Estimation of Heterosis and combining ability toward morphological, yield and quality traits in ten sweet sorghum parental genotypes by Line × Tester analysis.
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Abstract
This study was done to estimate general combining ability (GCA), specific combining ability (SCA) and heterosis regarding better for ten sweet sorghum parental genotypes. Seven lines and three testers were crossed in line ×tester mating fashion on randomized complete block design (RCBD) with three replications at Giza Agriculture Research Station during 2020, 2021 and, 2022 summer seasons. The results showed, significant differences among mean square of parental genotypes and their crosses for all studied traits, suggested present of additive and non-additive genetic variance. In addition, significant mean squares of parents vs. crosses, indicated significant average of heterosis. Besides, the highest values of mean performance were parental genotypes, Brands, Sugar drib, MN1054, MN4080, MN5509 and MN4423, and crosses Brands X MN1054, Ramada X MN4080, Ramada X MN5509, Ramada X MN4423, Sugar drib X MN1054, Sugar drib X MN4080 and Sugar drib X MN1383. Additionally, the best parental genotype that had good GCA effects was MN4423 for most studied traits which may be used in breeding programs for developing high yield varieties. While, the excellent crosses based on SCA effects values were Brands X MN5509, Ramada X MN2756, Ramada X MN1054 and Sugar drib X MN1383. Finally, Heterosis values varied from cross to cross and from trait to trait, which considered promising crosses in breeding programs. 
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Introduction

Sweet sorghum (Sorghum bicolor (L.) Moench) (2n=20) is fifth major cereal crop worldwide after wheat, rice, maize and barley. It is special type of sorghum and classified under family Graminae, subfamily Poaceae, tribe Andropogonae regarding C4 crops. Additionally, it accumulates (10-20) % sugars in its stalk’s similar sugarcane (Mishra et al., 2017; Olszewska-Widdrat et al., 2019 and Chapara et al., 2020). It presents also low-cost alternative non-food energy crop by providing sucrose, lignocelluloses, and fuel crops, so it considers cash crop (Reddy et al., 2005; Zegada and Monti, 2012; Umakanth et al., 2019 and Fagundes et al., 2021).
Performances itself do not necessarily reveal which parents are best or weak combiners. So, it is necessary to collect information on nature of gene action (Allard, 1960). So, information about combining abilities with respect to studied traits is essential for exploitation existing gene action. Combining ability analysis helps in estimation of genotypes in terms of their genetic value and in selection suitable parents for hybridization. Higher magnitude of GCA compared to SCA indicated predominance of additive genetic variance. General combining ability (GCA) is assigned to additive type of gene action. While, specific combining ability (SCA) is referred to non-additive gene action that is not reliable fixable other than additive gene action (Iqbal et al., 2007 and Ishaq; Chaudhari et al., 2016; Raziuddin, 2016 and Pereira et al., 2021). Therefore, both play an important role in selecting superior parents for hybrid combinations to measure nature of gene action (Kempthorne, 1957 and Baker 1978). Thus, estimations of GCA and SCA could be helpful in deciding which parents use in breeding program (Sharma, 2006; Khan et al., 2009; Valiolla, 2012; Gopikannan and Ganesh, 2013; Singh et al., 2013; Ali et al., 2014 and Williams-Alanís et al., 2022). 
Mating fashion is extremely important for estimating combining ability and determining gene actions. Breeders and geneticists developed numbers of mating fashions to generate superior genotypes in plant breeding programs. Among them line x tester is common mating fashion used to assess general and specific combining abilities and different types of gene actions (Reddy et al., 2011; Nduwumuremyi et al., 2013 and Fahmi et al., 2017) in both self-pollinated and cross-pollinated crops (Kempthorne, 1957). Therefore, it identifies superior crosses by building favorable fixable genes (Reddy et al., 2005; Indhubala et al., 2010 and Chaudhari et al., 2016). Several studies used (Line × Tester) mating fashion for estimating genetic parameters (Muturi et al. 2019; Sen et al. 2019), combining ability (Rini et al. 2017; SaadAbdel-Aty et al. 2018; Suguna et al. 2021), and heterosis values (Jarwar et al. 2017; Rehana et al. 2019; Abebe et al. 2020).
Heterosis attributed to both additive and high degree of dominance or epistasic interactions (Shull, 1914 and Hayes and Foster, 1976) or for one or more traits (Bagheri Nadali, 2010). It means superiority of F1 hybrid over mid-parents, better parent or standard check with regard to useful traits. Therefore, magnitude of heterosis can be maximized if parents are genetically varied from each other. Breeding strategies concentrated around exploitation of heterosis depending upon high levels of specific combining ability in crosses. Positive heterosis suggested high yield, while negative heterosis refer to early maturity (Sarker et al., 2002 and Kushal et al., 2023). Hence, heterosis can be improved by raising dominant gene action (Yehia and El-Hashash, 2019). 

Therefore, this study was done to investigate combining abilities and heterosis over better parent effects of ten sweet sorghum parental genotypes and its F1 crosses used line x tester mating fashion to known heterotic groups for morphological, yield and quality traits.
MATERIALS AND METHODS

Genetic materials and field practices:

This study was conducted during three summer seasons (2020-2022) at Agricultural Research Station, Giza Governorate, Egypt, and laid out in three randomized complete design (RCBD) with three replications, used line x tester mating fashion with 10 sweet sorghum parental genotypes (three testers and seven lines) to create 21 F1 crosses in first season 2020 (Table 1). During seasons 2021 and 2022, all plant genotypes (tester, lines and their F1 crosses) had been sown in 20 cm spacing within rows in plot (5 rows with 5-meter length and 60 centimeters wide). All recommended cultural practices were done under uniform field conditions to minimize environmental variation. After 180 days from sowing date in summer seasons 2021 and 2022, morphological, yield and quality data were recorded from ten randomly competitive selected guarded plants of each entry of replication from each genotype (tester, lines and their F1 crosses) for studied traits (Table 2).

Statistical analysis:

Obtained data were subjected to analysis of variance of line x tester mating system for all studied traits as stated by Steel and Torrie (1980) to determine significant differences among genotypes. The variance of general combining ability (GCA) and specific combining ability (SCA) were performed against their respective error split from ANOVA reduced to mean level. Moreover, GCA and SCA effects were evaluated as described by Kempthorn (1957) using t-test. Additionally, heterosis was calculated according to better parent as following formula:
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The significance of heterosis was determined according to Steel and Torrie (1960) with comparison of least significant difference (L.S.D) at levels of probability 0.05 and 0.01 using t-test.
Table 1. Studied 10 sweet sorghum parental genotypes and their 21 F1 crosses.
	Lines
	Tester
	Hybrids

	T1
	Brands
	L1
	MN2756
	C1
	Brands X MN2756 
	C11
	Ramada X MN4080

	T2
	Ramada
	L2
	MN4508
	C2
	Brands X MN4508
	C12
	Ramada X MN5509

	T3
	Sugar drib
	L3
	MN1054
	C3
	Brands X MN1054
	C13
	Ramada X MN4423

	
	
	L4
	MN4080
	C4
	Brands X MN4080
	C14
	Ramada X MN1383

	
	
	L5
	MN5509
	C5
	Brands X MN5509
	C15
	Sugar drib X MN2756 

	
	
	L6
	MN4423
	C6
	Brands X MN4423
	C16
	Sugar drib X MN4508

	
	
	L7
	MN1383
	C7
	Brands X MN1383
	C17
	Sugar drib X MN1054

	
	
	
	
	C8
	Ramada X MN2756
	C18
	Sugar drib X MN4080

	
	
	
	
	C9
	Ramada X MN4508
	C19
	Sugar drib X MN5509

	
	
	
	
	C10
	Ramada X MN1054
	C20
	Sugar drib X MN4423

	
	
	
	
	
	
	C21
	Sugar drib X MN1383


Table 2. Studied morphological, yield and quality traits.

	Morphological and Yield Traits
	Quality Traits

	Days to 50% heading
	Days No. from sowing to 50 % flowering
	T.S.S%
	Determined with a hand in Lab

	Stalk length (cm)
	Height from soil surface to panicle top
	Sucrose%
	According to A. O. A. C. (2005)

	Stalk diameter (cm)
	Measured at mid stalk
	Purity%
	= (Sucrose / Brix) x 100.

	Stalk weight (kg)
	Determined as the height from the soil
	Juice extraction (JEP)
	= (Juice weight/stalk weight) x 100.

	Striped stalk yield
	Calculated on a plot basis kg/ fed 
	Juice yield
	= (Stripped stalk yield × JEP) /10015.



RESULTS 

   Mean squares of line × tester analysis for morphological, yield and quality traits noted in Table 3. 

For every trait under this investigation, the preliminary analysis of variance between genotypes revealed highly significant, suggesting that there is significant amount of genetic variability. Furthermore, variance due to parents, crosses and parents vs. crosses demonstrated high significance.  In addition, with exception of striped stalk yield trait, mean squares for lines, testers and lines x testers revealed high significant for all examined traits, demonstrating significance of both additive and non-additive gene action in regulating these traits, indicated significant contribution of SCA variance components and heterosis, suggested that the crosses were sufficiently differed from each other in studied traits, meaning that most desirable crosses can be found through selection due to largely influenced by interactions between parental genotypes. This indicates large contribution of testers to greater GCA effects than lines for studied traits. These results are in harmony with Indhubala et al., (2010), Vinay kumar et al. (2011), Umakanth et al., (2012); Bahadure et al., (2015), Chaudhari et al., (2016); Chapara et al., (2020); Galicia-Juarez et al., (2022); Kavya1 et al., (2022) and Williams-Alanís et al., (2022). 
Table 3. Mean squares estimates from combined analysis of variance during 2021 and 2022 seasons for studied traits of 10 sweet sorghum parental genotypes and their 21 F1 crosses.

	S.O.V.
	D.F.
	Days to 50 % heading
	Stalk height

(cm)
	Stalk diameter

(cm)
	Stalk weight/plant

(kg)
	TSS%
	Sucrose%
	Purity%
	Juice extraction
	Juice yield
	Striped stalk yield

	Year (Y)
	1
	163.15**
	926830.68**
	213.30**
	91.77**
	538.19**
	6.55
	19.72**
	154.78**
	9.22**
	15.45**

	Replicates
	2
	1.74
	17.15
	4.09
	0.43
	42.09
	1.27
	0.94
	3.28
	12.44


	26.54



	Genotype (G)
	20
	9.55**
	3586.02**
	164.55**
	9.03**
	1379.72**
	22.78**
	34.22**
	2000.11**
	7.33**
	2.34**


	Parents (P)
	9
	5.52**
	611.67**
	37.19**
	5.86**
	982.6**
	7.85**
	62.92**
	998.85**
	2.85**

	5.65**

	Crosses (C.)
	20
	9.43**
	125.45**
	34.72**
	4.03**
	666.33**
	11.53**
	13.73**
	1140.52**
	5.82**


	5.29**



	Parents vs. Crosses
	1
	48.53**
	109948.3**
	4296.80**
	152.71**
	3571.59**
	415.99**
	247.92**
	30781.9**
	38.13**


	83.74**



	Lines (L)
	6
	4.90**
	296.64**
	27.73**
	7.51**
	567.35**
	31.42**
	17.65**
	2624.66**
	3.04 **


	3.31**



	Testers (T)
	2
	27.04**
	94.89**
	110.64**
	9.08**
	1356.35**
	19.63**
	39.54**
	3149.91**
	0.06*


	0.59**



	L X T


	1
	4.47**
	101.39**
	10.82**
	1.65**
	456.12**
	4.85**
	4.34**
	173.90*
	7.29*


	0.05


	LXT effects


	12
	6.54**
	55.44**
	17.89**
	0.71**
	53.93**
	0.57
	2.53**
	11.69**
	0.14**
	1.22**

	Crosses X Rep


	40
	3.61**
	118.46**
	2.01
	0.68**
	69.12**
	2.07**
	2.96**
	78.92**
	0.23**
	2.55**

	L X Rep


	12
	9.90**
	158.03**
	1.64
	0.72
	12.79
	0.34
	4.88**
	11.92
	13.66

	6.27**



	T X Rep


	4
	0.88
	110.81**
	2.69
	0.60
	83.37**
	2.71**
	1.94*
	213.60**
	20.98

	25.59**



	T effects X Rep


	4
	3.75**
	47.03*
	1.57
	0.32
	67.95**
	1.59**
	2.90**
	20.02**
	65.36

	68.12**



	LXT effects X Rep


	24


	2.52**
	70.48**
	3.21*
	0.59**
	437.58**
	1.19**
	1.21*
	8.32
	0.45
	3.14

	Pooled Error


	60
	1.08
	23.1
	2.08
	0.28
	25.06
	0.66
	0.73
	6.07
	0.03
	2.55


         *, ** Significant at 0.05 and 0.01 probability levels, respectively
The 21 F1 crosses of 10 parental genotypes of sweet sorghum and their mean performance of studied traits are displayed in Tables 4 and 5, respectively. The finding demonstrated highly significant of mean performance for all studied traits with compared to LSD values. 

In terms of genotype mean values regarding season 2021, line MN5509 exhibited superior parental genotype for days to 50% heading, juice extraction and juice yield traits. In contrast, line MN4080 had highest values for purity and stalk length. However, lines MN1054 and MN4423 recorded maximum values for striped stalk yield and stalk weight. While, tester Brands had greatest values for sucrose and TSS% traits. Meanwhile, in season 2022, tester Sugar Drib registered best values for 50% heading and stalk diameter traits. Additionally, tester Brand had excellent values for TSS% and sucrose% traits. Whereas, Line MN5509 showed excellent values for stalk length, juice extraction and juice yield traits. Furthermore, the highest values for striped stalk yield, purity% and stalk weight were recorded for lines MN1054, MN4080 and MN4423, respectively. 
Conversely, there are some superior F1 crosses for all studied traits, the results showed in season 2021 that, cross Sugar drib X MN4080 had highest values for sucrose% and stalk diameter traits. While, Sugar drib X MN1054 displayed highest values for both juice yield and striped stalk yield traits. Whereas, cross Ramada X MN4080 revealed maximum values for days to 50% heading and stalk length traits. In addition, crosses Brands X MN1054, Ramada X MN5509, Ramada X MN4423, Sugar drib X MN1383 demonstrated highest values for stalk weight, purity%, juice extraction and TSS% traits. On the other hand, in season 2022, the best F1 crosses for studied traits were, cross Sugar drib X MN1054 for stalk yield and juice yield traits, cross Sugar drib X MN4080 for stalk diameter and stalk weight traits and crosses Ramada X MN4080, Ramada X MN5509, Ramada X MN4423, Sugar drib X MN4508, Sugar drib X MN4423 and Sugar drib X MN1383 for stalk length, purity%, juice extraction, days to 50% heading, sucrose and TSS %, respectively. Similar results are recorded by Kansaye et al., (2023).
Consequently, finding suggested that some F1 crosses had heterotic effects corresponding to their respective parents, which has been useful for breeding programs 

Table 4. Mean performance of 10 sweet sorghum parental genotypes and their F1 21 crosses cultivated in 2021 and 2022 seasons, based on morphological and yield traits.
	Genotypes
	Days to 50% heading
	Stalk length (cm)
	Stalk diameter (cm)
	Stalk weight (kg)
	Striped stalk yield (ton/fed)

	
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022
	202121
	202222

	Testers 

	Brands
	73.33
	72.27
	187.67
	186.21
	1.63
	1.78
	0.32
	0.368
	17.14
	15.93

	Ramada
	77.33
	80.60
	218.33
	216.88
	1.33
	1.68
	0.33
	0.376
	16.82
	15.61

	Sugar drib
	69.67
	67.94
	191.33
	189.88
	2.63
	2.88
	0.40
	0.464
	17.87
	16.67

	Mean
	73.44
	73.60
	199.11
	197.66
	1.86
	2.11
	0.35
	0.40
	17.28
	16.07

	Lines

	MN2756
	72.67
	62.27
	231.00
	157.88
	1.90
	2.08
	0.49
	0.526
	16.25
	15.04

	MN4508
	71.00
	75.27


	165.00
	229.55
	2.20
	2.48
	0.45
	0.462
	15.52
	14.32

	MN1054
	74.33
	65.60
	168.67
	163.55
	1.60
	1.68
	0.34
	0.388
	18.97
	17.76

	MN4080
	75.33
	64.27
	249.33
	167.21
	1.33
	1.58
	0.26
	0.308
	16.74
	15.54

	MN5509
	80.33
	69.94
	190.00
	247.88
	2.00
	2.18
	0.34
	0.382
	17.96
	16.76

	MN4423
	75.67
	79.60
	243.67
	188.55
	2.60
	2.88
	0.60
	0.614
	18.73
	17.53

	MN1383
	77.67
	73.60
	231.00
	242.21
	2.17
	2.48
	0.49
	0.522
	17.58
	16.37

	Mean
	87.83
	81.76
	246.45
	232.81
	2.30
	2.56
	0.50
	0.53
	20.29
	18.89

	Crosses

	Brands X MN2756 MN2756 
	66.67
	65.60
	178.33
	176.45
	1.93
	1.88
	0.33
	0.362
	12.98
	11.76

	Brands X MN4508
	72.67
	69.67
	126.33
	124.88
	2.03
	2.09
	0.44
	0.502
	14.98
	13.42

	Brands X MN1054
	66.33
	65.51
	116.67
	115.21
	1.60
	1.91
	0.70
	0.634
	16.31
	15.10

	Brands X MN4080
	66.33
	68.60
	146.00
	144.12
	1.98
	2.03
	0.34
	0.376
	11.55
	10.33

	Brands X MN5509
	71.33
	69.01
	144.33
	142.88
	1.75
	1.89
	0.40
	0.442
	15.99
	14.43

	Brands X MN4423
	68.00
	67.18
	166.67
	165.21
	2.10
	2.31
	0.45
	0.398
	16.33
	15.13

	Brands X MN1383
	74.00
	72.60
	165.00
	163.12
	2.10
	2.08
	0.34
	0.38
	12.59
	11.37

	Ramada X MN2756
	74.00
	72.34
	147.00
	145.55
	2.17
	2.29
	0.52
	0.538
	17.47
	15.90

	Ramada X MN4508
	71.00
	67.84
	160.67
	159.21
	1.50
	1.71
	0.61
	0.594
	13.66
	12.45

	Ramada X MN1054
	74.33
	72.93
	249.33
	247.45
	1.55
	1.70
	0.45
	0.474
	14.32
	13.10

	Ramada X MN4080
	67.67
	66.67
	264.67
	263.22
	1.33
	1.59
	0.34
	0.372
	16.18
	14.62

	Ramada X MN5509
	70.00
	68.84
	211.00
	242.88
	1.72
	2.11
	0.59
	0.564
	14.74
	13.53

	Ramada X MN4423
	74.00
	72.60
	166.33
	164.45
	1.70
	1.48
	0.39
	0.426
	14.16
	12.94

	Ramada X MN1383
	71.67
	70.67
	158.33
	156.88
	1.50
	1.63
	0.37
	0.396
	15.45
	13.88

	Sugar drib X MN2756 MN2756 
	73.00
	71.51
	175.33
	173.88
	1.93
	2.31
	0.50
	0.46
	14.84
	13.63

	Sugar drib X MN4508
	74.67
	73.26
	151.67
	149.78
	1.97
	1.98
	0.32
	0.342
	15.64
	14.42

	Sugar drib X MN1054
	72.33
	70.01
	167.67
	166.22
	1.37
	1.39
	0.28
	0.324
	18.44
	16.87

	Sugar drib X MN4080
	71.00
	69.18
	170.67
	169.21
	2.25
	2.81
	0.69
	0.654
	13.39
	12.18

	Sugar drib X MN5509
	72.00
	70.60
	245.00
	243.12
	1.57
	1.58
	0.29
	0.316
	15.53
	14.31

	Sugar drib X MN4423
	67.33
	67.67
	207.67
	206.22
	1.60
	1.59
	0.48
	0.524
	13.37
	11.81

	Sugar drib X MN1383
	71.00
	70.51
	237.00
	235.55
	1.69
	1.96
	0.53
	0.52
	15.87
	14.66

	Mean
	70.92
	69.66
	178.84
	178.83
	1.78
	1.92
	0.45
	0.46
	14.94
	13.61

	General Mean 
	77.40
	75.01
	208.13
	203.10
	1.98
	2.20
	0.43
	0.46
	17.50
	16.19

	LSD  0.05
	1.78
	1.77
	1.47
	1.76
	7.35
	9.02
	6.88
	8.06
	2.96
	2.45


Table 5. Mean performance of 10 sweet sorghum parental genotypes and their F1 21 crosses cultivated in 2021 and 2022 seasons, based on quality traits.

	Genotypes
	TSS%
	Sucrose%
	Purity%
	Juice extraction
	Juice yield (ton/fed)

	
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022

	Testers

	Brands
	20.64
	21.57
	10.03
	10.56
	48.64
	49.00
	44.82
	41.34
	7.68
	6.59

	Ramada
	19.97
	20.90
	8.94
	9.46
	44.77
	45.27
	45.83
	42.35
	7.71
	6.61

	Sugar drib
	19.58
	20.51
	9.31
	9.83
	47.56
	47.98
	44.79
	41.31
	8.01
	6.89

	Mean
	20.06
	20.99
	9.43
	9.95
	46.99
	47.42
	45.15
	41.67
	7.80
	6.70

	Lines

	MN2756
	19.89
	20.82
	9.11
	9.63
	45.80
	46.29
	41.54
	38.07
	6.75
	5.73

	MN4508
	19.50
	20.43
	8.51
	9.03
	43.74
	44.37
	29.50
	26.03
	4.57
	3.72

	MN1054
	20.54
	21.47
	8.51
	9.03
	41.45
	42.09
	32.02
	28.55
	6.07
	5.07

	MN4080
	17.84
	18.77
	9.57
	10.09
	53.70
	53.86
	36.75
	33.28
	6.16
	5.17

	MN5509
	18.40
	19.33
	8.49
	9.01
	46.16
	46.63
	47.14
	43.67
	8.46
	7.31

	MN4423
	19.45
	20.38
	9.38
	9.91
	48.27
	48.65
	40.01
	36.54
	7.49
	6.40

	MN1383
	19.83
	20.76
	9.69
	10.21
	48.85
	49.17
	31.35
	27.88
	5.52
	4.57

	Mean
	19.35
	20.28
	9.04
	9.56
	46.85
	47.29
	36.90
	33.43
	6.43
	5.42

	Crosses

	Brands X MN2756 
	18.62
	19.50
	6.15
	6.59
	33.08
	49.00
	35.89
	33.12
	4.65
	3.89

	Brands X MN4508
	16.46
	17.38
	8.87
	9.64
	53.93
	45.27
	27.96
	25.81
	4.19
	3.47

	Brands X MN1054
	17.84
	18.77
	7.54
	8.06
	42.27
	47.98
	36.95
	33.47
	6.03
	5.06

	Brands X MN4080
	19.13
	20.01
	6.48
	6.92
	33.93
	34.62
	23.85
	21.08
	2.75
	2.17

	Brands X MN5509
	16.83
	17.75
	7.73
	8.50
	46.01
	47.93
	36.71
	34.56
	5.88
	4.99

	Brands X MN4423
	16.49
	17.42
	7.90
	8.42
	47.92
	48.35
	38.70
	35.22
	6.33
	5.33

	Brands X MN1383
	17.35
	18.23
	6.62
	7.06
	38.20
	38.76
	26.37
	23.60
	3.32
	2.68

	Ramada X MN2756
	19.66
	20.58
	7.94
	8.71
	40.41
	42.32
	26.61
	24.46
	4.65
	3.90

	Ramada X MN4508
	18.56
	19.49
	8.03
	8.55
	43.29
	43.90
	40.44
	36.96
	5.53
	4.60

	Ramada X MN1054
	17.52
	18.40
	7.20
	7.64
	41.16
	41.57
	31.10
	28.33
	4.45
	3.71

	Ramada X MN4080
	16.27
	17.19
	6.70
	7.47
	41.22
	43.46
	36.89
	34.74
	5.98
	5.09

	Ramada X MN5509
	15.62
	16.55
	8.70
	9.22
	55.72
	55.72
	29.78
	26.30
	4.40
	3.56

	Ramada X MN4423
	16.32
	17.20
	6.77
	7.21
	41.58
	41.99
	41.49
	38.72
	5.87
	5.01

	Ramada X MN1383
	19.12
	20.04
	7.09
	7.86
	37.13
	39.24
	38.87
	36.72
	6.00
	5.10

	Sugar drib X MN2756 MN2756 
	16.58
	17.51
	8.30
	8.82
	50.08
	50.38
	25.28
	21.80
	3.76
	2.97

	Sugar drib X MN4508
	18.89
	19.77
	7.21
	7.65
	38.21
	38.71
	34.36
	31.59
	5.37
	4.55

	Sugar drib X MN1054
	18.10
	19.02
	7.10
	7.87
	39.28
	41.40
	39.87
	37.72
	7.36
	6.37

	Sugar drib X MN4080
	16.82
	17.75
	8.93
	9.45
	53.13
	53.27
	37.90
	34.42
	5.08
	4.20

	Sugar drib X MN5509
	15.56
	16.44
	7.76
	8.20
	49.98
	49.96
	25.70
	22.93
	3.99
	3.28

	Sugar drib X MN4423
	17.40
	18.32
	8.89
	9.66
	51.17
	52.77
	34.18
	32.03
	4.58
	3.79

	Sugar drib X MN1383
	19.70
	20.63
	8.10
	8.63
	41.16
	41.83
	38.59
	35.11
	6.13
	5.15

	Mean
	17.56
	18.47
	7.62
	8.20
	43.76
	45.16
	33.69
	30.89
	5.06
	4.23

	General Mean
	18.99
	19.92
	8.69
	9.24
	45.87
	46.62
	38.58
	35.33
	6.43
	5.45

	LSD  0.05
	1.21
	1.14
	5.63
	5.24
	6.09
	5.23
	1.02
	0.80
	1.21
	1.14


Information from general combining ability effects (GCA) can be used to categorize testers and lines, given predominance of genetic variance represent in form of additive and additive X dominance interaction. Moreover, lines with greatest GCA effects in cross combination with testers would produce superior crosses for particular traits. Therefore, positive and negative GCA and SCA effects during seasons 2021 and 2022 were observed for all studied traits in Tables 6 and 7, respectively. 

According to findings, the used three testers’ Brands, Ramada and Sugar drib showed positive significant and highly significant GCA effects for traits days to 50% heading and stalk length, striped stalk yield and stalk weight, sucrose, purity%, juice extraction and juice yield, respectively. Additionally, stalk weight, TSS% and sucrose traits revealed positive and highly significant GCA effects for lines MN2756, MN1054 and MN4423, respectively. Furthermore, lines MN4080 and MN1383 demonstrated highly significant GCA effects for traits juice yield, purity% and stalk length, respectively. Meanwhile, lines MN4508, MN5509 and MN4423 exhibited positive significant and highly significant GCA effects for traits days to 50% heading, striped stalk yield and juice extraction, respectively. Similar results were reported by Jain and Patel (2014); Bahadure et al. (2015); Patil and Kute (2015) and Ingle et al. (2018).  Therefore, positive and significant GCA effects referring to good general combiner. While, negative and significant GCA results indicating unfavorable effects due to poor general combiner. Hence, parental genotypes that demonstrate strong general combining ability referring more suitable crossing programs for improvement of sweet sorghum in Egypt. 
On the other hand, specific combining ability (SCA) effects offer valuable information is for classification of novel cross combinations. The results in season 2021 indicated in desired direction positive significant and highly significant SCA effects, two crosses for days to 50% heading trait, four crosses for stalk length trait, four crosses for stalk diameter trait, eight crosses for stalk weight trait, five crosses for striped stalk yield trait, seven crosses for TSS% trait, three crosses for sucrose% trait, six crosses for purity% trait, ten crosses for juice extraction trait, and nine crosses for juice yield trait. In contrast, in season 2022, out of 21 F1 crosses, one cross for days to 50% heading trait, five crosses for stalk length trait, four crosses for stalk diameter trait, eight crosses for stalk weight trait, five crosses for striped stalk yield trait, seven crosses for TSS% trait, three crosses for sucrose% trait, six crosses for purity% trait, ten crosses for juice extraction trait and seven crosses for juice yield trait, demonstrated significant and highly significant SCA effects in desired direction.
In comparative, crosses Brands X MN4508, Ramada X MN1054, Sugar drib X MN4080, Ramada X MN2756, Sugar drib X MN1383 TSS% and Brands X MN5509 showed highest positive values of SCA effects for traits days to 50% heading, stalk length, stalk weight, stalk diameter, striped stalk yield, sucrose% and purity%, juice extraction and juice yield, respectively. On the other hand, in season 2022, crosses Ramada X MN2756, Brands X MN2756, Sugar drib X MN4423, Ramada X MN1054, Sugar drib X MN1383 and Brands X MN5509 had excellent and positive SCA effects for traits, days to 50% heading, sucrose%, purity%, stalk length, stalk weight, stalk diameter, striped stalk yield, TSS%, juice extraction and juice yield, respectively.  These finding suggested that crosses had much more interaction of additive and non-additive gene action. Hence, these crosses are highly suitable for heterosis estimation. In contrast, presence undesired direction of negative and significant SCA effects refer to poor combination. Similar results also noticed by Soujanya et al., (2017), Jadhav and Deshmukh (2017); Ingle et al. (2018) and Rani et al. (2020). 
Overall, crosses Brands X MN5509, Ramada X MN2756, Ramada X MN1054 and Sugar drib X MN1383 displayed high GCA effects for both parents. Whereas, other crosses had featured poor × good, poor x poor or good × poor GCA combination. Additionally, good x good GCA combination could be due to fixable additive and additive x additive gene action which had significant SCA effects for studied traits.  Indicated that, information of GCA effects should be considered along with SCA effects for prediction crosses values. Hence, it is evident that crosses performance is independent of parent’s performance as observed in all types of SCA effects. Thus, interaction between line and tester provide much more variation for trait appearance. Therefore, selection parents not only based on SCA effects alone, but also consider to GCA effects in identification of different parents as promising one Itai et al., (2009), Umakanth et al. (2012) and Bahadure et al. (2015).   

Table 6. Estimates effects of general combining ability (GCA) and specific combining ability (SCA) for morphological and yield traits in seasons 2021 and 2022, respectively. 
	Genotypes
	Days to 50% heading
	Stalk length (cm)
	Stalk diameter (cm)
	Stalk weight (kg)
	Striped stalk yield (ton/fed)

	
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022

	Testers
	GCA

	T1
	1.2256*
	1.2256*
	5.236**
	5.236**
	0.0171
	0.0517
	-0.0579**
	-0.0579**


	-1.0082**
	-1.0082**



	T2
	-0.2216
	-0.2216
	-6.5687**
	-6.5687**
	-0.1543**
	-0.0997**
	-0.0326**
	-0.0326**


	0.8065**
	0.8065**



	T3
	-1.004
	-1.004
	1.3327
	1.3327
	0.1371**
	0.0479
	0.0905**
	0.0905**


	0.2018
	0.2018



	S. E. (gi)
	0.22


	0.53
	2.36


	2.02
	0.93
	0.77
	0.0395
	0.12
	0.0066
	0.36

	S. E. (gi-gi)
	0.31


	0.75
	1.33


	1.21

	1.27
	1.09
	0.0558
	0.17
	0.0094
	0.51

	Lines
	GCA

	L1
	-2.7302**
	-2.7302**
	-39.9841**
	-39.9841**
	0.0621
	0.0621
	0.0455**
	0.0455**
	-0.1851
	-0.1851

	L2
	-1.3968
	-1.3968
	-28.0952**
	-28.0952**
	0.1532*
	0.1532*
	-0.0492**
	-0.0492**
	-0.3162
	-0.3162

	L3
	1.2698
	1.2698
	-22.873**
	-22.873**
	0.1198
	0.1198
	0.045**
	0.045**
	-0.3706
	-0.3706

	L4
	-0.1746
	-0.1746
	72.3492**
	72.3492**
	-0.229**
	-0.229**
	0.0135
	0.0135
	0.1383
	0.1383

	L5
	1.9365*
	1.9365*
	-13.7619**
	-13.7619**
	-0.059
	-0.059
	-0.0268*
	-0.0268*
	-0.1273
	-0.1273

	L6
	1.1587
	1.1587
	-17.0952**
	-17.0952**
	0.1198
	0.1198
	-0.0143
	-0.0143
	0.8794**
	0.8794**

	L7
	-0.0635
	-0.0635
	49.4603**
	49.4603**
	-0.1668**
	-0.1668**
	-0.0137
	-0.0137
	-0.0184
	-0.0184

	S. E. (gi)
	0.3421


	0.8194
	1.60


	1.14
	2.19
	1.94
	0.0603
	0.14
	1.1
	0.44

	S. E. (gi-gi)
	0.4837


	1.1588
	2.10


	2.04
	3.09
	2.34
	0.0853
	0.18
	1.55
	0.62

	Crosses
	SCA

	C1
	-2.5556
	-2.5556
	2.56**
	32.3651**
	5.19*
	0.0417


	-0.0692**
	-0.0692**


	-0.6592
	-0.6592



	C2
	2.9683*
	-0.8889
	-33.35**
	-11.8571**
	18.2**
	0.0006


	-0.0058
	0.0402*


	-0.8149
	-1.9581**



	C3
	-0.4127
	0.4444
	-33.74**
	1.9206
	-26.79**
	0.1506


	0.075**
	-0.0547**


	1.4741**
	-0.8637



	C4
	-0.8889
	2.2222
	-30.67**
	-8.9683*
	0.00
	-0.0471


	0.0402*
	0.0848**


	-1.9581**
	0.3575



	C5
	0.9683
	-0.2222
	-35.99**
	-5.8571
	-5.36*
	-0.0705


	0.0422*
	0.0624**


	0.3262
	0.463



	C6
	-0.0794
	1.2222
	-21.22**
	-17.1905**
	-11.64**
	0.0173


	-0.0823**
	-0.0181


	1.6319**
	0.9363



	C7
	0.4444
	-0.2222
	-6.73**
	9.5873*
	23.45**
	-0.0927


	-0.0547**
	-0.0454*


	-0.8637
	1.7241**



	C8
	1.6349
	2.9683*
	-23.48**
	-7.3968
	37.7**
	0.2865**


	0.0686**
	-0.0058


	1.854**
	-0.8149



	C9
	-2.0794
	0.9683
	-9.9**
	-1.2857
	-27.82**
	-0.0813


	-0.0139
	0.0422*


	-0.9903*
	0.3262



	C10
	2.2222
	1.6349
	40.03**
	-3.8413
	0.20
	0.3687**


	0.0848**
	0.0686**


	0.3575
	1.854**



	C11
	-2.5873
	-2.5873
	37.06**
	18.6032**
	-5.8*
	-0.1157


	-0.0772**
	-0.0772**


	0.0617
	0.0617



	C12
	0.3651
	-0.6984
	36.03**
	-1.619
	-7.78**
	-0.1157


	-0.0077
	-0.009


	-0.4192
	-0.4094



	C13
	-0.2222
	-0.5873
	-24.23**
	11.0476**
	-9.27**
	-0.4313**


	0.0624**
	-0.1074**


	0.463
	1.574**



	C14
	-0.6984
	-1.6984
	-32.49**
	-15.5079**
	-13.69**
	0.0887


	-0.009
	0.0886**


	-0.4094
	-2.5916**



	C15
	0.9206
	-0.4127
	-20.56**
	-24.9683**
	-12.38**
	-0.3283**


	-0.0534**
	0.075**


	-0.0537
	1.4741**



	C16
	1.2222
	-0.0794
	-20.06**
	13.1429**
	-9.52**
	0.0806


	-0.0181
	-0.0823**


	0.9363
	1.6319**



	C17
	-0.5873
	-2.0794
	-18**
	1.9206
	-32.29**
	-0.5194**


	-0.1074**
	-0.0139


	1.574**
	-0.9903*



	C18
	-0.6349
	0.3651
	-10.57**
	-9.6349*
	-7.2**
	0.1629


	0.1255**
	-0.0077


	-2.5103**
	-0.4192



	C19
	-0.2222
	0.9206
	13.49**
	7.4762
	-19.26**
	0.1862


	-0.0454*
	-0.0534**


	1.7241**
	-0.0537



	C20
	-1.6984
	-0.6349
	-10.16**
	6.1429
	-12.39**
	0.414**


	0.0886**
	0.1255**


	-2.5916*
	-2.5103**



	C21
	1.9206
	1.9206
	9.03**
	5.9206
	-26.56**
	0.004


	-0.0432*
	-0.0432*


	0.8675
	0.8675



	S. E. (Sij)
	1.41
	0.41
	2.03
	1.89
	2.2
	1.89
	0.37
	0.29
	1.07
	0.88

	S. E. (Sij-SKl)
	2.00
	0.58
	2.87
	2.68
	3.11
	2.67
	0.74
	0.41
	1.51
	1.25


     *, ** Significant at 0.05 and 0.01 probability levels, respectively
Table 7. Estimates effects of general combining ability (GCA) and specific combining ability (SCA) for quality traits in seasons 2021 and 2022, respectively.
	Genotypes
	TSS%
	Sucrose%
	Purity%
	Juice extraction
	Juice yield

	
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022

	Testers
	GCA

	T1
	0.0633


	0.0344
	-0.7346**


	-0.8724**
	-4.3063**
	-4.7658**
	-2.4386**
	-2.4108**
	-0.7189**
	-0.6207**

	T2
	0.1276


	0.1387
	0.1406


	0.3329**
	0.4089
	1.3951*
	0.7514**
	1.3992**
	0.4587**
	0.442**

	T3
	-0.191*


	-0.1732
	0.594**


	0.5395**
	3.8975**
	3.3707**
	1.6871**
	1.0116**
	0.2602**
	0.1788*

	S. E. (gi)
	0.25
	0.28
	0.18
	0.22
	0.26
	0.17
	1.07
	1.27
	0.83
	0.77

	S. E. (gi-gi)
	0.36
	056
	0.25
	0.31
	0.41
	0.24
	1.52
	1.79
	1.17
	1.41

	Lines
	GCA

	L1
	0.0762
	0.0762
	-0.1011
	-0.1011
	-0.6582
	-0.6041
	-0.09
	-0.09
	-0.1011
	-0.0926

	L2
	-0.0805
	-0.0805
	-0.2489
	-0.2489
	-1.1356
	-1.0558
	-0.6033*
	-0.6033
	-0.0749
	-0.0651

	L3
	0.9595**
	0.9595**
	-0.0911
	-0.0911
	-3.1188**
	-3.0259**
	-2.55**
	-2.55**
	-0.562**
	-0.5052**

	L4
	-1.0938**
	-1.0938**
	-0.0878
	-0.0878
	2.278*
	2.2274*
	-1.1**
	-1.1**
	-0.1198
	-0.1121

	L5
	-0.2238
	-0.2238
	-0.2322
	-0.2322
	-0.8282
	-0.8153
	1.5233**
	1.5233**
	0.1493
	0.1277

	L6
	0.3729**
	0.3729**
	0.1267
	0.1267
	-0.218
	-0.2249
	3.6867**
	3.6867**
	0.8721**
	0.8071**

	L7
	-0.0105
	-0.0105
	0.6344**
	0.6344**
	3.6808**
	3.4986**
	-0.8667**
	-0.8667*
	-0.1638
	-0.1597

	S. E. (gi)
	0.31
	0.40
	0.22
	0.26
	0.31
	0.21
	1.31
	1.55
	1.02
	1.22

	S. E. (gi-gi)
	0.44
	0.56
	0.31
	0.47
	0.44
	0.29
	1.86
	2.19
	1.44
	1.73

	Crosses
	SCA

	C1
	0.9167**


	0.9167**


	-0.6332**


	-0.6332**


	-5.7066**


	-5.4857**


	4.7286**


	4.7286**


	0.4129*


	0.3712



	C2
	1.5833**


	1.5833**


	-0.1554


	-0.1554


	-4.3871**


	-4.2479**


	-6.7981**


	-6.7981**


	-1.5171**


	-1.3735**



	C3
	-1.2367**


	-1.2367**


	-0.1765


	-0.1765


	1.8735


	1.8669


	-2.3314**


	-2.3314**


	-0.4648*


	-0.4277*



	C4
	0.9867**


	0.9867**


	0.4035


	0.4035


	-0.5652


	-0.5818


	0.9486


	0.9486


	0.2266


	0.2071



	C5
	-1.0833**


	-1.0833**


	0.1213


	0.1213


	2.9585


	2.8864


	8.7152**


	8.7152**


	1.3789**


	1.2664**



	C6
	0.89**


	0.89**


	0.1957


	0.1957


	-1.0245


	-0.9813


	-0.5781


	-0.5781


	0.1551


	0.1319



	C7
	-2.0567**


	-2.0567**


	0.2446


	0.2446


	6.8513**


	6.5434**


	-4.6848**


	-4.6848**


	-0.1917


	-0.1753



	C8
	-1.3076**


	-1.3076**


	1.2083**


	1.2083**


	10.4271**


	9.9884**


	-6.3914**


	-6.3914**


	-1.2244**


	-1.1101**



	C9
	-0.781**


	-0.781**


	0.2227


	0.2227


	2.9814


	2.9012


	2.8719**


	2.8719**


	0.4311*


	0.3857



	C10
	1.009**


	1.009**


	0.2683


	0.2683


	-0.6323


	-0.7336


	-5.2814**


	-5.2814**


	-0.305


	-0.2712



	C11
	-0.3276


	-0.3276


	-0.9751**


	-0.9751**


	-5.2211**


	-4.8517**


	3.5486**


	3.5486**


	0.58**


	0.5304**



	C12
	1.6524**


	1.6524**


	-0.4373


	-0.4373


	-6.2103**


	-6.0294**


	2.9052**


	2.9052**


	0.3347


	0.2981



	C13
	0.0357


	0.0357


	-0.7862**


	-0.7862**


	-4.6694**


	-4.4607**


	1.7419**


	1.7419**


	0.9636**


	0.891**



	C14
	-0.281


	-0.281


	0.4994*


	0.4994*


	3.3245*


	3.1857*


	0.6052
	0.6052


	-0.7801**


	-0.7239**



	C15
	0.391


	0.391


	-0.5751*


	-0.5751*


	-4.7205**


	-4.5026**


	1.6629**


	1.6629**


	0.8114**


	0.7388**



	C16
	-0.8024**


	-0.8024**


	-0.0673


	-0.0673


	1.4057


	1.3467


	3.9262**


	3.9262**


	1.086**


	0.9879**



	C17
	0.2276


	0.2276


	-0.0917


	-0.0917


	-1.2413


	-1.1333


	7.6129**


	7.6129**


	0.7697**


	0.699**



	C18
	-0.659**


	-0.659**


	0.5716*


	0.5716*


	5.7862**


	5.4335**


	-4.4971**


	-4.4971**


	-0.8066**


	-0.7375**



	C19
	-0.569*


	-0.569*


	0.316


	0.316


	3.2517*


	3.1429*


	-11.6205**


	-11.6205**


	-1.7136**


	-1.5645**



	C20
	-0.9257**


	-0.9257**


	0.5905**


	0.5905*


	5.6939**


	5.442**


	-1.1638*


	-1.1638


	-1.1187**


	-1.0229**



	C21
	2.3376**


	2.3376**


	-0.744**


	-0.744**


	-10.1758**


	-9.7291**


	4.0795**


	4.0795**


	0.9718**


	0.8992**



	S. E. (Sij)
	0.62
	0.51
	0.44
	0.53
	0.63
	0.41
	2.62
	3.1
	2.03
	2.45

	S. E. (Sij-SKl)
	0.97
	0.87
	0.62
	0.75
	0.89
	0.58
	3.71
	4.38
	2.87
	3.46


     *, ** Significant at 0.05 and 0.01 probability levels, respectively
Heterosis estimation regarding better parent for morphological and yield traits during seasons 2021 and 2022 are showed in Tables 8 and 9, respectively. For the majority of the studied traits in seasons 2021 and 2022, the results demonstrated positive, negative and highly significant heterosis relative to better parent. These crosses can be added into crossbreeding programs with multipurpose goals of enhancing morphological, yield and quality traits of Egyptian sweet sorghum genotypes and cultivars. Therefore, positive and significant values of heterosis referring to genetic component of additive for studied yield and quality traits. While, negative and significant values indicated important of additive genetic components for days to 50% heading. Conversely, the other crosses without significant exhibited undesired heterosis in comparison to better parent. These results highlighted significant of parent combination that are low x average, average x average, low x high and high x high in crosses development which show high degree of hybrid vigor regarding studied traits. Similar work are manifested by Sarker et al., (2002); Yehia and El-Hashash, (2019) and Kushal et al., (2023).
Table 8. Estimates of Heterosis (%) in relation to better parent for morphological and yield traits during seasons 2021 and 2022, respectively. 
	Crosses
	Days of 50% hiding
	Stalk length
	Stalk diameter
	Stalk weight
	Striped stalk yield

	
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022

	C1
	-8.68**


	-9.23**


	-4.97**


	-5.24**


	1.75


	-1.62


	-33.47**


	-25.96**


	-24.26**


	-26.19**



	C2
	-8.08**


	-8.87**


	-36.8**


	-37.22**


	-9.85**


	-12.01**


	-23.2**


	-15.54**


	-32.6**


	-35.17**



	C3
	0.23


	0.45


	-12.08**


	-12.4**


	28.57**


	22.3**


	-0.39


	7.76**


	-33.62**


	-35.99**



	C4
	0.00


	0.91


	32.86**


	32.89**


	-4.90


	-8.18**


	40.42**


	45.96**


	-16.44**


	-17.78**



	C5
	-3.69**


	0.45


	-33.29**


	-33.66**


	-15.00**


	-16.98**


	15.08**


	22.24**


	-21.16**


	-22.78**



	C6
	0.22


	-7.96**


	-20.18**


	-20.56**


	-24.36**


	-25.36**


	-46.65**


	-39.85**


	-16.51**


	-17.74**



	C7
	-4.64**


	-4.08**


	0.55


	0.37


	-27.54**


	-28.51**


	-40.41**


	-32.52**


	-11.64**


	-12.6**



	C8
	-3.11**


	-13.56**


	-42.14**


	-42.42**


	6.67**


	1.94


	-10.03**


	-8.87**


	-10.91**


	-14.05**



	C9
	-3.82**


	-14.39**


	-37.52**


	-37.75**


	-20.45**


	-22.74**


	-11.08**


	-9.75**


	-4.9**


	-7.59**



	C10
	-2.42**


	-10.25**


	-32.67**


	-32.89**


	35.42**


	27.27**


	50.78**


	48.01**


	-7.91**


	-10.48**



	C 11
	-11.35**


	-17.28**


	21.22**


	21.37**


	0.00


	-5.80


	2.41


	3.17


	-3.77**


	-6.37**



	C12
	-9.09**


	-12.32**


	-36.5**


	-36.71**


	-24.83**


	-27.01**


	9.33**


	9.56**


	-14.00**


	-17.15**



	C13
	-5.45**


	-13.15**


	-23.21**


	-23.36**


	-47.44**


	-47.83**


	-52.9**


	-50.11**


	-1.59


	-3.75**



	C14
	-13.12**


	-16.04**


	-14.77**


	-14.86**


	-26.15**


	-28.08**


	-2.45


	-1.68


	-23.92**


	-27.88**



	C15
	-6.79**


	-3.57**


	-39.02**


	-39.32**


	-39.24**


	-36.4**


	42.95**


	30.46**


	-8.75**


	-9.38**



	C16
	-3.32**


	-10.75**


	-27.85**


	-28.03**


	-20.25**


	-18.5**


	1.35


	-10.03**


	-8.6**


	-9.22**



	C17
	-1.39**


	-0.14


	-16.03**


	-16.15**


	-43.04**


	-41.17**


	51.73**


	36.17**


	-28.00**


	-29.89**



	C18
	-3.45**


	1.33


	10.28**


	27.91**


	-34.81**


	-29.24**


	45.47**


	30.29**


	-17.53**


	-18.8**



	C19
	-2.67**


	2.25*


	-29.68**


	-29.85**


	-26.84**


	-22.32**


	24.22**


	10.36**


	-17.39**


	-18.64**



	C20
	-2.29**


	-13.1**


	-10.8**


	-10.88**


	-14.56**


	-7.76**


	16.18**


	6.94**


	-28.54**


	-30.5**



	C21
	-3.62**


	-4.2**


	-2.74*


	-2.75**


	-35.95**


	-32.7**


	7.35**


	-3.35*


	-11.21**


	-12.02**




*, ** Significant at 0.05 and 0.01 probability levels, respectively.

Table 9. Estimates of Heterosis (%) in relation to better parent for quality traits during seasons 2021 and 2022, respectively.
	Crosses
	TSS%
	Sucrose%
	Purity%
	Juice extraction
	Juice  yield (ton/fed)

	
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022
	2021
	2022

	C1
	-9.58**


	-9.23**


	-38.7**


	-37.57**


	-31.98**


	-30.96**


	-19.92**


	-19.89**


	-39.4**


	-40.94**



	C2
	-7.22**


	-8.87**


	-35.42**


	-34.45**


	-30.24**


	-29.35**


	-46.78**


	-49.02**


	-64.19**


	-67.01**



	C3
	-15.47**


	0.45


	-34.05**


	-33.15**


	-21.45**


	-20.9**


	-41.16**


	-42.92**


	-56.83**


	-59.34**



	C4
	-14.68**


	0.91


	-28.24**


	-27.63**


	-23.35**


	-22.82**


	-30.61**


	-31.48**


	-42.07**


	-43.73**



	C5
	-20.25**


	0.45


	-32.49**


	-33.66**


	-14.51**


	-14.3**


	-11.99**


	-11.34**


	-30.64**


	-31.56**



	C6
	-8.33**


	-7.96**


	-28.17**


	-31.67**


	-21.44**


	-20.99**


	-23.33**


	-23.59**


	-30.09**


	-30.92**



	C7
	-23.77**


	-4.08**


	-22.62**


	-27.57**


	2.32


	1.62


	-42.66**


	-44.54**


	-48.09**


	-50.26**



	C8
	-16.86**


	-13.56**


	-2.64*


	-22.29**


	17.76**


	19.83**


	-38.99**


	-39.06**


	-45.56**


	-47.47**



	C9
	-15.09**


	-14.39**


	-13.5**


	0.07


	2.78


	5.87**


	-19.89**


	-18.4**


	-23.74**


	-24.42**



	C10
	-4.13**


	-10.25**


	-11.22**


	-10.14**


	-9.73**


	-6.51**


	-41.93**


	-42.25**


	-39.61**


	-41.02**



	C 11
	-17.76**


	-17.28**


	-30.00*


	-8.00**


	-23.24**


	-19.31**


	-19.5**


	-17.98**


	-22.39**


	-22.94**



	C12
	-4.13**


	-12.32**


	-20.69**


	-26**


	-19.56**


	-15.86**


	-17.55**


	-15.92**


	-29.07**


	-30.27**



	C13
	-9.01**


	-13.15**


	-24.33**


	-16.94**


	-18.64**


	-14.91**


	-13.00**


	-10.94**


	-4.54**


	-3.57*



	C14
	-12.36**


	-16.04**


	-8.19**


	-20.56**


	4.75**


	7.32**


	-25.41**


	-24.38**


	-40.61**


	-42.64**



	C15
	-9.85**


	-3.57**


	-19.02**


	-5.35**


	-11.12**


	-10.49**


	-17.5**


	-18.97**


	-24.66**


	-26.6**



	C16
	-15.07**


	-10.75**


	-15.15**


	-18.01**


	0.76


	0.76


	-13.59**


	-14.73**


	-20.9**


	-22.59**



	C17
	-9.22**


	-0.14


	-13.72**


	-14.34**


	-8.97**


	-8.51**


	-9.71**


	-10.52**


	-30.93**


	-33.17**



	C18
	-19.31**


	1.33


	-9.09**


	-12.99**


	3.76**


	3.46*


	-33.51**


	-36.33**


	-45.1**


	-48.31**



	C19
	-14.63**


	2.25*


	-10.85**


	-8.62**


	5.29**


	5.01**


	-46.38**


	-50.07**


	-55.61**


	-59.34**



	C20
	-13.46**


	-13.1**


	-4.83**


	-10.27**


	10.06**


	9.51**


	-15.38**


	-47.22**


	-36.61**


	-39.11**



	C21
	-0.66


	-4.2**


	-16.35**


	-4.58**


	-15.74**


	-14.93**


	-13.84**


	-5.78**


	-23.44**


	-25.25**




*, ** Significant at 0.05 and 0.01 probability levels, respectively.

Conclusion

For most studied traits, variance due to 10 sweet sorghum parental genotypes and their 21 F1 crosses showed highly significant. Besides, the highest values of mean performance were parental genotypes, Brands, Sugar drib, MN1054, MN4080, MN5509 and MN4423, and crosses Brands X MN1054, Ramada X MN4080, Ramada X MN5509, Ramada X MN4423, Sugar drib X MN1054, Sugar drib X MN4080 and Sugar drib X MN1383. Additionally, the best parental genotype that had good GCA effects was MN4423 for most studied traits which may be used in breeding programs for developing high yield varieties. While, the excellent crosses based on SCA effects values were Brands X MN5509, Ramada X MN2756, Ramada X MN1054 and Sugar drib X MN1383. Finally, it can be concluded that the crosses that have at least one parent with high GCA effects and the other with low or average GCA is desirable to get high SCA effects in their cross combinations, which considered promising crosses in breeding programs. 
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