.412

	17
	L3 X T5
	17.391**
	12.500*
	-27.027**
	8.000
	-14.773**
	-19.355**
	-60.526**
	-11.765*

	18
	L3 X T6
	29.825**
	5.714
	0.000
	48.000**
	48.701**
	1.778
	20.526**
	169.412**

	19
	L4 X T1
	12.727**
	-3.125
	-16.216**
	24.000**
	-2.381
	-21.656**
	-35.263**
	44.706**

	20
	L4 X T2
	3.448
	-6.250
	-18.919**
	20.000**
	36.207**
	0.637
	-16.842**
	85.882**

	21
	L4 X T3
	11.111**
	9.375*
	-5.405
	40.000**
	16.463**
	11.696**
	0.526
	124.706**

	22
	L4 X T4
	0.000
	-9.375*
	-21.622**
	16.000**
	25.410**
	-2.548
	-19.474**
	80.000**

	23
	L4 X T5
	10.714**
	-3.125
	-16.216**
	24.000**
	-16.000**
	-33.121**
	-44.737**
	23.529**

	24
	L4 X T6
	13.433
	8.571*
	2.703
	52.000**
	20.942**
	2.667
	21.579**
	171.765**

	25
	L5 X T1
	8.772*
	-8.824*
	-16.216**
	24.000**
	-3.010
	-28.922**
	-23.684**
	70.588**

	26
	L5 X T2
	20.000**
	5.882
	-2.703
	44.000**
	48.387**
	1.471
	8.947**
	143.529**

	27
	L5 X T3
	7.692*
	2.941
	-5.405
	40.000**
	13.600**
	4.412
	12.105**
	150.588**

	28
	L5 X T4
	6.667
	-5.882
	-13.514**
	28.000**
	18.900**
	-15.196**
	-8.947**
	103.529**

	29
	L5 X T5
	17.241**
	0.000
	-8.108*
	36.000**
	-9.091**
	-33.824**
	-28.947**
	58.824**

	30
	L5 X T6
	10.145**
	8.571*
	2.703
	52.000**
	7.692**
	2.667
	21.579**
	171.765**

	31
	SE+-
	0.03
	0.04
	0.04
	0.04
	0.13
	0.15
	0.15
	0.15

	32
	CD @ 5 %
	0.07
	0.08
	0.08
	0.08
	0.27
	0.31
	0.31
	0.31

	33
	CD @ 1 %
	0.09
	0.11
	0.11
	0.11
	0.35
	0.41
	0.41
	0.41



*, ** Significant at 5 and 1 per cent levels, respectively 


Table 4 : Heterosis Estimation for no of fruits per plant and Green Yield (kg)
	Sr. No.
	Cross
	No. of fruits per plant
	Green yield (kg)


	 
	 
	MP
	BP
	SH over C-1
	SH over C-2
	MP
	BP
	SH over C-1
	SH over C-2

	1
	L1 X T1
	36.334**
	15.036
	41.637**
	-23.962**
	22.449
	9.091
	-32.584**
	-18.919*

	2
	L1 X T2
	89.144**
	63.125**
	90.508**
	2.274
	145.238**
	139.535**
	15.730*
	39.189**

	3
	L1 X T3
	-8.436
	-9.718
	-23.571
	-58.969**
	0.917
	-16.667
	-38.202**
	-25.676**

	4
	L1 X T4
	-26.914*
	-37.645**
	-25.267*
	-59.879**
	-19.565
	-24.490
	-58.427**
	-50.000**

	5
	L1 X T5
	-21.906*
	-38.013**
	-10.679
	-52.048**
	-18.868
	-31.746**
	-51.685**
	-41.892**

	6
	L1 X T6
	27.948*
	18.589
	0.393
	-46.104**
	89.916**
	48.684**
	26.966**
	52.703**

	7
	L2 X T1
	-25.735**
	-35.694**
	8.194
	-41.916**
	-23.077*
	-27.419*
	-49.438**
	-39.189**

	8
	L2 X T2
	10.079
	-6.756
	56.881**
	-15.778*
	20.388
	0.000
	-30.337**
	-16.216

	9
	L2 X T3
	8.274
	-19.386*
	35.631**
	-27.186**
	65.625**
	60.606**
	19.101*
	43.243**

	10
	L2 X T4
	33.588**
	14.374
	92.432**
	3.308
	38.739**
	24.194*
	-13.483
	4.054

	11
	L2 X T5
	27.174**
	18.046*
	98.611**
	6.625
	26.400**
	25.397*
	-11.236
	6.757

	12
	L2 X T6
	-14.212
	-38.681**
	3.169
	-44.614**
	63.768**
	48.684**
	26.966**
	52.703**

	13
	L3 X T1
	8.563
	2.800
	26.571*
	-32.050**
	16.327
	3.636
	-35.955**
	-22.973*

	14
	L3 X T2
	69.819**
	64.923**
	92.607**
	3.401
	83.333**
	79.070**
	-13.483
	4.054

	15
	L3 X T3
	56.168**
	36.467**
	50.184**
	-19.373**
	118.349**
	80.303**
	33.708**
	60.811**

	16
	L3 X T4
	37.231**
	31.622**
	57.749**
	-15.312*
	50.000**
	40.816**
	-22.472**
	-6.757

	17
	L3 X T5
	143.524**
	114.756**
	209.457**
	66.132**
	105.660**
	73.016**
	22.472**
	47.297**

	18
	L3 X T6
	14.235
	-5.373
	4.138
	-44.093**
	88.235**
	47.368**
	25.843**
	51.351**

	19
	L4 X T1
	29.207**
	3.876
	27.896*
	-31.339**
	34.545**
	34.545**
	-16.854*
	0.000

	20
	L4 X T2
	2.515
	-15.892
	-1.774
	-47.267**
	52.083**
	32.727**
	-17.978*
	-1.351

	21
	L4 X T3
	60.259**
	53.015**
	25.909*
	-32.405**
	78.512**
	63.636**
	21.348*
	45.946**

	22
	L4 X T4
	5.803
	-14.061
	2.998
	-44.705**
	48.077**
	40.000**
	-13.483
	4.054

	23
	L4 X T5
	-3.736
	-26.867**
	5.383
	-43.425**
	-11.864
	-17.460
	-41.573**
	-29.730**

	24
	L4 X T6
	42.839**
	40.381*
	5.070
	-43.593**
	74.046**
	50.000**
	28.090**
	54.054**

	25
	L5 X T1
	-20.584
	-39.798**
	-25.877*
	-60.207**
	-13.793
	-18.033
	-43.820**
	-32.432**

	26
	L5 X T2
	43.701**
	10.945
	29.569*
	-30.441**
	147.059**
	106.557**
	41.573**
	70.270**

	27
	L5 X T3
	57.521**
	39.583*
	14.857
	-38.339**
	81.102**
	74.242**
	29.213**
	55.405**

	28
	L5 X T4
	-8.741
	-30.177**
	-16.317
	-55.075**
	23.636*
	11.475
	-23.596**
	-8.108

	29
	L5 X T5
	18.693
	-14.482
	23.229
	-33.844**
	25.806**
	23.810*
	-12.360
	5.405

	30
	L5 X T6
	58.814**
	49.227**
	7.847
	-42.102**
	57.664**
	42.105**
	21.348**
	45.946**

	31
	SE+-
	25.2
	29.1
	29.1
	29.1
	1.9
	2.2
	2.2
	2.2

	32
	CD @ 5 %
	50.2
	58
	58
	58
	3.8
	4.4
	4.4
	4.4

	33
	CD @ 1 %
	66.6
	76.9
	76.9
	76.9
	5.0
	5.8
	5.8
	5.8



*, ** Significant at 5 and 1 per cent levels, respectively 

Table 5 : Heterosis Estimation for Leaf Curl Virus (LCV) disease severity expressed as Percent Disease Index (PDI)

	Sr. No.
	Cross
	LCV PDI


	 
	 
	MP
	BP
	SH over C-1
	SH over C-2

	1
	L1 X T1
	46.067**
	3.175
	-32.990**
	-56.667**

	2
	L1 X T2
	-17.460
	-29.730
	-73.196**
	-82.667**

	3
	L1 X T3
	40.000
	34.615
	-63.918**
	-76.667**

	4
	L1 X T4
	54.430**
	15.094
	-37.113**
	-59.333**

	5
	L1 X T5
	12.821
	-15.385
	-54.639**
	-70.667**

	6
	L1 X T6
	-15.789
	-22.581
	-75.258**
	-84.000**

	7
	L2 X T1
	34.483**
	23.810
	-19.588*
	-48.000**

	8
	L2 X T2
	-15.556
	-28.302
	-60.825**
	-74.667**

	9
	L2 X T3
	-14.286
	-37.736*
	-65.979**
	-78.000**

	10
	L2 X T4
	16.981
	16.981
	-36.082**
	-58.667**

	11
	L2 X T5
	-0.952
	-1.887
	-46.392**
	-65.333**

	12
	L2 X T6
	-21.429
	-37.736*
	-65.979**
	-78.000**

	13
	L3 X T1
	28.000*
	26.984
	-17.526
	-46.667**

	14
	L3 X T2
	49.495**
	19.355
	-23.711*
	-50.667**

	15
	L3 X T3
	9.302
	-24.194
	-51.546**
	-68.667**

	16
	L3 X T4
	42.609**
	32.258*
	-15.464
	-45.333**

	17
	L3 X T5
	-38.596**
	-43.548**
	-63.918**
	-76.667**

	18
	L3 X T6
	-24.731
	-43.548**
	-63.918**
	-76.667**

	19
	L4 X T1
	37.037**
	17.460
	-23.711*
	-50.667**

	20
	L4 X T2
	51.220**
	37.778
	-36.082**
	-58.667**

	21
	L4 X T3
	-15.942
	-35.556
	-70.103**
	-80.667**

	22
	L4 X T4
	28.571
	18.868
	-35.052**
	-58.000**

	23
	L4 X T5
	36.082*
	26.923
	-31.959**
	-56.000**

	24
	L4 X T6
	-2.632
	-17.778
	-61.856**
	-75.333**

	25
	L5 X T1
	58.333**
	20.635
	-21.649*
	-49.333**

	26
	L5 X T2
	-28.571
	-32.432
	-74.227**
	-83.333**

	27
	L5 X T3
	1.754
	-12.121
	-70.103**
	-80.667**

	28
	L5 X T4
	20.930
	-1.887
	-46.392**
	-65.333**

	29
	L5 X T5
	27.059
	3.846
	-44.330**
	-64.000**

	30
	L5 X T6
	-21.875
	-24.242
	-74.227**
	-83.333**

	31
	SE+-
	2.5
	2.9
	2.9
	2.9

	32
	CD @ 5 %
	5
	5.8
	5.8
	5.8

	33
	CD @ 1 %
	6.6
	7.6
	7.6
	7.6



*, ** Significant at 5 and 1 per cent levels, respectively 


Table No. 6 Analysis of variance for various characters in chilli.

	Source
	df
	Plant height (cm)
	No. of branches per plant
	Days to 50% flowering
	Fruit length (cm)
	Fruit diameter (cm)

	Replications
	2
	26.805
	1.715
	3.911
	0.012
	0.011*

	Treatments
	40
	607.266**
	11.618**
	21.829**
	12.457**
	0.073**

	Parents
	10
	637.085**
	11.097**
	37.885**
	9.329**
	0.073**

	Parents vs. Crosses
	1
	261.346**
	0.995
	91.389**
	10.028**
	0.228**

	Crosses
	29
	608.912**
	12.164**
	13.894**
	13.619**
	0.067**

	Lines
	4
	470.072*
	19.900*
	12.678
	5.677**
	0.163**

	Testers
	5
	2655.291**
	30.100**
	16.667
	70.896**
	0.207**

	Lines X Testers
	20
	125.086
	6.133
	13.444
	0.888
	0.013

	Error
	80
	31.113
	0.824
	1.519
	0.080
	0.003




Table 7 :   Analysis of variance (ANOVA) for fruit weight (g), number of fruits per plant, green yield (kg), and Leaf Curl Virus (LCV) disease severity expressed as Percent Disease Index (PDI)
	Source
	df
	Fruit weight (gm)
	No. of fruits per plant
	Green yield (kg)
	LCV PDI

	Replications
	2
	0.020
	3044.263
	15.878
	26.984

	Treatments
	40
	9.793**
	35462.170**
	233.534**
	107.565**

	Parents
	10
	9.806**
	18003.980**
	40.788**
	65.758**

	Parents vs. Crosses
	1
	11.405**
	82098.702**
	1929.165**
	107.204**

	Crosses
	29
	9.733**
	39874.080**
	241.528**
	121.994**

	Lines
	4
	13.226**
	87819.744*
	167.150
	101.789

	Testers
	5
	41.242**
	46638.026
	754.011**
	477.298**

	Lines X Testers
	20
	1.157
	28593.960
	128.283
	37.209

	Error
	80
	0.035
	1206.300
	7.428
	11.000



*, ** Significant at 5 and 1 per cent levels, respectively 
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