COMBINING ABILITY, AGRONOMIC PERFORMANCE, YIELD, AND FRESH-EATING QUALITY OF WAXY MAIZE HYBRIDS EVALUATED ACROSS TWO CROPPING SEASONS

ABSTRACT
This study evaluated growth performance, yield components, fresh ear yield, grain yield, and eating quality of eleven waxy maize hybrids in comparison with the control variety HN68 across two cropping seasons. The experiment was conducted using a randomized complete block design with three replications. Significant differences were observed among the tested hybrids in growth duration, plant height, ear characteristics, yield, and quality traits. The harvesting time ranged from 70 to 73 days, indicating that the hybrids were well adapted to the seasonal growing conditions.
Among the evaluated materials, the hybrid N59 × N15 showed the best overall performance, with superior plant height, ear length, fresh ear yield (11.8 t ha⁻¹), and grain yield (5.1 t ha⁻¹), which were significantly higher than those of the control variety at the 5% significance level. Several other hybrids, particularly N02 × N7B and N02 × N59, also demonstrated high and relatively stable yields across both seasons, indicating good production potential.
Eating quality scores ranged from 2.38 to 2.88, suggesting acceptable to good sensory quality among the tested hybrids. In addition, the coefficient of variation for major traits was below 7%, indicating high experimental reliability and consistency of the results.
The results suggest that N59 × N15 is the most promising hybrid for further large-scale production trials. Meanwhile, N02 × N7B and N02 × N59 also showed considerable potential and should be further evaluated in broader ecological conditions before commercial release.
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1. INTRODUCTION
[bookmark: _Hlk223077445]Waxy maize (Zea mays L. var. ceratina) is a specialty maize type characterized by an endosperm composed almost entirely of amylopectin [1], which confers a sticky, soft texture and distinctive sweetness when harvested at the fresh ear stage [2]. Owing to its high sensory quality and strong consumer preference in many Asian countries, particularly Vietnam, waxy maize has become an economically important crop [3], contributing significantly to farmers’ income within short-season cropping systems.
In recent years, the cultivation area of waxy maize has expanded to meet increasing demand for fresh consumption and processed food products [4]. However, waxy maize production still faces several constraints [5], including unstable yield performance across seasons, limited tolerance to adverse environmental conditions, and inconsistent eating quality. Moreover, the market increasingly requires new cultivars to simultaneously satisfy three key criteria: (i) short growth duration suitable for intensive cropping systems [6], (ii) high and stable fresh ear yield [7], and (iii) superior eating quality, including stickiness, sweetness, aroma, and appealing kernel color[8].
From a physiological and genetic perspective, maize yield is a complex quantitative trait determined by plant growth capacity [9], photosynthetic efficiency, and the accumulation and partitioning of assimilates into the ear [10]. Yield components such as ear length, ear diameter, number of kernel rows per ear, and kernel number per row play decisive roles in determining commercial productivity [11]. In addition, morphological traits including plant height and ear height influence lodging resistance and adaptability to cultivation conditions [12]. Therefore, comprehensive evaluation of growth traits together with yield components is essential in hybrid selection and breeding programs [13].
In hybrid breeding, F1 combinations are developed to exploit heterosis for growth vigor and yield improvement [14]. Nevertheless, not all hybrid combinations express stable heterotic performance across seasons and environments [15]. Multi-season comparative trials are therefore necessary to assess the stability and adaptability of candidate hybrids [16]. Statistical parameters such as analysis of variance (ANOVA), coefficient of variation (CV%), and least significant difference (LSD) provide reliable tools to quantify differences among hybrids and enhancing the validity of conclusions [17].
Besides yield performance, eating quality is a critical determinant of market acceptance for waxy maize [18]. Sensory evaluation commonly considers stickiness, sweetness, tenderness, flavor, and overall consumer preference [19]. In many cases, hybrids with high yield but poor sensory quality fail to gain acceptance in commercial production [20]. Consequently, integrating both agronomic performance and eating quality assessment represents a central strategy in modern waxy maize breeding [21].
Based on these considerations, the present study was conducted to evaluate eleven new waxy maize hybrid combinations in two cropping seasons [22], using HN68 as the control variety. The specific objectives were to (i) analyze growth characteristics and harvesting time, (ii) assess yield components, fresh ear yield, and grain yield, (iii) determine statistically significant differences among hybrids, and (iv) identify promising hybrids with high yield potential, stability, and desirable eating quality for further large-scale production trials.
2. MATERIALS AND METHODS
2.1. Plant Materials
The experimental materials consisted of eight highly inbred waxy maize lines (S ≥ 6), namely N7B, N15, N59, N27, D666, N02, N51, and N19. These lines were developed and maintained through continuous selfing and selection from a combination of local germplasm and introduced materials. All lines exhibited stable agronomic performance and clear genetic differentiation.
From these inbred lines, eleven promising hybrid combinations were developed to evaluate combining ability and production potential, including:
	N02 × N7B
	N19 × N7B
	N59 × N15
	D666 × N15

	N02 × N15
	N27 × N59
	N02 × N59
	N19 × N59

	N51 × N02
	N19 × N02
	N02 × D666
	HN68 (control variety)


2.2. Research Methods
2.2.1. Breeding Method and Combining Ability Analysis
The inbred lines were developed using conventional breeding methods involving continuous self-pollination combined with half-sib selection. Eight S₆ inbred lines (N7B, N15, N59, N27, D666, N02, N51, and N19) were used as parental materials for hybridization.
Combining ability was evaluated using a diallel crossing scheme according to Griffing’s method IV (Model I) (Griffing, 1956) [23]. General combining ability (GCA) and specific combining ability (SCA) effects were estimated following the analytical procedures described by Ngo Huu Tinh and Nguyen Dinh Hien (1996) [24].
2.2.2. Evaluation of Hybrid Combinations
The hybrid combinations were evaluated in accordance with the Vietnamese National Standard TCVN 13381-2:2021 for testing the value for cultivation and use (VCU) of maize varieties.
Experimental Design
The experiment was arranged in a randomized complete block design (RCBD) with three replications. Each experimental plot consisted of four rows, each containing 20 plants, with a row length of 5 m.
Planting Density and Spacing
The planting density was 57,000 plants ha⁻¹, with a spacing of 70 cm × 25 cm, one plant per hill.
Fertilizer Application (per hectare)
- 2.5 tons of Song Gianh bio-organic fertilizer, 150 kg N, 70 kg P₂O₅, 80 kg K₂O
Observed Traits
- Growth duration: Time from sowing to fresh ear harvest.
- Growth and morphological traits: Plant height, ear placement height, ear length, ear diameter, and husk cover tightness.
- Major pest and disease incidence: Assessment of infection levels of stem borer, ear borer, sheath blight, southern leaf blight, stalk rot, and rust using a 1–5 rating scale.
- Lodging resistance: Evaluation of root lodging and stalk lodging using a 1–5 rating scale.
- Yield components: Number of effective ears per plant, number of kernel rows per ear, number of kernels per row, 1,000-kernel weight, percentage of Grade I ears (%), and fresh ear yield (t/ha).
- Fresh-eating quality: Sensory evaluation based on aroma, stickiness, sweetness, and flavor intensity using a 1–5 rating scale.
2.2.3. Statistical Analysis
Data were subjected to descriptive statistical analysis and analysis of variance (ANOVA) using Excel and Statistix 10 software.
General combining ability (GCA) and specific combining ability (SCA) effects were analyzed using the Line × Tester program following Nguyen Dinh Hien (1996).
Agronomic traits and yield data were further analyzed using SAS 9.2, R 4.1, IRRISTAT 5.0, and STATGRAPHICS/Stath 5.0. Mean comparisons were performed using the Least Significant Difference (LSD) test at the 5% probability level.
2.3. Location and Duration of the Study
Experimental Sites
- Tho Xuan Crop Research, Testing and Service Center, Thanh Hoa Province
- Tu Luyen Hamlet, Hoang Dao Commune, Hoang Hoa District, Thanh Hoa Province, Vietnam
Cropping Seasons and Timeline
- Winter 2023: Sowing on 10 September 2023; fresh ear harvest on 21 November 2023
- Spring 2024: Sowing on 6 March 2024; fresh ear harvest on 22 May 2024
- Winter 2024: Sowing on 12 September 2024; fresh ear harvest on 24 November 2024

3. RESULTS AND DISCUSSION

Table 1. Combined ANOVA summary table
	Source of variation
	df
	MS (Winter 2023)
	MS (Spring 2024)
	F (Winter 2023)
	F (Spring 2024)
	P (Winter 2023)
	P (Spring 2024)
	GCA/SCA

	Replication
	2
	0.335
	0.749
	3.82
	24.95
	0.085
	0.001
	-

	Hybrid combinations
	27
	512.68
	690.36
	1011.15
	2810.29
	0.000
	0.000
	-

	General combining ability (GCA)
	7
	941.29
	1134.20
	1856.49
	4617.06
	0.000
	0.000
	2.39 (Winter)

	Specific combining ability (SCA)
	20
	394.11
	594.85
	777.30
	2421.47
	0.000
	0.000
	1.91 (Spring)

	Error
	48
	0.507
	0.246
	-
	-
	-
	-
	-



The analysis of variance showed that hybrid combination effects were highly significant in both Winter 2023 and Spring 2024 (P = 0.000), with very high F-values (1011.15 and 2810.29, respectively), indicating strong genetic differences among hybrids and substantial potential for heterosis. This confirms the suitability of the selected parental lines and the diallel crossing design.
The replication effect was not significant in Winter 2023 (P = 0.085), suggesting uniform experimental conditions, but was significant in Spring 2024 (P = 0.001), likely due to environmental variation among blocks. Nevertheless, low mean square error values in both seasons (0.507 and 0.246) indicate high experimental precision and that most variation was due to genetic factors.
Both general combining ability (GCA) and specific combining ability (SCA) effects were highly significant (P = 0.000) in both seasons, indicating the involvement of both additive and non-additive gene effects. However, GCA mean squares were consistently higher than SCA, with GCA/SCA ratios of 2.39 (Winter) and 1.91 (Spring), showing that additive gene action predominated. This suggests that selection of parental lines with high GCA values will be effective for improving the trait in breeding programs.
Although additive effects were predominant in both seasons, the GCA/SCA ratio decreased from 2.39 in Winter to 1.91 in Spring, suggesting a relatively greater contribution of non-additive effects under Spring conditions. This shift may reflect a genotype × environment (G × E) interactions, where environmental variation influences the expression of dominance and epistatic interactions. However, since the GCA/SCA ratio remained above one in both seasons, it can be concluded that the trait was primarily controlled by additive gene action and was less influenced by complex gene interactions.
Overall, the results indicate that the experimental population possesses a favorable genetic background for breeding improvement. An appropriate breeding strategy under these conditions would prioritize the selection of parental lines with high GCA values, combined with the accumulation of favorable additive alleles through successive selfing generations to develop superior inbred lines. Furthermore, continued multi-season and multi-location evaluation of promising hybrids is recommended to identify combinations with high stability and wide adaptability for commercial production.
Table 2. Summary of combining ability of parental lines in Winter 2023
	Parental line
	GCA (ĝj)
	σ²Si
	GCA classification
	Highest SCA combination
	SCA value

	N02
	+0.617
	0.273
	Very good
	N02 × N51
	156.190

	N59
	+0.475
	0.190
	Good
	N59 × N02
	0.688

	N15
	+0.158
	0.252
	Fairly good
	N15 × N02
	122.143

	N19
	+0.142
	-0.047
	Fairly good
	N19 × D666
	0.838

	N7B
	-0.183
	1.869
	Poor
	N7B × N02
	170.476

	D666
	-0.292
	0.336
	Poor
	D666 × N51
	157.143

	N51
	-0.383
	-0.204
	Poor
	N51 × N02
	156.190

	N27
	-0.533
	0.165
	Very poor
	N27 × N7B
	140.476



The combining ability analysis of parental lines in the Winter 2023 season revealed clear differences in general combining ability (GCA) among the eight inbred lines. Among them, line N02 exhibited the highest GCA effect (ĝj = +0.617) and was classified as “very good,” indicating its strong and stable capacity to transmit favorable alleles to hybrid progenies. The second highest GCA value was observed in N59 (ĝj = +0.475), rated as “good,” followed by N15 (+0.158) and N19 (+0.142), which were categorized as “fairly good.” The positive GCA values of these lines suggest that they possess a high frequency of favorable additive alleles contributing positively to the studied trait, thus demonstrating strong potential as parental lines in hybrid breeding programs.
In contrast, N7B (−0.183), D666 (−0.292), N51 (−0.383), and especially N27 (−0.533) showed negative GCA effects, indicating below-average additive genetic contributions. N27, classified as “very poor,” had limited additive genetic value. However, negative GCA does not necessarily indicate low breeding potential, as hybrid performance also depends on specific combining ability (SCA).
Variance component analysis (σ²Si) showed differences among lines in their contribution to SCA variation. N7B (1.869) and D666 (0.336) exhibited relatively high σ²Si values, suggesting potential to produce highly heterotic hybrids despite low GCA, highlighting the role of non-additive gene effects. In contrast, lines such as N19 and N51 had negative or near-zero σ²Si values, indicating limited contribution to SCA variation.
Several hybrids displayed very high SCA effects, particularly N02 × N51 (156.190) and N7B × N02 (170.476), indicating strong genetic interactions between parental lines. Although N7B and N51 had negative GCA values, their crosses with N02 (a high-GCA line) produced strong heterotic effects, demonstrating the importance of genetic complementation and non-additive interactions in hybrid performance.
Additionally, the combinations N15 × N02 (122.143) and D666 × N51 (157.143) also exhibited high SCA values, suggesting significant heterosis potential in crosses involving complementary parental backgrounds. The frequent occurrence of N02 in high-SCA combinations further underscores its central role in the breeding program and confirms its importance as a key parental line for hybrid development.
Table 3. Summary of combining ability of parental lines in Spring 2024
	Parental line
	GCA (ĝi)
	σ²Si
	GCA classification
	Highest SCA combination
	SCA value

	N02
	+0.564
	0.314
	Very good
	N7B × N02
	222.063

	N59
	+0.464
	0.431
	Good
	N59 × N27
	138.175

	N19
	+0.181
	0.116
	Fairly good
	N7B × N19
	0.954

	N7B
	-0.152
	3.563
	Poor
	N7B × N02
	222.063

	N15
	-0.281
	0.681
	Poor
	N15 × N59
	156.508

	D666
	-0.285
	0.464
	Poor
	D666 × N51
	154.841

	N51
	-0.427
	-0.022
	Poor
	N51 × D666
	154.841

	N27
	-0.627
	0.828
	Very poor
	N27 × N7B
	157.063



The combining ability analysis in the Spring 2024 season showed clear differences in GCA effects among the parental lines. Line N02 exhibited the highest GCA value (ĝi = +0.564) and was rated “very good,” followed by N59 (+0.464, “good”) and N19 (+0.181, “fair”). The positive GCA effects indicate the presence of favorable additive alleles and highlight their potential as important parental lines for hybrid breeding.
In contrast, N7B (−0.152), N15 (−0.281), D666 (−0.285), N51 (−0.427), and N27 (−0.627) showed negative GCA effects and were classified from “poor” to “very poor.” N27 again recorded the lowest GCA value, similar to the Winter 2023 season, suggesting limited additive genetic contribution. However, low GCA does not necessarily indicate low breeding value, as favorable SCA effects may still arise through specific gene interactions.
The analysis of SCA variance components (σ²Si) showed that several lines contributed substantially to non-additive variation, particularly N7B (3.563), N27 (0.828), and N15 (0.681). These results suggest that these lines have strong potential to generate heterotic effects when crossed with genetically complementary parents. In contrast, lines such as N51 exhibited very low σ²Si values (−0.022), indicating limited contribution to SCA variation.
Regarding specific combining ability, several hybrid combinations displayed remarkably high SCA effects. The most outstanding was N7B × N02, with an SCA value of 222.063, indicating a very strong genetic interaction between these two lines. Notably, although N7B had a negative GCA effect, its cross with N02 (a line with very high GCA) resulted in pronounced heterosis, reflecting effective genetic complementation between divergent parental backgrounds. Similarly, D666 × N51 (154.841) and N27 × N7B (157.063) also exhibited high SCA values, highlighting the role of dominance and/or epistatic interactions in heterosis expression.
Particularly remarkable was the hybrid N15 × N59, which showed an exceptionally large SCA value (156.508), suggesting a superior interaction effect under Spring conditions. This may reflect specific genetic complementation or enhanced environmental adaptation of this cross during the Spring season.
Comparison with the Winter 2023 season indicates a consistent overall pattern: N02 and N59 maintained high positive GCA values and played central roles in hybrid combinations with high SCA effects. This demonstrates the genetic stability of these two lines across seasons. However, SCA variation appeared greater in Spring 2024, as evidenced by several extremely high SCA values and increased σ²Si estimates in certain lines, suggesting a stronger influence of environmental conditions on non-additive gene expression.
Based on the combining ability analysis across both seasons, several general conclusions can be drawn. Lines N02 and N59 consistently exhibited high and stable positive GCA effects, indicating their strong capacity to transmit favorable additive alleles and confirming their suitability as primary parental lines in breeding programs. In contrast, lines such as N27, N51, and D666 showed negative GCA values in both seasons, reflecting limitations in additive genetic effects.
Nevertheless, several hybrid combinations involving lines with low GCA values displayed very high SCA effects (e.g., N7B × N02, D666 × N51, and N27 × N7B), demonstrating the significant role of non-additive gene effects (dominance and epistasis) in trait expression. These findings indicate that the studied trait is governed by both additive and non-additive genetic effects, with additive effects being more stable across seasons, whereas non-additive effects are more strongly influenced by environmental conditions.
Therefore, an effective breeding strategy should integrate both approaches: maintaining and exploiting lines with high GCA to establish a strong additive genetic foundation, while simultaneously developing hybrid combinations with high SCA to maximize heterosis for commercial production.
Table 4. Summary of Agro-Morphological characteristics of Hybrid combinations
 (Mean of two seasons)
	Hybrid combination
	Days to harvest (days)
	Plant height (cm)
	Ear placement height (cm)
	Ear length (cm)
	Ear diameter (cm)

	N02 × N7B
	72.5 ± 0.4
	177.7 ± 3.2
	92.9 ± 2.8
	17.2 ± 0.3
	5.05 ± 0.12

	N19 × N7B
	71.0 ± 0.3
	138.0 ± 2.7
	63.7 ± 2.1
	16.7 ± 0.3
	4.70 ± 0.10

	N59 × N15
	73.0 ± 0.5
	184.1 ± 3.8
	96.1 ± 3.1
	18.2 ± 0.4
	5.05 ± 0.11

	D666 × N15
	71.0 ± 0.4
	174.8 ± 3.0
	89.6 ± 2.6
	16.8 ± 0.3
	4.45 ± 0.09

	N02 × N15
	73.0 ± 0.4
	152.8 ± 2.9
	65.4 ± 2.3
	17.0 ± 0.3
	4.75 ± 0.10

	N27 × N59
	72.5 ± 0.4
	156.1 ± 3.1
	70.2 ± 2.5
	16.5 ± 0.3
	4.95 ± 0.12

	N02 × N59
	72.0 ± 0.3
	164.5 ± 2.8
	74.5 ± 2.4
	16.7 ± 0.2
	5.05 ± 0.11

	N19 × N59
	70.0 ± 0.3
	161.4 ± 2.9
	69.3 ± 2.2
	16.9 ± 0.3
	4.95 ± 0.10

	N51 × N02
	72.5 ± 0.4
	157.9 ± 3.0
	66.2 ± 2.3
	16.0 ± 0.2
	4.70 ± 0.09

	N19 × N02
	70.5 ± 0.3
	161.1 ± 2.7
	68.8 ± 2.1
	16.9 ± 0.3
	4.40 ± 0.08

	N02 × D666
	71.5 ± 0.4
	159.8 ± 2.8
	66.9 ± 2.2
	16.5 ± 0.3
	4.40 ± 0.09

	HN68 (control variety)
	72.0 ± 0.4
	168.5 ± 3.1
	73.9 ± 2.5
	15.8 ± 0.2
	4.25 ± 0.08

	CV (%)
	2.4
	5.1
	5.8
	4.6
	4.9

	LSD₀.₀₅
	1
	8.5
	7.2
	0.8
	0.35



The combined analysis of agro-biological traits across two cropping seasons revealed relatively clear differences among hybrid combinations in growth duration and yield components compared with the control variety HN68. Overall, the hybrids not only ensured good ecological adaptability but also expressed several superior morphological and yield-related characteristics.
Days to harvest of the hybrids ranged from 70.0 to 73.0 days, similar to the control (72.0 days). Some combinations, such as N19 × N59, N19 × N02, and N19 × N7B, matured earlier, which is advantageous for multiple-cropping systems and for avoiding late-season stresses such as heavy rainfall, pests, or high temperatures. Most other hybrids were medium-maturing, indicating good adaptability to the cropping calendar.
Plant height varied widely from 138.0 to 184.1 cm, reflecting substantial phenotypic diversity. The tallest hybrids were N59 × N15, N02 × N7B, and D666 × N15, all exceeding the control (168.5 cm), although excessive height may increase lodging risk. In contrast, N19 × N7B had the shortest plant height. Hybrids with moderate height (150–170 cm), including N02 × N59, N19 × N59, and N19 × N02, are considered agronomically favorable due to their balance between vigorous growth and lodging resistance.
Ear placement height ranged from 63.7 to 96.1 cm. Higher ear placement was observed in N59 × N15 and N02 × N7B, which may facilitate manual harvesting but increase lodging susceptibility. Lower ear placement in N19 × N7B and N02 × N15 contributes to better field stability. Overall, many hybrids showed similar or lower ear placement than the control, indicating relatively balanced plant architecture.
For yield components, ear length ranged from 16.0 to 18.2 cm, exceeding that of the control (15.8 cm). The most outstanding combination was N59 × N15 (18.2 cm), followed by N02 × N7B (17.2 cm) and N02 × N15 (17.0 cm). Increased ear length suggests a higher potential number of kernel rows and kernels per row, thereby contributing to enhanced yield potential. Similarly, ear diameter ranged from 4.4 to 5.05 cm, clearly surpassing the control (4.25 cm). The combinations N02 × N7B, N59 × N15, and N02 × N59 achieved the largest ear diameter (5.05 cm), demonstrating marked heterotic advantages in ear size—an important determinant of yield and market value in waxy maize.
Overall, several hybrid combinations, particularly N59 × N15, N02 × N7B, and N02 × N59, not only maintained suitable growth duration but also exhibited balanced plant architecture and superior ear size compared with the control HN68. These phenotypic advantages are consistent with the previous combining ability analysis, in which lines N02 and N59 frequently displayed high GCA values and produced hybrids with outstanding SCA effects. This correspondence highlights the close relationship between genetic parameters and field performance, thereby strengthening the scientific basis for selecting promising waxy maize hybrids in breeding programs.
Table 5. Summary of pest and disease resistance and root lodging resistance
 (Mean of two seasons)
	Hybrid combination
	Stem borer
	Ear borer
	Sheath blight
	Southern leaf blight
	Root lodging

	N02 × N7B
	1.0
	1.0
	1.0
	1.0
	1.0

	N59 × N15
	1.0
	1.0
	1.0
	1.0
	1.0

	N19 × N59
	1.0
	1.0
	1.0
	1.0
	1.0

	N02 × N59
	1.0
	1.0
	1.0
	1.5
	1.0

	N02 × N15
	1.0
	1.5
	1.0
	2.0
	1.0

	N02 × D666
	1.5
	1.5
	1.5
	1.0
	1.5

	D666 × N15
	1.5
	1.5
	1.5
	1.0
	2.0

	N19 × N7B
	1.5
	1.5
	1.5
	1.0
	2.0

	N51 × N02
	2.0
	1.5
	1.0
	1.0
	1.5

	N27 × N59
	2.0
	1.5
	1.5
	1.5
	2.0

	N19 × N02
	1.5
	1.0
	2.5
	2.5
	1.5

	HN68 (control variety)
	1.5
	1.5
	2.0
	1.5
	1.5



The combined results on pest, disease, and root lodging resistance across two seasons revealed clear differentiation among hybrid combinations, with several hybrids demonstrating superior resistance compared to the control variety HN68.
The group with very strong resistance included N02 × N7B, N59 × N15, and N19 × N59, in which all evaluated traits (stem borer, ear borer, sheath blight, southern leaf blight, and root lodging) consistently scored 1.0. This indicates high stability and minimal susceptibility to major pests and diseases, as well as strong lodging resistance. Such performance is particularly valuable in production systems, as improved resistance reduces the need for chemical protection and lowers the risk of yield loss under adverse environmental conditions.
The hybrid N02 × N59 was rated as good, with a score of 1.0 for most traits and a slightly higher score (1.5) for southern leaf blight. Overall, this combination still exhibited high and stable resistance. The hybrids N02 × N15 and N02 × D666 were classified as fairly good, showing mild infection levels in some traits (scores of 1.5–2.0), yet generally remaining comparable to or better than the control.
The moderate resistance group comprised D666 × N15, N19 × N7B, and N51 × N02, with scores ranging from 1.5 to 2.0. Compared with the control HN68—which also showed most traits at 1.5–2.0—these hybrids demonstrated similar or slightly improved resistance in certain aspects, though not markedly superior.
The hybrid N27 × N59 was classified as susceptible, due to higher scores (2.0) for stem borer damage and root lodging, along with moderate infection levels for other diseases. Notably, N19 × N02 exhibited the lowest resistance, particularly with sheath blight and southern leaf blight scoring 2.5, substantially higher than the control. Consequently, this hybrid was rated as the most susceptible among the evaluated combinations.

Table 6. Summary of yield components (Mean of two seasons)
	Hybrid combination
	Kernel rows per ear
	Kernels per row
	Percentage of grade I ears (%)

	N02 × N7B
	15.2 ± 0.3
	35.5 ± 0.7
	82.5 ± 1.5

	N59 × N15
	15.0 ± 0.3
	35.0 ± 0.6
	81.5 ± 1.4

	N02 × N59
	15.0 ± 0.2
	35.5 ± 0.7
	82.5 ± 1.6

	N02 × N15
	14.5 ± 0.3
	35.5 ± 0.6
	80.5 ± 1.3

	N19 × N59
	14.0 ± 0.3
	34.0 ± 0.6
	79.5 ± 1.2

	N19 × N02
	14.3 ± 0.2
	33.8 ± 0.5
	78.0 ± 1.3

	D666 × N15
	13.9 ± 0.3
	32.8 ± 0.6
	78.0 ± 1.2

	N51 × N02
	15.0 ± 0.3
	31.8 ± 0.5
	77.0 ± 1.4

	N27 × N59
	13.2 ± 0.4
	32.0 ± 0.6
	77.5 ± 1.3

	N19 × N7B
	13.7 ± 0.3
	29.5 ± 0.7
	77.0 ± 1.5

	N02 × D666
	14.0 ± 0.3
	32.0 ± 0.5
	76.5 ± 1.2

	HN68 (control variety)
	12.8 ± 0.3
	32.0 ± 0.6
	76.5 ± 1.4

	CV (%)
	4.8
	5.2
	3.9

	LSD₀.₀₅
	0.8
	1.5
	3.2



The combined analysis of yield components across two seasons revealed clear differences among hybrid combinations and the control variety HN68, and these results were generally consistent with the previously analyzed agro-morphological traits.
The number of kernel rows per ear ranged from 13.2 to 15.2, all higher than the control (12.8). The highest values were observed in N02 × N7B (15.2), N59 × N15 (15.0), and N02 × N59 (15.0), indicating strong yield potential, while N27 × N59 and N19 × N7B showed relatively lower values.
Kernels per row varied from 29.5 to 35.5, compared with 32.0 in the control. N02 × N7B, N02 × N59, and N02 × N15 achieved the highest value (35.5 kernels), whereas N19 × N7B recorded the lowest (29.5), limiting its yield potential.
The proportion of Grade I ears ranged from 76.5% to 82.5%, exceeding or equaling the control (76.5%). The highest percentages were found in N02 × N7B and N02 × N59 (82.5%), followed by N59 × N15 (81.5%), indicating both high yield and strong market quality.
Overall, N02 × N7B, N59 × N15, and N02 × N59 were identified as having very high yield potential due to superior performance across all yield components. Hybrids such as N02 × N15, N19 × N59, and N19 × N02 showed fairly good performance, while others were moderate or low due to limitations in certain traits. Compared with the control HN68, most hybrids—especially those involving N02 and N59—showed improved yield components, confirming their strong heterotic potential and suitability for further multi-location trials.

[bookmark: _GoBack]TABLE 7: Bảng tổng hợp năng suất và chất lượng ăn tươi (TB 2 vụ)
	Hybrid combination
	Fresh ear yield (t/ha)
	Dry grain yield (t/ha)
	Mean sensory quality score

	N02 × N7B
	11.7 ± 0.35
	5.1 ± 0.18
	2.38 ± 0.07

	N59 × N15
	11.8 ± 0.38
	5.1 ± 0.20
	2.50 ± 0.08

	N02 × N59
	11.5 ± 0.32
	4.9 ± 0.17
	2.38 ± 0.06

	N02 × N15
	11.4 ± 0.30
	4.8 ± 0.16
	2.50 ± 0.07

	N19 × N59
	11.1 ± 0.28
	4.7 ± 0.15
	2.63 ± 0.08

	N02 × D666
	10.3 ± 0.27
	4.5 ± 0.14
	2.63 ± 0.09

	N27 × N59
	10.1 ± 0.29
	4.5 ± 0.15
	2.88 ± 0.10

	N19 × N7B
	10.0 ± 0.26
	4.2 ± 0.14
	2.88 ± 0.09

	D666 × N15
	9.7 ± 0.25
	4.3 ± 0.13
	2.75 ± 0.08

	N51 × N02
	9.7 ± 0.24
	4.3 ± 0.13
	2.88 ± 0.09

	N19 × N02
	9.9 ± 0.27
	4.3 ± 0.14
	2.63 ± 0.08

	HN68 (control variety)
	9.6 ± 0.26
	4.2 ± 0.13
	2.63 ± 0.07

	CV (%)
	5.4
	6.2
	4.8

	LSD₀.₀₅
	0.75
	0.35
	0.22



The combined results on yield and fresh-eating quality across two cropping seasons demonstrated that several hybrid combinations clearly outperformed the control variety HN68 in terms of fresh ear yield, dry grain yield, and sensory quality.
Regarding fresh ear yield, the hybrids ranged from 9.7 to 11.8 t/ha, whereas the control produced only 9.6 t/ha. The highest yield was recorded in N59 × N15 (11.8 t/ha), followed by N02 × N7B (11.7 t/ha), N02 × N59 (11.5 t/ha), and N02 × N15 (11.4 t/ha). These top-performing hybrids exceeded the control by 1.8–2.2 t/ha, corresponding to an increase of approximately 18–23%, indicating a pronounced heterotic advantage in marketable fresh yield.
For dry grain yield, the hybrids achieved 4.2–5.1 t/ha, while the control reached 4.2 t/ha. N02 × N7B and N59 × N15 produced the highest yield (5.1 t/ha), representing an increase of about 21% compared to the control. N02 × N59 and N02 × N15 also performed well (4.8–4.9 t/ha), suggesting strong potential not only for fresh consumption but also for grain production.
In terms of fresh-eating quality (mean sensory score, where lower values indicate better quality), the hybrids ranged from 2.38 to 2.88 points. N02 × N7B and N02 × N59 achieved the best score (2.38), classified as high quality. N59 × N15 and N02 × N15 scored 2.50 and were also rated favorably. In contrast, hybrids such as N27 × N59, N19 × N7B, and N51 × N02 scored 2.88, reflecting acceptable but less outstanding quality. Compared with the control (2.63), many hybrids were equivalent or superior in eating quality.
Considering all three criteria together, N59 × N15 was the most outstanding combination, combining the highest yield with good fresh-eating quality (2.50), and was therefore rated as the top-performing hybrid. N02 × N7B and N02 × N59 were also highly promising, integrating high yield with good quality. The moderate group included N02 × D666, N27 × N59, D666 × N15, and N19 × N02, due to less consistent superiority in either yield or quality.
These findings are consistent with previous combining ability and yield component analyses, where hybrids involving parental lines N02 and N59 frequently exhibited strong heterotic effects. Therefore, based on integrated evaluation of yield and fresh-eating quality, N59 × N15, N02 × N7B, and N02 × N59 show strong potential for development as commercial waxy maize hybrids.
CONCLUSION
The evaluation of 11 waxy maize hybrid combinations alongside the control variety HN68 over two cropping seasons revealed significant differences in growth characteristics, yield performance, and fresh-eating quality.
Harvest time ranged from 70 to 73 days, fitting well within the existing cropping structure and showing minimal deviation from the control. Some hybrids, such as N59 × N15 and N02 × N15, exhibited slightly longer growth duration but maintained good adaptability. In terms of vegetative growth, N59 × N15 demonstrated a clear advantage with greater plant height and ear placement height, suggesting strong biomass accumulation potential.
Among yield components, differences were most evident in ear length and ear diameter. N59 × N15 recorded the greatest ear length, while N02 × N7B, N59 × N15, and N02 × N59 showed superior ear diameter. These traits contributed substantially to improved marketable yield.
Fresh ear yield ranged from 9.6 to 11.8 t/ha and dry grain yield from 4.2 to 5.1 t/ha. N59 × N15 achieved the highest yield and showed clear superiority over the control. N02 × N7B, N02 × N59, and N02 × N15 also produced high and stable yields across both seasons. The low coefficients of variation indicated good experimental reliability.
Regarding fresh-eating quality, sensory scores ranged from 2.38 to 2.88. Hybrids such as N19 × N7B and N51 × N02 exhibited good sensory quality, while N59 × N15 combined high yield with fairly good eating quality.
Overall, N59 × N15 emerged as the most promising hybrid and should be further evaluated in larger-scale production trials. In addition, N02 × N7B and N02 × N59 represent potential candidates that warrant further investigation before recommendation for commercial cultivation.
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