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ABSTRACT

Two hundred reciprocal half sibs (RHS), 200 reciprocal full slhs (RFS) and 200 S, families
(100 of each kind in each population), derived from two randem matinig peari millet populations,
PSB-3 and PSB-7, were evaluated at two locations. The S, families of both populations
generally yielded less than the RHS families for all the characters. The RHS families were
poorer than RFS ones. The higher values associated with RHS and RFS progenies indicated -
the importance of interpopulation heterosis. The variance among S, families for different
characters invariably exceeded that amongst the RHS families and tended to be higher than
that amongst the RFS families. Genetically, more heterogencous RHS progenies exhibited
- least interaction with location differences, whereas the other two types had more or less equal
" sensitivity to variation of locations. Substantial genetic variation was noted among varicus
families for almast all the characters studied, suggesting good scope for intra- and interpopulation

1mprovemcnt
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The population improvement programme has been resorted in recent years
to develop genetically broad-based composites and synthetics of pearl millet ( Pennisetum
americanum L. Leeke). The genetic potential of some populations has been found
to be quite close to the best available F; hybrids and further improvement of such
populations is underway [1]. Gill [2] has also emphasised the need for evolution of
such populations to minimise the risk due to diseases and unfavourable weather as
well as to reduce limitations in seed production. The progress of population
improvement depends on appropriate choice of the base material and the recurrent
selection method. In making these decisions, the plant breeders are largely guided
by the information on the nature and magnitude of genetic variation in populations.
Though extensive quantitative genetic information is available about inbred populations
but not much work has been done to investigate the genetic structure of interpopulation
crosses in pearl millet. This paper describes the means, intra- and interpopulation
family varianice components and their interactions with locations in the S, reciprocal
half sib (RHS) and reciprocal full sib (RFS) families derived from PSB-3 and PSB-7
random mating populations of pearl millet.



176 P. P. Zaveri et dl. [Vol. 48, No. 2
MATERIALS AND METHODS

The reference populations were two diverse pearl millet populations, PSB-3
and PSB-7, developed by intermating of 10_inbred lines in a diallel fashion for
PSB-3 and by intermating 23 inbred lines in a chain crossing system for PSB-7, i.e.,
inbred 1 X inbred 2; inbred 2 X inbred 3; inbred 3 X inbred 4, and so on. Both
populations were allowed to random mate in isolation for four and two generations,
respectively, and were in stable equilibrium [1].

One hundred plants with at least three nllers each of the PSB-3 and PSB-7
populations were randomly selected and used for the ‘synthesis of the experimental
materials during 1979 in the following manner.

1. One tiller of each of the 100 plants of PSB-3 was pdllinated by bulk pollen
from PSB-7 and vice versa to produce total 200 RHS families. ‘

2. The other tiller of each of these 100 plants from PSB-3 was pollinated by
a single plant from PSB-7 and vice versa to produce 200 RFS families.

3. The third tiller of cach of these 100 plants was sclf—pollmated to producc
200 S, families. .

The expenmemal material consisting of 600 families ('100 each of S,, RHS and
RFS types in both PSB-3 and PSB-7) was evaluated during 1980 at two locations, .
viz., Ludhiana and Faridkot. A randomized complete block design with two replications
as adopted by Eckebil et al. [3] was used to evaluate the material. Each replication
was divided into 20 sets to accommodate 30 family progenies and 2 base populations
as checks in each set. The 30 families appearing in a set consisted of 5 families
taken at random from each of the 6 subpopulations, i.e., three types of families in
“each of the two base populations. All the 32 entries were randomized in a set,
except that the S, families were assigned to adjacent rows and separated from RHS
and RFS families by a single border row to avoid competition with the S, families.
Each progeny was grown in a single row plot of 25m length with 60 cm spacing
between rows. Ten competitive plants were used for recording data for days to
flower (plot basis), plant height (cm), tiller number, ear length (cm), ear girth (cm),
ear compactness, seed yield per plant (g), ear weight (g), and ear index (ratio of
seed. yield per plant to ear weight, %) at both locations. Plot means were subjected
to analysis of variance for individual locations as well as over locations for combined
analysis. The components of variance for different types of families were estimated
by equating observed mean squares to the expected. The standard errors for the
- estimates of variance components were computed by following Anderson and Bancroft [4].

RESULTS AND DISCUSS]ON '

The character means in RHS,RFS and S, families derived from PSB-3 and
PSB-7 are presented in Table 1. The S; families in both populations generally had
lower mean values than RHS and RFS families for all the traits, except days to
flower. This low performance of $; families over RHS and RFS families was very
apparent for seed vield. These dsfﬁerences however, were only marginal for ear
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compactness, ear girth, tiller number and days to flower. The RHS and RFS families
also gave quite similar performance. The expression of these characters, therefore,
appears to be strongly influenced by nonadditive effects which may have expressed
in the interpopulation crosses of PSB-3 and PSB-7.

Table 1. Means for various quantitative characters in reciprocal half-sibs (RHS), reciprocal full-sibs (RFS),
and S, families derived from two random mating pearl millet populations

Location Popu-  Family Days Plant  Tiller Ear Ear Ear Seed  Ear Ear
lation - type - to height waum-  length girth  com-  yield/  weight index
. © Flower ber ‘ pactness plant

Ludhiana PSB-7 RHS,* 552 1643 23 267 66 52 29 339 6.0
' RFS,, 554 1656 2. 280 73 56 264 363 T8
TSyt 565 1538 19 191 48 47 138 258 532

PSB-3 RHS,+ 560 1636 21 252 62 49 223 341 655

RFS,, 559 1649 26 281 66 50 246 344 716

‘ S,@3)** 561 1565 18 218 61 47 112 250 4438

Faridkot PSB-7 RHS, 560 1515 17 236 65 53 205 286 718
: RES,; 62 1514 1.5 247 67 53 218 292 746

$«(7) 565 1425 14 178 49 49 122 235 519
PSB-3 RHS, 565, 1464 17 229 65 53 197 294 670
~ RFS,, 565 1502 1.7 239 65 53 204 312 655
$,(3) 565 1450 1.5 207 S0 53 109 238 457

*Subscripts 12 and 21 denote population-1 (PSB-3) as male and population-2 (PSB-7) as female; and
population-2 (PSB-7) as male and population-1 (PSB-3) as female, respectively.
**(7) and (3) refer to PSB-7 and PSB-3. respectively.

The analysis of variance for the experimental design for inter- and intrapopulation
progenies displayed significant mean squares for various characters at Ludhiana and
Faridkot, as well as in combined analysis over locations. The estimates of inter-
and intrapopulation family variance components and their standard errors obtained
from pooled values over locations for each trait are presented in Table 2. The
variance among S, families was, in general, higher in magnitude than that of RHS
and RFS families. This difference was most pronounced for seed yield, tiller number,
ear compactness and ear weight. It. may be realised that in both the populations,

2 2 2 2 .
o5, tended to exceed oryg and opgg tended to exceed oy This sequence of the
magnitude of these variance components directly corresponds to the relative magnitude
 of additive genetic variance among the three types of families, i.e., 1:0.5:0.25 for
S;, RHS and RFS, respectively. It is thus apparent that substantial additive genetic
differences are available in these populations which can easily be exploited for
improving their mean performance.

The estimates of family x location interaction components of variance are
presented in Table 3.- The reciprocal half sib families exhibited the least interaction
with locations than reciprocal full sibs and S, families, as is evident from the lower
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Table 2. Estimates of inter- and intrafamily variance components obtained from the combined |
analysis over locations

Population Family Values for different characlers .
component  days  plant  tiller  ear ear ear seed  ear ear
to height number length ~girth  compact- yield/  weight  index
flower ness plant
PSB-7 raisy, 048 239 004 107 004 0100 877 151 - 126
+0.23 *114 £002 038 2002 +005 +404 +75 £52
Oresy, 051 31,7 010 157 017 039 2474 361 284
+025 #123 003 042 +0.04 011 *8.09 =£I159 =*109
' ok (7) 073 366 013 141 017 049 2848 553 187
+0.27 £17.0 £0.03 037 2004 2013 88 =157 179
PSB-3 risy, 056 296 003 088 006 012 686 17.7 13.3

+028 140 £0.01  £0.4 002 +006 +442 +87 +63

Fars,, 0.77 310 008 1.51 0.10- 039 2508 45.2 21.8
+0.34  +13.1 #0.02 *0.43 *0.04 0.12 2760 *183 +87

o%s,(3) 085 393 010 200 013 052 2753 634 184
+0.37 +18.8 003 045 004 =*0.14 815 173 188

magnitude and mostly nonsignificant values of reciprocal half sib X locations interaction
(chHs,_) variance components. ‘However, .in case of ear girth in PSB-7 and ear length
in PSB-3, the op,, was found to be about more than double the values of oy, .
On_ the other hand, the variance due to interaction of recnprocai full sibs with
locations (0}, ) was almost equal to ogu for most of the traits in the two populations.
It seemed that both these types of families have reacted more or less equally with
location differences. It was also noted that in case of ear weight and ear index in
both the populations and days to flower in PSB-7, the "ém_ was higher than oé,,_.

Though the breeding behaviour and population structure of pearl millet is
similar to maize but the recurrent selection procedures have not been extensively
used for the improvement of pearl millet. In order to draw conclusions regarding
the choice of breeding material and the breeding system to be used to improve
" populations, information on the means and magnitude of genetic variation in the’
‘populations is essential. The appreciably higher values associated with RFS and RHS
families over the S, families indicated that interpopulation heterosis would be
important in these populations. For efficient interpopulation improvement, the
selection of breeding populations should be such that population cross mean(s) are
at the highest level possible accompanied by maximum additive genetic variation
within each population [1, 5]. This is the key to more effective development of
hybrids because the rate of improvement of hybrids will be parallel to the improvement
in population cross. The half sib families, which are genetically more heterogeneous
than either full sibs or S, families, exhibited least interaction with locations for all
traits except ear girth in PSB-7 and ear length in PSB-3. Perhaps greater heterogeneity
contributes to greater buffering effect ar greater stability over a range of environments.
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V» Toble 3. Estimates of mter- and mtrafami!y X Jocations interaction variance components with their standard
: errors for various traits in three typs of families from two pearl millet populations

. VFamrly Daysto Piam, Tiller ~ Ear . Ear k - Ear Seed  Ear Ear
" Population:: - - Iecatmn Mlower - height number length- ginh  comp- yield ginh  index
A . ' gomponent- e actness plant
, est;matcs
PSB-7 sy o 0360 390 002 -098 005 012 13.0°  202°* 167
' o +0.31 +209 0.02 *0.48 +0.03 £007 *56 102 =104
'o%m_!z . 043 386 . 003 021 0.01 0.26** 30.3**  54.7** 319
) 1033 4242 002 %032 2002 +0.08 68 +17.1 *106
s 0.41 41.2*  0.03* 035  0.02  037** 32.6% S27** 192*
- $0.28  *18.9 +0.01 +0.27 +0.02 +0.09 +70 115 * 83
PSB-3 Fasy, 080 414 001 102 007 013 108 177 169
+0.42 %257 £0.01 *0.68 +0.04 +0.08 =59 +11"8' +.99
s, 088° 380 002° 054 0.01° 037 268 602 277
+036 4242 +0.01 +0.34 +0.04 +009 +6.0  +183 +.87
sy 101 458 005° 058  0.11° - 0,39°* 27.3** 587°° 18.4
+0.33 +21.2 #0.02 #+0.25 =003 *12.1

+0.09 *63 +10:2

*, **Significant at 5 and 1% probability levels, respectively.

The results are in agreement: with those reported in corn [6] and in sorghum [7].
On the other hand, O‘:FSL was almost equal to orzlL for most of the traits in both
. the populations, which suggests more or less equal sensitivity of both these types -
of families to the location differences. Greater homozygosity caused by inbreeding
in §; may result in greater genotype X environment interaction. Similarly, narrow
genetic base of full sibs compared to half sibs results in greater reaction to
environmental variations. Substantial genetic variability was found to occur for almost
all the traits under study through enforced mating and selfing in PSB-3 and PSB-7
populations. Results have indicated that reciprocal half sib and full sib selections

-were equally effective in improving interpopulation cross performance. However, the -
RFS scheme might prove more rewarding, as in addition to improving the base

populations by selection, ‘it is the most effective method to spin off new hybrids

from the inbred lines derived from each cycle of selection [8]. Moreover, superior

S, lines can be intermated to generate 1mproved version of PSB-3 and PSB-7 for ;
effective intrapopulation improvement. :
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