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1. Introduction 
Pearl millet [Pennisetum glaucum (L.) R.Br.] Belongs to the family Poaceae (graminae) and genus Pennisetum. 

It is a highly cross-pollinated crop with protogynous flowering and wind borne pollination mechanism, which fulfils 

one of the essential biological requirements for hybrid development. Pearl millet is diploid (2x=14) in nature and is 

commonly known as bajra, cat tail millet, and bulrush millet in different parts of the world [1]. Some common local 

names include Joro, Maiwa, and Ahai. Pearl millet may be considered as a single species but it includes a number of 

cultivated races. It is almost certainly originated in tropical western Africa, where the greatest number of both wild 

and cultivated forms occur. About 2000 years ago the crop was carried to eastern and central Africa and to India, 

where its excellent tolerance to drought became established in the drier environments [2]. 

The downy mildew pathogens infecting maize, sorghum, and pearl millet have similar environmental 

requirements for asexual reproduction. Prior to sporulation the host tissue requires exposure to high light intensity 

for photosynthetic energy. At 20
0
C in the dark, a systemically infected sorghum leaf produced 10,800 conidia cm

2
 at 

100% RH, but only 3600 conidia cm
2
 at 85% RH, and none at 80% RH. A minimum of 3h at 25 

0
C and 95% RH is 

essential to initiate sporulation in S. graminicola [3]. Production of conidia and sporangia in the field has a marked 

period of release and has a close relationship with temperature and RH. Most sporulation occurs when temperatures 

are around 20 
0
C and RH >95% [4, 5].  

The pearl millet downy mildew pathogen is highly variable, adaptable and has the capacity to develop host-

specific pathotypes [6-8]. Using DNA fingerprinting techniques, Sastry, et al. [9], confirmed the existence of distinct 

host genotype-specific virulence in downy mildew pathotypes. The pathogen populations present in different 

locations of India generally do not differ qualitatively. However, sharp differences in aggressiveness exist between 

the populations from India and Nigeria. There are also differences between the populations present in different 

Western African countries, for example, between Nigeria and Senegal as reported by Singh, et al. [3] and [10]. 

Abstract: An experiment was carried out in Bakura and Zaria to evaluate heterosis for downy mildew 

resistance in some pearl millet using Complete Randomized Block Design. Four resistant varieties (PEO5532, 

SOSATC88, P1449 and DMR15) and four susceptible varieties (BDP1, MOP1, LCIC9702 and PEO5984 were 

used as male and female respectively. The resistant varieties were crossed with the susceptible varieties using 

North Carolina design 11. Sixteen (F1) hybrids obtained were evaluated along with their parents for downy 

mildew resistance, grain yield and other agronomic traits. The analysis of variance showed highly significant 

difference among parents and hybrids for all agronomic characters. Location × genotype interaction effects 

were only significant for grain yield and number of panicles per plot. The study selected the best parents that 

give high heterosis in terms of yield components, yield and downy mildew resistance. Two hybrids PEO5984 × 

P1449 and PEO5984 × PEO5532 had significant heterosis for 50% days to flower ng, PEO5984 × P1449, 

PEO5984 × PEO5532, PEO5984 × DMR15 and PEO5984 × SOSATC88 for yield, the best MP and BP 

heterosis for downy mildew incidence is PEO5984 × P1449 and MOP1 × p1449 for MP heterosis and BDP1 × 

P1449 for BP heterosis. Correlation among the characters studied showed that magnitudes of genetic 

correlation were higher than those of phenotypic correlation in some of the traits considered. The number of 

panicles / plot and panicle weight / plot showed significant genetic correlations indicate degree of correlation 

with grain yield. This showed that selection for any of these characters could lead to indirect selection of grain 

yield. 
Keywords: Heterosis; Agronomic traits; Resistance; Pearl millet; Downy mildew; Hybrids. 
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1.1. Uses and Nutritive Status of Pearl Millet 
Pearl millet is the most drought tolerant warm-season cereal crop predominantly grown as a staple food grain 

and source of feed and fodder. It provides nutritionally superior and staple food for millions of people living in harsh 

environments characterized by erratic rainfall and nutrient-poor soil. In fact, pearl millet is the only suitable and 

efficient crop for arid and semiarid conditions because of its efficient utilization of soil moisture and higher level of 

heat tolerance than sorghum and maize [11]. Farmers prefer the crop as low cost, low risk option not only by choice 

but also by necessity [12]. The relative proportion of germ to endosperm is higher than in sorghum. According to 

Gerard and Cathryn [13], it is the staple food of millions of world’s poorest and most food insecure people 

particularly in India and Africa. [2]. 

The grain has high levels of protein with balanced amino acids, CHO and fat which are important in the human 

diet, and its nutritive value is considered to be comparable to rice and wheat. It is also cultivated as green fodder 

crop in some parts of the Nigeria. The green fodder is more palatable than sorghum because it does not have HCN 

content. 

 

1.2. Botany of Pearl Millet 
Pearl millet is a warm weather crop cultivated annually as a rain-fed crop in the arid and semi-arid tropics of 

Africa and Indian subcontinent where no other crop can survive due to poor soils and erratic rainfalls [14]. 

Purseglove [15], described it as an erect annual plant with a good tillering ability. According to Andrews, et al. [16], 

pearl millet is a highly tillering, naturally cross-pollinating, tropical cereal species, which is achieved through 

protogyny, since all the sessile flowers on each head are perfect (i.e. both male and female fertile). The gero types 

are early maturing and non- photosensitive while the maiwa and dauro are late maturing and photosensitive.  

Gero, maiwa and dauro are grown in Nigeria. The gero types are early maturing and non- photosensitive while 

the maiwa and dauro are late maturing and photosensitive.  

 

1.3. Heterosis for some Agronomic Characters in Pearl Millet 
Johnson and Hutchinson [17], defined heterosis quantitatively, as the upward deviation from the mid-parent 

values. Heterosis may be positive or negative, both of which are useful for crop improvement depending on the 

breeding objectives. Positive heterosis is desirable for grain yield while negative heterosis is desirable for downy 

mildew resistance [18]. Nienhaus and Pickett [19], reported that the key for obtaining heterosis otherwise known as 

hybrid vigour is genetic diversity. When crosses involve geographically diverse and presumably genetically diverse 

parents, high yielding hybrids are produced. In their study on sorghum, hybrids that involve both exotic and 

landraces gave a grain yield of 183% above the mid-parent value. In pearl millet, Quendeba, et al. [20], reported 

heterosis of up to 81%, which indicated their genetic potential for hybrid development. 

Manga and Dubey [21] in a diallel study, observed good amount of heterosis for productive tillers per plant and 

ear weight. Sheoran, et al. [22] recorded the maximum heterobeltiosis for grain yeild per plantthis character among 

all the characters studied. Ramamoorthi and Govindrasu [23], observed that hybrid PT3832 x 732B recorded 

significantly high heterosis for grain yield than all crosses, while Blummel and Rai [24] reported significant positive 

as well as negative heterosis. Pethani, et al. [25] recorded heterosis over mid parent and better parent for various 

traits, the hybrid MS 2072A x J-2338 expressed the highest heterotic value for grain yield over mid parent (152.92 

%) and better parent (121.45%).  Manga and Dubey [21] in a diallel study, observed high heterosis (96.2 to 300.7%) 

for grain yield. Yadav, et al. [26] reported heterosis up to 88% for grain yield.  

Correlation coefficients provide a measure of genetic association between characters and this helps to identify 

the more important characters to be considered in breading programmes. The cause of correlation can either be 

genetic or environmental. Genetic correlation which is the correlation of breeding value is chiefly pleiotropy or 

through linkage and it is the cause of transient correlation, particularly in populations derived from crosses between 

divergent strains [27]. The association between two characters that can be directly observed is the correlation of 

phenotypic value or phenotypic correlation. This is determined from measurement of the two characters in a number 

of individual of the population. 

 

2. Materials and Method 
2.1. Description of Experimental Materials Used in the Study 

  Pearl millet genotypes used in the study are: BDP1, MOP1, LCIC9702, PEO5984, PEO 5532, SOSATC 88, 

P1449 and DMRI5. PEO5532, SOSATC88, P1449, DMRI5, LCIC9702 and PEO5984. 
 

2.2. Experimental Design 
Crosses were obtained using a factorial mating scheme of North Carolina Design II, where each male was mated 

to each of the female [28, 29]. The ridges were 10 meters long with 20 plants per ridge and two ridges per plot with 

inter row spacing of 75cm and intra row spacing of 50cm The evaluation of hybrids and parents on the fields was 

done using Randomized Complete Block Design (RCBD) with three replications. 

 

2.3. Analysis of Data 
The forms of the general analysis of variance was calculated 
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2.3.1. Estimates of Heterosis 
Heterosis was estimated using MPH and BPH. Mid-parent heterosis (MPH) is the performance of a hybrid 

relative to the average performance of its parents expressed in percentage. 

H (%)Mp = F1 - Mp x 100 

Mp 

High-parent heterosis (HPH) is the performance of a hybrid relative to the performance of its best parent 

expressed in percentage. [30] 

H (%)Hp = F1 - Hp x 100 

Hp 

Where; F1 = mean of F1 generation 

Mp = mean of mid-parent 1 and 2 

Hp = mean of superior performing parent 

 

3. Results and Discussion 
Hybrids obtained from the cross of 4 resistant and 4 susceptible of pearl millet varieties were: BDP1 ×PEO5532, 

BDP1 ×SOSATC88, BDP1 ×P1449, BDP1 ×DMR15, MOP1 ×PEO5532, MOP1 ×SOSATC88, MOP1 ×P1449, 

MOP1 ×DMR15, LCIC9702 ×PEO5532, LCIC9702 ×SOSATC88, LCIC9702 ×P1449, LCIC9702×DMR15, 

PEO5984 ×PEO5532,PEO5984 ×SOSATC88, PEO5984 ×P1449 and  PEO5984 ×DMR15. 

From the analysis of variance (table 1), highly significant mean squares were observed among the genotypes for 

all agronomic characters except number of tillers per plot and downy mildew severity. This is an indication of the 

presence of considerable amount of genetic diversity in the materials which could be used to enhance selection for 

further population improvement Yahaya [31], reported a similar result in pearl millet studies. The non- significant 

mean squares due to the male x female interaction indicated that hybrids did not differ significantly in their sca 

effects for all the traits. Highly significant mean squares due to ‘parents vs. hybrids’ showed presence of heterosis in 

hybrids for all the traits except number of tillers /plot, panicle diameter and downy mildew severity. Genotype × 

location was non-significant for all traits except for number of panicles /plot and grain yield /plot. Lack of significant 

of Genotype × location interaction variance indicates adequate buffering capacity of the two environments of testing. 

Erikson, et al. [32] explained that non-significant Genotype × location is an expectation in population showing little 

genetic variation however, Miller, et al. [33] explained that, it was due to non-random sampling of the genotypes. 

Erikson, et al. [32] explanation is more likely to hold true for this study because the findings in this study confirmed 

Erikson’s explanation. 

 
Table-1. Mean square from 10 characters in pearl millet (Bakura and Zaria combined) 

Expected Mean Square  

* = significant at (p ≥ 0.05)   ** = highly significant at (P≥0.01)  

Where: 

DF= degree of freedom                                     PTH =Plant height 

DI=downy mildew incidence                            PANH =Panicle height  

DS= Downy mildew Severity                           PAND =Panicle Diameter 

50% DF =50% Days to flowering                    PANWT =Panicle Weight 

 NPAN = Number of Panicle 

 

3.1. Heterosis  
 It was evident from the tables 2 and 3 that the degree of heterosis varied considerably for grain yield and its 

components. A critical examination of the heterosis for grain yield/ha indicated that it was mainly the result of 

heterosis for Panicle weight/plot and Number of panicles / plot. Similar observations were also made by Ugale, et al. 

[34] and Baviskar [35] for the same combinations showing significant heterosis for grain yield. The heterosis for 

grain yield/ha is in turn contributed by Number of tillers/plot, panicle length, panicle diameter and number of 

panicle/ plot [1, 24, 25, 36] reported similar findings. 

The study on heterosis indicated that highly significant heterotic crosses were generally productive. Negative 

heterosis observed in downy mildew incidence, downy mildew severity and 50% DF are desirable in breeding for 

earliness and downy mildew resistance. Also, negative heterosis for earliness indicated the scope of developing high 

yielding and early maturing hybrids. Heterosis for earliness has also been reported by several workers [37-39]. 

 The negative heterosis observed in characters like Panicle height, Number of tillers, Panicle diameter, Panicle 

weight and Grain weight/ha (tables 2 and 3) could be due to sample variation, linkage, inadequate statistical and 

genetic models. Similarly, plant height had very low heterosis. These results revealed that heterosis for grain yield in 

pearl millet is mainly contributed by the panicle components rather than vegetative traits. Yahaya [31], observed 

similar result in his research on pearl millet.  
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Table-2. Mid Parent Heterosis of hybrids over different characters in Pearl millet 

                  
*=significant at 5% (p ≥ 0.05); **=highly significant at 1% (p ≥ 0.01) 

 
Table-3. High-parent heterosis (HPH) of hybrids for different characters in Pearl millet 

*=significant at 5% (p ≥ 0.05); **=highly significant at 1% (p ≥ 0.01) 

 
Table-4. Average heterosis (%) of pearl millet hybrids carrying resistance genes 

 

Average heterosis 

(%)  (PEO5532, 

SOSATC88, P1449 

and DMR15) 

TRAITS Maximun Minimum  

Downy mildew Incidence 8.9 -54.44 -20.14 

Downy mildew severity 8.71 -17.35 -4.792 

Days to 50% flowering 3.85 -6.26 -1.471 

Plant length 19.26 -7.52 7.062 

Number of tillers 14.91 -11.31 -10.39 

Panicle length 38.67 -8.38 10.344 

Panicle diameter 12.03 -6.4 1.536 

Number of panicle / plot 82.15 -4.52 35.593 

Panicle wt / plot 332.32 -21.86 81.124 

Yield/ha  174.84 -16.78 52.639 
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Table-5. Average performance of parents, MP, F1 generation and average MP 

Characters 

Parental mean 

Heterosis (%) P1 P2 MP F1 

Disease Incidence 68.27 63.30 65.79 51.13 -20.14 

Disease severity 0.94 0.88 0.91 0.86 -4.79 

50% DH 47.83 49.79 48.81 48.08 -1.47 

Plant length 166.24 169.51 167.87 179.43 7.06 

Number of tillers 7.08 6.97 7.02 7.02 0.06 

Panicle length 25.18 24.49 24.84 27.23 10.34 

Panicle diameter 8.17 8.17 8.17 8.28 1.54 

Number of panicle per plot 51.88 51.46 51.67 68.87 35.59 

Panicle wt per plot 1.37 1.58 1.48 2.45 81.12 

Yield/ha  7.01 7.54 7.27 10.56 52.64 

 
Table-6. Genotypic (Rg) and Phenotypic Correlation (Rp) Among Yield Related Characters in Millet across Two Locations 

                                                                   
*=significant at 5% (0.235)  
**=highly significant at 1% (0.306)  

Degree of freedom= N-2= 70 
 

3.2. Average Heterosis (%) of Pearl Millet Hybrids Carrying Resistance Genes 
From Table 4, the average heterosis (%) of PEO5532, SOSATC88, P1449 and DMR15 for the traits studied 

revealed that the direction and magnitude of heterosis was significantly influenced by the male parents. The average 

heterosis was high for number of panicle per plot, panicle wt per plot and grain yield/ha. The average heterosis was 

in the desired direction for downy mildew incidence, downy mildew severity, days to 50% flowering and the yield 

components except number of tillers. 

With a view to crystallizing the results, average heterosis was calculated by using parental and F1 generation 

means. The positive heterotic values were maximum for panicle weight per plot , grain yield/ha, number of panicle 

per plot and Panicle length in that order.  

 

3.3. Correlation 
The magnitudes of genetic correlation coefficient indicate degree of correlation were higher than those of 

phenotypic correlation coefficients for Plant height, Number of tillers, Panicle diameter, Panicle weight and downy 

mildew incidence. This is in agreement with Yeye [36]; Phul and Athwal [40]; Rao and Pardhasarathi [41]; Gupta 

and Dhillon [42] and Diz and Schank [43] who reported higher magnitude of genetic correlations than phenotypic 

correlations in their studies on pearl millet.  

In pearl millet, the most important character of interest to the breeder is the grain yield and disease resistant. 

Since grain yield is a quantitative character that is influenced by environmental factors, direct selection for yield per 

se would be difficult. Therefore, to improve the grain yield it is desirable to select for one or more yield related 

characters e.g panicle length, tiller count and panicle weight. Days to 50% flowering, plant length, number of tillers 

/plot, panicle weight /plot, panicle diameter  and downy mildew severity were found to have negative genetic 

association with grain yield while number of panicle/plot, panicle weight /plot and downy mildew incidence have 

positive genotypic correlation with grain yield /ha. This result confirmed the earlier findings of Mahadevappa and 

Ponnaiya [44] who reported similar findings for 50% days to flowering. This result showed that selection for any of 

these characters would lead to indirect selection for grain yield. The result was also in agreement with that of Navale 
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and Harinarayana [45] who reported positive genetic correlation between grain yield and total number of tillers, 

effective tillers and plant height. 

The genotypic correlation was higher than the phenotypic correlation indicate correlation between downy 

mildew incidence and yield indicating that there was a strong inherent relationship between downy mildew incidence 

and yield. This was in agreement with Johnson and Hutchinson [17]. However, reverse was the case for downy 

mildew severity and yield indicating that environmental and /or non-additive genetic effect are acting on characters 

in the same direction.   

 

4. Summary and Conclusion 
The study of heterosis was aimed at selecting the best parents that give high heterosis in terms of yield 

components, yield and downy mildew resistance.  From PEO5984 source, two hybrids PEO5984 × P1449 and 

PEO5984 × PEO5532 had significant heterosis for 50% days to flowering, PEO5984 × P1449,  PEO5984 × 

PEO5532 and PEO5984 × DMR15 for plant height, and  panicle height, PEO5984 × P1449 for panicle diameter,  

PEO5984 × SOSATC88 and PEO5984 × DMR15 for number of panicles per plot and  PEO5984 × P1449,  

PEO5984 × PEO5532, PEO5984 × DMR15 and PEO5984 × SOSATC88 for yield. Hybrids BDP1 × P1449,  BDP1 

× PEO5532 and BDP1 × DMR15 from BDP1 source have significant heterosis for plant height, BDP1 × P1449  and 

BDP1 × DMR15 for panicle diameter, BDP1 × P1449,  BDP1 × PEO5532,  BDP1 × DMR15 and BDP1 × 

SOSATC88 for number of panicles per plot and BDP1 × P1449,  BDP1 × PEO5532 and  BDP1 × DMR15 for yield;  

hybrids  MOP1 × P1449 and MOP1 × DMR15 from  MOP1 source were significantly heterotic for plant 

height,MOP1 × PEO5532 for number of tillers per plot, MOP1 × P1449for panicle diameter,MOP1 × P1449 and 

MOP1 × DMR15 for panicle weight per plot and MOP1 × P1449,  MOP1 × DMR15 andMOP1 × PEO5532 for 

yield;  while all the  hybrids form LCIC9702 source had significant heterosis for all of the traits except days to 50%  

flowering, and number of tillers per plot. Considerable heterosis was observed for grain yield and its components. 

The heterosis for grain yield was largely due to panicle length, panicle girth, panicle weight per plot and number of 

panicles per plot. The genotypic correlation was higher than the phenotypic correlation between downy mildew 

incidence and yield indicating that there was a strong inherent relationship between downy mildew incidence and 

yield. However, the hybrids showed various degrees of downy mildew incidence, they were more tolerant to the 

disease and have higher yields than their parents. 

In conclusion the most productive and most heterotic combination was PEO5984 × DMR15 followed by 

PEO5984 × P1449 then PEO5984 × PEO5532 and PEO5984 × SOSATC88. The best hybrid as shown by Mid 

parent and Better parent heterosis for downy mildew incidence was PEO5984 × P1449 while BDP1 × P1449 was the 

best hybrid Mid parent heterosis for downy mildew severity and the best Better parent heterosis for downy mildew 

severity was MOP1 × SOSATC88. 
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