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ABSTRACT

	The present study was aimed to estimate the general combining ability (GCA) of inbred lines and the specific combining ability (SCA) of their crosses, to estimate the magnitude of heterosis in hybrid maize and to identify superior hybrids for yield and its component traits in maize. Seven inbred lines were crossed with diallel method II mating design. The resulting twenty-one crosses and standard check (CP 808) along with seven parents were evaluated at Other Cereal Crops Research Section, Department of Agricultural Research (DAR), Yezin and Aungban Regional Reseauch Farm (DAR) from May to September, 2023 in a randomized complete block design with three replications. Highly significant differences were observed in both locations for all traits, confirming the potential for effective selection to improve yield and yield‑related characteristics in ANOVA. Parent P6 (YZSI 21‑006) consistently emerged as the most valuable donor for both locations, contributing positively to a wide range of traits including ear length, row length, kernels per row, 1000 grain weight, shelling percentage, and grain yield, while also promoting earlier maturity through negative GCA values for tasseling and silking. In Aungban, P4 (YZSI 21‑032) demonstrated region‑specific superiority, combining high grain yield with reduced plant height, thereby enhancing lodging resistance. Among the hybrid combinations, P4×P5 proved to be the most promising cross in both regions, exhibiting superior SCA effects and favorable standard heterosis for grain yield, ear length, row length, and 1000 grain weight. Its positive heterosis for grain yield in Aungban, surpassing the commercial check CP 808, validates its potential for commercial exploitation. Other crosses such as P1×P2 and P1×P4 also showed stable yield advantages and desirable kernel traits in SCA effect in the same region. Therefore, these crosses can be utilized for developing high yielding hybrid varieties in maize. 
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1. INTRODUCTION

In Myanmar, maize is the second most important cereal crop after rice, cultivated widely across the country except in Mon State. It plays a dual role in supporting domestic food systems and contributing to export earnings. Domestically, maize is primarily used as feed for the rapidly growing poultry and livestock industries, which are vital for improving nutrition and rural livelihoods (Htwe, 2020). Maize breeding programs rely heavily on the identification of superior parental lines that can produce high-yielding and stable hybrids. One of the most powerful tools in this process is the estimation of combining ability, which provides insights into the genetic potential of inbred lines (Amzeri et al., 2024). Combining ability analysis is one of the most effective methods for determining the finest combiners for use in crosses, whether to exploit heterosis or to accumulate productive genes (Sprague & Tatum, 1942). By evaluating general and specific combining ability, breeders can determine not only which parents and crosses are most promising but also the relative contributions of additive and non-additive genetic variances within the germplasm (Amzeri et al., 2024). Therefore, maize breeders need to focus on developing a greater number of inbred lines in order to generate new and improved hybrids. Within breeding programs, lines with high yield potential are frequently chosen as parental material, since the primary objective is to enhance grain production. By analyzing combining ability, plant breeders can strategically select parents and exploit genetic mechanisms that maximize heterosis, ultimately leading to the development of superior hybrids.
High-yielding hybrids are essential to meet the growing demand for maize as both a staple food and an industrial crop, while early-maturing varieties provide farmers with flexibility in planting schedules, reduce exposure to late-season droughts, and allow for multiple cropping systems within a year. Combining ability estimates of the inbred lines are very important for maize improvement not only in choosing the parents and crosses but also in suggesting the relation between additive and non-additive portions of the genetic variances in the germplasm materials (Amegbor et al., 2023). 
The concept of combining ability analysis plays a significant role in crop improvement as it helps in characterizing the nature and magnitude of genetic effects governing yield and its component traits besides pointing the promising parents to be used in the synthesis of superior hybrids and populations, particularly when the production of hybrids is not feasible due to some inherent problems in economic hybrid seed production. There are two types of combining abilities examined in biometrical genetics: General Combining Ability (GCA) and Specific Combining Ability (SCA). General combining ability is a measure of additive gene activity that relates to the average performance of a genotype in a series of hybrid combinations, whereas specific combining ability is the performance of a parent in a specific cross in reference to general combining ability (Ali et al., 2014). General Combining Ability (GCA) is linked to the breeding value of the parents and is linked to additive genetic effects, whereas Specialized Combining Ability (SCA) is linked to non-additive genetic effects, primarily dominance, or epistatic effects (Salgotra et al., 2009). Because of the extensive usage of hybrid cultivars in many crops, the notions of General and Specialized Combining Abilities have become increasingly essential to plant breeders (Wilson et al., 1978). 
Diallel analysis has emerged as a powerful genetic tool that enables breeders to dissect the genetic architecture of maize populations, estimate combining ability, and identify superior parental lines and crosses. This methodology is particularly valuable because it provides insights into both additive and non-additive genetic variances, which are critical for predicting hybrid performance and exploiting heterosis (Coelho et al., 2020). By evaluating multiple inbred lines in all possible combinations, diallel analysis identifies superior parental lines and promising hybrid combinations. This reduces reliance on random crossing and makes breeding programs more efficient (Beniwal, 2018). Combining ability investigations are valuable for determining the nature and amount of various types of gene action involved in the development of quantitative traits, as well as for selecting ideal parents for effective hybridization projects (Sprague & Tatum, 1942). Any breeding program targeted at hybrid production must start with the identification of inbred lines with a strong combining ability. As a result, information on combining ability-based heterotic grouping can assist breeders in choosing parents for crosses (Dao et al., 2014; Nyaligwa et al., 2015). 
Despite maize being the second most important cereal crop in Myanmar, breeding programs face several challenges. The limited number of well‑characterized inbred lines, coupled with the complexity of yield as a polygenic trait, makes it difficult to consistently develop hybrids that outperform existing commercial checks. In addition, environmental variability and genotype x environment (G x E) interactions often reduce the stability of hybrid performance, while the lack of systematic parental selection leads to inefficient use of genetic resources.  The present study is conducted to estimate the general combining ability effects of inbred lines and the specific combining ability of their crosses, to estimate the magnitude of heterosis in hybrid maize and to identify superior hybrids for yield and its component traits in maize.

2. material and methods

This experiment was conducted at two locations at the field of Other Cereal Crops Research Section, Department of Agricultural Research (DAR), Yezin and Aungban Regional Research Farm, DAR during monsoon season (May-September) 2023. Developing competitive maize hybrids for the diverse environments of Aungban and Yezin is hindered by a narrow genetic pool of inbred lines and the complex, multi-gene nature of yield, which makes it difficult for local varieties to consistently exceed the high performance and stability of established commercial seeds. A total of 13 characteristics consisting of twenty-one F1 crosses and a standard check (CP 808) along with seven parents (inbreds) were used in this study (Table 1). Seven inbred lines were crossed with diallel method II mating design. The resulting genotypes were cultivated by using randomized complete block design with three replications. The plot size was 5 m in length and 1.5 m in width. The plant spacing was 0.76 m between rows and 0.23 m between plants. Two seeds were sown in each hill and thinning was done at 14 days after sowing and left one healthy plant hill-1. The fertilizer mixture (123.5 kg ha-1 Urea, 123.5 kg ha-1 Triple Super Phosphate and 61.75 kg ha-1 Muriate Potash) was applied as basal. The first and second side dressing of 61.75 kg ha-1 Urea and 30.86 kg ha-1 Muriate of Potash were applied at three weeks after growing and at five weeks after growing respectively. All agronomic practices such as weed and pest control were also applied as necessary.
Recorded data were days to 50% tasseling and silking (days), plant height (cm), ear height (cm), shelling %, ear length (cm), row length (cm), ear diameter (cm), cod diameter (cm), number of rows per ear, number of kernels per row, 1000 grain weight (g) and grain yield (ton ha-1). Statistical analyses were performed using STAR 2.0.1 software and diallel analysis was conducted by using R software (version 4.1.2) to determine GCA and SCA effects. These effects were calculated specifically for grain yield and related traits that showed significant variation among the genotypes. The measurement of standard heterosis was calculated the following as suggested by Allard (1960).
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Table 1. 	List of F1 crosses, their parents

	No.
	Crosses
	Diallel Crosses
	No.
	Crosses and parents
	Diallel Crosses

	1
	P1 × P2
	YZSI 21-026 x YZSI 21-002
	15
	P3 × P7
	YZSI 21-027 x YZSI 21-015

	2
	P1 × P3
	YZSI 21-026 x YZSI 21-027
	16
	P4 × P5
	YZSI 21-032 x YZSI 21-010

	3
	P1 × P4
	YZSI 21-026 x YZSI 21-032
	17
	P4 × P6
	YZSI 21-032 x YZSI 21-006

	4
	P1 × P5
	YZSI 21-026 x YZSI 21-010
	18
	P4 × P7
	YZSI 21-032 x YZSI 21-015

	5
	P1 × P6
	YZSI 21-026 x YZSI 21-006
	19
	P5 × P6
	YZSI 21-010 x YZSI 21-006

	6
	P1 × P7
	YZSI 21-026 x YZSI 21-015
	20
	P5 × P7
	YZSI 21-010 x YZSI 21-015

	7
	P2 × P3
	YZSI 21-002 x YZSI 21-027
	21
	P6 × P7
	YZSI 21-006 x YZSI 21-015

	8
	P2 × P4
	YZSI 21-002 x YZSI 21-032
	22
	P1
	YZSI 21-026

	9
	P2 × P5
	YZSI 21-002 x YZSI 21-010
	23
	P2
	YZSI 21-002

	10
	P2 × P6
	YZSI 21-002 x YZSI 21-006
	24
	P3
	YZSI 21-027

	11
	P2 × P7
	YZSI 21-002 x YZSI 21-015
	25
	P4
	YZSI 21-032

	12
	P3 × P4
	YZSI 21-027 x YZSI 21-032
	26
	P5
	YZSI 21-010

	13
	P3 × P5
	YZSI 21-027 x YZSI 21-010
	27
	P6
	YZSI 21-006

	14
	P3 × P6
	YZSI 21-027 x YZSI 21-006
	28
	P7	Comment by Окбагабир Шименди Где: You have 21 allels so why do you need included from 22-28 parants. Clarify it.
	YZSI 21-015


3. results and discussion

3.1 Analysis of variance

Analysis of variance (ANOVA) as per the RCBD showed that mean sum of squares were highly significant for all the character of genotypes in Yezin and Aungban regions (Table 2 and Table 3). This means that the genotypes differ significantly for these traits and also it is a pre-requisite for the ANOVA for combining ability analysis. These results are consistent with the findings of previous studies by Badu-Apraku et al. (2020) and Sharma et al. (2023) who reported that mean sum of squares were highly significant for all the characters of genotypes.
The analyses of variances for combining ability in Yezin and Aungban regions are presented in Table 4 and Table 5. Analysis of variance for all genotypes were found highly significant for all the traits indicating sufficient variability among them. The consistent detection of such variation underscores the genetic heterogeneity within the studied populations and provides a sound foundation for subsequent combining ability analysis, aimed at identifying promising parental lines and hybrid combinations. These results are in agreement with previous studies (Uzun & Halil, 2020). 
For two location, mean squares of combining ability variance for quantitative characters are shown in Table 4 and Table 5. The mean square due to GCA and SCA were significant for all the studied characters except for Shelling%, and 1000 weight in Yezin, and ear height, and rows per ear in Aungban.  Components of genetic variance, GCA: SCA ratio, additive and non-additive components of gene action. If GCA/SCA variance ratio is less than one, it indicates the presence of non-additive type of gene action i.e. dominance or over-dominance. Ratio of GCA variance to SCA variance also recorded less than unity. The results obtained from both Yezin and Aungban revealed that the GCA variances were lower than the SCA variances at two locations for grain yield. Therefore, the grain yield control came from non-additive genes, as indicated by a GCA/SCA ratio of less than 1 at two locations. This suggests that hybrid development and heterosis exploitation should be prioritized over selection based solely on parental performance. The results of this study aligned with those of Oliveira et al. (2019) and Masood and Towfiq. (2022) as they reported that grain yield per hectare had a ratio of σ2GCA/σ2SCA less than unity. The grain yield at two locations also has more influences from the role of a dominant gene than from the additive gene effects, which attained confirmation by the lower value of the additive variance. Comparable findings were reported by Abdel-Moneam et al. (2014) and Njeri et al. (2017) that drought-stressed maize exhibited predominance of non-additive genetic effect.

Table 2. 	Analysis of variance for yield and agronomic traits (Yezin)

	Sov
	d.f 
	50%T
	50%S
	PH
	EH
	EL
	RL
	

	Rep
	2
	0.45
	1.05
	40.79
	7.22
	0.50
	0.001
	

	Genotypes
	28
	34.27**
	21.35**
	703.99**
	284.05**
	10.74**
	11.10**
	

	Error
	56
	2.31
	2.28
	89.64
	55.00
	1.48
	0.96
	

	CV%
	
	2.73
	2.57
	5.92
	8.30
	8.40
	6.91
	

	Sov
	d.f 
	ED
	CD
	RPE
	KPR
	Shelling%
	1000 weight
	Y

	Rep
	2
	0.03
	0.004
	0.33
	1.38
	7.22
	1506.25
	0.02

	Genotypes
	28
	0.50**
	0.13**
	2.71**
	64.75**
	284.05**
	3782.60**
	9.53**

	Error
	56
	0.02
	0.01
	0.45
	4.14
	55.00
	668.44
	0.47

	CV%
	
	3.56
	3.81
	4.85
	7.47
	11.39
	9.01
	16.16


Note: ** = Significant at 1% level, Sov = source of variation, d.f = degree of freedom, 50%T = days to 50% tasseling, 50%S = days to 50% silking, PH = plant height, EH = ear height, EL = ear length, RL = row length, ED = ear diameter, CD = cod diameter, RPE = number of rows per ear, KPR = number of kernels per row, Y = Yield (t ha -1)

Table 3. 	Analysis of variance for yield and agronomic traits (Aungban)

	Sov
	d.f 
	50%T
	50%S
	PH
	EH
	EL
	RL
	

	Rep
	2
	14.63
	18.29
	1567.74
	353.49
	3.34
	0.0003
	

	Genotypes
	28
	10.42**
	11.39**
	591.16**
	165.49**
	9.38**
	0.001**
	

	Error
	56
	1.16
	1.45
	113.81
	37.65
	1.15
	0.0004
	

	CV%
LSD1%
	
	1.53
	1.66
	5.17
	6.74
	5.29
	6.91
	

	Sov
	d.f 
	ED
	CD
	RPE
	KPR
	Shelling%
	1000 weight
	Y

	Rep
	2
	0.38
	0.01
	0.04
	10.15
	0.45
	1551.99
	5.43

	Genotypes
	28
	0.23**
	0.12**
	1.50**
	53.03**
	7.60**
	5480.78**
	15.84**

	Error
	56
	0.03
	0.01
	0.85
	4.97
	0.78
	481.75
	1.50

	CV%
LSD1%	Comment by Окбагабир Шименди Где: Add the LSD values at 1 %
	
	3.90
	4.80
	6.83
	6.53
	2.35
	7.01
	11.87


Note: ** = Significant at 1% level, Sov = source of variation, d.f = degree of freedom, 50%T = days to 50% tasseling, 50%S = days to 50% silking, PH = plant height, EH = ear height, EL = ear length, RL = row length, ED = ear diameter, CD = cod diameter, RPE = number of rows per ear, KPR = number of kernels per row, Y = Yield (t ha -1)

Table 4.	 Analysis of variance for combining ability effects for yield and yield component characters (Yezin)	Comment by Окбагабир Шименди Где: The same comments of Table 3 	Comment by Окбагабир Шименди Где: If you can Add the LSD values at 1 % or 5% in all the tables

	Sov
	d.f 
	50%T
	50%S
	PH
	EH
	EL
	RL
	

	GCA
	6
	10.16**
	4.75**
	115.87**
	65.69**
	1.68**
	1.78**
	

	SCA
	21
	12.27**
	7.97**
	266.82**
	107.21**
	4.19**
	4.36**
	

	Error
	54
	0.79
	0.78
	30.81
	18.92
	0.46
	0.29
	

	GCA/SCA
	
	0.09
	0.06
	0.04
	0.06
	0.04
	0.04
	

	Sov
	d.f 
	ED
	CD
	RPE
	KPR
	Shelling%
	1000 weight
	Y

	GCA
	6
	0.15**
	0.08**
	1.63**
	13.44**
	15.89**
	344.74
	0.95**

	SCA
	21
	0.17**
	0.03**
	0.71**
	23.94**
	7.57
	1414.14**
	3.71**

	Error
	54
	0
	0
	0.15
	1.41
	4.39
	217.51
	0.15

	GCA/SCA
	
	0.1
	0.25
	0.29
	0.06
	0.4
	0.01
	0.03


Note: * = Significant at 5% level, ** = Significant at 1% level, Sov = source of variation, d.f = degree of freedom, 50%T = days to 50% tasseling, 50%S = days to 50% silking, PH = plant height, EH = ear height, EL = ear length, RL = row length, ED = ear diameter, CD = cod diameter, RPE = number of rows per ear, KPR = number of kernels per row, Y = Yield (t ha -1), GCA = general combining ability, SCA = specific combining ability

Table 5. 	Analysis of variance for combining ability effects for yield and yield component characters (Aungban)

	Sov
	d.f 
	50%T
	50%S
	PH
	EH
	EL
	RL
	

	GCA
	6
	7.52**
	8.74**
	81.05*
	23.77
	2.66**
	4.32**
	

	SCA
	21
	2.25**
	2.23**
	233.88**
	59.33**
	2.53**
	2.88**
	

	Error
	54
	0.36
	0.49
	0.62
	0.75
	1.01
	1.14
	

	GCA/SCA
	
	0.42
	0.53
	0.03
	0.03
	0.12
	0.17
	

	Sov
	d.f 
	ED
	CD
	RPE
	KPR
	Shelling%
	1000 weight
	Y

	GCA
	6
	0.08**
	0.12**
	0.56
	26.82**
	6.35**
	1872.76**
	1.49*

	SCA
	21
	0.06**
	0.01**
	0.26
	15.02**
	3.46**
	1883.68**
	6.34**

	Error
	54
	1.27
	1.4
	1.53
	1.66
	0.88
	1.79
	1.92

	GCA/SCA
	
	0.15
	2.58
	-1.06
	0.21
	0.26
	0.11
	0.018


[bookmark: _Hlk218457787]Note: * = Significant at 5% level, ** = Significant at 1% level, Sov = source of variation, d.f = degree of freedom, 50%T = days to 50% tasseling, 50%S = days to 50% silking, PH = plant height, EH = ear height, EL = ear length, RL = row length, ED = ear diameter, CD = cod diameter, RPE = number of rows per ear, KPR = number of kernels per row, Y = Yield (t ha -1), GCA = general combining ability, SCA = specific combining ability

3.2 General Combining Ability (GCA) effects for 7 parental genotypes (Yezin)
 
The GCA effects are listed in Table 6 and the results revealed that parents showed significant GCA effects in all the characters except for 1000 kernel weight and the desired direction simultaneously for most of the traits studied.
The GCA effects of parents indicated that P6 (YZSI 21-006) exhibited significant negative effects for both days to 50% tasseling and silking. This negative estimate is particularly valuable, as this line could be used as promising parent for breeding hybrid with earlier silking and overall early maturity, traits that are advantageous in environments with shorter growing seasons or where early harvest is preferred. Uddin et al. (2008) also observed similar phenomenon in their studies. P2 (YZSI 21-002), P7 (YZSI 21-015), P3 (YZSI 21-027) and P1(YZSI 21-026) has negative effect for shorter plant and ear height indicating to dwarf hybrid. In maize, shorter plant height is desirable for lodging resistance. P6 (YZSI 21-006) exhibited significant positive GCA effect for both ear length and kernels per row which ultimately could contribute for evolving longer ears and more kernels per row. Row length and rows per ear are indispensable traits in maize breeding programs because they directly determine kernels number per ear and, consequently, grain yield. Inbred line exhibiting significant positive GCA for these traits, such as P5 (YZSI 21-010) is valuable genetic resources for hybrid development. By focusing on these yield components, breeders can enhance grain productivity, ensure yield stability under diverse environments, and contribute to sustainable maize improvement. P2 (YZSI 21-002) and P6 (YZSI 21-006) showed high positive GCA values 8.33 and 6.58, suggesting their strong potential as good combiners for improving 1000 grain weight, a trait closely linked to grain yield and market value. For grain yield, parents P1(YZSI 21-026) with GCA values 0.59 and P6 (YZSI 21-006) with 0.23, demonstrating their potential as superior combiners for enhancing grain yield traits. These parents can be effectively utilized in hybrid development programs as good general combiners for exploiting more positive alleles for to improve yield performance. Akinyosoye et al. (2025) interpreted grain yield in maize as being strongly influenced by additive gene action, with parents showing significant positive GCA effects identified as the most promising for hybrid development.
In the present study, P6 clearly stands out as the best overall parent because it contributes positively to almost every major yield-related trait (ear length, row length, ear diameter, 1000 grain weight, kernels per row, shelling %, grain yield). It can be utilized to produce variety with early maturity, which is critical for adaptation to short growing seasons or drought-prone environments. Unlike other parents that specialize in one or two traits, P5 for rows per ear, P2 for short stature, P6 combines multiple favorable traits simultaneously, making it a superior donor for hybridization. Therefore, Parent P6 is the best parent in this study because it contributes positively to the widest range of desirable traits, especially those directly linked to grain yield. While other parents (P1, P2, P5, P7) have specific strengths, P6 is the most balanced and versatile donor, making it the prime candidate for hybridization programs aimed at yield improvement and stability.

Table 6. 	General combining ability (GCA) effects of 7 parents for grain yield and its components in maize (Yezin)

	Characters
	Parental genotypes

	
	P1
	P2
	P3
	P4
	P5
	P6
	P7

	50% tasseling
	-0.13
	-0.32
	0.05
	1.2**
	1.13**
	-1.98**
	0.05

	50% silking
	0.13
	-0.35
	-0.31
	0.98*
	0.95*
	-0.9*
	-0.5

	Plant height
	-0.5
	-3.53*
	-2.86
	5.73**
	0.64
	3.65*
	-3.13

	Ear height
	-1.75
	-1.11
	-3.57*
	3.15*
	2.6
	2.26
	-1.88

	Shelling%
	1
	-1.56*
	0.66
	-2**
	-0.36
	1.08
	1.18

	Ear length
	0.43*
	-0.74**
	-0.34
	0.19
	0.08
	0.46*
	-0.07

	Row length
	-0.2
	-0.75**
	-0.32*
	0.21
	0.55**
	0.26
	0.26

	Ear diameter
	0.13**
	0.03
	-0.18**
	0.13**
	-0.07*
	0.09**
	-0.13**

	Cod diameter
	0.03*
	0.11**
	-0.1**
	0.12**
	-0.02*
	-0.1**
	-0.04**

	Rows per ear
	0.3*
	-0.13
	-0.71**
	0.39**
	0.5**
	-0.06
	-0.28*

	Kernels per row
	-0.43
	-2.12**
	-0.38
	-0.21
	0.32
	1.44**
	1.38**

	1000 grain weight
	-6.17
	8.33
	-3.61
	-5.15
	-4.44
	6.58
	4.46

	Yield
	0.59**
	-0.23
	-0.37**
	0.06
	-0.2
	0.23
	-0.07


Note: * = Significant at 5% level, ** = Significant at 1% level

3.3 General Combining Ability (GCA) effects for 7 parental genotypes (Aungban)

General combining ability effects of 7 parental genotypes for 13 quantitative traits of maize are presented in Table 7. For the trait of days to 50% tasseling and silking, significant negative GCA value was recorded in P6 (YZSI 21-006) with the values of -1.62 and -1.69. Such parent is particularly valuable for breeding maize adapted to short growing seasons, low rainfall areas, or double-cropping systems, where rapid maturity is essential. Osuman et al. (2022) interpreted tasseling and silking as critical flowering traits in maize that directly influence maturity, adaptation, and yield stability under heat and drought stress. In plant height, P4 (YZSI 21-032) was good combiner for producing short statured variety as significant negative GCA value was recorded in this character and P2 (YZSI 21-002) and P1 (YZSI 21-026) showed highest negative GCA values of ear height with -2.08 and -1.33, respectively. This indicated that these lines could reduce ear height, which is important for lodging resistance. Similar results were observed on the report of Zheng et al. (2021) that plant height and ear height are critical traits controlled by additive genetic effects, where negative GCA values are desirable for breeding short, lodging-resistant maize with low ear placement, ensuring better yield stability under intensive cultivation. P6 (YZSI 21-006) exhibited significant positive GCA effect for ear length, row length and kernels per row which indicated that these traits are directly contributes to overall grain yield. P2 (YZSI 21-002) (0.41) displayed the significant positive GCA value in rows per ear and a promising parent for breeding programs focused on strengthening ear architecture and boosting grain yield, since a greater number of rows per ear is directly linked to increased kernel count and overall productivity. For 1000 grain weight, P6 (YZSI 21-006) and P5 (YZSI 21-010) showed significant positive GCA values with 17.44 and 16.52. For grain yield, P4 (YZSI 21-032) showed the high significant positive GCA values of 0.47, indicating that this line would be the best parent for increasing yield. Similar finding was observed on the report of Amin et al. (2014) that the parental lines with the highest GCA effect should be used for the increment of grain yield. Based on the analysis of general combining ability (GCA) values, P4 (YZSI 21-032) and P6 (YZSI 21-006) were the best parents for Aungban region, with P4 (YZSI 21-032) excelling in yield and ear-related traits, while P6 (YZSI 21-006) is particularly valuable for early maturity and kernel-associated traits. P2 (YZSI 21-002) was strong potential for enhancing rows per ear, contributing positively to ear architecture, but its weakness in grain yield limits its broader application in yield improvement programs.
The analysis of general combining ability (GCA) effects across both Yezin and Aungban regions revealed distinct parental strengths that are critical for hybrid maize improvement. P6 (YZSI 21-006) consistently emerged as the most valuable parent across both locations. Its superiority is attributed to its broad positive impact on yield-related traits, including ear length, row length, kernels per row, 1000 grain weight and grain yield. In addition, P6 (YZSI 21-006) exhibited negative GCA values for tasseling and silking, thereby contributing to earlier maturity. This combination of traits makes P6 (YZSI 21-006) is a versatile donor capable of enhancing both productivity and adaptability, particularly in environments with short growing seasons or drought-prone conditions.
In contrast, P4 (YZSI 21-032) demonstrated region-specific excellence in the Aungban region. It showed high positive GCA values for grain yield and favorable negative GCA values for plant height, indicating its potential to produce short-statured, lodging-resistant hybrids. Such traits are highly desirable under intensive cultivation systems, where lodging resistance and yield stability are critical.

Table 7. 	General combining ability (GCA) effects of 7 parents for grain yield and its components in maize (Aungban)

	Characters
	Parental genotypes

	
	P1
	P2
	P3
	P4
	P5
	P6
	P7

	50% tasseling
	-0.36
	-0.1
	-0.32
	0.75**
	1.16**
	-1.62**
	0.49*

	50% silking
	0.13
	-0.13
	-0.61*
	0.39
	1.5**
	-1.69**
	0.42

	Plant height
	-1.54
	1.24
	5.53**
	-4.35*
	-0.69
	-0.24
	0.05

	Ear height
	-1.33
	-2.08
	0.75
	-0.62
	1.4
	-0.66
	2.24*

	Shelling%
	1.28**
	-1.51**
	-0.05
	-0.37
	0.15
	0.34
	0.15

	Ear length
	-0.75**
	-0.42*
	0.08
	-0.31*
	0.55**
	0.79**
	0.06

	Row length
	-1.14**
	-0.65**
	0.31
	-0.22
	0.46*
	0.75**
	0.49*

	Ear diameter
	0.03
	0.01
	-0.08**
	0.17**
	0.01
	-0.03
	-0.11**

	Cod diameter
	-0.05*
	0.17**
	-0.09**
	0.17**
	-0.06**
	-0.08**
	-0.06**

	Rows per ear
	-0.03
	0.41**
	-0.4**
	0.01
	0.08
	-0.16*
	0.07

	Kernels per row
	-2.13**
	-1.71**
	0.65
	-0.26
	-0.8*
	1.75**
	2.5**

	1000 grain weight
	-0.13
	-12.47**
	0.35
	0.97
	17.44**
	16.52**
	-22.69**

	Yield
	0.15
	-0.69**
	0.22
	0.47*
	0.09
	0.18
	-0.43*


Note: * = Significant at 5% level, ** = Significant at 1% level

3.4 Specific Combining Ability (GCA) effects (Yezin)

The estimates of specific combining ability effects of the twenty-one crosses for various traits, given in Table 8, revealed that the cross combination possessed significant SCA effects for most of the traits. For studied traits, both positive and negative significant or highly significant SCA and non-significant effects were observed among crosses. For days to 50% tasseling and silking, the majority of crosses exhibited negative SCA values, which correspond to earlier pollen shedding except for combination P1 x P6 with 0.34 and 0.21. The combination P4 x P6 showed high negative SCA value in plant height (-3.86) and ear height (-6.29) character and should be used as short statured variety with low ear placement. Al-Naggar et al. (2023) concluded that negative SCA effects for plant height and ear height are desirable because they produce short plants with low ear placement, improving lodging resistance and adaptation. 
P2 x P5 combination showed high SCA positive effect with the value of 2.13 for ear length and 1.71 for row length. This could be used for longer ear and row length hybrids. P1 x P2, P2 x P5, P2 x P7, P1 x P4 and P2 x P3 combinations show significant positive SCA effects in rows per ear with 1.47, 0.74, 0.71, 0.68 and 0.61. For kernels per row trait, significant positive SCA effects were observed in fourteen crosses. Since kernel number per ear is a major determinant of grain yield, rows per ear and kernels per row traits are indispensable targets in maize breeding programs. Selection of combinations P1 x P2, P2 x P5, P2 x P7 and P1 x P4 with significant positive SCA for these traits ensures hybrids with superior grain. 
The combination P2 x P6 revealed highest negative SCA effect with -0.42 for the character of grain yield. In this case, this cross would not be used to produce high yielding variety. The best crosses for this character were the combinations P2 x P4, P1 x P2 and P4 x P5 with positive SCA effects of 1.98, 1.82 and 1.55, respectively. In most of the cases, one or both the parents were related to good combiners, indicating the GCA of the parental lines playing a key role for high yield. Amin et al. (2014) observed similar observation. These crosses would be selected and used in breeding programs for producing high yielding variety. Ivy and Howlader (2000) also reported that good general combining parents do not always show high SCA effects in their hybrid combinations and agreed with this experimental result.



Based on the result, all the combinations would be used for early mature type except for P1 x P6 combination and all the combinations could be used for short statured types except for P1 x P6 and P2 x P6 combinations. P2 x P5 combination for longer ear and row length, combinations P1 x P2 and P2 x P5 for larger number of rows, combinations P2 x P4, P1 x P2 and P4 x P5 for high grain yield. Among these combinations, P2 x P4 could be used as high yielding variety with early mature, short statured, longer ear and row length and large number of kernels per row and rows per ear variety. The combination P1 x P2 should be used as high yielding variety with early mature, short statured, large in ear diameter, large number of rows per ear and kernels per row. For Yezin region, the combination P4 x P5 would be used as high yielding variety with early mature, short statured, longer row length and ear length and high kernel weight. 


Table 8. 	Specific combining ability effects of 21 F1 crosses (Yezin)
	No.
	Crosses
	50%T
	50%S
	PH
	EH
	Shelling%
	EL
	RL
	ED
	CD
	RPE
	KPR
	1000 weight
	Yield

	1
	P1 x P2
	-0.99
	-1.34*
	9.96
	8.61*
	2.87
	0.48
	1.75**
	0.33**
	0.12**
	1.47**
	4.5**
	-17.38
	1.82**

	2
	P1 x P3
	-2.03*
	-1.38
	11.29*
	9.27*
	1.42
	0.69
	0.92
	0.15
	0.03
	0.58
	2.29*
	26.3*
	0.57*

	3
	P1 x P4
	-1.51
	-2.01*
	12.3*
	8.02*
	2.28
	1.51*
	1.74**
	0.36**
	0.06
	0.68*
	4.79**
	14.93
	1.34**

	4
	P1 x P5
	-1.1
	-1.64*
	6.33
	6.24
	-0.69
	1.5*
	2.16**
	0.27**
	-0.05
	-0.36
	1.99*
	52.93**
	1.42**

	5
	P1 x P6
	0.34
	0.21
	-0.96
	-4.05
	0.76
	-0.08
	0.11
	-0.08
	0.15
	0.47
	0.01
	25.91*
	0.23

	6
	P1 x P7
	-1.69*
	-1.53
	10.02*
	1.39
	0.56
	1.1*
	1.47**
	0.17*
	0.02
	0.15
	3.99**
	12.37
	1.36**

	7
	P2 x P3
	-2.18*
	-2.23*
	17.98**
	8.76*
	1.8
	0.69
	0.63
	0.21*
	0.09*
	0.61*
	0.72
	16.49
	0.88**

	8
	P2 x P4
	-3.32**
	-2.86**
	4.99
	3.71
	3.37
	1.76**
	1.42*
	0.32**
	0.23**
	0.18
	4.22**
	24.14*
	1.98**

	9
	P2 x P5
	-3.92**
	-3.16**
	11.81*
	2.26
	-3.68*
	2.13**
	1.71**
	0.34**
	0.12**
	0.74*
	3.29**
	14.76
	1.11**

	10
	P2 x P6
	-1.47
	0.36
	1.87
	-0.7
	0.76
	0.48
	-0.59
	0.02
	-0.1**
	0.36
	-2.63*
	-19.92
	-0.42

	11
	P2 x P7
	-1.84*
	-0.42
	7.58
	5.41
	1.07
	0.46
	0.17
	0.25**
	0.08*
	0.71*
	2.23*
	-26.08*
	0.07

	12
	P3 x P4
	-2.03*
	-1.23
	5.32
	9.17*
	-0.96
	1.44*
	1.1*
	0.24**
	-0.21**
	-0.04
	1.81*
	54.41**
	0.89**

	13
	P3 x P5
	-2.29*
	-2.19*
	9.95*
	1.39
	0.04
	0.28
	0.5
	0.19*
	0.13**
	-0.02
	-0.19
	-7.96
	0.79*

	14
	P3 x P6
	-0.18
	-0.009
	9.47
	0.76
	2.48
	-0.14
	0.6
	0.03
	0.16**
	0.01
	0.03
	25.69*
	0.59*

	15
LSD5% or 1%	Comment by Окбагабир Шименди Где: f you can Add the LSD values at 1 % or 5% in all the tables
	P3 x P7
	-0.88
	-0.42
	1.91
	6.87
	-1.87
	1.75**
	1.39*
	0.09
	-0.05
	0.49
	4.98**
	1.31
	0.57*



Note: * = Significant at 5% level, ** = Significant at 1% level, 50%T = days to 50% tasseling, 50%S = days to 50% silking, PH = plant height, EH = ear height, EL = ear length, RL = row length, ED = ear diameter, CD = cod diameter, RPE = number of rows per ear, KPR = number of kernels per row

Table 9. 	Specific combining ability effects of 21 F1 crosses (Yezin) (continued)

	No.
	Crosses
	50%T
	50%S
	PH
	EH
	Shelling%
	EL
	RL
	ED
	CD
	RPE
	KPR
	1000 weight
	Yield

	16
	P4 x P5
	-1.77*
	-1.82*
	10.82*
	6.34
	1.09
	1.18*
	1.81**
	0.22*
	0.24**
	-0.85*
	3.25**
	52.74**
	1.55**

	17
	P4 x P6
	-1.99*
	-1.64*
	-3.86
	-6.29
	-5.45**
	1.35*
	0.07
	0.08
	0.06
	-0.29
	0.53
	-2.78
	-0.08

	18
	P4 x P7
	-1.69*
	-1.38
	11.25*
	4.82
	-0.92
	1.57*
	1.44**
	0.32**
	0.28**
	0.46
	3.38**
	10.67
	1.82**

	19
	P5 x P6
	-1.25
	-0.27
	5.3
	3.6
	2.32
	-1.55*
	-0.84
	0.008
	0.03
	-0.6
	-0.5
	-2.15
	-0.21

	20
	P5 x P7
	-1.62*
	-0.68
	6.35
	4.38
	5.44*
	1.61*
	0.71
	0.22**
	0.03
	-0.32
	2.25*
	-1.37
	0.92**

	21
	P6 x P7
	-1.18
	-1.16
	10.8*
	13.41**
	0.2
	-0.37
	0.56
	0.09
	0.08*
	0.25
	1.99*
	-19.04
	0.78*


Note: * = Significant at 5% level, ** = Significant at 1% level, 50%T = days to 50% tasseling, 50%S = days to 50% silking, PH = plant height, EH = ear height, EL = ear length, RL = row length, ED = ear diameter, CD = cod diameter, RPE = number of rows per ear, KPR = number of kernels per row

Table 10. 	Specific combining ability effects of 21 F1 crosses (Aungban)

	No.
	Crosses
	50%T
	50%S
	PH
	EH
	Shelling%
	EL
	RL
	ED
	CD
	RPE
	KPR
	1000 weight
	Yield

	1
	P1 x P2
	-1.44*
	-2.02**
	5.44
	5.36
	2.15*
	1.61**
	1.78**
	-0.09
	-0.12*
	-0.09
	3.75**
	6.16
	0.99

	2
	P1 x P3
	-0.56
	-0.54
	8.15
	2.14
	1.86
	0.79
	1.02
	0.23*
	0.12*
	0.73*
	1.99*
	47.93**
	2.22**

	3
	P1 x P4
	-0.29
	0.13
	11.37*
	4.9
	1.34
	0.99*
	0.52
	0.25**
	0.09*
	0.71*
	1.61
	56.39**
	1.79**

	4
	P1 x P5
	-1.7**
	-0.31
	10.7*
	7.28*
	1.49
	1.57**
	1.56**
	0.14
	0.004
	-0.43
	3.04**
	26.28*
	0.99

	5
	P1 x P6
	0.74
	0.87
	5.26
	3.34
	-0.69
	-0.42
	-1.13*
	0.03
	0.04
	0.63
	-0.91
	-29.8**
	-0.42

	6
	P1 x P7
	-1.7**
	-1.57*
	7.96
	1.3
	1.15
	1.26*
	1.82**
	0.09
	0.04
	0.39
	3.67**
	0.02
	2.34**

	7
	P2 x P3
	-1.48*
	-1.61*
	10.37
	4
	0.49
	0.58
	0.57
	0.17*
	0.004
	0.29
	2.16*
	23.98*
	0.88

	8
	P2 x P4
	-0.22
	-0.28
	12.93*
	6.32*
	1.81
	0.79
	0.95
	0.19*
	0.103*
	0.004
	3**
	39.06**
	1.96**

	9
	P2 x P5
	0.04
	-0.39
	13.93*
	5.3
	-0.05
	1.14*
	1.09*
	0.21*
	-0.02
	-0.07
	3.55**
	26.69*
	1.79**

	10
	P2 x P6
	0.48
	0.79
	6.81
	3.36
	2.43*
	1.07*
	0.97
	0.09
	-0.01
	-0.62
	1.07
	36.53**
	0.95

	11
	P2 x P7
	-0.63
	0.35
	3.19
	3.1
	-0.72
	1*
	1.19*
	0.02
	0.09*
	-0.06
	1.83
	7.95
	-0.16

	12
	P3 x P4
	-0.67
	-0.79
	5.96
	1.05
	-0.33
	0.44
	0.34
	-0.01
	0.001
	0.29
	-0.35
	-7.85
	0.39

	13
	P3 x P5
	-1.74**
	-0.57
	5.29
	3.09
	1.15
	-0.92*
	-0.43
	0.08
	0.09
	0.48
	-0.48
	21.78*
	0.85

	14
	P3 x P6
	-1.29*
	-1.39*
	-1.48
	-4.24
	0.97
	0.79
	-0.19
	0.16*
	0.04
	0.06
	1.51
	7.11
	1.53*

	15
	P3 x P7
	-1.07
	-1.5*
	4.22
	-0.61
	-0.18
	0.91*
	0.92
	0.04
	-0.04
	-0.57
	1.02
	32.07**
	0.87


Note: * = Significant at 5% level, ** = Significant at 1% level, 50%T = days to 50% tasseling, 50%S = days to 50% silking, PH = plant height, EH = ear height, EL = ear length, RL = row length, ED = ear diameter, CD = cod diameter, RPE = number of rows per ear, KPR = number of kernels per row

Table 11. 	Specific combining ability effects of 21 F1 crosses (Aungban) (continued)

	No.
	Crosses
	50%T
	50%S
	PH
	EH
	Shelling%
	EL
	RL
	ED
	CD
	RPE
	KPR
	1000 weight
	Yield

	16
	P4 x P5
	0.19
	0.09
	14.85*
	8.07*
	0.13
	1.18*
	1.36*
	0.34**
	0.15**
	0.19
	0.96
	33.45**
	2.38**

	17
	P4 x P6
	-0.37
	-1.06
	-1.93
	-0.54
	0.62
	0.1
	0.15
	0.07
	-0.02
	0.45
	1.88
	18
	0.84

	18
	P4 x P7
	0.19
	0.83
	2.44
	2.82
	-0.87
	0.87*
	0.78
	0.05
	0.08
	-0.59
	1.39
	9.64
	1.39*

	19
	P5 x P6
	-0.44
	-1.5*
	11.74*
	2.76
	-0.57
	0.39
	0.67
	0.11
	0.01
	-0.43
	3.36**
	4.35
	1.75**

	20
	P5 x P7
	-0.56
	-0.61
	8.44
	7.75*
	1.28
	0.12
	0.4
	0.06
	-0.07
	0.003
	2.14*
	28.73*
	1.3*

	21
	P6 x P7
	0.22
	-1.09
	1
	2.09
	2.09*
	0.67
	0.97
	-0.01
	-0.06
	0.26
	0.93
	2.89
	0.14


Note: * = Significant at 5% level, ** = Significant at 1% level, 50%T = days to 50% tasseling, 50%S = days to 50% silking, PH = plant height, EH = ear height, EL = ear length, RL = row length, ED = ear diameter, CD = cod diameter, RPE = number of rows per ear, KPR = number of kernels per row


3.5 Specific Combining Ability (GCA) effects (Aungban)

The analysis of specific combining ability (SCA) effects for the twenty-one maize hybrids, as summarized in Table 10, revealed that nearly all crosses expressed significant influences across the studied traits, with the exception of P3 x P4 and P4 x P6 crosses. The presence of both positive and negative significant or highly significant SCA values underscores the wide spectrum of genetic interactions manifested among the evaluated crosses.
For days to 50% tasseling and silking, the majority of crosses displayed negative SCA values, indicating earlier pollen shedding. The cross P3 x P6 and P4 x P6 crosses recorded negative SCA values for both plant height (-1.93), (-1.48) and ear height (-4.24), (-0.54), suggesting these crosses are suitable for developing short-statured varieties with low ear placement. All the crosses exhibited positive SCA effects for ear length and row length, except for the crosses P1 x P6, P3 x P5 and P3 x P6 and making promising hybrids with elongated ears and rows. P1 x P3 and P1 x P4 demonstrated positive SCA effects for rows per ear (0.73 and 0.71), suggesting their promise in enhancing ear architecture and P1 x P2, P1 x P7, and P2 x P5 recorded high positive SCA effects for kernelss per row (3.75, 3.67, and 3.55), highlighting their potential to contribute to higher kernel set and ultimately greater grain yield.
Further, out of twenty-one crosses, these crosses P4 x P5, P1 x P7, and P1 x P3 demonstrated positive SCA effects for yield (2.38, 2.34, and 2.22), highlighting their breeding potential for superior grain-yielding varieties. Significant negative estimate is desirable and observed for days to 50% tasseling and silking, plant and ear heights. While significant positive estimate is desirable for row and ear length, rows per ear, kernels per row and 1000 grain weight. This result was supported by Fan et al. (2004) and Matin et al. (2016). Vasal (1998) supported the findings with a suggestion to include one good combiner, especially female parent during crossing to attain higher heterosis. Generally, the GCA effects of the parents were reflected in the SCA effects of the crosses in most of the studied traits. This was confirmed with the findings of Kambegowda et al. (2013), Gissa et al. (2007) and Ahmed et al. (2017) who obtained high estimates of SCA from high GCA parents.
The findings indicated that the cross P4 x P5 is the most promising hybrid across both Yezin and Aungban, consistently combining high yield, desirable ear traits, and strong adaptability. In addition, P1 x P2 and P1 x P4 crosses emerged as stable crosses with yield advantages, making them valuable candidates for further improvement. To build on these results, future research should emphasize multi‑location trials and genotype x environment (G×E) interaction analyses to validate stability across diverse conditions. At the same time, integrating trait‑specific selection with molecular breeding tools will accelerate the development of superior maize hybrids tailored to Myanmar’s varied agro‑ecological zones.

3.6 Heterosis (Yezin)
[bookmark: _Hlk216382854]
The standard heterosis expressed by the F1 hybrids over the commercial check variety (CP 808) for thirteen characters are presented in Table 12. The percent heterosis in F1 hybrids varied from character to character and also cross to cross. Days to 50% tasseling and silking determine the earliness of flowering of the hybrids. Negative heterosis is desirable for these characters. Considering commercial hybrid CP 808 as a check, this cross P2 x P6 (-5.03) showed significant negative heterosis for days to 50% tasseling and ranged from -5.03 to 3.14%. For days to 50% silking, these crosses P2 x P3 (-1.84), P6 x P7 (-1.23) and P2 x P5 (-1.23) showed negative heterosis and ranged from -1.84 to 3.68% (Table 12). However, all the significant positive heterosis for same traits are not desirable. Cross P3 x P7 (-11.82) exhibited significant negative heterosis for plant height which indicates dwarfness of the hybrid. For ear height, this cross P1 x P6 (-6.09) showed negative heterosis. Therefore, plant and ear heights produced ranged from -11.82 to 0.42% and -6.09 to 10.39% respectively. For rows per ear, positive heterosis is desirable. Among twenty-one hybrid crosses, P1 x P2 (6.67), P1 x P4 (4.76) and P2 x P5 (2.86) showed positive heterosis and ranged from -10.48 to 6.67%. Further, the percent heterosis for kernels per row varied from -24.46 to 4.09%. Positive heterosis is desirable for grain yield which shows better returns on investment. In this result, neither of hybrid crosses showed significant positive heterosis and indicate not desirable on perception of farmer`s preferred varieties. The percent heterosis for grain yield ranged from -2.13 to -38.42%. This shows that those desired F1 hybrid combinations are not better than the commercial check variety and should not be considered in breeding programs for higher yield.
While none of the F1 hybrids surpassed CP 808 in grain yield, several crosses demonstrated desirable heterosis for specific traits such as P2 x P7, P2 x P3, P2 x P5 for earliness, P3 x P7 for dwarfness, P1 x P6 for ear architecture, P1 x P2, P1 x P4, P2 x P5 for kernel numbers. These crosses should be considered as donor material in breeding programs to introgress specific improvements into future hybrids. The lack of yield superiority is explained by the complexity of yield as a polygenic trait, the proven optimization of CP 808, and possible G×E interactions. Future research should focus on multi‑location evaluation, trait pyramiding, and molecular tools to develop hybrids that combine trait advantages with competitive yield performance.

3.7 Heterosis (Aungban)

Investigation on heterosis provides fundamental information regarding the utility of the cross combination and its use for commercial exploitation. Standard heterosis of grain yield ranged from -30.29% (P2 x P7) to 4.32% (P4 x P5) over check CP 808. Twenty-one crosses have shown noteworthy standard heterosis effects (Table 14). Among them the positive significant effect was observed in crosses and negative significant effect in eighteen crosses for grain yield. Hybrid P4 x P5 gave highest grain yield 4.32 % of maize followed by P1 x P3 (1.43 %) and P1 x P4 (0.03 %). These are identified superior in terms of grain yield, GCA effects, SCA effects and standard heterosis over check CP 808.
Heterosis increases yield potential and improves adaptation to stress in maize; however, the underlying mechanisms of heterosis and combining ability remain elusive. Many hybrids gave negative values of heterosis in desirable direction for earlier tasseling, silking and plant height. Many hybrids exposed positive values of heterosis in desirable direction for grain yield, ear length, kernels per rows and 1000 grain weight. These findings are in confirmatory with the results of Mohammed (2005), Muraya et al. (2006), Hussain et al. (2011) and Ali et al. (2014). Heterosis over Shaktiman 2 was observed for several combination and the lines with high values of combining ability will be further selfed to generate stable inbred lines that will be evaluated in commercial breeding programs.

4. Conclusion

It can be concluded that, the highly significant differences were observed in two locations for all the traits which indicated the possibility of selection for improvement of yield and yield related traits according to ANOVA result. Parent P6 (YZSI 21‑006) should be prioritized in hybrid development program due to its consistent superiority across both testing locations. Its broad positive impact on yield‑related traits, combined with earlier maturity from negative GCA values for tasseling and silking, makes it an ideal donor for both productivity and adaptability. Breeding programs should advance hybrids involving P6 (YZSI 21‑006) into multi‑location trials to validate stability and resilience under diverse agro‑ecological conditions. The hybrid combination P4×P5 has emerged as one of the most promising crosses in this study, demonstrating both superior specific combining ability (SCA) effects and favorable standard heterosis across multiple traits. Its consistent positive SCA values for grain yield, ear length and row length indicate strong non‑additive gene interactions. Moreover, this cross exhibited positive heterosis for grain yield in the Aungban region, surpassing the commercial check CP
Table 12. 	Standard heterosis of crosses compared with CP 808 for grain yield and yield related traits in maize (Yezin)

	No.
	Crosses
	50%T
	50%S
	PH
	EH
	Shelling%
	EL
	RL
	ED
	CD
	RPE
	KPR
	1000 weight
	Yield

	[bookmark: _Hlk216380313]1
	P1 x P2
	-0.63
	0.61
	-6.15
	3.58
	-0.36
	-7.95
	-2.87
	-1.15
	7.43*
	6.67
	-8.29
	-22.16**
	-2.13

	2
	P1 x P3
	-1.89
	0.61
	-5.02
	1.65
	0.53
	-4.02
	-5.56
	-9.46**
	-4.73
	-3.81
	-9.72
	-12.88*
	-21.55**

	3
	P1 x P4
	1.26
	1.84
	0.42
	7.53
	-1.55
	4.40
	3.35
	1.58
	5.41
	4.76
	-1.54
	-16.65**
	-4.86

	4
	P1 x P5
	1.89
	2.45
	-5.85
	5.02
	-3.10
	3.68
	8.38
	-4.58
	-4.73
	-1.90
	-8.50
	-5.33
	-7.43

	5
	P1 x P6
	-1.26
	2.45
	-8.27
	-6.09
	0.26
	-3.81
	-7.06
	-8.60**
	0.00
	0.00
	-11.16*
	-10.01
	-18.04*

	6
	P1 x P7
	-1.26
	0.00
	-5.89
	-5.02
	0.15
	0.21
	1.94
	-8.02
	-2.70
	-3.81
	0.92
	-14.59*
	-6.43

	7
	P2 x P3
	-2.52
	-1.84
	-2.94
	1.79
	-2.00
	-11.47
	-11.07*
	-10.32**
	1.35
	-6.67
	-19.75**
	-11.50
	-28.63**

	8
	P2 x P4
	-2.52
	-0.61
	-5.44
	3.58
	-3.26
	-1.42
	-2.38
	-1.15
	15.54**
	-1.90
	-8.50
	-9.72
	-7.19

	9
	P2 x P5
	-3.77
	-1.23
	-4.45
	1.43
	-9.53**
	0.21
	1.81
	-5.01
	5.41
	2.86
	-9.72
	-12.25*
	-22.98**

	10
	P2 x P6
	-5.03*
	1.84
	-8.38
	-1.79
	-2.71
	-7.74
	-15.35*
	-8.60**
	-6.76*
	-3.81
	-24.46**
	-19.17**
	-38.42**

	11
	P2 x P7
	-1.89
	1.23
	-8.98*
	0.00
	-2.24
	-11.18
	-10.23
	-8.45**
	3.38
	-2.86
	-9.72
	-21.60**
	-35.57**

	12
	P3 x P4
	0.63
	2.45
	-4.87
	6.81
	-5.70
	-0.88
	-1.63
	-7.45**
	-10.81**
	-7.62*
	-10.54
	-4.35
	-24.50**

	13
	P3 x P5
	0.00
	0.61
	-5.13
	-2.15
	-2.65
	-8.87
	-3.35
	-12.75**
	-2.70
	-6.67
	-15.05**
	-22.39**
	-29.38**

	14
	P3 x P6
	-1.89
	1.23
	-3.70
	-2.87
	1.86
	-8.29
	-4.63
	-12.75**
	-4.73
	-10.48**
	-10.95*
	-9.33
	-26.30**

	15
	P3 x P7
	0.63
	1.23
	-11.82**
	-1.08
	-3.07
	-0.54
	0.64
	-16.19**
	-10.81**
	-8.57*
	4.09
	-17.08**
	-30.66**


Note: * = Significant at 5% level, ** = Significant at 1% level, 50%T = days to 50% tasseling, 50%S = days to 50% silking, PH = plant height, EH = ear height, EL = ear length, RL = row length, ED = ear diameter, CD = cod diameter, RPE = number of rows per ear, KPR = number of kernels per row

Table 13. 	Standard heterosis of crosses compared with CP 808 for grain yield and yield related traits in maize (Yezin) (continued)

	No.
	Crosses
	50%T
	50%S
	PH
	EH
	Shelling%
	EL
	RL
	ED
	CD
	RPE
	KPR
	1000 weight
	Yield

	16
	P4 x P5
	3.14
	3.68
	0.23
	10.39
	-4.52
	0.13
	8.78
	-5.44*
	10.81**
	-4.76
	-3.99
	-5.09
	-12.89

	17
	P4 x P6
	-3.14
	0.61
	-6.38
	-3.23
	-10.40**
	3.60
	-4.63
	-5.01
	0.00
	-4.76
	-8.90
	-18.10**
	-29.67**

	18
	P4 x P7
	1.26
	1.84
	-1.66
	3.94
	-5.05
	1.63
	4.50
	-4.73
	11.49**
	-0.95
	-0.31
	-14.79*
	-7.29

	19
	P5 x P6
	-1.89
	3.07
	-4.08
	6.81
	0.48
	-15.32*
	-8.38
	-10.89**
	-6.76*
	-6.19
	-10.44
	-17.71**
	-35.15**

	20
	P5 x P7
	1.26
	3.07
	-7.32
	2.87
	4.20
	1.21
	1.90
	-11.17**
	-4.05
	-5.71
	-2.15
	-18.10**
	-23.49**

	21
	P6 x P7
	-3.77
	-1.23
	-3.10
	12.54
	-0.18
	-8.83
	-1.01
	-10.60**
	-5.41
	-5.71
	0.51
	-20.05**
	-19.45*


Note: * = Significant at 5% level, ** = Significant at 1% level, 50%T = days to 50% tasseling, 50%S = days to 50% silking, PH = plant height, EH = ear height, EL = ear length, RL = row length, ED = ear diameter, CD = cod diameter, RPE = number of rows per ear, KPR = number of kernels per row

Table 14. 	Standard heterosis of crosses compared with CP 808 for grain yield and yield related traits in maize (Aungban)

	No.
	Crosses
	50%T
	50%S
	PH
	EH
	Shelling%
	EL
	RL
	ED
	CD
	RPE
	KPR
	1000 weight
	Yield

	1
	P1 x P2
	0.51
	1.00
	-2.72
	18.26**
	3.56
	-5.28
	-6.41
	-13.11**
	-14.44**
	-12.50*
	-11.61*
	-7.55
	-16.07*

	2
	P1 x P3
	1.53
	2.49
	0.45
	17.77**
	4.94*
	-7.03
	-5.27
	-8.95**
	-15.09**
	-12.50*
	-10.05*
	8.45
	1.43

	3
	P1 x P4
	3.57**
	4.98**
	-2.57
	19.50**
	3.95*
	-8.12*
	-11.33*
	-3.80
	-7.76*
	-10.00*
	-13.39**
	11.11*
	0.03

	4
	P1 x P5
	2.04
	5.97**
	-1.21
	24.97**
	4.74*
	-0.25
	-1.18
	-8.95**
	-18.10**
	-16.67**
	-11.09*
	7.12
	-9.68

	5
	P1 x P6
	1.53
	2.99*
	-3.47
	17.50**
	2.37
	-9.79*
	-15.35**
	-11.64**
	-17.24**
	-11.67*
	-14.73**
	-9.59
	-20.53*

	6
	P1 x P7
	1.02
	2.49
	-2.11
	18.95**
	4.35*
	-4.55
	0.55
	-12.01**
	-16.81**
	-11.67*
	-0.87
	-12.34*
	-2.87

	7
	P2 x P3
	0.51
	0.50
	2.72
	19.16**
	0.00
	-6.37
	-5.00
	-10.42**
	-11.85**
	-12.50*
	-8.49
	-2.18
	-16.43*

	8
	P2 x P4
	4.08**
	3.98**
	-0.60
	20.33**
	1.19
	-7.35
	-5.86
	-5.39
	-0.43
	-11.67*
	-8.67
	2.42
	-5.55

	9
	P2 x P5
	5.10**
	5.47**
	1.51
	21.58**
	-0.40
	-0.76
	-0.98
	-7.84**
	-11.85**
	-11.67*
	-8.67
	3.62
	-10.00

	10
	P2 x P6
	1.53
	2.49
	-1.51
	16.60*
	2.77
	0.22
	0.00
	-10.66**
	-12.07**
	-16.67**
	-8.49
	6.23
	-16.26*

	11
	P2 x P7
	3.06*
	4.98**
	-3.02
	20.26**
	-1.19
	-4.15
	-0.28
	-13.60**
	-7.97*
	-11.67*
	-4.55
	-13.63*
	-30.29**

	12
	P3 x P4
	3.06*
	2.49
	-1.81
	17.29**
	0.40
	-6.55
	-3.82
	-10.78**
	-12.07**
	-15.00**
	-11.27*
	-7.57
	-10.86

	13
	P3 x P5
	2.04
	4.48**
	-0.45
	22.34**
	2.77
	-9.28*
	-4.37
	-12.01**
	-16.59**
	-13.33**
	-13.00**
	5.94
	-10.28

	14
	P3 x P6
	-1.53
	-1.49
	-3.32
	10.65
	2.77
	1.38
	-1.26
	-11.27**
	-18.75**
	-17.50**
	-1.21
	1.37
	-3.99

	15
	P3 x P7
	2.04
	1.49
	-0.60
	19.16**
	1.19
	-1.93
	3.78
	-15.07**
	-20.47**
	-20.00**
	-0.52
	-2.81
	-14.37


Note: * = Significant at 5% level, ** = Significant at 1% level, 50%T = days to 50% tasseling, 50%S = days to 50% silking, PH = plant height, EH = ear height, EL = ear length, RL = row length, ED = ear diameter, CD = cod diameter, RPE = number of rows per ear, KPR = number of kernels per row

Table 15. 	Standard heterosis of crosses compared with CP 808 for grain yield and yield related traits in maize (Aungban) (continued)

	No.
	Crosses
	50%T
	50%S
	PH
	EH
	Shelling%
	EL
	RL
	ED
	CD
	RPE
	KPR
	1000 weight
	Yield

	16
	P4 x P5
	6.63**
	6.97**
	-0.60
	26.83**
	1.19
	0.04
	3.11
	-2.57
	-6.47
	-12.50*
	-11.61*
	9.54
	4.32

	17
	P4 x P6
	1.53
	0.50
	-8.01
	13.55*
	1.98
	-4.51
	-2.36
	-8.33**
	-12.50**
	-12.50*
	-2.60
	4.74
	-7.64

	18
	P4 x P7
	5.61
	6.47**
	-5.89
	21.72**
	0.00
	-4.30
	-0.16
	-10.17**
	-8.62*
	-17.50**
	-1.91
	-9.20
	-8.01

	19
	P5 x P6
	2.04
	1.49
	-0.15
	20.17**
	1.19
	1.75
	4.76
	-10.54**
	-18.75**
	-17.50**
	-0.17
	5.57
	-3.24

	20
	P5 x P7
	5.10
	5.97**
	-1.51
	30.36**
	3.16
	-3.71
	1.65
	-12.99**
	-20.69**
	-13.33**
	-1.39
	1.22
	-11.88

	21
	P6 x P7
	2.04
	0.50
	-4.68
	20.75**
	4.35*                                                                                                
	0.66
	6.65
	-14.95**
	-17.46**
	-13.33**
	2.08
	-6.62
	-20.71*


Note: * = Significant at 5% level, ** = Significant at 1% level, 50%T = days to 50% tasseling, 50%S = days to 50% silking, PH = plant height, EH = ear height, EL = ear length, RL = row length, ED = ear diameter, CD = cod diameter, RPE = number of rows per ear, KPR = number of kernels per row


 808, thereby validating its potential for commercial exploitation. Therefore, this cross which was found promising could be utilized for future breeding work. Furthermore, the information will be helpful for the researchers who want to develop high yielding varieties of maize.
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