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ABSTRACT

	Waxy corn (Zea mays L. var. ceratina) which has relatively low productivity can be improved by assembling hybrid and synthetic corn. The combining ability of each inbred line could be used to assemble the waxy corn hybrid. This information is needed to design future waxy corn development strategies. Research on the assembly of waxy corn hybrid has been done at Department of Agricultural Research in 2024 monsoon season. Analysis of general combining ability (GCA) and specific combining ability (SCA) were based on Griffing’s fixed model of full Diallel with the aim of estimating general combining ability and specific combining ability effects and to find out the best combiners for new waxy corn hybrid development. Eight parental lines of waxy corn were crossed in a full diallel cross to produce 28 cross hybrids, 28 reciprocals and eight selected parents. Randomized complete block design with three replications was used to evaluate combining ability effects. The results showed that the observed characters were significantly different among the 64 genotypes. GCA, SCA and reciprocal effects were varied depending on characters. The ratios of GCA/SCA were less than unity for all studied traits indicating that the non-additive gene effects dominated the genetic control of all studied traits. Significance in reciprocal effects in ear traits indicates the influence of maternal effect in those traits. Combining ability analysis shows that P6 (Kayah Pyaung) showed the highest positive GCA values in ear characters and yield. Thus, this parent P6 exhibited the best general combiner for development of better ear characters and yield. Moreover, parent P4 (Pagu Waxy) and P7 (WXX11 × WXX 10) also showed high positive GCA effect in marketable ears and thus, they could be considered as good combiners and would be used as best parents for increasing yield. The crosses (P1 × P7) and (P5 × P6) could be considered as good combiners to produce high yield as these crosses showed the highest positive SCA effect in marketable ears.
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1. INTRODUCTION 

In Myanmar maize is mainly used as food and fodder, and as food in some rice deficit areas in the plains and mainly in the hilly Chin State. Fresh corn is used as a vegetable; frying, boiling and roasting. However, in some areas of Myanmar (Northern Shan State, Chin State and Upland areas) corn has been used as a meal with rice. In 2021-2022, Myanmar’s sweet and waxy corn sown and harvest areas were 287.032 Mha hectares and 286.988 Mha, in turn with an average total yield of 7.4 tons per ha (1 ear = 0.00018 ton) (Vegetable Conversion Chart [VCC], 2016). Moreover, the national production of the sweet and waxy corn was 2136 thousand tons (Department of Planning [DOP], 2021).  
Waxy corn exhibits distinct characteristics compared to regular corn, primarily due to its high amylopectin content. Amylopectin is a starch that confers a sticky texture to waxy corn upon consumption (Ahmad et al. 2022). Waxy corn (Zea mays L. var. ceratina), possesses a unique sticky kernel texture because of its kernel starch properties, such as high amylopectin content (Ferguson et al., 1978), is a short duration cereal crop, which has relatively low productivity and it can be improved by assembling hybrid and synthetic corn. Now-a-days, corn breeders conduct best explore the genetic materials in order to develop new corn genotypes which characterized by high yielding potential and better quality. To establish a sound basis for any breeding program, aimed at achieving high yield, breeders must have information on the nature of combining ability of parents, their behavior and hybrid combination performance (Chawla & Gupta, 1984). 	Comment by AL.YAK: Too long and diffcult to be understood
There are several methods for estimation of combining ability to select good combiner parents from general combining ability (GCA) and specific combination of crosses from specific combining ability (SCA). Among those methods, diallel crossing technique provides the information about inheritance pattern of gene action in early filial generations to breeders for development of hybrid (Hayman, 1954; Jinks, 1954). Diallel mating design is helpful for obtaining the genetic information about the traits of interest through random and fixed selection sets of parental lines in short time (Hayman, 1954; Griffing, 1956). Diallel analysis is very important for identification of desired lines to increase the frequency of targeted alleles in hybrids. Relative importance of additive and non-additive type of gene actions is also determined by diallel analysis.
Moreover, the diallel analysis provides information on average performance of individual lines in crosses known as general combining ability (GCA). The effects of GCA and SCA are important indicators of potential value for inbred lines in hybrid combinations. It will give the information to select the promising lines with good GCA effects to develop waxy corn varieties. A genetic improvement programme needs to assess the breeding value of potential parents for developing new, locally or widely adapted cultivars. Based on this GCA and SCA effects, it will gain the information the best specific combiners to release waxy corn hybrids. 
Diallel analysis of crosses among varieties proposed by Gardner and Eberhart (1966) is suitable and has been widely used for evaluation of open pollinated populations to identify heterotic pattern (Jampatong et.al., 2010; Melani & Carena, 2005; Mungoma & Pollak, 1988). In view of the above status, the present investigation was undertaken to evaluate the combining ability of the  crosses for breeding program and to find out the best combiner for new hybrid development of waxy corn

2. material and methods 

2.1 Development of F1 Hybrid 
 
Eight waxy inbred lines (Table 1) were crossed in full diallel fashion to produce 64 crosses consisting of eight selfed parents, 28 F1s, and 28 reciprocals in December 2023 to March 2024 post-monsoon season at Other Cereal Crops Research Section, Department of Agricultural Research (DAR) Yezin Nay Pyi Taw Myanmar which is located at 19° 49' 33˝ N; 96° 16 44˝ E; 102 m above sea level. To ensure a good purity hybrid, all the females’ ears were covered with paper bags before pollen shedding. To obtain successful hybridization, tassel bagging, shoot covering and hand pollination were carried out.

Table 1. Lists of Parents and Checks used in the Study
	Sr. No.
	Code
	Genotype

	1
	P1 
	YZWC-005
	YZ.2017. Thayat Thaemein S6.4.1.3.3.1.2

	2
	P2
	YZWC-007
	YZ.2017. Sein Kote To S6.4.1.3.3.1.2

	3
	P3
	YZWC-019
	YZ.2017. Kaung Hyin Pyaung S6.2.5.1.3.2.2

	4
	P4
	YZWC-022
	YZ.2017. Pagu waxy S6.4.1.3.3.1.2

	5
	P5
	YZWC-035
	YZ.2017.Ye Par Me S6 1.2.1.3.2.4

	6
	P6
	YZWC-037
	YZ.2017. Kayah Pyaung S6.2.5.1.3.4.2

	7
	P7
	YZWC-057
	YZ.2017. WXX11xWXX10.S6.2.5.1.3.2.2

	8
	P8
	YZWC-058
	YZ.2017. WXX11xWXX10. S6.2.5.1.3.2.2


 
2.2 Evaluation of F1 for Combining Ability Analysis
 
The total 64 crosses were sown at 2024 monsoon season at Other Cereal Crops Research Section, DAR in a Randomized Complete Block design (RCB) with three replications. Each replication was two rows of each entry. The row length was 3.6 m. The distance between two rows was 0.75 m and 0.25 m between plants. Two seeds were sown in each hill and thinning was done at 14 days after sowing and left one plant per hill. For fertilizer application, Urea, Triple Super Phosphate and Muriate of Potash were applied as basal at the rate of 56.58 kg N ha-1, 55.35 kg P2O5 ha-1 and 37 kg K2O ha-1, respectively. The first and second sides dressing of 61.75 kg ha-1 Urea (28 kg N ha-1), 30.86 kg ha-1 Muriate of Potash (18.5 kg K2O ha-1) were applied at three weeks and five weeks after growing, respectively. Pesticide application was done as necessary. Inter-cultivation was done two times; just before the fertilizer applications which control weeds and also improve soil aeration. 	Comment by AL.YAK: Which molecule and how often?
The traits such as 50% tasseling, 50% silking, plant height, ear height, ear length, row length, ear diameter, rows per ear, kernels per row and marketable yield were recorded on five randomly selected plants from each genotype in each replication. The characters were recorded by using IBPGR, 1991 (Maize International Maize and Wheat Improvement Center, Mexico City/ International Board for Plant Genetic Resources, Rome).	Comment by AL.YAK: What about Brix% and cod diameter?
 
2.3 Data Analysis 

The collected data were analyzed for simple analysis of variances (ANOVA). The characters, which showed significant differences among genotypes from simple ANOVA, were proceeded for combining ability analysis. The estimating of GCA, SCA, additive gene action and non-additive gene actions were computed according to the Griffing’s Method I with the assumption of Model I (fixed effect) (Griffing, 1956) by using P.B Tools 1.4 software. 
 
3. results and discussion

3.1 Analyses of variance for fresh ear yield and agronomic traits in crosses and their parents

 The mean squares of characters of crosses and their parents are shown in Table 2. Mean squares from analysis of variance showed significant differences for all characters under study, indicating the existence of genetic variation among genotypes for those characters. The resultant characters with significant differences indicated to find out the combining ability analysis. Similar findings were reported in waxy corn by Boonlertnirun et al. (2011) and Saleh et al. (2018) that the tested waxy corn genotype has a significant effect on all characters.

Table 2. Analyses of variance for yield and agronomic traits 
 
[(Detailed instruction about this section is given below. After reading these instructions, 
	Sov
	d.f
	50%T
	50%S
	PH
	EH
	EL
	RL

	Rep
	  2
	  538.03
	446.83
	3399.58
	 2876.53
	   26.64
	  12.74

	Cross
	63
	    32.07**
	 35.47**
	  799.10**
	   351.70*
	    4.18**
	    4.05 **

	Error
	
	15.61
	  16.36
	  354.52
	 232.18
	2.08
	2.33

	CV%
	
	8.70
	    8.70
	10.30
	   15.10
	9.30
	   10.80

	Sov
	d.f
	ED
	CD
	RPE
	KPR
	Brix %
	Y

	Rep
	  2
	     0.17
	0.15
	4.15
	169.29
	3.97
	    7.22

	Cross
	63
	     0.19 **
	    0.21**
	   11.27 **
	29.48**
	    4.03**
	   6.45**

	Error
	
	0.60
	0.11
	1.30
	17.57
	2.46
	2.15

	CV%
	
	6.10
	   15.20
	8.20
	16.40
	   11.40
	   14.80


** = Significant at 1% level, * = Significant at 5% 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, RPE = number of rows per ear, KPR = number of kernels per row, ED = Ear diameter, CD = cod diameter, Y = Yield (t ha-1)

3.2 GCA and SCA effects

Combining ability analysis is important in identifying the best parents or parental combinations for hybrid development. Estimate of combining ability effects components provides information about nature of gene action governing the characters. Mean squares of combing ability variance for quantitative characters are described in Table 3. The mean squares due to GCA, SCA, and reciprocal were significant for some studied characters. 	Comment by AL.YAK: Move to M&M or Introduction

Table 3. Mean square from combining ability analysis of variance for yield and yield component characters 

	Characters
	Mean Squares
	GCA/SCA

	
	GCA
	SCA
	RCA
	Error
	

	Plant height
	204.03
	431.48**
	116.84
	118.17
	0.35

	Ear height
	201.70
	126.10*
	87.25
	77.39
	0.45

	50% tasseling
	29.08*
	11.04**
	5.75
	5.20
	0.00

	50% silking
	35.53**
	11.42**
	6.29
	5.45
	0.17

	Ear length
	3.45**
	1.27*
	     1.00*
	0.69
	0.41

	Row length
	2.23
	1.23*
	         1.25*
	0.78
	0.24

	Ear diameter
	0.14
	0.08**
	0.03
	0.02
	0.11

	Rows per ear
	1.97
	1.66**
	0.96**
	0.43
	0.03

	Kernels per row
	8.38
	7.44
	8.81*
	5.15
	0.19

	Brix %	Comment by AL.YAK: Is Brix% a yield component character?
Where is the «cod diameter» now?
	2.60
	1.48*
	0.90
	0.80
	0.19

	Yield
	6.40**
	2.05**
	1.17*
	1.72
	0.37


** = Significant at 1% level, * = Significant at 5% level, GCA = general combining ability, SCA = specific combining ability, RCA = reciprocal 

Results revealed that variances due to general combining ability (GCA) were significant for days to 50 % tasseling, days to 50% silking, ear length and marketable ear (yield) while plant height, ear height, row length, ear diameter, cob diameter, number of rows per ear, number of kernels per ear and brix% were observed non-significance. Non-significant general combining ability (GCA) effects for above characters suggested that these characters were predominantly controlled by non-additive type of gene action. Specific combining ability (SCA) was significant for all the characters except number of kernels per row. Both GCA and SCA effects were found significant in 50 % tasseling, days to 50% silking, ear length, row length and marketable ear (yield) indicated the presence of additive as well as non-additive gene effects for controlling those traits. 	Comment by AL.YAK: What about highly significance you don’t mention?
	The ratios of GCA/SCA were less than unity for all studied traits indicating that the non-additive gene was more imperative than additive gene action. Kumar et al. (2019) found that the GCA/SCA ratio was less than 1 for all traits except plant height, indicating that these traits were pre-dominantly controlled by non-additive gene action. Has and Has (2009) reported that both additive and non-additive gene effects were significantly involved in the inheritance of most characters in sweet corn. In addition, Worrajinda et al. (2013) reported that both additive and non-additive gene effects were significantly involved in the inheritance of ear characters in sweet corn. They also stated that parental inbreds with good GCA are necessary for hybrid development, and the hybrids with good SCA for important traits are also important. Therefore, combining ability analysis is a crucial step in hybrid development and can be used to evaluate yield, eating quality (Solomon et al., 2012), flowering time and agronomic characters (Dickert & Tracy, 2002) of waxy corn.
	The mean squares due to reciprocal effect showed significances for ear length, row length, number of rows per ear, number of kernels per row and marketable ear (yield) which mean that there have maternal effect on those characters and other observed characters have no significant effect indicating that there is no extra chromosomal gene influence on the characters. Santoso et al. (2014) stated that the significant effect of reciprocal may due to cytoplasmic gene or maternal effect. Similar findings were reported by Effendi (2015) and Saleh et al. (2018) that the variety of reciprocating effect on the character of waxy corn. 

3.3 General combining ability estimates

The GCA values of eight parental waxy inbred lines for all characters are presented in Table 4. Inbred lines that have positive GCA values are expected to have good general combining ability to produce genotypes with better yield potential and have a great opportunity to have a combination of good SCA (Sujiprihati et al., 2012). 

Table 4. General combining ability (GCA) effects 

	Characters
	Parental genotypes

	
	P1
	P2
	P3
	P4
	P5
	P6
	P7
	P8

	Plant height
	-0.97
	-6.31*
	1.26
	-3.53
	-0.40
	 2.42
	3.49
	4.04

	Ear height
	-0.67
	-3.48
	0.06
	-3.74
	-3.57
	 5.72*
	3.10
	2.57

	50% tasseling
	0.60
	0.41
	-2.17**
	1.04
	0.06
	2.04**
	-0.59
	-1.38*

	50% silking
	0.67
	0.31
	-2.23**
	1.38*
	0.17
	2.13**
	-0.63
	-1.79**

	Ear length
	0.01
	-0.40*
	-0.48*
	-0.12
	-0.51*
	 0.75*
	  0.45*
	0.28*

	Row length
	-0.09
	-0.56*
	-0.28
	-0.13
	-0.08
	 0.63*
	  0.16
	0.36

	Ear diameter
	-0.07*
	-0.09*
	-0.03
	0.07*
	0.01
	 0.02
	  0.18*
	-0.09*

	Rows per ear
	-0.31*
	 -0.23
	-0.15
	0.19
	-0.15
	 0.56*
	  0.44*
	-0.35*

	Kernels per row
	0.57
	-1.17*
	-0.39
	0.80
	-0.87
	 0.51
	0.33
	0.22

	Brix%
	0.07
	0.06
	-0.06
	-0.01
	0.29
	-0.80*
	-0.16
	0.62*

	Yield
	0.07
	-1.04*
	-0.03
	0.03
	-0.09
	 1.07*
	  0.53
	-0.55


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

GCA is the average appearance of an inbred line that is crossed with several other inbred lines (Santoso et al 2014). In this study, P7 and P8 possess the largest positive GCA values (3.49 and 4.04, respectively) in plant height. These P7 and P8 would be selected as source of good general combiners to increase in plant height. The parent P2 possessed the highest negative GCA value (-6.31) in plant height, indicating that P2 is suitable as a good combiner tend to produce offspring with shorter plant height compared to the average of the crosses. In ear height, P3, P6, P7 and P8 possess the positive GCA value and P6 showed the highest and significant in GCA value (5.72). The parents P1, P2, P4 and P5 showed the negative GCA value in ear height. Ji et al. (2006) also reported the negative GCA effect on plant height and ear height in maize. In the present study, the waxy inbred line P2 would be selected as parent for short stature in both plant height and ear height for further breeding program. 
The characters of days to 50% tasseling and 50% silking, P6 possess the largest positive GCA values (2.04 and 2.13). P3 possess the highest negative GCA value (-2.17, -2.23), followed by P8 (-1.38, -1.79). This indicated that these lines P3 and P8 would be selected as the best parents for the breeding program of early flowering and early maturity. Amin et al (2014) reported that the parental lines showing highest negative GCA should be used as parents for early maturity, short statured type and low ear placement character. 
In ear length, P6 showed the highest GCA effect (0.63), followed by P7 (0.45) and P8 (0.28) whereas P5 (-0.51), P3 (-0.48) and P2 (-0.40) had negative GCA effect. Therefore, parents P6, P7 and P8 should be selected as parents for long ear length. In row length, P6 (0.63) was recorded the highest positive GCA effect while P2 was noticed the highest negative GCA effect (-0.56). Significant positive GCA effect for ear diameter was observed in P7 (0.18) and P4 (0.07), while P1, P3 and P8 were resulted negative significant GCA effect for this character. Parent such as P4, P1, P6, P7 and P8 show positive GCA effects in kernels per row whereas P5 and P3 had negative GCA effects. Thus, for ear characters such as ear length, row length, rows per ear, P6 had highest positive significant GCA. This result indicated that P6 exhibited the best general combiner for development of better ear characters. Hence, inbred lines with high GCA effects for this trait can be suitable parents for hybrid formation in the future breeding programs. For marketable yield, P6 had highest positive GCA effects (1.07) followed by P7 (0.53) and P4 (0.03). Those parents would be the best parents for increasing marketable yield and could be considered as good combiners for improving this trait.

3.4 Specific combining ability effects

	Specific combining ability (SCA) positively indicates that the parent has a high hybrid combination with one of the parent used. Conversely, if the value is negative it means that the parent does not have a high hybrid combination with any of the parents used (Iriany et al., 2011). In this study, the SCA value for yield components and yield are shown in Table 5. It showed that there are several cross combinations that have positive values for observed characters. For 50% tasseling and silking, there are several combinations of crosses that have a positive value such as P1×P3, P1×P7, P2×P5, P2×P8, P3×P7, P3×P8, P4×P7, P4×P8, P5×P6 and P6×P7. The highest positive values for 50% tasseling and silking were obtained from crossing between P2×P5 (2.318, 2.063). Results revealed that P1×P5 (-3.870, -3,792) had the significant negative SCA effects towards earliness. 	Comment by AL.YAK: No comparison with other authors findings?
Data recorded for plant height and ear height showed that there are also some positive and negative crossing combinations. The crosses P1×P3, P1×P4, P1×P7, P1×P8, P2×P3, P2×P5, P2×P6, P2×P7, P3×P8, P4×P6 and P7×P8 had positive combinations for plant height and ear height. The cross P1×P4 (27.713, 12.28) showed the positive significant SCA value and this cross is good combiner for tall plant and ear height. According to the results, P2×P4, P2×P8, P3×P7, P1×P8, P4×P8 and P5×P7 showed the negative SCA values in both plant height and ear height. Those crosses could be selected for short plants and future lodging resistant hybrid waxy corn breeding program. 

Table 5. Specific combining ability (SCA) effects of F1 crosses 
	No.
	Cross
	50%T
	50%S
	PH
	EH
	EL
	RL
	ED
	CD
	RPE
	KPR
	Brix%
	Yield

	1
	P1×P2
	-1.557
	-1.771
	-13.956*
	3.886
	0.509
	-0.556
	  0.231*
	0.291
	1.563
	0.932
	-1.076
	0.311

	2
	P1×P3
	1.359
	1.938
	5.279
	2.961
	0.246
	0.874
	0.136
	0.151
	0.479*
	0.912
	0.717
	-0.727

	3
	P1×P4
	-2.682
	-3.000*
	  27.713**
	 12.228*
	0.217
	0.663
	0.095
	0.103
	0.479
	1.453
	-0.609
	0.651

	4
	P1×P5
	  -3.870*
	-3.792*
	2.519
	-1.193
	-0.721
	-0.411
	-0.140
	0.205
	-1.188
	-1.109
	-0.792
	-0.709

	5
	P1×P6
	0.151
	-0.250
	12.869
	-0.502
	0.846
	0.671
	0.209*
	0.037
	    0.104**
	2.682
	0.267
	   1.153*

	6
	P1×P7
	0.609
	0.333
	11.560
	0.140
	0.812
	0.869
	0.146
	0.030
	0.896*
	0.537
	0.451
	    1.725**

	7
	P1×P8
	-0.266
	0.500
	9.263
	1.386
	  1.549*
	0.817
	0.079
	-0.131
	0.354*
	2.641
	0.293
	0.450

	8
	P2×P3
	-1.787
	-2.042
	2.119
	1.986
	0.517
	  0.136*
	-0.023
	-0.125
	1.063
	2.057
	0.287
	0.077

	9
	P2×P4
	-1.828
	-1.479
	-4.298
	-1.364
	-0.723
	-0.362
	0.003
	-0.138
	-1.271*
	-5.901*
	0.096
	0.422

	10
	P2×P5
	2.318
	2.063
	  15.425*
	 15.665*
	   1.207*
	  1.214*
	0.121
	-0.029
	  0.729**
	1.703
	0.477
	0.844

	11
	P2×P6
	-0.328
	0.271
	10.558
	7.723
	-0.596
	-0.136
	0.126
	-0.031
	0.021
	1.162
	-1.122
	-0.214

	12
	P2×P7
	-2.370
	-1.646
	7.767
	0.365
	0.074
	0.626
	  -0.339**
	0.045
	-0.854*
	-0.484
	0.112
	-0.356

	13
	P2×P8
	0.922
	0.188
	-4.615
	-8.039
	-0.756
	-0.799
	0.067
	-0.162
	-0.396
	-1.047
	-0.005
	-0.955

	14
	P3×P4
	-0.578
	-0.604
	-4.513
	1.011
	0.434
	0.016
	  0.181*
	0.085
	    0.979*
	-0.089
	0.539
	-0.186

	15
	P3×P5
	-3.099
	 -3.896*
	6.127
	-3.043
	-0.389
	-0.307
	0.080
	-0.203
	0.646
	-0.151
	-0.534
	0.630


Note: ** = Significant at 1% level, * = Significant at 5% level, 50%T = 50% Tasseling, 50%S = 50% Silking, PH = Plant height, EL = Ear length, RL = Row Length, ED = Ear diameter, RPE = Rows per Ear, KPR = Kernels per row, Y = Yield 

Table 6. Specific combining ability (SCA) effects of F1 crosses (continued)
	No.
	Cross
	50%T
	50%S
	PH
	EH
	EL
	RL
	ED
	CD
	RPE
	KPR
	Brix%
	Yield

	16
	P3×P6
	-0.412
	-0.021
	1.194
	-1.218
	-0.120
	-0.383
	-0.387**
	0.139
	-1.396**
	-2.193**
	-1.852**
	0.920

	17
	P3×P7
	  0.880
	0.729
	-2.815
	-0.427
	-0.574
	-0.841
	-0.088
	0.118
	-0.604
	0.662
	1.062
	-1.037

	18
	P3×P8
	  0.505
	0.729
	10.204
	4.336
	0.216
	0.231
	0.149
	0.033
	-0.146
	0.599
	-0.002
	   0.162*

	19
	P4×P5
	-0.474
	-0.167
	9.327
	-0.110
	0.097
	-0.274
	-0.061
	0.264*
	0.313
	-0.109
	0.408
	0.299

	20
	P4×P6
	-2.287
	-2.292
	17.527*
	10.248
	0.004
	-0.379
	-0.213
	0.185
	0.271
	1.849
	0.163
	-1.567*

	21
	P4×P7
	  0.505
	0.625
	-5.031
	2.507
	-0.563
	-0.937
	0.062*
	-0.124
	-0.604
	-1.630
	-0.977
	-0.384

	22
	P4×P8
	  1.630
	1.625
	-5.229
	-7.614
	0.744
	1.527*
	0.021
	0.222
	0.188
	1.807
	0.506
	-0.283

	23
	P5×P6
	  0.693
	0.417
	-3.417
	0.194
	0.098
	0.067
	-0.008
	-0.250*
	-0.729
	0.120
	-0.416
	    1.712**

	24
	P5×P7
	-0.682
	-0.500
	-6.225
	-5.531
	0.659
	0.997
	0.083
	0.205
	0.396
	0.807
	-0.323
	-0.234

	25
	P5×P8
	-1.224
	-1.500
	-13.473
	-2.635
	-0.808
	-0.661
	-0.152
	-0.028
	-1.146**
	-2.089
	-1.034
	-1.258*

	26
	P6×P7
	  0.839
	0.042
	-10.958
	7.794
	-0.612
	-0.196
	0.049
	-0.032
	-0.313
	-1.568
	1.130*
	0.470

	27
	P6×P8
	-1.037
	-1.292
	7.577
	-1.077
	0.351
	-0.145
	0.210*
	0.336*
	1.146**
	1.203
	1.539*
	-0.428

	28
	P7×P8
	-2.412
	-1.875
	6.869
	3.298
	-0.091
	-0.145
	0.084
	-0.119
	-0.063
	0.891
	-0.655
	-0.126


Note: ** = Significant at 1% level, * = Significant at 5% level, 50%T = 50% Tasseling, 50%S = 50% Silking, PH = Plant height, EL = Ear length, RL = Row Length, ED = Ear diameter, RPE = Rows per Ear, KPR = Kernels per row, Y = Yield 

For ear characters, ear length, row length, rows per ear and kernels per rows were noticed positive SCA values in the crosses of P1×P3, P1×P4, P1×P6, P1×P7, P1×P83, P2×P3, P2×P5, P4×P8. The positive value for fresh marketable yield was obtained from the crosses P1×P2, P1×P4, P1×P6, P1×P7, P1×P8, P2×P3, P2×P4, P2×P5, P3×P5, P3×P6, P3×P8, P4×P5, P5×P6 and P6×P7. Results revealed that the maximum positive SCA value was obtained from the cross of P1×P7 (1.725) followed by P5×P6 (1.712), P1×P6 (1.153) and P3×P8 (0.162). These crosses would be selected as good combiners for maximum fresh ear yield. Specific combining ability (SCA) value is an indicator of the action of dominant genes and epistasis, while the value of GCA indicates the action of an additive gene that controls a character. High specific combining abilities (SCA) supported by a positive dominant variety will give a positive results (Sujiprihati et al., 2012)

4. Conclusion

[bookmark: _GoBack]Parental selection, which is based on the combining ability, is essential in hybrid program development. Statistical analysis revealed significant difference for all characters indicating the existence of genetic variation among genotypes for those characters. GCA effects and SCA effects were significant for some of observed characters. The ratio of GCA/SCA effects were less than unity for all studied traits indicating that non-additive gene was more imperative than additive gene action. The reciprocal effects were noticed for ear length, row length, number of rows per ear and number of kernels per row indicating the influence of maternal genes. The overall study of GCA effects suggested that P7 and P8 is excellent general combiner for plant height, whereas P2 is suitable as a good combiner to reduce plant height and ear height. P3 and P8 would be selected as the best parents for the breeding program of early flowering and early maturity. P7, P1 and P4 would be the best parents for increasing marketable yield character and considered as good combiners for improving marketable ear. For marketable yield, P6 had highest positive GCA effects followed by P7 and P4. Those parents would be the best parents for increasing marketable yield character and could be considered as good combiners for improving this trait. Results of specific combining ability effects revealed that crosses P1×P7, P5×P6, P1×P6 and P3×P8 would be selected as good combiners for maximum fresh ear yield as maximum positive SCA value. These crosses could be utilized for future breeding work after confirming the stability of their performances across different environments, more rewarding in a hybrid breeding program after thorough research at different agro ecological zones.
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