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Genetic Analysis of Heterosis for Yield and Fibre Quality Traits in Cotton (Gossypium hirsutum L.)

Abstract
 Cotton is one of the major crops that can be used for both commercial heterosis exploitation and the development of genotypes as varieties. The present research was aimed to determine best heterotic crosses for yield, fibre quality and economically important traits and to develop compact hybrids. Five lines and three testers were crossed in Line × Tester mating design to obtain 15 hybrids. All fifteen crosses, their parents and two checks were evaluated in 2024 kharif season in randomised complete block design. The results indicated significant differences among lines, testers and crosses for most of the traits and preponderance of non-additive gene action. The lines CMP3 recorded maximum mean value of seed cotton yield. For seed cotton yield trait, none of the crosses showed significant positive heterosis over better parent and standard heterosis. Three crosses viz., CMP1 × V1, CMP3 × V1 and CMP3 × V3 exhibited high significant mean performance and higher standard heterosis over standard check for yield, fibre quality and economically important traits and thus, could be exploited for crop improvement programme.
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I. INTRODUCTION
Cotton, being the king of fibres in preparing human apparel, has played a key role in the development of civilization. Due to its importance in agriculture as well as industrial economy, it is also known as “white gold”. No agricultural commodity in the world exercised such a profound influence on men and matter as cotton has done from the time immemorial. It provides thousands of useful products and supports millions of jobs as it moves from field to fabric. India has been the traditional home for cotton and cotton textiles. Cotton, taxonomically, described under the order Malvales, family Malvaceae and the genus Gossypium. Genus Gossypium occurs naturally throughout tropical and subtropical areas, and includes about 50 species divided between two ploidy levels, diploid (2n = 2x = 26) and tetraploid (2n = 4x = 52). Of the 50 Gossypium species, two tetraploids viz., Gossypium hirsutum and Gossypium barbadense and two diploids namely Gossypium arboreum and Gossypium herbaceum are cultivated. 
Cotton is one of the major crops that can be used for both commercial heterosis exploitation and the development of genotypes as varieties. Hybrid vigor is the phenotypic manifestation (effect) of the genetic phenomenon, whereas heterosis is a phenomenon (cause). Any hybridization programmes main goal is to create novel variability by combining the desirable genes from two or more parents into a single genetic background (Verma et al., 2022). With the introduction of the first cotton hybrid, Hybrid 4 (intraspecific) in 1969 and Varalaxmi (interspecific) in 1971, commercial exploitation of hybrid vigor in cotton has proven successful in India. In order to develop potential hybrids in cotton, it is necessary to take advantage of the genetic diversity that is available in the form of morphological differences in plant type traits. A cross between robust and compact types can improve productivity by superimposing the desirable features of these contrasting plant types in the F1 hybrids The present study aimed to ascertain the mid parent, better parent and standard heterosis of the chosen diverse parent material for yield and quality traits. With this intent, the title of study was framed as “Genetic Evaluation of Cotton Hybrids for Heterosis in Yield and Fibre Quality Traits”
II. MATERIALS AND METHODS
The evaluation of 15 hybrids was carried out, at University of Agricultural Sciences Raichur, Karnataka.  In present investigation, five lines (CMP1, CMP2, CMP3, CMPT4 and CMP5) and three testers (V1, V2 and V3) was used in the study. CMP means compact lines and V lines are varieties, which are selected from AICRP trails, maintained and selfed each generation to obtain varieties. Lines(females) represents the compact lines and testers represents varieties having robust nature. In kharif 2023, five selected lines and three varieties were planted in a crossing block, with the female lines being emasculated and pollinated by the male testers according to the line × tester mating design, resulting in fifteen cotton hybrid seeds. The seeds of each individual cross were harvested separately and the 15 F1 hybrids along with 8 parents were evaluated in randomized complete block design with two replications and with 2 checks ACH11552 and RCH659 in 2024 kharif season. Each replication consists of 2 rows for each genotype. Two to three seeds were sown at each spot in every row and thinning was conducted to keep one healthy plant per hill at 25 days after sowing. The distance between rows and the spacing between plants were maintained at 90 cm and 15 cm, respectively. In a row of 6m length around 40 plants were accommodated by using this spacing. All recommended practices were implemented to ensure the growth of a healthy crop. In each entry 5 random plants were selected for observations of the traits viz., plant height (PH), number of monopodia (MNPD), number of sympodia (SYMP), sympodial length at 50% plant height (SYPH), boll weight (BW), seed cotton yield per plant (SCY), upper half mean length (UHML), micronaire value (MI), fibre strength (STR). After recording the observations for each character, the analysis of variance was carried out, mid parent, better parent and standard heterosis were calculated by using the Indostat software.
III. RESULT AND DISCUSSION
The mean sum of squares of genotypes for all studied characters was highly significant, indicating the presence of considerable amount of genetic variability. The Table 1 which shows the ANOVA for various yield and fibre quality traits. Variance due to lines effect was significant for all the characters except plant height (PH), number of monopodia (MNPD), boll weight (BW) and upper half mean length (UHML). Variance due to testers effect was significant for all characters except micronaire (MI) and fibre strength (STR). Variance due to crosses was significant for most of the traits except number of monopodia. The variance due to interaction effects were significant for all characters except number of monopodia (MNPD), boll weight (BW) and fibre strength (STR). However, line x tester was highly significant for most of the studied traits, showing the importance of both additive and non-additive variance. 
Per se performance of eight parents and their fifteen crosses (5 × 3) including checks for nine different quantitative traits along with fibre characters are presented in Table 2. Heterosis values of hybrids over mid parent, better parent and standard check for nine different quantitative characters obtained for the fifteen hybrids are presented in Table 3.
Among the eight parents, CMP5 line which showed least plant height with 79.00 cm followed by CMP1 with value of 102.00 cm. Out of fifteen hybrids, CMP3 × V3 recorded lowest height (106.65 cm) with overall mean value of 121.97 cm. Also, it exhibited significant maximum negative average heterosis (-23.04 %), minimum significant negative heterobeltiosis of -38.42 per cent and standard heterosis of -35.79 per cent. The lower the height more suitable for high density planting system. Seven hybrids registered significant negative relative heterosis whereas, all fifteen hybrids showed significantly negative heterobeltiosis and standard heterosis for plant height in desirable direction. Choudhary et al., 2014, Kencharaddi et al., 2015, Murthy et al. 2017 and Thiyagu et al., 2019 observed similar results for plant height.
For monopodia per plant trait, this trait is negatively correlated with the compact traits. Therefore, in present discussion only crosses showing negative effects are desirable. among parents the lowest number of monopodia was recorded by CMP4 (0.00). In case of hybrids, three hybrids displayed lowest values viz., CMP5 × V2 (0.00), CMP4 × V2 (0.10) and CMP3 × V3 (0.10). The mean value of hybrids for monopodia per plant is 0.65. The hybrids CMP3 × V3 (-84.62 %) and CMP2 × V2 (-57.89 %) showed significant lowest negative average heterosis. The hybrids CMP4 × V2 (-90.00 %) and CMP3 × V3 (-85.71 %) exhibited minimum negative heterobeltiosis and none of the hybrids showed heterosis over standard check. These results are similar to Geddam et al., 2011, Choudhary et al., 2014, Kencharaddi et al., 2015, Lingaraj et al. 2017 and Thiyagu et al. 2019.
Sympodia per plant is desirable trait, because it contains fruiting bodies and enables improving the yield. The range of sympodia per plant among hybrids varies from CMP3 × V1 (19.95) to CMP5 × V1 (24.90) with mean value of 22.62. In case of mean values of eight parents the highest sympodia was recorded by V2 (21.20) followed by CMP2 (19.40). The hybrid CMP5 × V1 displayed significant positive heterosis over mid parent, better parent and standard heterosis with values of 55.62 per cent, 37.57 per cent and 23.67 per cent, respectively. The one cross showed significant positive heterosis over standard heterosis. Similar findings have been reported by earlier researchers, including Thiyagu et al., 2019 and Gnanasekaran and Thiyagu 2021.
Among parents, the mean value of sympodial length at 50 per cent plant height varies from CMP4 (20.50) to V2 (49.60). The range in case of hybrids varies from CMP3 × V3 (19.55) to CMP4 × V3 (31.15) with overall mean value of 26.97. This trait is negative desirable character, the hybrids which shows lower the length are more preferable for the compact breeding. The hybrid CMP3 × V3 which recorded significant minimum negative heterosis over mid parent, better parent and standard check with values of -37.11 per cent, -46.44 per cent and -26.23 per cent, respectively. Out of fifteen crosses only eight crosses showed significant negative heterosis over average parent. For the heterobeltiosis, out of fifteen crosses, fourteen crosses showed negative heterosis over better parent. One crosse showed significant negative heterosis over standard heterosis. These findings are consistent with earlier reports by Preetha and Raveendran (2008) and Ranganatha et al. (2013), who also observed that shorter sympodia are associated with compact plant architecture suitable for HDPS and efficient light interception.
Among fifteen parents, the range of seed cotton yield per plant varies from CMP4 × V2 (67.53 g) to CMP3 × V1 (114.50 g) with mean yield of 87.00 g. In case of parents, it ranged from CMP2 (67.65 g) to V3 (118.25 g). The hybrids CMP3 × V1 (21.32 %) and CMP2 × V3 (12.56 %) recorded maximum positive significant heterosis over mid parent. None of the hybrids showed significant positive heterosis over better parent and standard check. Only one hybrid CMP3 × V1 showed non significant positive heterosis over better parent and standard check with values of 4.24 per cent and 5.00 per cent, respectively. These findings are in consistent with the results of the earlier workers viz., Lingaraja et al. 2017, Gnanasekaran and Thiyagu 2021 and Sharma et al., 2025.
The boll weight range among the hybrids varies from CMP3 × V3 (4.23 g) to CMP1 × V1 (5.40 g) with mean of 4.56 g. Among 2 checks the ACH 11552 exhibited highest boll weight with value of 6.20 g. In case of eight parents, the range varies from CMP4 (5.04 g) to V3 (3.52 g). Out of fifteen hybrids, only two hybrids viz., CMP1 × V1 (23.08 %) and CMP1 × V3 (13.11 %) recorded maximum significant positive heterosis over average parent. Only one hybrid CMP1 × V1 (19.21 %) showed positive significant heterosis over heterobeltiosis. None of the hybrids showed significant positive heterosis over standard check. 
For upper half mean length trait, the hybrid mean values ranges from CMP4 × V1 (25.95 mm) to CMP1 × V1 (30.80 mm) with mean value of 28.60 mm. Among eight parents, the mean values range from CMP2 (24.80 mm) to CMP5 (27.69 mm). The hybrid CMP2 × V3 revealed significant maximum positive heterosis over relative heterosis and heterobeltiosis with values of 18.47 per cent and 16.08 per cent, respectively. None of the hybrids showed significant positive standard heterosis, whereas only two crosses showed non-significant positive standard heterosis. 
For micronaire trait among eight parents, lowest value was recorded by CMP2 (3.50 µg inch-1) and highest was recorded by CMP3 (4.90 µg inch-1). Out of fifteen hybrids, the mean value ranged from CMP1 × V1 (3.15 µg inch-1) to CMP5 × V2 (4.45 µg inch-1) with mean value of 3.84 µg inch-1. The hybrid CMP1 × V1 recorded minimum negative significant heterosis over mid parent, better parent and standard check with values of -28.77, -28.81 and -19.85 per cent, respectively. These findings are consistent with the reports of Rajamani et al. 2009.
For fibre strength trait among fifteen hybrids, the mean value ranged from CMP3 × V1 (30.85 g tex-1) to CMP2 × V2 (25.50 g tex-1) with mean value of 28.17 g tex-1. The hybrid CMP3 × V1 recorded maximum positive significant heterosis over mid parent, better parent and standard check with values of 21.58, 21.46 and 6.10 per cent, respectively. These results are in accordance with the findings of Eswari et al., 2016, Komala et al., 2019 and Udaya et al., 2020 and Sharma et al., 2025.
IV. CONCLUSION
In the present study, none of the hybrids displayed superiority for both per se and standard heterosis for the traits studied. However, considering the crosses with per se performance and significant heterosis over average parent, better parent and standard check, three crosses viz., CMP1 × V1, CMP3 × V1 and CMP3 × V3 exhibited high significant mean performance and higher standard heterosis over standard check for yield, fibre quality and compact traits. The hybrids which were considered as the best heterotic crosses can be used in heterosis breeding programme to exploit yield and fibre quality traits and also to develop compact hybrids.
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	Source of variation
	Df
	PH
	MNPD
	SYMP
	SLPH
	SCY
	BW
	UHML
	MI
	STR

	Replicates
	1
	36.011
	0.125
	3.183
	29.216
	43.340
	0.109
	4.957
	0.087
	1.645

	Treatments
	22
	867.350**
	0.431*
	15.029**
	76.324*
	456.375*
	0.280*
	5.208*
	0.364*
	7.483*

	Parents
	7
	2495.344*
	0.269
	8.697*
	185.650 *
	846.751**
	0.416*
	1.933**
	0.366**
	3.106**

	Parents (Line)
	4
	976.646**
	0.346
	10.134**
	53.802**
	41.950*
	0.218*
	2.730*
	0.517**
	0.617

	Parents (Testers)
	2
	84.305**
	0.247
	5.687*
	141.620**
	102.481**
	0.440**
	0.724*
	0.235*
	4.655**

	Parents (L vs T)
	1
	13392.22 *
	0.003
	8.971**
	801.103*
	5554.492*
	1.163*
	1.168*
	0.025*
	9.963*

	Parent vs Crosses
	1
	523.058**
	0.05
	195.039*
	158.306*
	1.307*
	0.277*
	47.546**
	2.172*
	69.750*

	Crosses
	14
	77.945*
	0.542
	5.336**
	15.805**
	293.693*
	0.211**
	3.821 **
	0.234*
	5.223*

	Line effect
	4
	15.829
	0.275
	7.768*
	13.831*
	111.700*
	0.238
	6.699
	0.214*
	9.716*

	Tester effect
	2
	36.301*
	0.357*
	0.186*
	0.981*
	714.564**
	0.429*
	0.240*
	0.091
	2.924

	Line * Tester effect
	8
	119.414*
	0.722
	5.408*
	20.498*
	279.471*
	0.144
	3.277*
	0.281*
	3.552

	Error
	22
	21.558
	0.042
	3.452
	7.076
	12.684
	0.049
	0.617
	0.084
	0.749

	Total
	45
	435.377
	0.234
	9.106
	41.422
	230.281
	0.163
	2.958
	0.221
	4.061


Table1. Analysis of Variance for yield and fibre quality traits
*5% and **1% level of significance
  Plant height (PH),          Number of monopodia (MNPD),          Number of sympodia (SYMP),     Sympodial length at 50% plant height (SYPH),       Boll weight (BW),       Seed cotton yield per plant (SCY),    Fibre strength (STR),     Upper half mean length (UHML),      Micronaire value (MI)      
	CROSSES
	PH
	MNPD
	SYMP
	SLPH
	SCY
	BW
	UHML
	MI
	STR

	CMP1 × V1
	128.80
	0.40
	23.95
	28.50
	82.51
	5.40
	30.80
	3.15
	27.65

	CMP1 × V2
	124.90
	1.50
	20.95
	28.25
	83.32
	4.40
	30.05
	3.55
	29.00

	CMP1 × V3
	119.70
	1.10
	24.10
	27.90
	88.03
	4.55
	29.10
	4.10
	30.05

	CMP2 × V1
	113.45
	0.50
	21.20
	23.95
	91.53
	4.59
	29.20
	4.15
	27.85

	CMP2 × V2
	127.50
	0.40
	23.50
	26.70
	85.80
	4.33
	26.95
	3.45
	25.50

	CMP2 × V3
	121.75
	0.70
	20.70
	26.35
	104.63
	4.26
	30.00
	3.45
	29.65

	CMP3 × V1
	125.85
	1.50
	19.95
	27.10
	114.50
	4.98
	29.15
	3.70
	30.85

	CMP3 × V2
	128.90
	0.50
	22.50
	28.75
	74.77
	4.79
	30.40
	4.05
	29.55

	CMP3 × V3
	106.65
	0.10
	21.25
	19.55
	72.07
	4.23
	27.60
	3.95
	28.45

	CMP4 × V1
	125.35
	0.30
	23.90
	25.25
	89.39
	4.66
	25.95
	3.80
	27.05

	CMP4 × V2
	117.00
	0.10
	21.10
	25.45
	67.53
	4.76
	27.75
	4.15
	26.10

	CMP4 × V3
	125.70
	1.10
	23.80
	31.15
	90.68
	4.55
	27.75
	4.05
	25.70

	CMP5 × V1
	121.95
	0.20
	24.90
	28.25
	91.49
	4.26
	28.80
	3.90
	29.40

	CMP5 × V2
	117.00
	0.00
	24.75
	26.75
	76.42
	4.45
	27.55
	4.45
	27.60

	CMP5 × V3
	125.05
	1.30
	22.80
	30.65
	92.38
	4.24
	28.00
	3.70
	28.10

	MEAN
	121.97
	0.65
	22.62
	26.97
	87.00
	4.56
	28.60
	3.84
	28.17

	MIN
	106.65
	0.00
	19.95
	19.55
	67.53
	4.23
	25.95
	3.15
	25.50

	MAX
	128.90
	1.50
	24.90
	31.15
	114.50
	5.40
	30.80
	4.45
	30.85

	CMP1
	102.00
	1.10
	17.50
	34.00
	73.95
	4.53
	26.42
	4.42
	24.05

	CMP2
	107.50
	0.90
	19.40
	22.55
	67.65
	4.18
	24.80
	3.50
	25.30

	CMP3
	104.00
	0.60
	19.00
	25.67
	78.92
	4.82
	27.56
	4.90
	25.40

	CMP4
	140.70
	0.00
	18.80
	20.50
	68.33
	5.04
	26.93
	4.40
	25.25

	CMP5
	79.00
	0.60
	13.90
	24.20
	72.24
	4.47
	27.69
	4.42
	24.85

	V1
	165.85
	0.30
	18.10
	33.90
	109.85
	4.25
	26.81
	4.43
	25.35

	V2
	160.20
	1.00
	21.20
	49.60
	104.01
	4.39
	25.71
	3.85
	28.30

	V3
	173.15
	0.70
	18.50
	36.50
	118.25
	3.52
	25.85
	4.46
	26.15

	ACH11552
	169.03
	0.20
	16.10
	31.57
	91.72
	6.20
	30.16
	5.20
	29.57

	RCH 659
	166.10
	0.07
	20.14
	26.50
	109.05
	5.55
	30.13
	3.93
	29.08


Table 2. Per se performance of parents, crosses and checks for yield and fibre quality traits in cotton
Plant height (PH),          Number of monopodia (MNPD),          Number of sympodia (SYMP),     Sympodial length at 50% plant height (SYPH),       Boll weight (BW),       Seed cotton yield per plant (SCY),    Fibre strength (STR),     Upper half mean length (UHML),      Micronaire value (MI)      
Table 3. Ranges of Average heterosis, Heterobeltiosis and Standard heterosis for different characters in cotton
	
	Plant height
	Number of monopodia
	Number of sympodia
	Sympodial length at 50% plant height

	
	Hmp
	Hbp
	Hsh
	Hmp
	Hbp
	Hsh
	Hmp
	Hbp
	Hsh
	Hmp
	Hbp
	Hsh

	CMP1 × V1
	-3.83
	-22.34 **
	-22.46 **
	-42.86
	-63.64 *
	515.38
	34.55 **
	32.32 *
	18.95
	-16.05 *
	-16.18 *
	7.55

	CMP1 × V2
	-4.73
	-22.03 **
	-24.80 **
	42.86 *
	36.36
	2207.69 **
	8.27
	-1.18
	4.05
	-32.42 **
	-43.04 **
	6.60

	CMP1 × V3
	-12.99 **
	-30.87 **
	-27.93 **
	22.22
	0.00
	1592.31 **
	33.89 **
	30.27 *
	19.69
	-20.85 **
	-23.56 **
	5.28

	CMP2 × V1
	-16.99 **
	-31.59 **
	-31.70 **
	-16.67
	-44.44
	669.23
	13.07
	9.28
	5.29
	-15.15
	-29.35 **
	-9.62

	CMP2 × V2
	-4.74
	-20.41 **
	-23.24 **
	-57.89 *
	-60.00 *
	515.38
	15.76
	10.85
	16.71
	-25.99 **
	-46.17 **
	0.75

	CMP2 × V3
	-13.24 **
	-29.69 **
	-26.70 **
	-12.50
	-22.22
	976.92 *
	9.23
	6.70
	2.81
	-10.75
	-27.81 **
	-0.57

	CMP3 × V1
	-6.73
	-24.12 **
	-24.23 **
	233.33 **
	150.00 **
	2207.69 **
	7.55
	5.00
	-0.92
	-9.01
	-20.06 *
	2.26

	CMP3 × V2
	-2.42
	-19.54 **
	-22.40 **
	-37.50
	-50.00
	669.23
	11.94
	6.13
	11.75
	-23.61 **
	-42.04 **
	8.49

	CMP3 × V3
	-23.04 **
	-38.41 **
	-35.79 **
	-84.62 *
	-85.71 *
	53.85
	13.33
	11.84
	5.54
	-37.11 **
	-46.44 **
	-26.23 *

	CMP4 × V1
	-18.22 **
	-24.42 **
	-24.53 **
	100.00
	0.00
	361.54
	29.54 *
	27.13 *
	18.70
	-7.17
	-25.52 **
	-4.72

	CMP4 × V2
	-22.23 **
	-26.97 **
	-29.56 **
	-80.00
	-90.00 **
	53.85
	5.50
	-0.47
	4.79
	-27.39 **
	-48.69 **
	-3.96

	CMP4 × V3
	-19.90 **
	-27.40 **
	-24.32 **
	214.29 **
	57.14
	1592.31 **
	27.61 *
	26.60 *
	18.20
	9.30
	-14.66
	17.55

	CMP5 × V1
	-0.39
	-26.47 **
	-26.58 **
	-55.56
	-66.67
	207.69
	55.62 **
	37.57 **
	23.67 *
	-2.75
	-16.67 *
	6.60

	CMP5 × V2
	-2.17
	-26.97 **
	-29.56 **
	-100.00 **
	-100.00 **
	-100.00
	41.03 **
	16.75
	22.92
	-27.51 **
	-46.07 **
	0.94

	CMP5 × V3
	-0.81
	-27.78 **
	-24.71 **
	100.00 **
	85.71 *
	1900.00 **
	40.74 **
	23.24
	13.24
	0.99
	-16.03 *
	15.66


 Hmp- Mid parent heterosis,  Hbp- Better parent heterosis and Hsh- Standard heterosis.
	
	Seed cotton yield
	Boll weight
	Upper half mean length
	Micronaire value
	Fibre strength

	
	Hmp
	Hbp
	Hsh
	Hmp
	Hbp
	Hsh
	Hmp
	Hbp
	Hsh
	Hmp
	Hbp
	Hsh
	Hmp
	Hbp
	Hsh

	CMP1 × V1
	-10.21 **
	-24.88 **
	-24.33 **
	23.08 **
	19.21 **
	-12.83 **
	15.74 **
	14.88 **
	2.12
	-28.77 **
	-28.81 **
	-19.85 **
	11.94 **
	9.07 **
	-4.90 *

	CMP1 × V2
	-6.36 *
	-19.89 **
	-23.59 **
	-1.46
	-2.98
	-29.06 **
	15.31 **
	13.76 **
	-0.36
	-14.15 **
	-19.68 **
	-9.67 **
	10.79 **
	2.47
	-0.26

	CMP1 × V3
	-8.40 **
	-25.56 **
	-19.28 **
	13.11 *
	0.44
	-26.55 **
	11.37 **
	10.16 **
	-3.51 *
	-7.66 **
	-8.07 **
	4.33
	19.72 **
	14.91 **
	3.35

	CMP2 × V1
	3.13
	-16.68 **
	-16.07 **
	8.84
	8.01
	-25.99 **
	13.16 **
	8.91 **
	-3.18
	4.73
	-6.21 *
	5.60
	9.97 **
	9.86 **
	-4.21*

	CMP2 × V2
	-0.03
	-17.51 **
	-21.32 **
	1.05
	-1.37
	-30.10 **
	6.72 **
	4.84 *
	-10.64 **
	-6.12 *
	-10.39 **
	-12.21 **
	-4.85 **
	-9.89 **
	-12.30 **

	CMP2 × V3
	12.56 **
	-11.52 **
	-4.06
	10.59
	1.79
	-31.32 **
	18.47 **
	16.08 **
	-0.53
	-13.32 **
	-22.65 **
	-12.21 **
	15.26 **
	13.38 **
	1.98

	CMP3 × V1
	21.32 **
	4.24
	5.00
	9.87
	3.32
	-19.61 **
	7.23 **
	5.77 **
	-3.35
	-20.64 **
	-24.49 **
	-5.85 *
	21.58 **
	21.46 **
	6.10 **

	CMP3 × V2
	-18.25 **
	-28.11 **
	-31.44 **
	4.02
	-0.62
	-22.68 **
	14.15 **
	10.30 **
	0.80
	-7.43 **
	-17.35 **
	3.05
	10.06 **
	4.42 *
	1.63

	CMP3 × V3
	-26.90 **
	-39.06 **
	-33.92 **
	1.38
	-12.34 *
	-31.80 **
	3.36
	0.15
	-8.49 **
	-15.60 **
	-19.39 **
	0.51
	10.38 **
	8.80 **
	-2.15

	CMP4 × V1
	0.34
	-18.63 **
	-18.03 **
	0.43
	-7.45
	-24.78 **
	-3.41 *
	-3.62
	-13.96 **
	-13.83 **
	-14.12 **
	-3.31
	6.92 **
	6.71 **
	-6.96 **

	CMP4 × V2
	-21.63 **
	-35.07 **
	-38.07 **
	1.01
	-5.46
	-23.16 **
	5.45 **
	3.06
	-7.99 **
	0.67
	-5.57 *
	5.60
	-2.52
	-7.77 **
	-10.23 **

	CMP4 × V3
	-2.80
	-23.32 **
	-16.85 **
	6.32
	-9.73
	-26.63 **
	5.17 **
	3.06
	-7.99 **
	-8.53 **
	-9.19 **
	3.05
	0.00
	-1.72
	-11.61 **

	CMP5 × V1
	0.49
	-16.71 **
	-16.10 **
	-2.35
	-4.81
	-31.32 **
	5.69 **
	4.01 *
	-4.51 *
	-11.81 **
	-11.86 **
	-0.76
	17.13 **
	15.98 **
	1.12

	CMP5 × V2
	-13.28 **
	-26.53 **
	-29.92 **
	0.34
	-0.56
	-28.25 **
	3.19
	-0.51
	-8.65 **
	7.62 **
	0.68
	13.23 **
	3.86 *
	-2.47
	-5.07 **

	CMP5 × V3
	-3.01
	-21.88 **
	-15.29 **
	6.20
	-5.15
	-31.56 **
	4.60 *
	1.12
	-7.16 **
	-16.67 **
	-17.04 **
	-5.85 *
	10.20 **
	7.46 **
	-3.35


Continued.
Hmp- Mid parent heterosis,  Hbp- Better parent heterosis and Hsh- Standard heterosis.


