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Abstract

The major aim of pearl millet breeder is to develop stable,
high-yielding varieties/hybrids. The improved composite/
population provides base for the development of
high-yielding stable varieties/hybrids. The present study
was conducted to compare the efficiency of half-sib (HS),
full-sib (FS) and selfed progeny (S,) recurrent selection
methods for improvement in yield: and to improve the
per se performance of the EC91 PCV5 pearl millet
composite. Half sib progeny selection method showed
3.17% realized genetic gain, whereas full-sib progeny
selection method showed 11.49% and S, progeny selection
method showed 31.6% realized genetic gain for grain yield
on pooled basis. Thus, S, progeny selection method
recorded highest realized genetic gain for grain yield as
compared to half-sib and full-sib progeny selection
methods. Similar trend was also observed for other yield
contributing traits. For effective tillers per plant the realized
genetic gain was 12.55% for half-sib, 25.11% for full-sib
and 28.14% for S, progeny selection method. It was 0.61%
(HS), 3.55% (FS), 7.69% (S,) and 0.16 % (HS), 16.06% (FS)
28.04% (S,) for threshing percentage and harvest index,
respectively on pooled basis. Thus, it was revealed that
the S, progeny selection method is most efficient for
improvement in grain yield and its contributing traits in
pearl millet. The increase in grain yield in S, progeny
selection method is correlated with increase in panicle
surface area, effective tillers per plant threshing percentage
and harvest index. On the other hand, for dry fodder
yield, only half-sib progeny selection recorded significant
realized genetic gain. This increase in dry fodder yield
is correlated with the tallness and lateness.
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Introduction

Pearl millet [Pennisetum glaucum (L) R. Br}] is one
of the most extensively cultivated cereals in arid and
semi arid regions of the world. It is a principal food
cereal cultivated on 25 million ha of the drought prone
semi arid regions of Africa and Indian subcontinent and
has .also been grown as a forage crop in the USA,
Australia. South Africa and South America [1-2]. '

Attention must also be given to the yield stability
of improved pearl millet populations due to the threats
of severe moisture deficits [3]. In recent year's major
advances in India and elsewhere in the world in pearl
millet has been made in the development of hybrids
using male-sterile lines. Although there is a wealth of
genetic variability present in this genus [4], even then,
a systematic population improvement programme has
so far been limited in pearl millet. Increasing grain yield
and yield stability have therefore been major breeding
objectives (or improving pearl millet. Increasing pearl
millet production through recurrent selection should be
possible due to pearl millet's tremendous variability
[6-6]. Population breeding can effectively utilize the
enormous genetic variability present in this species,
which holds better prospects for combining stable
resistance to various biotic and abiotic stresses with
better yield using diverse germplasm [7].- The present
study was. therefore, conducted (i) to determine the
relative efficiency of three recurrent selection methods
viz.,, half-sib. full-sib and selfed progeny (S{) selection
for use in population improvement (ii) to improve the
per se performance of composite EC 91PCV5 for its
further exploitation in population/hybrid breeding
programme. ‘

Materials and methods

Development of progeniés: The material for the present
study was developed from the composite EC91PCV5.
The base population (Co) of the composite EC91PCV5
was planted in kharif 1998. Three types of progenies
viz. half-sib, full-sib and S1 were developed from the
base composite (Co). (i) HS progenies were deVeIoped
by pollinating the selected plants by bulk pollen in the
base population (C¢). (i) Full-sib progenies were
generated by crossing selected single plants (with each
other) in the base population (Co). (iii) S1 progenies
were generated by selfing ear-heads of selected plants
in base population (Co). ‘
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Evaluation of progenies. The 55 HS, 55 FS and
55 84 progenies generated from 6(391PCV5 base
population (c,) during kharif 1998 were evaluated in
replicated trial during kharif 1999 at Chaudhary Charan
Singh, Haryana Agricultural University, Hisar. The 169
entries with respect to 165 progenies (55 HS, 55 FS
and 55 Sy), one base population and three checks
were grown in a simple lattice design (13 x 13) with
two replications. Each entry was planted in two rows
of 4 meter length. All the entries were grown with a
hand-operated plough keeping row to row distances of
50 cm and plant to plant distances of 10 cm.
Recommended package of practices was followed to
raise a good crop. The data were recorded for grain
yield (kg), dry fodder vyield (kg), panicle length (cm)
and panicle girth (cm). Panicle surface area (cm2) was
calculated as per the formula (r x panicle length X
panicle girth). Data on panicle characters was recorded
on ten randomly selected competitive plants, whereas,
for remaining traits, data were recorded on per plot
basis and later converted into per plant by dividing the
plot yield with total number of plants in a plot.

Selection of superior progenies: Three selection
criterions viz., grain yield, panicle surface area and dry
dder vyield were adopted to identify the superior
progenies for these three respective traits in each of
the three types of selection methods. Out of total 55
full-sib progenies. 11 superior full-sib progenies for grain
yield, 11 for panicle surface area and 11 for dry fodder
yield were selected adopting 20 per cent selection
intensity. Similar criterions and selection intensity were
used to identify the superior progenies among half-sibs
and S, progenies. The remnant seeds of identified
superior progenies for grain yiéld, panicle surface area
and dry fodder yield were bulked separately in each
three type of progeny methods, thereby, forming nine
bulks.

Recombination procedure and creation of
experimental varieties: These nine experimental bulks
were grown in nine separate blocks in off-season
nursery (Feb-April) at ICRISAT, Patancheru, Hyderabad
for recombination. Each block consisted of 10 rows of
five-meter length. For obtaining seed of each experi-
mental variety, artificial bulk pollination was practiced
i.e. at the time of flowering, pollens were collected
from plants within the block and bulk pollen was used
to pollinate 15 plants of that block. At the time of
harvesting, seed from each mass pollinated plant was
harvested. The seeds harvested from plants within block
were mixed together to form experimental varieties.

Evaluation of experimental varieties: Nine
experimental varieties obtained by the above manner
along with base population were evaluated at two
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locations i.e. Hisar (rain-fed) and Karnal (irrigated) during
kharif 2000. The trial was conducted in a randomized
block design with three replications at each location.
Each entry accommodated four rows of dive meter
length. At Hisar (Envt. 1), the trial was rain fed and a
condition of moisture stress/deficit occurred during the
grain filling stage whereas, at Karnal (Envt. ll) irrigations
were given according to the crop requirement. The data
was recorded for days to 50 percent flowering, plant
height (cm), effective tillers per plant (number), panicle
length (cm), panicle girth (cm), threshing percentage
(%), grain yield (kg/plot), and harvest index (%). Panicle
surface area (cm?) was calculated as per the Aormula
(r x panicle length x panicle girth). Data on' panicle
characters was recorded on ten randomly selected
competitive plants, whereas, for remaining traits, data
were recorded on per plot basis and later converted
into per plant by dividing the plot yield with total number
of plants in a plot. Data were pooled from both the
environments/locations and analyzed within and across
the environments with randomized block design used
at each location using SAS programme. The Realized
genetic gain (R) was calculated according to the formula
given below.

Ao (Xp— Xg) x 100
Xo
whereas

X, = Mean of experimental varieties obtained from
completion of one cycle of recurrent progeny selection
(haif-sib, full-sib and 8,)

X, = Mean of base population

Results and discussion

Table 1 represents the pooled analysis of variances of
nine experimental varieties obtained from composite EC
91 PCV5. The differences between the treatments at
both the locations i.e. Hisar (Envt. ) and Karnal (Envt.
Il) were significant for all the traits. This indicates that
there was sufficient genetic variability in the material
under study. Interaction of genotype x environment
were significant for all the traits.

Table 2 presents the realized genetic gain obtained
after one cycle of recurrent selection (half-sib. full-sib
and 8, progeny selection) methods in both the
environments as well as on pooled basis. The tables
2 showed that higher values of realized genetic gain
were obtained in environment H (optimal moisture
condition) as compared to environment 1 (moisture
deficit). The revealed that favorable environment showed
higher realized genetic gain as compared to stress
(moisture deficit) environment. The expression of realized
genetic gain in both environments i.e. moisture deficit
(rain fed) and optimal moisture environments is
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Table 1. Pooled Analysis of variances for nine experimental varieties of composite EC91 PCV5

Source df 1 2 3 4 5 6 7 8
Environment 1 2632.02** 81978.07* 10.85* 709786™ 6666.67** 4711.57** 152535 17.80™
Rep in Env. 4 2.52 44.74 0.08 86418 6.72 94.09 1.13 0.31
Genotype 8 6.88* 379.32** 0.18** 14488** 56.17** 244.50* 68.35"" 17.83™
Env. x Genotype 8 7.27 111.82* 0.32 34316™ 89.67" 132.74* 124.35* 24 .55
Error 32 1.08 2.93 0.06 1270 0.18 2.18 1.36 0.17

1 = days to 50% flowering, 2 = plant height, 3 = effective tillers per plant, 4 = panicle surface area, 5 = grain yield, 6 = Dry fodder yield, 7 =

threshing percentage, 8 = harvest index

particularly encouraging, as pearl millet is particularly
grown in rain fed conditions. The resuits of our study
supported the view of Rattunde and Witcombe, 1993
(8] that expression of better yields by the more advance
population in both moisture deficit and optimal moisture
conditions is particularly encouraging as pearl millet is
grown in areas of frequently but unpredictable rnoisture
deficits.

The improvement in yield is one of the most
important expects in plant breeding. Yield potential is
a universal breeding objective. In the present study,
among the three progeny recurrent selection methods,
half-sib progeny selection method showed 1.17 %
realized genetic gain: full-sib progeny selection method
showed 11.49 % and Si progeny selection method
showed 3.17 % realized genetic gain for grain yield
on pooled basis. Thus, Si1 progeny selection method
gave highest realized genetic gain for grain vyield
compared with half-sib and full-sib progeny selection
methods over the environments. Similar trend was also
observed for effective tillers per plant, where, the realized
genetic gain was 1255 % for half-sib. 25.11 % for
fuli-sib and 28.14 % for St progeny selection method.

Panicle surface area is an important selection
criterion for improvement in grain yield in pearl millet
[18]. Sy progeny selection method recorded highest
realized genetic gain (35.70 %) for this trait followed
by fuil-sib (33.72 %) and half-sib (12.33 %).

The poor sink capacity of traditional millet with
15-20 % harvest index is a basic problem of millet
species in itself, causing it to produce low grain vyield.
This crop has an impressive capacity to produce dry
matter that goes to stem and leaves, reducing the
harvest index to 15-20 per cent, which is much lower
than the percentage in maize and rice [9]. In the
present study, except half-sib progeny recurrent selection
method, other two progeny selection methods showed
realized genetic gain for the harvest index with maximum
in §4 selection method (28.04 %) followed by full-sib
(16.06 %). For threshing percentage, the realized genetic
gain was recorded maximum in Sy progeny selection
(7.69 %) followed full-sib (3.55 @ and half-sib (0.61%)
progeny selection methods. :

Earliness is one of the important traits contributing
to adaptation to the terminal drought stress [10]. Days
to 50 per cent flowering is important trait contributing
to the earliness. The reduction in days to 50 per cent
flowering was noticed in all three recurrent selection
methods. The highest reduction in days to 50 per cent
flowering was noticed in S; progeny selection (-8.62
%). No significant difference was observed between
HS and FS progeny selection methods for this trail.
The significant reduction in days to 50 per cent flowering
i.e. earliness may be related with the increase in grain
yield particularly at rain fed conditions.

Plant height is one of the important traits as the
excessive height of many varieties increases the risk

Table 2. Realized genetic gain obtained after completion of one cycle of half-sib, full-sib and S; progeny selection methods

for yield and its contributing traits in pearl millet

Days to 50%  Plant height Effective Panicle Grain Dry fodder Threshing Harvest

flowering titter/plant surface area yield yield percentage index
Haif-sib
E1 —-4.81 3.72 -9.8 417 1.92 6.00 -1.59 1.43
E2 2.54 7.69 21.9 10.98 4.76 8.80 2.96 -2.22
Pool -5.22 5.72 12.6 12.33 3.17 7.49 0.61 -0.16
Full-sib
E1 -3.06 -7.69 16.7 32.78 8.95 3.70 1.64 13.90
E2 1.49 -14.42 36.3 35.01 14.60 0.20 5.56 15.70
Pool -4.87 -11.01 25.1 33.72 11.49 1.85 3.55 16.10
S1
E1 -8.32 3.17 15.5 33.14 26.04 1.70 5.53 18.90
E2 -0.96 -3.26 45.0 38.32 35.60 -2.60 9.99 31.50

Pool -8.62 —6.14 28.1 35.70 31.60 -0.58 7.69 28.00
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of lodging and grain loss -after storms.. On the other
hand, tallness has advantage for the varieties especially
for fodder purpose. Tall, tate-maturing varieties with low
harvest index do not respond sufficiently to better
management inputs to give much higher returns and
hence, they are less suitable for improved and intensive
agriculture. In the present experiment, for the plant
height, the realized gain recorded in the negative
direction on pooled basis in case of Sy (-6.14 %) and
full-sib (—=11.01 %) while it is positive direction in half-sib
(5.72 %) progeny selection method i.e. experimental
varieties obtained from S, and full-sib progenies showed
dwarfness whereas experimental varieties obtained from
half-sib progenies showed taliness over the base
population. For dry fodder yield, the significant realized
genetic gain was recorded only in half-sib progeny
selection method (7.49 %). The benefit of plant height
is clearly seen in the experimental varieties developed
through half-sib progeny selection method. Thus, the
product of half-sib might be suitable for improvement
in dry fodder yield.

The results of the present investigation revealed
that Sy progeny selection method appeared as the
most efficient for improvement in grain yield. A similar
trend was also observed for other grain yield components
like panicle surface area, effective tillers per plant,
threshing percentage and harvest index. St progeny
selection method, on the other hand, showed a reduction
in plant height and days to 50 per cent flowering. Thus,
the gain in grain yield was achieved with the
improvement in effective tillers per plant, panicle surface
area, threshing percentage, harvest index along with
earliness. Sy progeny selection method also simpler to
operate because producing selfed progeny does not
involve any crossing work. S1 selection method also
beneficial in the way that it saves time if the selected
progenies are to be chanalized into inbred line
development. The present results are in conformity to
earlier studies [11-14] that revealed that selfed progeny
selection methods (S+1) were superior than either full-sib
or half-sib progeny selection methods for improvement
in grain yield and its contributing traits. The superiority
of the Sy progeny selection method over full-sib and/or
half-sib for grain yield might be due to (i) S1 progeny
selection method providing better chances for exposing
the deleterious recessives in' the populations (ii) It is
more effective in unraveling the hidden genetic variability
than either half-sib or full-sib [15] (iii} It exploits more
of the additive genetic variances, which is the primarily
gene effect that improves the general combining ability
[9].
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The results of this investigation suggest that it is
possible to make reasonable progress in increasing the
yield with the use of the various progeny recurrent

selection methods (half-sib, full-sib and S;) with
" maximum gain through S selection method for grain

yield and half-sib for dry fodder yield. The material
obtained from S, and full-sib progeny recurrent selection
methods coula be utilized in future breeding for
improvement in grain yield whereas the material of
half-sib progeny selection method could be used for
higher fodder yield breeding programme.
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