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Abstract Pearl millet (Pennisetum glaucum (L.) R. Br.) is an important cereal crop in the arid area in sub Saharan Africa.
Most of the cultivated cultivars are landraces, with relatively stable and low grain yield. Understanding the variability and the
estimates of genetic parameters in a collection of accessions on hand would be useful in developing appropriate breeding
strategies. An experiment was conducted in 2011 at the research station of Gampela, agronomic research center of the
Institute of Rural Development (IDR), to assess the genetic variability, and to estimate the broad sense heritability and the
genetic advance expected from selection in a collection of 82 accessions collected from three agro-ecological zones in
Burkina Faso. Analysis of variance revealed highly significant differences (P<0.01) between the genotypes for all the
characters studied except the number of productive tillers. The 12 significant characters were into four principal components
each having eigenvalues greater than 1.00 and explained 76% of the total variation. Hierarchical cluster analysis split the
accessions of the collection into seven clusters with 64% dissimilarity between clusters. The phenotypic coefficient of
variation (PCV) was moderately higher than the genotypic coefficient of variation (GCV). High estimates of broad sense
heritability (52-98%) were recorded for all the characters. All the characters, except stem width, recorded moderate to high
genetic advance as per cent of the mean expected from selection of 5% best lines, coupled with high broad sense heritability,
indicating that the studied genotypes could be improved for these characters through a simple selection method.
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potential remain very low. Improvement of yield potential
1. Introduction requires knowledge about estimates of genetic variability,
heritability and genetic advance of the agronomic traits in
regard to the material that is on hand[15]. Heritability is the
proportion of a phenotype that is transmitted from parents
to offspring[4]. But, since heritability is influenced by
environment, its estimate alone may not be helpful for
selection based on phenotype. Nevertheless, heritability
along with genetic advance conjointly can lead to reliable
conclusion[3]. Therefore it become necessary to have
information about the genetic variability and the estimates
of the heritable and none heritable components of the
observed variability. Previous studies reported high
heritability and low genetic advance for days to 50%
flowering in pearl millet[15]. High broad sense heritability
and high genetic advance for grain yield and panicle length
were also reported[16], whereas plant height and panicle
girth showed high heritability and low genetic gain[16]. The
objective of this study was to assess the genetic variability
based on agro-morphological characters and to estimate
genetic parameters in a collection of pearl millet accessions
of Burkina Faso.

Pearl millet (Pennisetum glaucum (L.) R. Br.) is the
major cereal crop in the arid and semi-arid zones in West
Africa and India. It is usually cultivated under harsh
conditions (low rainfall, infertile soils, low external input)
where no other cereal crop can yield economically
([8],[10]). It constitutes an important staple crop in the
marginal  agricultural production environments in
Sub-Sahara of West Africa, where it is primarily grown on
15 million ha[ll], for grain production for human
consumption. The stover is the main source of feed for
livestock in this area ([9],[12]). In Burkina Faso, it is the
second cereal crop after sorghum and it is grown throughout
all agro-ecological zones of the country.

Most of pearl millet cultivars cultivated by farmers are
landraces. Landraces grown in the harsh environment
conditions show some adaption to abiotic stresses and often
provide stable and modest grain yields[13]. Though these
cultivars are adapted to the environments, the grain yields

* Corresponding author:
draboinos@yahoo.fr (Inoussa Drabo)

Published online at http://journal.sapub.org/ijaf R
Copyright © 2013 Scientific & Academic Publishing. All Rights Reserved 2. Material and Methods



368 Inoussa Drabo et al.:

Genetic Variability and Estimates of Genetic

Parameters in Burkina Faso’s Pearl Millet Landraces

2.1. Site of Experimentation

The experiment was conducted during the rainy season
2011 at the research station of Gampela, 12° 25’ Nand 1° 12’
W, situated at 20 kilometres in the East of Ouagadougou.
The soil is a Ferric Lixisol, and the texture is loamy-sand
with low organic matter and nutrient availability[1]. The
climate is soudano—Sahelian type, characterized by a short
rainy season from June-July to September-October with an
average annual rainfall about 750 mm, and a long dry season
from November to May. The maximal temperature varies
between 35-40°C and minimal temperature varies between
18 to 19°C.

2.2. Genetic Material

The genetic material was selected from accessions
collected in three agro-ecological zones in Burkina Faso
(Sahel, Sub-Sahel and North Soudan) in 2010 (Figure 1).
Details on the origin of the genotypes are mentioned in (table
1). The collected material was first grown in nursery in 2010
for observation and seed regeneration. In total, material
consisted of eighty two ecotypes along with one open
pollinated variety (OPV), SOSAT-C88 as check, were
evaluated in this experiment in the rainy season 2011.

2.3. Experimental Design

The trial was conducted in randomized complete block

sowee: BMOT . 2003
Fontes and Guinke, 1395

Figure 1.

design (RCBD). Each entry was sown on one row of 6 m
length with 60 cm between hills on the same row (10 plants
per row). The space between rows was 80 cm. Thinning was
done two weeks after emergence to reduce the number of
plant to a single plant per hill. Weeding was done two times
and fertiliser was applied at recommended doses 100 kg of
NPK 14-23-14 (two weeks after emergence), and 50 kg of
urea 46% N split into two application (two weeks after
emergence and 35 days after emergence).

Table 1. Material Collected per Agro-ecological Zone and per Province

Agro-ecological zones Provinces number of accessions
Sahel Seno 6
Lorum 8
Zondoma 5
Sub-Sahel Yatenga 18
Gnagna
Nanmentenga
Passore
North Sudan Gourma 5
Zoundweogo 23
Kadiogo 3
Check (improved OPV) 1

Legand
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Colemon sita
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. s
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Agro-ecological zones sites of collection of the ecotypes, and experimentation site
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2.4. Data Recording

Five plants per row were randomly selected by rejecting
the border plants, to record quantitative data on characters
viz., days to 50% flowering (days), panicle emerging
duration (days), total number of tillers, total number of
productive tillers, stem width (cm), plant height (cm), flag
leaf length (cm), flag leaf width (cm), peduncle length (cm),
peduncle width (cm), ear length (cm), ear width (cm) and
hundred grains weight (g).

2.5. Statistical Analysis

Analysis of variance (ANOVA) was performed for the
RCBD according to[2], by using GenStat (12 edition). Based
on the variance component obtained from the ANOVA and
the significance, the genetic parameters were estimated.
Genotypic and phenotypic variances (Vg and Vp) were
estimated according to[7], genotypic and phenotypic
coefficient of variation (GCV and PCV), broad sense
heritability (H?) and expected genetic advance (GA) from the
selection of the best 5% of genotypes were calculated as per
the formula suggested by ([3],[4],[5] and[6]).

Vo= (MSg — MSp)/r (1)

Where MSg is the means squared of genotype, MSg is the
means squared of the residual (error), and r is the number of
replication.

Vp= V¢ + (MSg/r) )
H* (%) = (V/Vp) 100 3)
GCV (%) = (66/X) 100 4)

Where o is the genotypic standard deviation and X is the
trait mean

PCV (%) = (cp/X) 100 (5)
Where op is the phonotypic standard deviation and X is the
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height, flag leaf length, flag leaf width, peduncle length, ear
length, and ear width showed CV% less than 10%. The
genotype means for all the characters were recorded in (table
3) and it showed a wide range of variation. For example days
50% flowering varied from extra-early (46 days) to late (81
days), the plant height varied from short (152 cm) to tall (300
cm), total number of tillers varied from 4 to 15 tillers per
plant and the ear length varied from 17.3 to 82.3 cm.

Table 2. Analysis of Variance for Thirteen Characters in Pearl Millet

Source of

variation Replication  Genotypes Error CV (%)
df 2 82 164 -
Day fl 52.964 76.09%** 8.61 4.32
P em d 6.012 16.713%* 4.896 29.76
TNT 15.042 6.386%* 3.297 22.84
TNPT 5.206 2.004 ns 1.268 26.68
Plant_h 2299 994.6%* 3253 8.51
Flag 1 20.182 55.4%%* 9.347 6.81
Flag w 0.392 0.3237%%* 0.1379 9.65
Ped 1 10.566 38.318** 4.579 5.13
Ped w 0.032071 0.041633%* 0.006906 11.66
Ear 1 28.16 339.08%* 11.07 9.26
Ear w 0.63042 0.18303** 0.05271 9.04
W_100 0.03498 0.05605** 0.02446 13.36
stem_w 0.22211 0.03212%* 0.01551 11.25

** = significant at 1%, ns = non-significant (P >0.05), df = degree of freedom,
Day_fl = days to 50% flowering, P_em_d = panicle emerging duration, TNT =
total number of tillers, TNPT = total number of productive tillers, stem_w = stem
width, plant_h = plant height, Flag_1 = flag leaf length, Flag_w = flag leaf width,
Ped_1 = peduncle length, Ped_w = peduncle width, Ear_| = ear length, ear w =
ear width, w_100 = hundred grains weight

3.2. Structure of the Variability in the Collection
3.2.1. Principal Component Analysis

Table 3. Squared Cosines of 12 Characters on Four Factors and total
variability explained of 12

trait mean.

Principal components

Characters
GA=H o, K ©) F1 F2 F3 F4

Day Fl 0.051 0.694 0.000 0.002
Where K is a constant, which at the selection intensity of 5%  Pan_em D 0.005 0.260 0.127 0.306
is 2.06. TNT 0.065 0.649 0.003 0.036
GA (% of trait mean) = (GA/trait mean) 100.  (7) TNPT 0.435 0.061 0.005 0.029
Plant H 0.050 0.707 0.063 0.015
Flag L 0.347 0.206 0.027 0.015
Flag w 0.541 0.029 0.193 0.041
3. ReSUItS Ped 1 0.157 0.085 0.263 0.283
3.1. Genetic Variability for Agro-morphological Ped_w 0.802 0.077 0.004 0.000
Characters Ear | 0.758 0.010 0.034 0.053
Ear w 0.058 0.378 0.217 0.172
Analysis of variance (ANOVA) was performed on 13 W_100 0.308 0.123 0.270 0.051
agro-morphological characters and the result is reported in stem w 0.676 0.002 0.056 0.054
(table 2). The result revealed highly significant (P < 0.01) Eigenvalue 4.939 3.318 1.313 1.070
differences between genotypes for all the characters studied  Variability (%) 35.276 23.697 9.381 7.640
except total number of productive tillers. Hence further _ Cumulative % 35.276 58.972 68.354 75.994

analyses were not carried out with the mean square of this
character. The coefficient of variation (CV %) was large for
panicle emergence duration (29.76%) followed by total
number of tillers (22.84%). Days to 50% flowering, plant

Values in bold correspond for each character to the factor for which the squared
cosine is the largest and show the association of characters with the principal
component

Characters which were significant in the analysis of
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variance were used to perform a principal component
analysis. These characters viz day to 50% flowering
(Day_Fl), panicle emerging duration (P_em_d), total number
of tillers (TNT), stem width (stem_w), plant height (plant_h),
flag leaf length (Flag_l), flag leaf width (Flag_w), peduncle
length (Ped_1), peduncle width (Ped w), ear length (Ear 1),
ear width (ear_w), and hundred grains weight (w_100), were
grouped into 14 principal components or factors with
eigenvalues laying between 0.073 and 4.939. By considering
the first four factors with eigenvalues greater than 1.00,
about 76% of the total variation could be explained (table 3).
The squared cosines of the characters presented in table 3
revealed that factor one (F1) accounted for 35.28% of the
total variation was associated with flag length and width,
peduncle width, ear length, hundred grains weight and stem
width. Factor (F2) consisted mainly of flowering time,
tillering, plant height, and ear width explained 23.69% of the
total variation. Factor three (F3) explained 9.38% of the total
variation. Factor four explained 7.64% of the total variation
and consisted of peduncle length and panicle emergence
duration.

3.2.2. Cluster Analysis

Agglomerative hierarchical clustering based on the factor
scores of the four factors (F1, F2, F3 and F4) and truncating
the dendrogram at 12% revealed that all the collection of 82
accessions formed seven distinctive clusters (figure 2),

60 -

displaying 64% dissimilarity between clusters and 34%
dissimilarity within cluster from optimal classification.
Accessions from the Sahel zone (cluster 5) were
homogeneous and formed only one group whereas, those
from the North-Soudan and Sub-Sahel formed several
groups indicating the large diversity in these regions.

Mean values of the different characters per cluster
presented in table 4 revealed that cluster 1 had the greatest
grain weight. Panicle emergence duration was longest in
accessions of cluster 2. Accessions of cluster 3 were mostly
characterized by width panicles. Accessions of cluster 4
were predominantly tall and late maturing. Flag leaf length
and flag leaf width, ear length, peduncle width and steam
width made accessions of cluster 5 a very distinct group in
the collection. This cluster was separated from the rest by the
first bifurcation of the dendrogram (figure 2). Accession in
cluster 6 and 7 were predominantly characterized by long
peduncle and high number of tiller respectively.

3.3. Estimates of Genetic Parameters

In order to understand whether the observed variation was
due to genetic factors, genotypic (Vg) and phenotypic(Vp)
variances, genotypic (GCV) and phenotypic (PCV)
coefficient of variation, broad sense heritability(H?) and
genetic advance (GA) expected from selection of best 5% of
the genotypes were estimated and reported in (table 3).

50 +
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Table 4. Mean values of Characters per Cluster for Pearl Millet Collection in Burkina Faso
Collection Cluster
Character
Mean Range SD 1 2 3 4 5 6 7
Day Fl 67.9 49.0 -78.7 5.0 68.0 65.1 66.8 75.4 71.3 70.2 727
Pan_em_D 7.4 2.7-13.7 2.4 6.9 8.8 6.2 42 8.5 7.8 5.4
TNT 8.0 52-12.0 1.5 8.0 7.3 7.5 10.4 7.3 8.2 10.6
Plant H 211.8 173.3 -259.4 18.2 2223 199.3 203.6 245.5 2253 219.9 225.8
Flag L 44.9 34.4-554 43 455 42.8 44.7 49.9 52.7 45.4 432
Flag w 3.8 32-47 0.3 4.0 3.7 4.1 39 4.3 3.6 35
Ped_1 41.7 32.7-522 3.6 443 40.4 39.7 45.2 37.6 46.8 40.4
Ped_w 0.7 0.5-1.1 0.1 0.7 0.7 0.8 0.6 1.0 0.7 0.6
Ear | 36.0 19.9-77.2 10.6 34.8 33.0 352 332 71.6 352 28.9
Ear w 2.5 2.0-33 0.2 2.6 2.5 2.8 24 2.5 2.3 2.3
W_100 1.2 0.7-1.5 0.1 1.3 1.2 1.2 1.1 0.8 1.2 1.0
stem_w 1.1 09-1.5 0.1 1.1 1.1 1.2 1.1 1.3 1.1 1.0
No of accessions 82 - - 10 32 15 6 5 10 5

Values in bold are the most greater for each character, SD = standard deviation

Table 5. Estimates of Mean, Genotypic and Phenotypic Variances, Genotypic and Phenotypic Coefficient of Variation, Broad Sense Heritability, Expected
Genetic Advance and Expected Genetic Advance as Percentage of Mean for Twelve Characters in Pearl Millet

Variable Range Mean Genotypic  Phenotypic o o) Goy o) POV (%) GA GA (% of
variance variance mean)
Day fl 46-81 67.9+2.9 33.740 36.610 92.16 8.55 8.91 11.49 16.91
P em d 2-16 74422 5.909 7.541 78.36 32.70 36.94 443 59.63
TNT 4-15 8.0+1.8 1.545 2.644 58.43 15.63 20.45 1.96 24.61
Plant h 152 - 300 211.8+18.  334.650 443.083 75.53 8.64 9.94 32.75 15.46
Flag | 32-59 449+3.1 23.027 26.142 88.08 10.68 1138 9.28 20.66
Flag w 3-5 3.8+0.4 0.093 0.139 66.90 7.92 9.68 0.51 1334
Ped | 29-53 41.7+2.1 16.870 18.396 91.70 9.85 10.28 8.10 19.43
Ped w 04-1 0.7+0.1 0.017 0.020 88.29 18.49 19.68 0.26 35.79
Ear | 17-82 36.0+3.3 164.005 167.695 97.80 35.62 36.02 26.09 72.56
Ear w 2-4 25402 0.065 0.083 78.76 10.05 11.32 0.47 18.37
W_100 0.6-1.7 12402 0.011 0.019 56.36 8.77 11.68 0.16 13.56
stem w 06-1.6 1.1+0.1 0.006 0.011 51.71 6.72 9.35 0.11 9.96

H= broad sense heritability, GCV = genotypic coefficient of variation, PCV= phenotypic coefficient of variation, GA = genetic advance, GA (% of mean) = genetic

advance as per cent of the mean

3.3.1. Phenotypic and Genotypic Variances

Plant height had expressed high genotypic and phenotypic
variances (334.65 and 443.08) followed by earl length
(164.00 and 167.69) and days to 50% flowering (33.74 and
36.61). Stem width, hundred grains weight, ear width,
peduncle width, flag leaf width, total number of tillers and
panicle emergence duration recorded low genotypic variance
(0.006 to 5.909) and low phenotypic variance (0.011 to
7.541). Peduncle length and flag leaf length showed
moderate genotypic variance (16.870 to 23.027) and
phenotypic variance (18.396 to 26.142).

3.3.2. Phenotypic and Genotypic Coefficient of Variation

Phenotypic coefficient of variation (PCV) was higher than
genotypic coefficient of variation (GCV) for all the
characters, but the differences between them were low. GCV
and PCV were classified into high, medium and low
according to[19]. The GCV was high (>20%) for ear length
(35.62%) followed by panicle emergence duration (32.70%).
Low (<10%) GCV was recorded for stem width (6.70%),
flag leaf length (7.90%), days to 50% flowering (8.55%),

plant height (8.64%), and hundred grains weight (8.77%).
Estimate of PCV was maximum for panicle emergence
duration (36.90%), followed by ear length (36.02%) and
total number of tillers (20.45%). Moderate (11-20%) GCV
and PCV were recorded for the other characters.

3.3.3. Broad Sense Heritability

As per the classification according to[3], the genotypes
studied showed high heritability (>50%) for all the
characters. Ear length (97.80%), days to 50% flowering
(92.16%), peduncle length (91.70%), peduncle width
(88.29%), flag leaf length (88.08%), ear width (78.76%),
panicle emergence duration (78.36%), and plant height
(75.53%) were the characters which recorded very high
(>70%) broad sense heritability. Moderate (50-70%) broad
sense heritability was recorded for flag leaf width (66.90%),
total number of tillers (58.43%), hundred grains weight
(56.36%), and stem width (51.71%).

3.3.4. Expected Genetic Advance

Among the characters, high (>20%) genetic advance as
per cent of mean expected from selection of best 5% of the
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genotypes was recorded for ear length (72.56%), panicle
emergence duration (59.63%), peduncle width (35.79%),
total number of tillers (24.61%), and flag leaf length
(20.66%). The lowest estimate genetic advance was recorded
for stem width (9.96%). The other characters viz., peduncle
length, ear width, days to 50% flowering, plant height,
hundred grains weight, and flag leaf width had recorded
moderate (10 to 20%) genetic advance as per cent of mean.

4. Discussion

Variability is the key in crop improvement since it offers
possibility for selection to develop desired genotype. The
more the variability in the basic population, the more is the
chance of improvement[17]. In the present study, analysis of
variance revealed highly significant (P <0.01) differences for
all the characters except for total number of productive tillers
(table 2), indicating huge genetic variability existing among
the accessions. This observed significant variability among
the accessions could be attributed to their diverse
agro-ecological provenances.[22] also demonstrated high
variability among genotypes collected from divers
geographical zone in Burkina Faso. The observed wide range
of variability suggests ample scope for selection within the
genotypes for development of desirable cultivars. The
hierarchical cluster analysis was useful by sorting the pearl
millet accession collection from three agro-ecological areas
in Burkina Faso into meaningful groups. According to[23],
hierarchical cluster analysis is preferred for examining
relationship between pearl millet landraces because of their
heterogeneity and heterozygosity nature. The Sahel area is
the driest agro-ecology in Burkina Faso with an annual
rainfall less than 400 mm. Landraces grown in this harsh
condition, have eventually developed some specific
adaptation measures which make them distinct from the rest
of accessions of the collection. Sub Sahel and Northern
Soudan areas form a large agro-ecological region,
‘soudano-sahelien’, with an annual rainfall lying between
500 mm and 800 mm. This condition offers a large scope of
adaptability which could explain the diverse groups formed
by accessions from these areas. The current result confirms
that of[23] who studied the diversity of landraces collected in
central Burkina Faso which correspond to the
‘soudano-sahelien’ area. The study revealed up to 10 clusters
of landraces in this region. Identification of clusters of
morphological diversity among the accessions will allow an
efficient use of this collection in a breeding program.
However molecular characterization should be done to
validate this phenotypic diversity.

Estimates of phenotypic coefficient of variation were
higher than genotypic coefficient of variation for all the
characters. Similar results were reported by ([16],[18],
and[19]). Though the estimates of genotypic coefficient of
variation was less than phenotypic coefficient of variation,
the differences was closed for all the traits, indicating that the
expression of characters was less influenced by environment.

Similar results have been reported by[16] and[20] in pearl
millet. Ear length and panicle emergence duration recorded
high GCV, and hundred grains weight, days to 50%
flowering recorded low GCV estimates, and total number of
tillers expressed moderate GCV. This result is in line with
the findings of ([18],[19]).

The coefficient of variability is an indication of the
amount of variability existing among genotypes for a
character. However it does not indicates the heritable and the
non-heritable portion of this variability. Estimate of
heritability indicates the proportion of the variability which
could be transmitted from parent to offspring[4]. All the
characters studied recorded high broad sense heritability.
Similar result was reported by[16] for days to flowering, earl
length, ear width, plant height, number of tillers, hundred
grain weight, and grain yield per plant.[19] also
demonstrated in his findings similar result except for number
of tillers per plant which recorded moderate heritability. The
high broad sense heritability recorded for all the characters
studied could be an indication that the environment had less
influenced the genotypes in the expression of the phenotype.
Thus, phenotype could be a good predictor of genotype for
these accessions[4].

The gain in mean value of population due to selection
depends on the heritability of the character, phenotypic
variation and the selection pressure per the formula of
genetic advance[5]. Therefore, heritability alone may not
be informative whether selection could make substantial
improvement. In spite of that, heritability estimate along
with expected genetic advance may give more reliable
information[18]. High broad sense heritability coupled with
high genetic advance as per cent of mean expected from
selection of 5% of best genotypes, was recorded for ear
length, panicle emergence duration, total number of tillers
per plant, flag leaf length, and peduncle width, indicating
additive gene action. Similar findings have been reported
by[19] for ear length,[21] for ear length and total number of
tillers per plant. Except stem width which recorded high
heritability and low genetic advance, suggesting
non-additive gene action, the other characters studied
recorded high broad sense heritability associated with
moderate genetic advance.[19] reported similar result for
plant height, and demonstrated high heritability combined
with low genetic advance for days to 50% flowering.

5. Conclusions

This study has confirmed the existence of broad genetic
variability in the collection of pearl millet accessions of
Burkina Faso. It could also be concluded that pearl millet
landraces from the Sahel area were less diverse and strictly
distinct from landraces from the Sub Sahel and Northern
Soudan which were highly diverse. This study revealed also
that estimates of PCV was moderately higher than GCV for
all the characters studied, indicating the lesser environmental
effect in the expression of the phenotype, which mean that
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the phenotype could be a reliable predictor of the genotype in
these accessions. Broad sense heritability estimates were
high for all the traits. High heritability (broad sense) coupled
with moderate to high expected genetic advance as per cent
of mean was observed for all the characters studied except
stem width, showing that all the characters studied were
governed by additive genes effect, except stem width which
was controlled by non-additive gene effect. Characters
which were controlled by additive genes could be improved
through direct selection. However for the characters
controlled by non-additive gene, simple selection procedure
may not be effective in improving for these traits. This study
should be validated by molecular characterization.
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