Preliminary On-Station Evaluation of Five Dual-Purpose Sorghum Genotypes in Niger as a Basis for Subsequent Farmer Field Testing


Abstract
Climate change is increasingly affecting agricultural production in Niger, where sorghum a key cereal crop for food and fodder security is still largely dominated by low-performing, long-cycle, photoperiod-sensitive local varieties. This study aimed to evaluate five dual-purpose sorghum genotypes (grain and fodder) under experimental station conditions. The trial, conducted in 2024 under rainfed conditions, followed a randomized complete block design with three replications. Results showed no significant differences among genotypes for vegetative traits such as number of leaves, leaf width, and plant height. However, significant differences were observed for key agronomic traits, including grain yield, vegetative biomass, and harvest index. The variety Soubatimi stood out with a high grain yield (2533.50 kg/ha) and a superior grain/fodder balance. DECO exhibited the highest thousand-grain weight (37.75 g) despite a moderate grain yield (676.89 kg/ha), while BKZ1 excelled in fodder production (4055.56 kg/ha). Principal component analysis revealed two main axes structuring the genotypes according to their performance profiles. These findings highlight the potential of dual-purpose sorghum, particularly Soubatimi, to enhance agricultural resilience. Further studies under farmers' field conditions and water stress scenarios are recommended to confirm these performances.	Comment by Dr.Hala: The term “grain/fodder balance” can be further explained scientifically to determine whether it is the ratio of grains to green mass or a specific index.
Keywords: Yield; Agro-morphological traits; Harvest Index; Genotypic variability; Niger 	Comment by Dr.Hala: -It is preferable to arrange the words alphabetically.	Comment by Dr.Hala: -This word keywords must be included in the abstract. This word is missing in the abstract.	Comment by Dr.Hala: -This word keywords must be included in the abstract. This word is missing in the abstract.










1. Introduction
In Niger, only 12% of the country’s total land area is suitable for agriculture (Himeno et al. 2009). The agricultural sector remains largely dominated by subsistence farming systems, based on low-market-value staple crops, mainly pearl millet (75%) and sorghum (21%) of the total national cereal production (Habou et al. 2016). These cereals are often intercropped with cowpea (Vigna unguiculata (L.) Walp.) or groundnut (Arachis hypogaea) (Karim et al. 2016). However, their productivity remains low due to recurring droughts, soil degradation, and high population pressure, which is growing at an annual rate of 3.8% (INS, 2014).	Comment by Dr.Hala: Italic
In this context, sorghum stands out as a strategic crop for the country’s semi-arid regions, owing to its notable drought tolerance (Yahaya et al. 2022). It plays a dual role: as a staple food source for rural households and as an emergency fodder resource for livestock during the dry season (Abroulaye et al. 2020). This versatility makes sorghum a key lever for improving both food and fodder security. However, its potential remains underexploited due to limited access to improved seed varieties (RECA, 2024).	Comment by Dr.Hala: Italic
Sorghum is cultivated on approximately 3.7 million hectares in Niger, with an annual production of around 1.9 million tons in 2019 (Diallo et al. 2021). Local varieties, which are predominantly photoperiod-sensitive, exhibit adaptive plasticity by modulating their growth cycle in response to day length: early-sown plants remain in the vegetative stage until the photoperiod becomes inductive for flowering (Vaksman et al. 1996). Although this mechanism enables synchronization with the end of the rainy season, it is often associated with excessive vegetative growth, low grain yield, and an unbalanced grain-to-stover ratio (Trrouche et al. 1998). 
In Niger, the development of dual-purpose sorghum varieties is essential to address the combined challenges of food and fodder security. However, before new genotypes can be widely promoted, it is necessary to carry out preliminary evaluations under research station conditions. Such trials provide a controlled environment to quantify baseline performance, identify promising candidates, and generate the reference data needed for the Design of subsequent on-farm participatory trials.
This study, therefore, represents the initial step in a broader selection process. Five dual-purpose sorghum genotypes, originating from the West African sub-Sahelian region, were evaluated for key agro-morphological and yield traits. The ultimate aim is to inform the choice of genotypes to be tested in multi-location and farmer-managed environments, thereby ensuring both agronomic suitability and adoption potential. The present study constitutes the first stage of a two-phase evaluation process aimed at identifying dual-purpose sorghum genotypes with the potential to enhance both grain and fodder production in Niger’s semi-arid conditions. This preliminary on-station assessment was conducted under controlled experimental conditions to:
1. Characterize the agro-morphological and yield performance of five dual-purpose sorghum genotypes;
2. Identify promising genotypes for subsequent participatory, multi-environment testing under farmers’ field conditions.
2. Materials and Methods
2.1 Experimental Site
The field experiment was conducted at the experimental station of the Faculty of Science and Technology, Abdou Moumouni University of Niamey, Niger (Fig. 1).
[image: ]
Fig. 1: Location of the experimental site.
The trial was conducted under rainfed conditions during the 2024 cropping season, which was characterized by abundant and regular rainfall across the country. The study area has a Sahelian climate, with high temperatures and a marked rainfall variability typical of semi-arid regions. Fig. 2 shows the monthly distribution of rainfall recorded in Niamey during the experimental period.	Comment by Dr.Hala: This statement may be scientifically exaggerated, as coastal rainfall is typically irregular, even in good years, and is characterised by spatial and temporal variability. It is best to document the actual rainfall (mm) from meteorological data for the experimental period.
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Fig. 2: Monthly rainfall distribution in Niamey during 2024.
2.2 Experimental Design and Crop Management	Comment by Dr.Hala: The ploughing depth (15 cm) is suitable for rainfed agriculture in semi-arid regions, but the soil type and its physical and chemical properties, which are essential for interpreting the results, are not mentioned.

The microdose method of fertilisation is well documented, but it is not mentioned whether nitrogen fertilisation is subsequently added or whether the basal fertilisation is sufficient.

The planting spacing (1 m x 1 m) is relatively large, which may affect plant density and light utilization rates, especially if the goal is dual productivity (grain + forage).
Before sowing, the field was ploughed using a moldboard plough to a depth of 15 cm. Sowing was performed manually on July 17, 2024, using a hand hoe to dig planting holes. A basal application of 60 kg.ha-1 of NPK (15-15-15) was applied as a microdose (6 g per planting hole), following the method described by Aune and Bationo (2008). 
The experimental layout followed a randomized complete block design (RCBD) with three replications. Each plot measured 10 m² (5 m × 2 m), with 1 m spacing between rows and between planting holes. Thinning was carried out 21 days after sowing to retain three plants per hole. A shallow hoeing was done the same day, followed by manual weeding as needed.
Five dual-purpose sorghum genotypes were tested: Soubatimi, DECO, BKZ1, SKA3, and YOHA3, all originating from the West African sub-Sahelian region. Their growth cycle ranges from 90 to 110 days. Soubatimi and DECO produce white grains, while BKZ1, SKA3, and YOHA3 produce red grains.
2.3 Measured Traits 	Comment by Dr.Hala: The classification of traits into vegetative, growth parameters, and yield components is clear and systematic.

The formula for calculating leaf area using a correction factor of 0.75 is suitable for narrow leaves, but it is best to indicate if this factor has been field-tested for the cultivars used, as leaf shape may vary between cultivars.

Measuring traits on three central plants per plot is beneficial to avoid border effects, but the total number of samples (n) is not reported, which is important to demonstrate the power of the statistical analysis
All measurements were performed on the three central plants of each elementary plot.
2.3.1 Vegetative Traits
Vegetative traits were recorded at the early flowering stage and included: Number of leaves (NL), Leaf length (LL), Maximum leaf width (LW), Leaf area (LA), Plant height (PH), Stem dry weight (SW), Leaf dry weight (LDW)
2.3.2 Growth parameter
The Leaf Area Index (LAI) was calculated from the measured leaf area, using the following formula:
Leaf area = LL × LW × 0.75, where 0.75 is a shape correction factor for narrow leaves (Ma et al., 2013).
LAI was obtained by dividing the total leaf area by the ground area occupied by the sampled plants.
2.3.3 Yield and yield components
At harvest, following 15 days of shade drying, the following parameters were assessed: Number of panicles per hill (NP), Total panicle weight per hill (PW), Number of grains per panicle (NGP), Panicle length (PL), Thousand grain weight (TGW), Grain yield (GY), Fodder yield (FY), Harvest index (HI), calculated as the ratio of grain yield to total dry biomass (grain + fodder).
2.4 Statistical analyses 
The collected data were subjected to analysis of variance (ANOVA) after checking for homogeneity of variances using Levene’s test, implemented in RStudio software (version 4.4.2). Mean comparisons were performed using Duncan’s multiple range test at a 5% significance level.
A Principal Component Analysis (PCA) was conducted to explore the relationships among measured traits and to discriminate between genotypes based on their agro-morphological profiles. In addition, Pearson’s correlation coefficient was used to assess the relationships between the different traits.
3.  Results
3.1 Agro-morphological Performance of Different Sorghum Genotypes Studied
Data analysis revealed no significant differences (P > 0.05) among genotypes for the following traits: number of leaves (NL), leaf width (LW), leaf area (LA), stem height (SH), leaf area index (LAI), and number of panicles (NP) (Table 1). These traits appear to be relatively stable across the genotypes tested.
In contrast, highly significant differences (P < 0.05) were observed for several key agro-morphological traits, including leaf length (LL), stem dry weight (SW), leaf dry weight (LDW), panicle weight (PW), number of grains per panicle (NGP), grain yield (GY), and harvest index (HI). The genotype Soubatimi notably stood out, exhibiting the highest values for these traits, reflecting its strong grain productivity potential.
Regarding thousand-grain weight (TGW), the variety DECO recorded a significantly higher value (37.75 g), despite having a lower overall yield. Finally, forage yield (FY) was significantly greater in the genotype BKZ1 (4055.56 kg/ha), indicating superior biomass production for dual-purpose use (grain and forage).







Table 1: Comparison of Mean Agro-morphological Traits of Five Sorghum Genotypes
	Measured traits
	Genotypes

	
	BKZ1
	DECO
	SKA3
	SOUMBATIMI 
	YOHA3  
	P value

	NL
	4,33±1,52
	6,00±1,00
	4,33±2,30
	7,00±1,00
	7,33±0,89
	0,1

	LL (cm)
	70,43±5,88ab
	56,65±4,33b
	66,91±8,75ab
	82,85±0,51a
	68,45±11,89ab
	0,021

	LW (cm)
	6,24±0,72
	7,25±0,64
	6,67±1,41
	8,39±1,03
	6,33±1,24
	0,15

	LA
	330,33±48,38
	309,75±57,64
	341,22±49,55
	521,19±62,85
	332,64±118,68
	0,06

	SH (cm)
	160,66±10,06
	179,10±5,40
	151,00±32,41
	143,6±7,68
	159,66±4,16
	0,14

	SW (g)
	50,52±18,43b
	63,67±13,91b
	109,64±21,37ab
	142,90±37,74a
	63,36±7,98b
	0,0027

	LDW (g)
	7,77±2,25b
	12,81±2,61b
	10,00±4,67b
	26,39±7,73a
	12,86±2,28b
	0,0037

	LAI
	4,40±0,6
	4,13±0,76
	4,55±1,52
	6,94±0,83
	4,43±1,58
	0,06

	NP
	11,33±1,21
	10,33±4,93
	6,00±1,00
	10,66±3,78
	6,33±2,30
	0,63

	PW (g)
	464,90±30,34b
	311,50±82,38b
	363,92±28,14b
	1101,13±114,68a
	427,79±74,13b
	0,0016

	NGP
	3464,67±1282,63b
	1131,33±277,05c
	3475,67±662,42b
	5524,33±326,11a
	2912,33±674,56bc
	0,0005

	PL (cm)
	36,00±6,55a
	23,00±1,32b
	32,33±0,28a
	29,16±1,44ab
	36,66±2,92a
	0,0033

	TGW (g)
	22,96±1,37b
	37,75±2,62a
	28,04±0,51b
	25,37±1,45b
	26,61±3,41b
	0,0001

	GY (kg/ha)
	1317,28±317,52bc
	676,89±111,15c
	1609,33±511,31b
	2533,50±261,88a
	1565,06±120,74b
	0,0003

	FY (kg/ha)
	4055,56±400,12a
	1766,67±716,67b
	1794,44±671,10b
	2294,44±1005,86ab
	2083,33±689,81b
	0,01

	HI (%)
	24,33±4,07c
	28,92±5,43bc
	47,82±4,91ab
	53,93±9,09a
	44,04±10,50ab
	0,023


Means sharing the same letter(s) within the same row are not significantly different at p < 0.05.
NL = number of leaves, LL = leaf length, LW = leaf width, LA = leaf area, SH = stem height, SW = stem dry weight, LDW = leaf dry weight, LAI = leaf area index, NP = number of panicles per plant, PW = panicle weight, NGP = number of grains per panicle, PL = panicle length, TGW = thousand grain weight, FY = forage yield, GY = grain yield, HI = harvest index.

3.2 Correlation analysis
The Pearson correlation matrix highlights significant relationships among several agro-morphological traits (Fig. 3). Strong positive correlations are observed between leaf dimensions (LL, LW, LA), biomass components (SW, LDW, FY), and yield components (PW, NGP, PL, GY). Conversely, the harvest index (HI) is negatively correlated with vegetative biomass and forage yield, reflecting a trade-off between grain and forage production.
[image: ]
Fig. 3: Pearson Correlation Matrix of Various Agro-morphological Traits of Five Sorghum Genotypes.
NL = number of leaves, LL = leaf length, LW = leaf width, LA = leaf area, SH = stem height, SW = stem dry weight, LDW = leaf dry weight, LAI = leaf area index, NP = number of panicles per plant, PW = panicle weight, NGP = number of grains per panicle, PL = panicle length, TGW = thousand grain weight, FY = forage yield, GY = grain yield, HI = harvest index.

3.3 PCA
Fig. 4 illustrates the proportion of variance explained by each axis in the principal component analysis (PCA)
[image: ]
Fig. 4: Variability Explained by the Different dimensions of the PCA.
The first two dimensions (1 and 2) explain 46.3% and 19.3% of the variance, respectively, totaling 65.6% of the overall variance, which is sufficient for a reliable data analysis.
Table 2 presents the contributions and correlations of the measured traits with dimensions 1 and 2. Measured traits such as LA (leaf area), LAI (leaf area index), GY (grain yield), LL (leaf length), LDW (leaf dry weight), NGP (number of grains per panicle), SW (stem dry weight), PW (panicle weight), LW (leaf width), and HI (harvest index) are strongly and positively correlated with dimension 1 (Table 2). Therefore, this dimension can be interpreted as representing vegetative productivity and yield.
Dimension 2 contrasts thousand-grain weight (TGW) and leaf width, which are positively correlated with this dimension, with forage yield (FY) and plant length, which are negatively correlated. Thus, this dimension may reflect a trade-off between individual grain weight and forage yield along with reproductive structures.









Table 2: Contribution of measured traits to the Formation of PCA dimensions 1 and 2
[image: ]
LL = leaf length, LW = leaf width, LA = leaf area, SW = stem dry weight, LDW = leaf dry weight, LAI = leaf area index, PW = panicle weight, NGP = number of grains per panicle, PL = panicle length, TGW = thousand grain weight, FY = forage yield, GY = grain yield, HI = harvest index.
[image: ]      [image: ]
(A)                                                                                                    (B)
Fig. 5: (A) PCA correlation circle of measured traits and (B) projection of sorghum genotypes on the first two dimensions.
The projection of sorghum genotypes on the plane defined by the first two principal components (Dim1: 46.2%, Dim2: 18.1%) reveals the formation of five distinct groups, reflecting marked phenotypic differentiation (Fig. 5(B)).
Soubatimi, strongly and positively positioned on Dim 1, is associated with traits related to vegetative productivity and grain yield (GY, LA, LAI, PW, NGP, HI), confirming its superior vigor and grain production performance.
DECO stands out with a positive projection on Dim 2, indicating a strong correlation with thousand-grain weight (TGW), which suggests better grain quality (heavier grains), although its overall productivity remains moderate.
Conversely, BKZ1 is projected negatively on Dim 2, linking it more closely to forage yield (FY) and panicle length (PL). This profile is more oriented toward biomass and forage production, with a trade-off on the grain component.
SKA3 and YOHA3 occupy intermediate positions, showing balanced profiles without marked extremes.
4 Discussion
The results reveal no significant differences among genotypes for vegetative parameters such as number of leaves (NL), leaf width (LW), and stem height (SH). This stability suggests that these traits are minimally influenced by genotype under our experimental conditions. This could be attributed to favorable environmental conditions, including abundant rainfall and relatively low temperatures recorded in 2024. These observations align with the findings of Chen et al. (2017) and Tirfi et al. (2022), who demonstrated the importance of climatic factors such as water stress and high temperatures combined with reduced precipitation in modulating sorghum vegetative traits.
Conversely, significant differences were observed for key traits such as stem dry weight (SW), grain yield (GY), and harvest index (HI). The variety Soubatimi stood out with high values for these parameters, reflecting superior grain productivity. Due to its robust biomass production and high harvest index, these results may be explained by a better allocation of resources toward reproductive organs, characteristic of improved dual-purpose genotypes (Ngidi et al. 2024). 
In contrast, the DECO variety, despite exhibiting a significantly higher thousand-grain weight (TGW), showed a moderate overall yield characterized by the lowest number of grains per panicle (Table 1), highlighting a trade-off between grain quality and productivity. Moreover, our results reveal a negative correlation between the number of grains per panicle (NGP) and thousand-grain weight (TGW), suggesting, as reported by Boyles et al. (2015), that an increase in grain size may be accompanied by a reduction in total grain number, thus affecting overall yield.
Furthermore, the Pearson correlation matrix showed strong positive correlations among vegetative growth traits such as leaf area (LA), stem dry weight (SW), and yield components like number of grains per panicle (NGP) and grain yield (GY). These positive correlations confirm that larger leaves and robust vegetative biomass promote grain production (Ouédraogo, 2014), likely through enhanced photosynthesis (Peng et al. 1991). Conversely, a negative correlation was observed between the harvest index (HI) and forage yield (FY). According to Camargo-Alvarez et al. (2023), the harvest index measures a crop’s ability to allocate assimilates to seeds. Previous studies have shown a trade-off between grain yield and biomass production in sorghum (McIntire et al. 1988). These authors demonstrated that increasing grain production can come at the expense of vegetative biomass, illustrating a classic physiological trade-off: preferential allocation of resources to grain production reduces biomass available for forage, and vice versa.
Principal component analysis (PCA) revealed two major axes (Fig. 5):
(i) Dim 1 (46.3% variance): "Vegetative Productivity and Yield" axis, strongly correlated with parameters such as LA, GY, and NGP. This finding underscores the importance of vegetative vigor for grain production, consistent with the work of (Yahaya et al. 2022). 	Comment by Dr.Hala: Dim 1 (46.3% variance): “Vegetative Productivity and Yield” axis, strongly associated with LA, GY, and NGP, underscoring the importance of vegetative vigor in supporting grain production
(ii) Dim 2 (19.3% variance): "Grain Quality vs. Forage Biomass Trade-off" axis, contrasting TGW (quality) with FY and panicle length (PL) (biomass). This opposition reflects divergent resource allocation strategies among genotypes. These results corroborate observations by Trouche et al. (1998) who documented similar functional trade-offs in traditional local varieties in the Sahel.	Comment by Dr.Hala: Dim 2 (19.3% variance): “Grain Quality vs. Forage Biomass Trade-off” axis, contrasting TGW (grain quality) with FY and panicle length (PL) (biomass), reflecting divergent resource allocation strategies among genotypes. This pattern aligns with observations by Trouche et al. (1998) on functional trade-offs in traditional Sahelian varieties.
Soubatimi, positively positioned on Dim 1, represents a genotype oriented towards both grain and forage yield, ideal for farming systems aiming at food security. BKZ1, associated with the negative side of Dim 2, corresponds to a forage-oriented profile. DECO, characterized by its dominance in grain size, could be preferred for markets prioritizing grain quality despite moderate yield.
5 Conclusion
This study confirms the value of dual-purpose sorghum genotypes for enhance enhancing agricultural resilience in Niger. By focusing on targeting specific traits such as productivity, grain quality, and substantialor forage yield, breeding programs can more effectively meet thebetter address the diverse socio-economic needs of farmers, thereby contributing to the reduction of while helping to alleviate food and forage insecurity. The results highlight the potential of dual-purpose sorghums like Soubatimi, which combine good grain yield with acceptable biomass. This profile meets the needs of Nigerien agro-pastoralists, who are increasingly challenged by climatic variability face climatic challenges and increasing demographic pressure. However, the widespread adoption of these improved varieties will depend on improved access to quality seeds and the promotion of suitable agronomic practices such as micro-dosing of fertilizers. Finally, further studies incorporating multi-year data and drought stress conditions are necessary to validate the resilience of these genotypes.

Data availability:  The datasets generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.
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