



Assessment of Diversity in parental and F1 populations of Pearl Millet [Pennisetum glaucum (L.) R. Br.]  in Burkina Faso
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ABSTRACT 

	
[bookmark: _Hlk215908249]Aims: Pearl millet (Pennisetum glaucum (L.) R. Br.) is one of the cross-pollinated cereals in West Africa. It is cultivated for its grains. However, to date, strategies for selecting pearl millet populations and hybrids are low in West Africa. The objective of this study is to characterize the genetic bases of parental and F1 populations of pearl millet derived from Burkina Faso and ICRISAT gene bank.
Place and Duration of Study: A Fisher block design with three replicates was implemented at the Gampéla, Burkina Faso experimental site during March 2025. 
Methodology: The material plant provides partial diallel crosses that were carried out between three groups of pearl millet from Burkina Faso, Niger, and India. Measurements were taken on 14 quantitative traits and 11 qualitative traits, and analyses were performed using R and XLSTAT software.
Results: The analyses reveal coefficients of variation greater than 30% for number tillers of traits, number of productive tillers, weight of 100 seeds, and plant height for both the parental accessions and their F1 offspring. When comparing the two generations, the variation coefficient for the traits in the parents was significantly higher than in the offspring. The correlation matrices showed that the 50% flowering trait is positively correlated with plant height and number of leaves on the stem. Most variables are positively correlated. As for the organization of the groups, the dendrograms showed three distinct groups for the parental accessions and two distinct groups for the descendants. These different population groups can be used to develop population varieties or hybrids with high heterogeneity.
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1. INTRODUCTION 

Pearl millet (Pennisetum glaucum (L.) R. Br.) is one of allogamous cereals in West Africa. It is mainly cultivated in the semi-arid regions of Africa and Asia, as reported by several authors (Harlan, 1971; Upadhyaya et al., 2016). Several studies place the origin of pearl millet in sub-Saharan Africa because this crop was domesticated 4000 to 5000 years ago in sub-Saharan Africa (Munson, 1975; Brunken et al., 1977; Yadav and Rai, 2013; Manning et al., 2011). Indeed, Africa contributes around 40% of global pearl millet production (Saidou, 2011). According to FAOSTAT (2021), cited by Bastos et al. (2022), six African countries, Nigeria, Niger, Mali, Burkina Faso, Chad, and Senegal, are the main producers of pearl millet. This correlates with the countries that deliberate on improved pearl millet varieties in the West African catalog (ECOWAS-UEMOA-CILSS, 2016, 2018, 2021; Sattler & Haussmann, 2020).
Pearl millet is recognized among the cereals the most tolerant to climate variability and capable of growing in poor soils (Yadav and Rai, 2013; Oumar et al., 2008). In terms of nutrition, authors have also demonstrated its high organoleptic quality, particularly its high protein and mineral content compared to other cereals (Amadou et al., 2013; Bashir et al., 2013). This gives it significant market value (Kouressy et al.; 2013).
[bookmark: _Hlk215836869]However, one of the major problems of pearl millet in West Africa is low yields compared to other cereals.  Yet in Asia, India has increased pearl millet yields by 20 to 30% over the last few decades (Pucher et al., 2016). The most recognized methods for improving the pearl millet yields are the hybrids. The use of hybrids in India has successively increased pearl millet yields from around 305 kg ha−1 between 1951 and 1955 to 998 kg ha−1 between 2008 and 2012, an improvement of around 200% (Dave, 1986; Yadav and Rai, 2013). Generally, high mixtures of pearl millet in West Africa reduce heterotic groups (Pucher et al., 2016). Several authors have revealed the low diversity of pearl millet groups cultivated (Haussmann et al. 2007; Lakis et al. 2012). Recent work reported by authors such as Bashir et al. (2015), Hu et al. (2015), and Pucher et al. (2016) has shown that there are no clear genetically distinct groups for pearl millet genetic material in West Africa. However, other authors have found subgroups of pearl millet cultivated in West Africa (Gemenet et al., 2014; Bougma et al. 2023). Some crosses between accessions from Niger/Nigeria and Senegal were outstanding (Pucher et al., 2016).
It is clear that predictability of heterosis performance is based on midparent values but efficient breeding programs require a geographic differentiation of material.  So, the quantitative genetic parameters must be studied before any genetic improvement program. To study the potential of pearl millet of parents and F1 populations, the aim objectives were is to (i) assess the distribution of parental populations and offspring, (ii) identify the correlations between traits, and (iii) to assess the level of structuring of each population.

2. material and methods 

2.1 Experimental site

The study of the F1 population was conducted at the experimental station of the Institute for Rural Development (IDR) in Gampéla during the 2024-2025 dry season to be compared with the parental population. The geographical coordinates of the experimental site are 12°5' north latitude and 1°12' west longitude. The site's maximum and minimum annual temperatures range from 31 to 36°C and 18 to 19°C, respectively. The soil of the test plot is sandy loam. Before the test was set up, the site had been used for millet crops in 2021, sesame in 2022, and sweet sorghum in 2023.

2.2 Plant material

During the 2022-2023 campaign, the F1 population was developed through a partial diallel crosses between different parental accessions from Burkina Faso, India, and Togo. A total of 49 F1 populations were obtained. The description and plant material source are presented in Table 1.

Table 1. Profiles of pearl millet germplasm outcrossing
	[bookmark: _Hlk215597569]Country
	Material genetic code 
	Number 
	Outcrossing type

	Burkina Faso 
	MS 14 -24 x Mog1-14; Nafagnon xMog1-14; MS14-7 x MC13 -6; MS14-24 x Nafagnon; MO10-3 x MC12 -5; MO10-3 x MC13-6
	6
	Non-reciprocal diallel

	India and Burkina Faso
	ISP2496 x MO10-3; ISP1894 x MCN20; ISP1982 x MCN-2;
ME 12-5 x ISP 1919; MS14-7 x ISP1994
	5
	Non-reciprocal diallel

	Togo and Burkina Faso
	ISP172 x MO12 -1; ISP285 x Nafagnon; ISP205 x Somkiéta ; ISP205 x MN13-15;ISP219 x ME12-5 ; ISP205 x Doumoukafa; MN13-15 x Laada; ISP285 x MN13-15; ISP205 x MN13-15; ISP217 x MO-3; ISP205 x Somkiéta; ISP285 x MC13-14; ISP177 x Nafagnon
MC 13-6 x ISP 379 ;MS14-7 x ISP199; MO12-1 x ISP167;
	16
	Non-reciprocal diallel

	India 
	ISP1847 x ISP1992 ; ISP1906 x ISP1980;ISP1975 x ISP1919;ISP1506 x H10-13-3;ISP1599 x IS 1114;ISP1751  x ISP1930
	6
	Non-reciprocal diallel

	India and Togo
	ISP1977 x ISP178 ; ISP1956 x ISP199; ISP1847x ISP199;ISP1990 x ISP202;ISP1894 x ISP178
	5
	Non-reciprocal diallel

	Togo 
	ISP386 x ISP219; ISP177 x ISP190;ISP172 x ISP230; ISP178 x ISP211; ISP286 x ISP167 ;ISP177 x ISP190
	6
	Non-reciprocal diallel

	Togo and India
	ISP182 x ISP1819 ;ISP292 x ISP2067;ISP203 x ISP1930;ISP182 x ISP1932;ISP379 x ISP1586
	5
	Non-reciprocal diallel




2.3 Design and Treatments

A randomized Fisher block with three replicates has been used. In each replicate, the accession was sown in a 6 m row. The spacing between pots was 0.6 m and between rows 0.8 m. One plant per pot was carried out on 14th day after sowing. Sowing took place on March 21th, 2025, with six pots in each row. All recommended practices were followed to ensure plant development.

2.4 Measured parameters

Each variation has been studied for 50% flowering, vegetative cycles plant height (cm), plant diameter (mm), number of tillers, productive tillers, panicle long (cm), panicle width (cm) and 100 seeds weight (g). These parameters were chosen because of their contribution to millet yield.

2.4 Statistical analysis

R software was used to assess the distribution of F1 and parental populations. Analysis of variance (ANOVA) using calculations of means, standard deviations, variances, and coefficients of variation was used to characterize each measured variable. XLSTAT software was used to analyze the correlation between variables for each crop generation. CAH based on Euclidean method were used to structure the two populations studied.  


3. results 


3.1 Distribution of 50% flowering

Figure 1 shows the distribution of 50% flowering frequency obtained in F1 and parental accessions. The distribution F1 accessions is unimodal. The majority of F1 accessions have a flowering date between 60 and 65 days after sowing but parental accessions have a bimodal distribution. The analysis reveals a parental population divided into several classes for the 50% flowering variable.

[bookmark: _Hlk215605683][image: ][image: ]
Figure 1 Frequency distribution of 50% flowering trait


3.2 Plant height distribution


The plant height distribution among F1 accessions shows a single peak, with most accessions ranging in height from 210 to 240 cm. Among the parents, this distribution shows several peaks. This distribution is a huge genetic basic with plant heights ranging from 160 cm to 295 cm (Figure 2).

[image: ][image: ]
Figure 2: Frequency distribution of plant height trait 

3.3 Distribution of total number of shoots

Among all the variables of F1 accessions, only the total number of shoots showed several peaks and parental accessions has a single peak in the. The majority of F1 accessions fall into the 5 to 15 shoot class. The average number of shoots in the parental accessions is 3 to 7 (Figure 3).
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Figure 3: Frequency distribution of total number shoots trait


3.4 Distribution of physiological maturity duration

Trait associated with number day of maturation of F1 accessions has presented one peak but parental accessions showed a single unimodal distribution. In fact, in F1 accessions, it ranges from 63 to 90 days after sowing, whereas the physiological maturity of the parents ranges from 73 to 113 days after sowing (Figure 4).
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Figure 4: Frequency of physiological maturity duration trait


3.5 Weight distribution of 100 seeds

 The 100 seed weight distribution is less variable in F1 accessions than in parental accessions. This distribution ranges from 0.3 g to 1.6 g in F1 accessions and from 0.6 g to 2.1 g in parental accessions (Figure 5).
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Figure 5: Frequency distribution of 100 seeds trait 

3.6 Variance in quantitative traits

The minimum, maximum, mean, and coefficient of variation for parental accessions and their offspring are presented in Table 2. It should be noted that most of the variables derived from the offspring have low coefficients of variation compared to the variables derived from the parents. The analysis shows variation coefficient superior to 30% for the traits such total number of tillers, number of productive tillers, panicle length and 100 grains weight. 

Table 2:  performance of the population pearl millet of two generations

	Traits
	Minimum
	Maximum
	Mean
	Coefficient of variation (%) 

	
	F1
	P
	F1
	P
	F1
	P
	F1
	P

	NJF
	46,00
	47
	97,00
	83,00
	63,86
	61,72
	12,72
	11,11

	DPV
	42,00
	37,00
	94,00
	77,00
	60,59
	53,17
	13,28
	12,77

	HAP
	12,00
	73,00
	330,00
	321
	225
	173,83
	19,85
	26,37

	DIT
	1,47
	3,06
	22,68
	20,42
	14,34
	10,87
	17,85
	26,81

	NTT
	1,00
	1,00
	20,00
	32,00
	9,55
	7,08
	37,20
	72,41

	NTP
	1,00
	1,00
	14,00
	30,00
	3,51
	5,40
	67,87
	79,71

	LOC
	10,60
	9,00
	50,70
	288,0
	31,99
	28,01
	22,29
	60,54

	LAC
	3,4
	13,41
	49,86
	42,50
	25,73
	25,71
	21,68
	20,22

	LOF
	20,45
	10,00
	90,00
	66,00
	43,34
	35,19
	24,20
	29,72

	LAF
	2,500
	1,20
	6,900
	7,120
	4,62
	3,37
	18,38
	29,28

	NFT
	6,00
	3,00
	18,00
	12,00
	11,40
	6,62
	17,82
	25,14

	TEM
	13,26
	63,00
	117,00
	93,00
	86,85
	79,38
	10,21
	7,26

	PCG
	0,005
	0,58
	1,87
	2,10
	0,92
	1,18
	34,22
	27,68

	POE
	0,80
	1,92
	103,15
	399,32
	45,03
	30,66
	68,63
	87,99



Legend: NJF: number of days to flowering; DPV: duration of the vegetative period; HAP: plant height; DIT: stem diameter; NTT: total number of tillers; NTP: number of productive tillers; LOC: length of the candle; LAC: ear width; LOF: leaf length; LAF: leaf width; NFT: number of leaves on the stem; TEM: time to maturity; PGG: weight of 100 grains; POE: panicle length


3.7 Analysis of the correlation between the two generations of populations
Pearson's correlation matrix highlights numerous correlations at the 5% threshold (Tables 3 and 4). In fact, in parents (Table 3), the number of days to 50% flowering is strongly and positively correlated with variables relating to the length of the vegetative period (r=0.887). It is moderately and positively correlated with plant height (r=0.536), the number of leaves on the main stem, and the time to maturity (r=0.581). The length of the growing season is strongly correlated with the time to maturity (r=0.713) and moderately and positively correlated with plant height (r=0.516) and the number of leaves on the main stem (r=0.556).

Table 3: Parent correlation matrix

	Variables
	NJF
	DPV
	PCG
	HAP
	DIT
	NTT
	NTP
	LOC
	LAC
	LOF
	LAF
	NFT
	TEM
	POG
	POE

	NJF
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DPV
	0,887**
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	PCG
	0,037
	0,002
	1
	
	
	
	
	
	
	
	
	
	
	
	

	HAP
	0,536*
	0,516*
	0,057
	1
	
	
	
	
	
	
	
	
	
	
	

	DIT
	0,436*
	0,374*
	0,162
	0,558*
	1
	
	
	
	
	
	
	
	
	
	

	NTT
	0,038
	-0,005
	0,048
	0,291
	0,250
	1
	
	
	
	
	
	
	
	
	

	NTP
	-0,020
	-0,062
	0,033
	0,236
	0,211
	0,930**
	1
	
	
	
	
	
	
	
	

	LOC
	0,347*
	0,286
	0,012
	0,424
	0,359
	0,102
	0,063
	1
	
	
	
	
	
	
	

	LAC
	-0,069
	-0,086
	0,220
	0,265
	0,426*
	0,111
	0,116
	0,052
	1
	
	
	
	
	
	

	LOF
	0,287
	0,258
	0,035
	0,442
	0,423*
	0,188
	0,148
	0,347
	0,196
	1
	
	
	
	
	

	LAF
	0,228
	0,201
	0,077
	0,432
	0,469*
	0,209
	0,164
	0,311
	0,370
	0,675*
	1
	
	
	
	

	NFT
	0,581*
	0,556
	0,050
	0,795*
	0,496*
	0,231
	0,186
	0,305
	0,238
	0,342
	0,363
	1
	
	
	

	TEM
	0,581*
	0,713
	0,087
	0,396
	0,286
	-0,037
	-0,088
	0,204
	-0,018
	0,175
	0,116
	0,427
	1
	1
	

	POE
	0,150
	0,114
	0,015
	0,385
	0,312
	0,135
	0,086
	0,188
	0,316
	0,227
	0,319
	0,276
	0,026
	
	1



Legend: NJF: number of days to flowering; DPV: duration of the vegetative period; HAP: plant height; DIT: stem diameter; NTT: total number of tillers; NTP: number of productive tillers; LOC: length of the candle; LAC: ear width; LOF: leaf length; LAF: leaf width; NFT: number of leaves on the stem; TEM: time to maturity; PGG: weight of 100 grains; POE: panicle length, *, ** significant at probability levels of 5% and 1%, respectively



Table 4: Descendant correlation matrix


	Variables
	NJF
	DPV
	PCG
	HAP
	DIT
	NTT
	NTP
	LOC
	LAC
	LOF
	LAF
	NFT
	TEM
	POG
	POE

	NJF
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	DPV
	0,996**
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	PCG
	-0,216
	-0,218
	1
	
	
	
	
	
	
	
	
	
	
	
	

	HAP
	0,466*
	0,467
	0,041
	1
	
	
	
	
	
	
	
	
	
	
	

	DIT
	-0,019
	-0,017
	0,090
	0,011
	1
	
	
	
	
	
	
	
	
	
	

	NTT
	-0,044
	-0,053
	0,047
	0,029
	0,226
	1
	
	
	
	
	
	
	
	
	

	NTP
	-0,194
	-0,193
	0,058
	-0,031
	0,113
	0,468*
	1
	
	
	
	
	
	
	
	

	LOC
	0,188
	0,191
	0,003
	0,431
	0,258
	0,121
	0,074
	1
	
	
	
	
	
	
	

	LAC
	-0,397
	-0,397
	0,273
	-0,052
	0,316
	0,077
	0,032
	-0,052
	1
	
	
	
	
	
	

	LOF
	0,444*
	0,447
	-0,143
	0,128
	0,109
	0,102
	-0,096
	0,218
	-0,139
	1
	
	
	
	
	

	LAF
	0,164
	0,170
	-0,078
	0,105
	0,310
	0,074
	-0,010
	0,255
	0,094
	0,474
	1
	
	
	
	

	NFT
	0,422
	0,423
	-0,025
	0,528*
	0,207
	0,071
	0,023
	0,219
	-0,046
	0,048
	0,067
	1
	
	
	

	TEM
	0,614**
	0,614*
	-0,111
	0,313
	0,084
	-0,072
	-0,068
	0,169
	-0,189
	0,179
	0,037
	0,293
	1
	
	

	POE
	-0,165
	-0,157
	0,197
	0,222
	0,346
	0,127
	0,188
	0,321
	0,420
	-0,071
	0,150
	0,166
	-0,008
	0,024
	1




Legend: NJF: number of days to flowering; DPV: duration of the vegetative period; HAP: plant height; DIT: stem diameter; NTT: total number of tillers; NTP: number of productive tillers; LOC: length of the candle; LAC: ear width; LOF: leaf length; LAF: leaf width; NFT: number of leaves on the stem; TEM: time to maturity; PGG: weight of 100 grains POE: panicle length, *, ** significant at probability levels of 5% and 1%, respectively

3.8 Populations organization

The parental and offspring populations revealed respectively three distant groups and two groups at the F1 accession level (Figures 6 and 7). The structure of the dendrogram of parental accessions showed an unstructured within each group. Each group represents a mixture of accessions providing different countries. The accessions grouping together were linked on the characters 50% flowering, plant height, and cycle.  In contrast, the dendrogram of F1 populations shows a similarity between groups based on 50% flowering and the number of tillers.  The level of dissimilarity between groups remains high among parental populations and low among F1 populations.    




Figure 6: Clustering pattern of parental populations based on morphological traits




Figure 7: Clustering pattern of F1 populations based on morphological traits



4. DISCUSION

Analysis of variance, distribution frequency, and dendrogram showed that parents and offspring are heterogeneous. This apparent heterogeneity may be linked to the fact that accessions come from diverse origins. Pucher et al. (2016) found that the accessions from Niger/Nigeria and Senegal were outstanding. On the other hand, pearl millet's allogamous nature could increase variability across cultivation generations. This corroborates the work of Mather (1941, 1942) and Spiess and Allen (1961), which suggested genetic variance would increase when recombination is favored. The wide range of performance for all traits constitutes an opportunity to select populations with different traits in breeding programs. These morphological variants with distinct phenotypic expression can be used to develop pearl millet variability. Significant variation due to genotypes was observed for all traits indicating that the populations were evaluated in one environment. The high variability obtained both parents and offspring reflect the extent of variability used to create the offspring. The phenotypic constitution in F1 has been less distribution compared parental population. Following the same reason, we postulated that Mendelian first low is verified. Several types of offspring could be used for the test-cross with parental populations. Knowledge of the relationships between variables remains a useful tool for breeders in genetic improvement programs. Generally, the correlation of genetic diversity depends on the geographical distance between genotypes. The positive correlation between the number of days to 50% flowering and plant height was also found by Yadav et al. (2011), who showed a strong correlation between these two variables. Similar results have shown that the traits most influenced by the additive effects of the gene can be improved by simple selection methods (Fofana, 1987). Highly significant correlations justify good indicators for selection traits. However, the number of productive shoots contrasts with plant height. This confirms that productive shoots generally originate from small accessions.  The presence of different cycle of plant reveals that the collection can be used in several stages of variety selection such OPVs and hybrids. However, early cycle in F1 populations were due the crosses between India parental populations and West Africa parental populations. Others findings indicated that Asian populations were early in flowering having short plant height, more tillering, smaller and thinner panicles, smaller seeds and low yielding as compared to the African origin and bred populations (Patil et al., 2022). Manga (2015) cited by Patil et al. (2022) also reported that landrace from African regions such as Benin, Burkina Faso, Ghana and Togo were utilized to breed for bold seeded and early-maturing germplasms in India which led to the release of promising OPVs such as ICTP 8203 and ICMV 221.





5. Conclusion

This study evidences the great potential of parental and F1 populations for breeding programs. It showed the existence of a significant amount of diversity among parental and F1 populations for different traits like days to 50% flowering, plant height, panicle traits, and 1000-grain. Parental populations of diverse origin were allowed to develop a wide range of diversity uses for selection. For F1 populations, performance for majority traits can be used as base populations to derive new breeding lines. Further studies could look at on the development of F2 populations and back-cross to evaluate the aptitude in combination. 
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