


Agro-Physiological Performance and Yield Evaluation of Maize Hybrid Genotypes Under Rain-Fed Sudano-Sahelian Conditions in Burkina Faso
Abstract
Maize (Zea mays L.) is crucial to food security in Burkina Faso. However, productivity remains constrained by low yields in some varieties. This study aimed to evaluate the agro-physiological performance of eight hybrid genotypes under rain-fed Sudano-Sahelian conditions. Eight (8) maize genotypes (E8, E19, E30, E32, E42, E45, E18 and E28) were evaluated using a randomized complete block design (RCBD) with three replicates. Significant variability was observed among genotypes for the number of leaves (P = 0.050), grain yield (P = 0.035) and biomass (P = 0.049). Genotypes E8, E30, E45 and E28 exhibited the highest grain yields. Genotype E32 showed the highest biomass production (4.44 ± 1.04 t/ha), indicating strong forage potential. Hierarchical ascending classification identified three distinct classes of hybrid genotypes. Analysis of variance shows that these classes differ significantly in certain traits, notably stem diameter at the collar, plant height and number of leaves. Class 2 genotypes (E8, E19, E30) showed the best performance, followed by class 3 (E32, E45, E18 and E28), whereas class 1 (E42) exhibited the lowest performance. These results highlight promising genotypes that could improve maize productivity under Sudano-Sahelian conditions. However, yields remain relatively low, indicating the need for breeding efforts. These results also provide useful insights for breeding programs and the selection of climate-resilient maize hybrids for Sudano-Sahelian environments
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Introduction
The agricultural sector is a key driver of socio-economic development in West Africa, particularly in Burkina Faso (Dia et al., 2022; INSD, 2023).  The agricultural sector employs around 63.3% of the working population (SP-CPSA, 2024) and accounts for 60.45% of the income of agricultural households in Burkina Faso (INSD, 2023). Globally, maize, wheat and rice are among the most widely produced staple crops, which together account for nearly half of total production (FAO, 2025). According to the FAO (2025), maize is one of the most widely produced crops globally, after sugarcane, with a yield of around 1.2 billion tonnes, representing nearly 13% of global primary crop production. This importance is largely due to the versatility of maize, which is used for both human and animal consumption, as well as for the production of biofuels and various industrial applications (starch, syrups and other processed products) (FAO, 2025; Kaur et al., 2025). In Burkina Faso, agricultural production remains largely dominated by cereals, which account for approximately 71% to 75% of total agricultural output (Assogba et al., 2023). Among these cereals, maize is widely consumed, with 98% of households using it (Shiratori et al., 2023). Indeed, maize cultivation ranks second among cereal crops in Burkina Faso (IPCC, 2022; Sanogo, 2024). Consequently, over the last decade, maize production has risen sharply, driven by urbanisation, increased demand for animal feed and processing activities (Badiane et al., 2023). 
However, this growth is based primarily on the expansion of cultivated land, rather than any significant improvement in productivity, particularly through the use of high-yielding varieties (Amal Fadl Abdelkader, 2012; Djoumessi, 2022; Epule, Chehbouni and Dhiba, 2022). Limited access to modern agricultural technologies, particularly to improved high-yielding seed varieties, constitutes a major obstacle to the sustainable intensification of production (Ratnadass, 2020; Epule, Chehbouni and Dhiba, 2022; Li et al., 2024). Added to this are the combined effects of climate variability and soil degradation, which contribute to persistently low yield levels (Sithole et al., 2023)
In this context, the sustainable improvement of maize production remains a challenge for agricultural systems in Burkina Faso. Efforts have been made by introducing hybrid genotypes, notably those developed by the International Maize and Wheat Improvement Center (CIMMYT). However, their agrophysiological performance remains insufficiently documented under the country’s Sudano-Sahelian conditions. 
Thus, this study aimed to evaluate the agrophysiological performance of eight hybrid genotypes under Sudano-Sahelian conditions. More specifically, the aim is to compare their agronomic performance and identify the most productive hybrids.
Materials and Methods
Experimental site
The experiment was conducted at the Gampéla station, located in the rural commune of Saaba, approximately 18 km east of Ouagadougou. The area is characterised by wooded savannahs and low-fertility silty-sandy soils (Nana et al., 2023). The climate is of the Sudano-Sahelian type, with a rainy season from June to October and a long dry season from November to May (Nana et al., 2023). In 2025, rainfall reached approximately 984 mm, concentrated between July and September with a peak in August. The average annual temperature is around 27 °C, with maximum temperatures exceeding 40 °C in March and April.
Plant material
The plant material used consisted of eight maize hybrid genotypes sourced from the International Maize and Wheat Improvement Centre (CIMMYT) in Kenya (Table 1).
Table 1 :  Characteristics of the maize hybrids used
	Genotype name    
	Genotype code
	Seed colour    
	Origin 

	CKH210059	                              
	 E8                                      
	White
	CIMMYT/ Kenya

	CKH210131                                                           
	 E18
	White
	

	CKH210 	                                                        
	 E30
	White
	

	CKH210157                                           
	 E19
	White
	

	CKH210278
	 E42 
	White
	

	CKH210208  
	 E32
	White
	

	CKH210298 
	 E45 
	White
	

	CKH210196
	 E28
	White
	


Experimental design
The experimental design used was a randomized complete block design (RCBD) with three replicates and a single factor under study. Each replicate consisted of 8 genotypes. Each genotype was sown in a plot comprising a 3 m row. Sowing was carried out at a rate of two seeds per hole, spaced 0.75 m × 0.25 m apart. After thinning, a single plant was retained per hole to assess its true potential better. Each row comprised 10 plants per plot, corresponding to a density of 44,444 plants/ha. 1 m wide aisles were established between the blocks to facilitate various cultivation operations. 
Conduct of the trial
The trial was conducted during the 2025 rainy season. After ploughing, stakes were driven into the ground to mark out the test plots. Organic manure was then applied on 22 July 2025 at a rate of 2.5 tonnes per hectare (i.e. 4.5 kg per plot). Sowing took place on 3 August 2025 at a rate of two (2) seeds per hole, followed by thinning on the 14th day. NPK (14-23-14) was applied on the 15th day after sowing at a rate of 150 kg/ha, equivalent to 270 g per plot. Urea (46%) was applied at a rate of 100 kg/ha (180 g per block), followed by ridging on the 40th day after sowing. Plant protection treatments were carried out on the 37th day after sowing to control the armyworm.
Data collection
Observations focused on parameters relating to the development cycle, growth and yield. For growth parameters, data were collected from five plants selected at random using the method described by Dojamo et al.(2022) from the 21st DAS until male flowering. Plant height (PH) was measured using a tape measure. The total number of leaves (NL) was determined by counting the leaves on the selected plants. Collar diameter (CD) was measured using a vernier calliper.
The growth cycle parameters included the number of days required to reach 50% male flowering (MF), i.e. the time elapsed between sowing and the flowering of male spikelets in half of the plants. The number of days to 50% female flowering (FF) corresponded to the appearance of silks on half of the plants, thus marking the start of ear flowering.
The yield parameters measured were: the number of ears per plant (NEP), which was determined by counting. The length (LONEP), width (LAREP) and diameter of the ears (DE) were measured using a tape measure and a calliper, respectively.
The dry above-ground biomass yield (RBS), expressed in t/ha, was calculated using the method described by Ayele et al. (2022) following the harvesting of the ears, using the following formula :
 RBS (t/ha) =  × 10,000                             (1)
The grain yield (GY), expressed in tonnes per hectare (t/ha), corresponds to the quantity of grain harvested per unit area; it was estimated using the method described by Daemo et al., (2024):
GY (t/ha)  × 10,000                                                            (2) 
 Grain yield was adjusted to a standard moisture content of 14 %.
Data processing and analysis 
The data collected were entered and processed using Microsoft Excel 2019. This spreadsheet was also used for various calculations. The data were then subjected to an analysis of variance (ANOVA) using R software version 4.5.1, as well as a comparison of means using the Student-Newman-Keuls (SNK) post-hoc test at the 5% significance level. A correlation matrix was constructed to investigate the relationships between the parameters. These variables were used for Hierarchical Ascending Classification (HAC) using Ward’s aggregation method and Euclidean distance. 
Results 
Performance of growth parameters by genotype
Plant height ranged from 157.87 ± 15.1 cm to 194.87 ± 27.64 cm across the genotypes. Regarding stem diameter at the collar and number of leaves, these varied from 19.90 ± 3.11 mm to 27.67 ± 4.53 mm, and from 10.08 ± 0.94 to 12.00 ± 0.25 leaves, respectively. Furthermore, the analysis of variance revealed a significant difference (P = 0.050) between genotypes for the number of leaves (Table 2). Thus, plants of genotype E30 had the highest number of leaves, namely 12.00 ± 0.25, whilst those of genotype E42 had the lowest number of leaves, namely 10.08 ± 0.94 (Table 2). In contrast, no significant difference was observed between genotypes for plant height and stem diameter at the collar (Table 2). 
Table 2. Growth parameters of maize hybrid genotypes
	Genotype code
	PH (cm)
	CD (mm)
	NL

	E8
	194.87 ± 27.64a
	25.01 ± 2.03a
	11.16 ± 0.38ab

	E18
	181.45 ± 27.64a
	26.31 ± 4.55a
	11.08 ± 0.38ab

	E30
	192.12 ± 3.25a
	26.76 ± 2.40a
	12.00 ± 0.25a

	E19
	194.62 ± 9.76a
	27.34 ± 2.31a
	11.66 ± 0.52ab

	E42
	157.87 ± 15.11a
	19.90 ± 3.11a
	10.08 ± 0.94b

	E32
	183.25 ± 12.67a
	27.67 ± 4.53a
	11.58 ± 1.15ab

	E45
	184.41 ± 8.86a
	23.31 ± 0.13a
	11.16 ± 0.62ab

	E28
	181.25 ± 16.75a
	25.31 ± 4.14a
	10.66 ± 0.38ab

	P-Value
	0.105
	0.172
	0.050


                PH: plant height (cm); CD: collar diameter (mm); NL: number of leaves
Performance of the cycle for the genotypes studied
The time to 50% male flowering ranged from 53.33 ± 1.15 days to 54.66 ± 0.57 days, depending on the genotype (Table 3). As for the cycle to 50% female flowering, it ranged from 55.33 ± 0.57 days to 58.00 ± 2.00 days (Table 3). However, the analysis of variance did not reveal any significant difference between the genotypes studied in terms of male flowering (P = 0.639) or female flowering (P = 0.260) (Table 3).
Table 3. Days to 50% male and female flowering of maize hybrid genotypes
	Genotype 
	MF
	FF

	E8
	53.33 ± 1.15a
	57.66 ± 2.30a

	E18
	54.66 ± 0.57a
	57.00 ± 0.57a

	E30
	53.66 ± 1.00a
	55.00 ± 2.30a

	E19
	54.33 ± 1.15a
	56.33 ± 0.00a

	E42
	54.00 ± 0.57a
	56.33 ± 1.73a

	E32
	54.33 ± 0.57a
	58.00 ± 2.00a

	E45
	54.33 ± 1.15a
	55.33 ± 0.57a

	E28
	53.33 ± 1.15a
	55.33 ± 1.15a

	P-Value
	0.639
	0.260


Performance of yield parameters by genotype
Grain yield and dry biomass yield ranged from 1.12 ± 1.08 t/ha to 2.79 ± 0.51 t/ha and from 2.12 ± 1.42 t/ha to 4.44 ± 1.04 t/ha, respectively, depending on the genotype (Table 4). Indeed, genotypes E8, E30, E45 and E28 achieved the highest grain yields, with averages ranging from 2.03 ± 0.69 t/ha to 2.79 ± 0.51 t/ha (Table 4). In contrast, genotype E42 had the lowest grain yield, at 1.12 ± 1.08 t/ha (Table 4). The biomass yield of genotype E32 was the highest, at 4.44 ± 1.04 t/ha, whilst that of genotype E42 was low (Table 4). Furthermore, analysis of variance revealed a significant difference between genotypes for grain yield (P = 0.035) and biomass yield (P = 0.049) (Table 4).
The length and width of the ears varied across genotypes from 13.33 ± 1.21 cm to 16.27 ± 2.86 cm and from 3.66 ± 0.26 cm to 4.25 ± 0.33 cm, respectively (Table 4). As for ear diameter, this varied between 37.73 ± 2.09 mm and 40.74 ± 1.90 mm depending on the genotypes (Table 4). However, the analysis of variance did not reveal any significant differences between the genotypes studied for ear length (P = 0.435), ear width (P = 0.184) and ear diameter (P = 0.417) (Table 4). 
Table 4. Yield parameters of maize hybrid genotypes
	Genotype
	GY (t/ha)
	RBS (t/ha)
	LONEP (cm)
	LAREP (cm)
	DE (mm)

	E8
	2.79 ± 0.50a
	2.66 ± 1.52c
	16.27 ± 2.86a
	3.74 ± 0.26a
	37.73 ± 2.09a

	E18
	1.12 ± 1.08b
	3.73 ± 2.04b
	15.25 ± 1.47a
	3.66 ± 0.26a
	38.32 ± 2.44a

	E30
	2.03 ± 0.69a
	2.66 ± 1.27c
	15.24 ± 2.50a
	3.90 ± 0.08a
	40.60 ± 1.30a

	E19
	1.40 ± 1.10b
	3.02 ± 0.92b
	14.24 ± 1.06a
	3.88 ± 0.01a
	39.48 ± 0.62a

	E42
	1.19 ± 0.73b
	2.12 ± 1.42c
	13.33 ± 1.21a
	3.97 ± 0.32a
	38.12 ± 2.68a

	E32
	1.58 ± 0.93b
	4.44 ± 1.04a
	14.33 ± 0.73a
	4.08 ± 0.07a
	40.74 ± 1.90a

	E45
	2.45 ± 1.25a
	3.55 ± 0.53b
	15.16 ± 1.31a
	4.25 ± 0.33a
	42.04 ± 2.85a

	E28
	2.24 ± 1.15a
	2.84 ± 0.62c
	14.04 ± 1.62a
	3.83 ± 0.19a
	39.85 ± 2.95a

	P-Value
	0.035
	0.049
	0.435
	0.184
	0.417


LONEP : length of ears ; LAREP : width of ears ; DE : diameter of ears ; RBS : dry above-ground biomass yield ; GY : grain yield
Correlations between the measured parameters
The Pearson correlation matrix revealed significant correlations between the measured parameters (Fig. 1). Indeed, plant height (PH) is positively correlated with collar diameter (CD) (r = 0.72) and number of leaves (NL) (r = 0.70), with ear length (LONEP) (r = 0.73), ear diameter (DE) (r = 0.46) and grain yield (GY) (r = 0.54) (Fig. 1). Grain yield is positively correlated with ear diameter (DE) (r = 0.53), ear length (LONEP) (r = 0.58) and plant height (r = 0.54) (Fig. 1). As for biomass yield, it is positively correlated with plant collar diameter (CD) (r = 0.42) (Fig. 1). However, the 50% female flowering stage is negatively correlated with ear width (LAREP) (r = -0.29) and ear diameter (DE) (r = -0.28) (Fig.1)
[image: ]
Fig. 1. Pearson correlation matrix among measured traits
PH : plant height ; CD : collar diameter, NL: number of leaves, MF : cycle 50% male flowering , FF : cycle to 50% female flowering, NEP : number of ears per plant ; LONEP : length of ears ; LAREP : width of ears ; DE : diameter of ears ; RBS : dry above-ground biomass yield ; GY : grain yield
Performance of genotypes according to hierarchical ascending classification (HAC)
HAC identified three (3) distinct classes, reflecting differences in growth and production strategies among the genotypes (Fig.2). The ANOVA results show that the classes have a significant influence on certain growth parameters, in particular stem diameter at the collar (P = 0.008) ; plant height (P = 0.001) and number of leaves (P = 0.008) (Table 5). Genotypes belonging to class 2 (E8, E19 and E30) performed best, followed by those in class 3 (E32, E45, E18 and E28), whilst those in class 1 (E42) performed the worst. However, no significant differences were observed for the other parameters studied (Table 5).
[image: ]
Fig. 2. Classification of hybrids by class based on the HAC
Table 5. Characteristics of the classes resulting from hierarchical ascending classification 
	Parameters
	Class 1
	Class 2
	Class 3
	P-value

	MF (days)
	54.00 ± 1.00a
	53.89 ± 1.05a
	54.17 ± 0.83a
	0.79

	FF (days)
	56.33 ± 1.15a
	56.33 ± 2.00a
	56.42 ± 1.68a
	0.99

	CD (mm)
	19.90 ± 3.11b
	26.37 ± 2.22a
	26.23 ± 3.39a
	0.008

	PH (cm)
	157.88 ± 15.12b
	193.88 ± 5.80a
	182.59 ± 15.28a
	0.001

	NL
	10.08 ± 0.95b
	11.61 ± 0.50a
	11.13 ± 0.69ab
	0.008

	LONEP (cm)
	14.70 ± 1.88a
	15.25 ± 1.46a
	13.33 ± 1.06a
	0.24

	LAREP (cm)
	3.98 ± 0.33a
	3.84 ± 0.16a
	3.96 ± 0.31a
	0.56

	DE (mm)
	38.12 ± 2.68a
	39.28 ± 1.79a
	40.24 ± 2.61a
	0.34

	NEP
	1.67 ± 0.58a
	2.00 ± 0.00a
	1.75 ± 0.45a
	0.24

	RBS (t/ha)
	2.13 ± 1.42a
	2.78 ± 1.11a
	3.64 ± 1.20a
	0.34

	GY (t/ha)
	1.19 ± 0.74a
	2.08 ± 0.93a
	1.85 ± 1.10a
	0.11


Discussion
The analysis of the agrophysiological performance of maize hybrids revealed variability between genotypes, although this was more pronounced for some traits than for others. Indeed, with the exception of the number of leaves, the growth parameters (plant height and collar diameter) showed no significant differences between genotypes. These results reflect a certain degree of homogeneity among the genotypes for these traits. Similarly, no significant differences were observed for parameters related to the growth cycle, or for the length, width and diameter of the ears. These results indicate that these variables do not actually allow the genotypes studied to be distinguished. This homogeneity could be explained by the genetic proximity of the genotypes (Tu et al., 2020; Oginyi et al., 2024) or by the influence of environmental conditions, which tend to standardise the expression of certain morphological traits (Challis et al., 2024).
In contrast, yield-related parameters, particularly grain and biomass yields, showed significant differences between genotypes. Indeed, E8, E30, E45 and E28 stood out for their higher yields, suggesting better adaptation to the rain-fed conditions of the Sudano-Sahelian zone. This may be explained by certain genotypes that make better use of available resources, such as water, nutrients and light, enabling them to produce more grain (Albahri et al., 2023). However, despite their hybrid status, these genotypes exhibit low grain yields, ranging from 2.03 ± 0.69 t/ha to 2.79 ± 0.5 t/ha. The relatively low yields observed could be explained by unfavourable environmental conditions, notably insufficient rainfall, soil fertility and high temperatures, which limit production under rain-fed conditions (Cooper et al., 2020; Rezende et al., 2020; Bal, Adak et Erdal, 2025). Indeed, the fact that these genotypes originate from Kenya and are being evaluated in Burkina Faso may explain their less-than-optimal adaptation to local conditions. The climate of Burkina Faso is characterised by high temperatures and low relative humidity, in contrast to that of Kenya, which has more moderate and humid climatic conditions (Wekesa, Ayuya and Lagat, 2018; Sawadogo et al., 2026). Thus, these unfavourable conditions may attenuate the expression of heterosis, thereby reducing the performance of the hybrid genotypes (Duarte-Aké et al., 2023). Furthermore, genotype E32 recorded the highest biomass yield (4.44 ± 1.04 t/ha), suggesting strong biomass potential. According to Meena et al. (2021), maize hybrids perform well because they exhibit greater photosynthetic efficiency, linked to higher chlorophyll content and a more efficient photosystem, which allows for optimal conversion of light into energy. Thus, this physiological superiority leads to significant sugar production and high genetic activity, explaining the rapid growth and superior biomass yield (Meena et al., 2021).
The correlation matrix showed that certain traits, such as plant height and the length and width of the ears, are strongly associated with grain yield. These results could be explained by the fact that taller plants have a larger photosynthetic surface area, thereby promoting the carbon nutrition required for grain formation and filling. However, the negative correlation observed between flowering and its dimensions, particularly length and diameter, indicates that late-maturing genotypes allocate more resources to vegetative growth, to the detriment of reproductive development (Guedes et al., 2025; Wingler and Soualiou, 2025).
Conclusion
The main objective of this study was to evaluate the agrophysiological performance of hybrid genotypes under rain-fed conditions in the Sudano-Sahelian region. The results revealed significant variability between genotypes in terms of leaf number, grain yield and biomass yield. Genotypes E8, E30, E45 and E28 exhibited the highest grain yields. Genotype E32 stood out for its high biomass production, indicating promising forage potential. Ascending hierarchical classification identified three classes of genotypes with different growth profiles. Analysis of variance shows that these classes significantly influence certain vegetative traits, notably collar diameter, plant height and number of leaves. Thus, the genotypes in class 2 (E8, E19, E30) proved to be the highest performers, followed by class 3 (E32, E45, E18 and E28), whilst class 1 (E42) showed the lowest performance. These results highlight promising genotypes capable of improving maize productivity under local climatic conditions. However, yields remain low, highlighting the need for continued selection and multi-environment and evaluation work. 
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