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ABSTRACT

Aims: This study aimed to evaluate the intra- and inter-line genetic diversity of eight drought-tolerant maize lines derived from gamma-irradiated seeds.
Study Design: A randomized complete block design (RCBD, Fisher design) with three replications was used.
Place and Duration of Study: Université Jean Lorougnon Guédé, Daloa (Haut-Sassandra region, Côte d’Ivoire).
Methodology: Eight lines, including two controls, were characterized using agromorphological descriptors related to phenology, growth, and yield. Data were analyzed using analysis of variance (ANOVA), principal component analysis (PCA), and hierarchical cluster analysis (HCA) based on Ward’s method.
Results: Significant differences (P < 0.05) were observed among lines for several traits, particularly those related to growth and yield. Intra-line analysis revealed relative homogeneity, whereas inter-line variability enabled effective discrimination among genotypes. PCA, performed on eleven quantitative traits, identified two principal axes explaining 80.76 % of the total variance. Variables associated with growth and productivity contributed strongly to the structuring of the lines. HCA grouped the lines into four distinct clusters, highlighting genotypes with high agronomic potential and tolerance to water stress.
Conclusion: The results indicate phenotypic homogeneity associated with exploitable genetic variability, likely induced by irradiation. This study confirms the relevance of mutagenesis as a tool for generating genetic variability and identifies promising lines for breeding programs under water-limited conditions.
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1. INTRODUCTION




In Côte d’Ivoire, maize is the second most widely cultivated cereal crop after rice and is grown across all agro-ecological zones of the country. According to the USDA Foreign Agricultural Service report (USDA FAS, 2024), the cultivated area has remained relatively stable at approximately 540,000 hectares between 2020 and 2024. National production increased from 1.1 to 1.7 million tons between 2020 and 2025, reflecting a notable improvement in this crop. Despite this progress, average national yields remain below the agronomic potential observed under optimal conditions (≥ 5 t·ha⁻¹), as highlighted in recent syntheses on advances in maize breeding and management in sub-Saharan Africa (Aramburu-Merlos et al., 2024). This persistent gap between potential and actual yields reflects structural and technical constraints affecting production systems. Among these constraints is the low adoption of improved varieties, which limits the dissemination of genetic gains achieved through breeding programs (Adechian et al., 2025).




 In addition, inadequate fertilizer management and the progressive degradation of soil fertility reduce input-use efficiency and compromise the sustainability of agricultural systems (Vanlauwe et al., 2023). Furthermore, the increasing frequency of drought episodes and heightened climate variability represent major factors contributing to declining maize productivity in West Africa (Tang et al., 2025). Recent studies have shown that targeted genetic improvement can simultaneously enhance resilience and yield stability under water stress conditions (Du et al., 2025). In a context of increasing aridity, particularly in the northern regions of Côte d’Ivoire, the development and evaluation of drought-tolerant lines constitute a strategic priority. In this regard, maize lines tolerant to low soil water availability were developed through gamma irradiation of seeds from the EV 8728 variety. The present study aims to assess the genetic variability of eight promising drought-tolerant maize lines in order to identify genotypes best adapted to the agro-ecological conditions of Côte d’Ivoire and to provide a solid scientific basis for targeted breeding programs contributing to national food sovereignty.

2. MATERIAL AND METHODS

2.1 Study Area

The study was conducted on an experimental plot of Université Jean Lorougnon Guédé (UJLoG), located in the city of Daloa, the administrative center of the Haut-Sassandra region in Côte d’Ivoire. The Daloa department is situated between 6°53′38″ N latitude and 6°27′00″ W longitude. It covers an area of 5,423 km² and comprises 137 localities distributed across six sub-prefectures. The city of Daloa is bordered to the north by the departments of Vavoua and Zuénoula, to the south by Issia and Sinfra, to the west by Duékoué and Bangolo, and to the east by Bouaflé. The natural vegetation, originally dense forest, has been progressively replaced by cash crops (Sangaré et al., 2009). The climate of the area is tropical, with an average annual temperature of 27.5°C and annual rainfall ranging between 1000 and 1500 mm. The soils are predominantly ferralitic (Soro et al., 2015).

2.2 Plant Material

The plant material used in this study consisted of maize plants derived from seeds of eight drought-tolerant lines obtained through gamma-induced mutagenesis from the EV8728 variety. The commercial varieties EV8728 and Kabamanoj, which were not irradiated, were used as control treatments.

 2.3 Experimental Design

The experimental design (Figure 1) adopted was a randomized complete block design (Fisher design). Three blocks, spaced 2 m apart, were used to establish the trial. Each block consisted of 30 rows, each 9.2 m in length and spaced 0.8 m apart. Three rows within each block were assigned to each line. Each row contained 24 planting hills spaced 0.4 m apart.
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Figure 1. Experimental Design


2.4 Sowing and Management of the Experimental Plot

Sowing was carried out by placing three seeds per planting hill. Two weeks after sowing, thinning was performed to retain only two plants per hill. Water supply was ensured through a drip irrigation system at a frequency of every 48 hours, except in the event of rainfall. Manual weeding was conducted at regular intervals to maintain the plot and its surroundings free of weeds, thereby reducing competition between weeds and maize plants.

2.5 Collection of Agromorphological Data

Data were collected from 15 plants per row, corresponding to 45 plants per line and per block. In total, 135 plants per line were considered for data collection. Twelve phenotypic descriptors were measured according to plant developmental stages. Phenological parameters included days to anthesis (DA) and days to silking (DS). Growth and development descriptors included stem base diameter (SBD), ear height (EH), plant height (PH), and number of leaves per plant (NL). Yield-related parameters included ear length (EL), ear weight (EW), ear diameter (ED), 100-grain weight (GW100), number of grains per ear (NGE), and grain yield (GY).

2.6 Statistical Analysis

The degree of variability among the lines was assessed using Microsoft Excel 2016, following the method described by Kouadio et al. (2025). According to these authors, lines with an average coefficient of variation lower than 20 exhibit low dispersion for the traits considered and are therefore regarded as homogeneous. R software (version 3.5.0) was used to perform, on the one hand, an analysis of variance (ANOVA), followed by the Student–Newman–Keuls (SNK) test at the 5% significance level to classify the means of the studied parameters. On the other hand, a principal component analysis (PCA) was conducted to explore the structure of variability, and a hierarchical cluster analysis (HCA) based on Euclidean distance was performed to group the lines according to their phenotypic similarities.

3. RESULTS AND DISCUSSION

3.1 Assessment of Variability Within Lines

The average coefficients of variation for all studied parameters are presented in Table 1. The analysis of this table shows that all values were below 15%, ranging from 5.22 to 14.78%. An overview of the phenotypic homogeneity observed among the studied lines is illustrated in Figure 2. These results indicate a high level of phenotypic uniformity across all lines. The lines derived from gamma-irradiated seeds and subjected to six successive generations of selfing exhibited the expected level of homogeneity, which can be explained by genetic principles. According to Alam et al. (2024), each cycle of self-fertilization reduces the residual level of heterozygosity by half, such that after six generations (F6), nearly all loci are fixed in a homozygous state. Although irradiation may have induced random mutations in the genome, these mutations whether dominant or recessive were progressively fixed or eliminated through successive selfing generations. Consequently, plants selected at each generation transmit a largely stabilized genome to their progeny, explaining the phenotypic uniformity observed within the lines. These findings are consistent with studies conducted on other cereal species. In rice, Andrew-Peter-Leon et al. (2021) demonstrated that gamma-irradiated lines reach a stage of homogeneity from the sixth mutation generation (M6). Similarly, Srikanth et al. (2026) reported that gamma-induced mutagenesis in wheat allows the fixation of agronomically important mutations after several generations of selfing, leading to stable lines suitable for breeding programs.



Table 1. Mean Values of the Coefficient of Variation in the Studied Lines
	LINES
	SDB
	EH
	PH
	EW
	EL
	ED
	GW100
	Yd
	DA
	DS
	NL
	MCV

	T02
	10.66
	6.97
	3.25
	8.90
	7.27
	3.42
	1.75
	4.12
	0.91
	1.48
	6.41
	5.22

	L22
	12.11
	9.41
	6.19
	7.64
	3.77
	6.93
	9.93
	14.28
	2.70
	3.52
	4.69
	7.12

	L29
	10.21
	7.27
	8.31
	11.11
	2.20
	5.27
	5.82
	17.14
	4.47
	3.39
	4.99
	7.61

	L25
	12.76
	14.93
	8.38
	18.61
	2.58
	3.96
	2.52
	13.80
	3.68
	4.29
	5.24
	8.53

	L33
	10.82
	16.40
	7.87
	5.80
	5.83
	3.44
	19.04
	14.44
	4.13
	5.75
	7.14
	9.28

	L26
	10.63
	19.05
	9.07
	5.46
	9.35
	6.76
	5.18
	13.46
	5.72
	6.08
	5.91
	9.49

	T01
	13.09
	15.45
	22.68
	5.83
	17.91
	6.39
	18.37
	13.16
	2.26
	2.14
	4.84
	11.38

	L30
	23.93
	26.13
	18.58
	10.56
	6.80
	29.30
	7.65
	3.16
	2.99
	2.05
	3.72
	11.74

	L27
	13.47
	20.70
	10.74
	19.90
	3.85
	8.79
	3.74
	26.89
	4.65
	4.05
	5.75
	12.15

	L37
	14.14
	33.56
	8.98
	38.20
	12.38
	5.99
	5.14
	23.15
	3.18
	3.03
	4.69
	14.78


SDB: Stem diameter at base; EH: Ear height; PH: Plant height; EW: Ear weight; EL: Ear length; ED: Ear diameter; GW100: 100-grain weight; Yd: Yield; DA: Days to anthesis; DS: Days to silking; NL: Number of leaves; MCV: Mean coefficient of variation.
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Figure 2. Illustration of phenotypic homogeneity among the studied maize lines
A vegetative uniformity; (B) ear uniformity
3.2 Evaluation of Diversity Among Lines




Table 2 presents the mean values of agro-morphological parameters according to the studied lines. The analysis of this table revealed a highly significant effect of genotype (p-value < 0.001) on the traits considered. The control T01 (EV8728) recorded the shortest male and female flowering times, with respective values of 51.30 and 50.50 days. Among the lines, L30 was the earliest, exhibiting the shortest male (58.00 days) and female (55.43 days) flowering times. In contrast, line L37 was the latest, with male and female flowering times of 64.91 and 63.89 days, respectively. This observed variability is, according to Siddiqui et al. (2020), typical of populations derived from mutagenesis, where irradiation induces random genomic modifications that may affect genes controlling the vegetative cycle. Furthermore, the lateness observed in some lines may be attributed to disruptions in hormonal pathways or in the regulation of genes involved in floral transition, particularly those associated with photoperiod sensitivity and vegetative development (Xu et al., 2021). Regarding stem collar diameter, line L37 exhibited the lowest value (14.98 mm), whereas the highest values were recorded in lines L22 and L33, with 18.07 mm and 18.37 mm, respectively. Although these values were the highest among the lines, they remained lower than those of the two controls, T01 (23.06 mm) and T02 (43.97 mm). This reduction in diameter may reflect a negative effect of irradiation on vegetative vigor. Indeed, several studies have shown that ionizing radiation can impair cell division and tissue elongation, leading to reduced structural development in plants (Kumar et al., 2020). In terms of plant height, the shortest plants (110.07 cm) were observed in line L37, whereas line L26 produced the tallest plants (188.40 cm). Moreover, the height recorded for line L26 was statistically similar to those of the controls T01 (197.10 cm) and T02 (199.60 cm). Concerning ear insertion height, lines L37 and L27 exhibited the lowest insertion heights, with 54.33 cm and 54.71 cm, respectively, while lines L26 (79.67 cm) and L29 (85.88 cm) showed higher insertion points. However, ear insertion heights in the controls T01 (98.30 cm) and T02 (120.80 cm) were higher than those observed in all the lines. The variability observed in plant height indicates that mutagenesis induces modifications in vegetative development that can affect vertical growth. The reduced plant height observed in some lines may be linked to alterations in cell division and elongation processes, often regulated by hormones such as gibberellins (Kumar et al., 2020). Conversely, lines with heights comparable to the controls, such as L26, suggest that some mutants retain a high growth potential. This is particularly valuable in breeding programs, as plant height is closely associated with yield and biomass (Badu-Apraku et al., 2021). However, excessively tall plants may be prone to lodging, requiring a balance between vigor and structural stability. Additionally, the relatively low ear insertion height observed across all studied lines is considered a favorable trait. According to Ishfaq et al. (2025) and Wang et al. (2025), lower ear placement reduces lodging risk and improves plant stability. Since ear weight is a direct component of yield, the high values observed in certain lines indicate a strong grain-filling capacity. This suggests that mutagenesis has enabled the development of genotypes capable of maintaining performance levels close to those of improved controls (Bocianowski et al., 2024). Regarding the 100-grain weight (GW100), line L37 recorded the lowest value (13.04 g), whereas the highest 100-grain weight (31.41 g) was obtained from line L29. This value was higher than that of control T01 (24.45 g) and similar to that of control T02 (31.75 g). The 100-grain weight varied considerably among the lines, with the highest value observed in line L29, exceeding that of T01. This parameter is a key indicator of individual grain weight and reflects the efficiency of grain filling. The high performance of line L29 suggests an effective mobilization of assimilates toward the grains, which constitutes a favorable trait for yield improvement (Siddiqui et al., 2020). Among all the studied lines, only line L29 recorded the highest yield (3.03 t/ha). This yield was comparable to that of control T01 (3.45 t/ha). This similarity can be explained by the fact that mutagenesis had no significant effect on the different yield components (Hossain et al., 2023).

Table 2. Mean values of agromorphological parameters according to the studied lines
	LINES
	DA
	DS
	SDB
	EH
	PH
	EL
	ED
	NL
	EW
	GW100
	Yd

	L22
	61.76 ±1.6e
	60.78 ±2.1d
	18.07 ±2.1b
	72.80 ±6.8bc
	159.40 ±9.8d
	15.33 ±0.5d
	39.92 ±2.7bc
	18.00 ±0.8 b
	67.65 ±5.1b
	23.72 ±2.3c
	2.17 ±0.3c

	L25
	64.57 ±2.3g
	65.64 ±2.8e
	15.98 ±2.0ab
	66.47 ±9.9b
	162.93 ±13.6cd
	19.86 ±0.5e
	45.51 ±1.8c
	19.62 ±1.0cd
	59.2 ±11.0b
	19.77 ±0.4bc
	0.99 ±0.1b

	L26
	60.08 ±3.4d
	59.54 ±3.6d
	16.28 ±1.7ab
	79.67 ±15.1c
	188.40 ±17.0f
	16.33 ±1.5cd
	47.83 ±3.2c
	19.58 ±1.1cd
	119.9 ±6.5c
	22.71 ±1.1c
	2.76 ±0.3d

	L27
	58.71 ±2.7d
	59.43 ±2.4d
	15.96 ±2.1ab
	54.71 ±11.3a
	138.29 ±14.8b
	13.00 ±0.5b
	32.05 ±2.8a
	19.38 ±1.1d
	70.3 ±13.9b
	20.30 ±0.7bc
	1.55 ±0.4b

	L29
	57.57 ±2.5c
	55.71 ±1.8c
	17.95 ±1.8ab
	85.88 ±6.2c
	178.25 ±14.8e
	14.63 ±0.3c
	36.52 ±1.9b
	20.26 ±1.0d
	122.3±13.5c
	31.41 ±1.8d
	3.03 ±0.5e

	L30
	58 ±1.7c
	55.43 ±1.1c
	15.57 ±3.7ab
	72.86 ±19bc
	160 ±29.7cd
	15.50 ±1cd
	33.68 ±9.8a
	21.41 ±0.7e
	100.5±10.6c
	24.8 ±1.8c
	2.34 ±0.0c

	L33
	62.36 ±2.5f
	60.47 ±3.4d
	18.37 ±1.9b
	70.60 ±11.5b
	151.53 ±11.9c
	15.93 ±0.9cd
	40.66 ±1.3bc
	17.40 ±1.2a
	59.49 ±3.4b
	16.74 ±3.1b
	1.28 ±0.1ab

	L37
	64.91 ±2.0g
	63.89 ±1.9e
	14.98 ±2.1a
	54.33 ±18.2a
	110.07 ±9.8a
	10.16 ±1.2a
	31.53 ±1.8a
	19.53 ±0.9cd
	35.9 ±13.7a
	13.04 ±0.6a
	0.75 ±0.1a

	T01
	51.30 ±1.1a
	50.50 ±1.0a
	23.06 ±3.0c
	120.80 ±18.6e
	197.10 ±44.7f
	18.16 ±3.2de
	45.72 ±2.9c
	18.27 ±0.8b
	123.8 ±7.2c
	24.45 ±4.4c
	3.45 ±0.4e

	T02
	53.30 ±0.4b
	53.20 ±0.7b
	43.97 ±4.6d
	98.30 ±6.8d
	199.60 ±6.4f
	18.46 ±1.3de
	49.05 ±1.6c
	19.07 ±1.2c
	187.8 ±6.7d
	31.75 ±0.5d
	4.38 ±0.1f

	F
	61.9
	48.43
	123,03
	26,90
	28,58
	12,26
	8,89
	22,06
	49,97
	22,48
	40,10

	P
	0
	0
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00


DA: Days to anthesis; DS: Days to silking; SDB: Stem diameter at base; EH: Ear height; PH: Plant height; EL: Ear length; ED: Ear diameter; NL: Number of leaves; EW: Ear weight; GW100: 100-grain weight; Yd: Yield; F: Fisher test statistic; P: Probability associated with one-way ANOVA. Means followed by different letters are significantly different according to the Student–Newman–Keuls test at 5 %.



	





3.3 Correlation Analysis and Data Factorability Tests

The Pearson correlation matrix of the different traits studied is presented in Table 3. Significant correlations (|r| > 0.70) were observed between several pairs of parameters. The most pronounced correlations were found between ear weight and yield, as well as between male and female flowering (r = 0.97).

Table 3. Correlation matrix among the measured variables

	
	SDB
	EH
	PH
	EW
	EL
	ED
	GW100
	Yd
	DA
	DS
	NL

	SDB
	-
	
	
	
	
	
	
	
	
	
	

	EH
	0.57
	-
	
	
	
	
	
	
	
	
	

	PH
	0.58
	0.86
	-
	
	
	
	
	
	
	
	

	EW
	0.79
	0.75
	0.86
	-
	
	
	
	
	
	
	

	EL
	0.44
	0.59
	0.78
	0.49
	-
	
	
	
	
	
	

	ED
	0.56
	0.64
	0.80
	0.58
	0.84
	-
	
	
	
	
	

	GW100
	0.59
	0.64
	0.79
	0.87
	0.44
	0.37
	-
	
	
	
	

	Yd
	0.75
	0.83
	0.87
	0.97
	0.45
	0.54
	0.88
	-
	
	
	

	DA
	-0.62
	-0.84
	-0.73
	-0.82
	-0.36
	-0.33
	-0.72
	-0.88
	-
	
	

	DS
	-0.55
	-0.83
	-0.69
	-0.80
	-0.28
	-0.25
	-0.71
	-0.87
	0.97
	-
	

	NL
	-0.20
	-0.20
	-0.05
	0.15
	-0.16
	-0.35
	0.26
	0.04
	-0.01
	-0.05
	-


SDB: Stem diameter at base; EH: Ear height; PH: Plant height; EW: Ear weight; EL: Ear length; ED: Ear diameter; GW100: 100-grain weight; Yd: Yield; DA: Days to anthesis; DS: Days to silking; NL: Number of leaves. Bold values indicate the most significant correlations.

3.4 Structuring of Inter-Line Diversity

3.4.1 Selection of Principal Axes

Table 4 presents the eigenvalues and the percentage of variance explained by each axis of the principal component analysis (PCA). In total, two axes were sufficient to represent the genetic diversity within the studied line population. According to the Kaiser criterion (Kaiser, 1974), only axes with eigenvalues greater than 1 should be retained for interpretation. Accordingly, the two axes with eigenvalues greater than 1 were selected to describe the overall variability among the eight studied varieties. These axes account for 80.75 % of the total variance, with 65.20 % explained by the first axis and 15.54 % by the second axis. Examination of the variable loadings reported in this table reveals the relationships between variables and axes. The first axis, which is the principal axis, is positively associated with all parameters, whereas the number of leaves is negatively correlated with axis 2. Male and female flowering times are negatively correlated with axis 1.

















Table 4. Contributions of variables to the formation of PCA axes
	Principal components
	PC1
	PC2

	SDB
	0,762
	0,102

	EH
	0,900
	0,097

	PH
	0,939
	0,174

	EW
	0,947
	-1,77

	EL
	0,648
	0,557

	ED
	0,681
	0,670

	GW100
	0,841
	-0,312

	Yd
	0,963
	-0,185

	DA
	-0,879
	0,289

	DS
	-0,842
	0,373

	NL
	-0,044
	-0,717

	Eigenvalues
	7,173
	1,710

	Explained variance (%)
	65,207
	15,548

	Cumulative variance (%)
	65,207
	80,755


SDB: Stem diameter at base; EH: Ear height; PH: Plant height; EW: Ear weight; EL: Ear length; ED: Ear diameter; GW100: 100-grain weight; Yd: Yield; DA: Days to anthesis; DS: Days to silking; NL: Number of leaves; PC: Principal component.

3.4.2 Projection of Variables onto the Correlation Circle

The projection of variables onto the correlation circle is presented in Figure 3. The projection of variables in the factorial plane (Figure 3) revealed that most of them are well represented. Indeed, the variables Yield, Plant height, Ear weight, Ear height, Days to anthesis, Days to silking, Ear length, Ear diameter, and 100-grain weight exhibit strong discriminating power, as their representative vectors are close to the circle radius, with the exception of Stem diameter at base and Number of leaves. Furthermore, the degree of association among the different variables, represented by the geometric angles between these vectors, is relatively low. This observation confirms the correlations previously identified in the correlation matrix. The principal component analysis highlighted a clear structuring of the studied traits, consistent with the experimental results obtained. The principal axis (Dim 1) is strongly associated with growth and yield-related traits, particularly plant height, ear height, 100-grain weight, and grain yield, all of which show high positive correlations. This relationship highlights the importance of vegetative vigor in determining agronomic performance, as observed in our results where the most vigorous lines exhibited the highest yields. Recent studies have demonstrated that growth parameters, especially biomass and plant architecture, are strongly correlated with maize yield (Badu-Apraku et al., 2021; Menkir et al., 2022). In contrast, phenological traits, particularly days to anthesis and days to silking, are negatively correlated with yield-related variables, suggesting that late-maturing lines exhibit lower agronomic performance under the conditions of our study. This result is consistent with several recent studies indicating that the synchronization of phenological stages, especially flowering, plays a crucial role in yield determination, particularly under environmental stress conditions (Cairns et al., 2020; Messina et al., 2021). Furthermore, certain traits such as the number of leaves show weak correlations with yield components, suggesting that their contribution is indirect and depends on their interaction with other physiological traits, such as photosynthetic efficiency or assimilate allocation (Zhang et al., 2022).
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Figure 3. Projection of variables onto the correlation circle (axes 1 and 2)

3.4.3 Projection of Individuals and Hierarchical Classification of Lines
The observation of the distribution of individuals in the factorial plane of Figure 4 reveals four main groups. Group 1 (black) consists of lines L37 and L27; Group 2 (red) includes lines L33, L25, L22, and L26; Group 3 (green) comprises lines L30 and L29; and Group 4 (blue) corresponds to the controls T01 and T02. This structuring enabled the clear identification of lines exhibiting superior performance. In particular, genotypes located close to the controls T01 and T02, especially those in Group 2 (L25, L33, L22, and L26), appear as elite candidate lines, characterized by a positive association with growth traits and yield components. This result is consistent with the findings of Badu-Apraku et al. (2021), who emphasized the importance of identifying high-performing genotypes for breeding programs in sub-Saharan Africa. In contrast, lines from Group 1 (L27 and L37), associated with phenological traits (DA and DS), exhibit longer growth cycles and lower agronomic performance. This differentiation confirms the decisive role of earliness in yield expression, particularly under tropical conditions (Cairns et al., 2020). Furthermore, the distribution of lines across the different quadrants of the factorial plane highlights substantial genetic variability, likely resulting from the effect of irradiation. Indeed, mutagenesis is known to induce phenotypic modifications and increase the genetic diversity exploitable in plant breeding programs (Rasmussen et al., 2024; Abiodun et al., 2025). The presence of distinct groups of lines with contrasting profiles confirms that the mutagenic treatment generated significant differentiation within the plant material. Thus, PCA not only enabled an effective discrimination of the lines but also facilitated the identification of promising genotypes and highlighted the extent of the induced variability, which constitutes a major asset for maize breeding programs. The dendrogram (Figure 5), derived from hierarchical cluster analysis (HCA) using Ward’s aggregation method, illustrates the grouping of the studied genotypes based on their similarity according to the measured traits. This dendrogram confirms the structuring of the lines into four distinct groups, in perfect agreement with the PCA results.
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Figure 5. Dendrogram of hierarchical classification of lines (Ward’s method)

Figure 4. Projection of lines onto the factorial plane (axes 1 and 2)




4. CONCLUSION

The objective of this study was to evaluate the intra- and inter-line genetic diversity of drought-tolerant maize using agromorphological descriptors. The results revealed a high level of phenotypic homogeneity within the studied lines, combined with significant variability between lines, both in morpho-phenological traits and yield-related parameters. The combined approach of principal component analysis (PCA) and hierarchical cluster analysis (HCA) enabled the structuring of this genetic diversity into four distinct groups, highlighting contrasting agronomic profiles. The observed variability suggests a significant effect of irradiation, confirming the relevance of mutagenesis as an effective tool for generating exploitable genetic diversity in plant breeding. The identified lines, exhibiting promising agronomic performance, therefore constitute valuable genetic resources that can be integrated into breeding programs aimed at developing maize varieties adapted to water-deficit conditions.
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