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ABSTRACT

Mo-lium (maturity) Composite of pearl millet (Penndsetum amen{canwn
(l..) Leeke) which had underqgone three cycles of recurrent full-sib select-
fon was oxamined for changes in grain  yield, plant height, days to bloom,
car length, 1000 seed weight and downy mildew incidence with respects to
(a) per s performance, general and specific combining abilities, and
population cross performance, (b) magnitude of genetic variability, and

() the oxtont of inbreeding depression.

Solection was found to be offective in (a) improving the grain yield
at the rate of 5 per cent  per year (i.o. per cycle), (b) decreasing downy
mildew incidence at the rate of 18 per cent per year. Such gains were made
by holaing days to bloom unchanged and by cutting down on the plant height
b the rate slight iy over | ner cent por yevr .  FPositive but much slower
rates o improvemen! in ogeneral ocombining obility and population crosses
and decline in ospecific combining ability were observed tor qrain yield. It
was also vbserved that though Che magnitude f genctic varicbility for grain
yled romined unchanged, it dod show deciine for the ranaining characters.
However , the variability existing for cuch character was still }.lighly
significant to promise further gains due to selection. One gencration of
selling caused maximum inbreeding depression (i.e. 34-38 per cent) for grain
yield followed by 12-20 per cent for 1000 seed weight and about 4-8 per cent
for the remaining characters. However, there was no indication of directional

changes in Its magnitude over the cycles.
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INTRODUCTTON

Recurrent selection has been sugaested to be an effective breeding
method for predaminantly cross-pollinated crops (Allard, 1960). 1In
contrast to the conventional pedigree breeding method, it slows down the
rate of homorygosity and hence 3t alss prevents the rapid and random gene
fixation. It also provides repeated opportunitics for the preak up of
unfavourable linkages with the consequent development of favourable gene cambi-
nations involving a large number of loci, and mobilizes sufficient genetic
variations through the routir; recombinations among partially or highly
heterozygous;proqonies selected from ecach cycle. Various forms of recurrent
selection procedure have been developed and widely used in maize brecding
with varied measures of success (Moll and Stuber, 1979). Its application in
pearl millet brecding, however, has been very limited (Burton, 1959, and
Khadr and El1-Rouby, 1978), in spite of its being biologically a much more

suitable crop than maize (Rachie and Majmudar, 1980).

With the cestablishment of the Pearl Millet Improvement Program at
the International Crops Rescarch Institute for the Semi-Arid Tropics
(ICRISAT) recurrent sclection for population improvement was initiated with
almost the same emphasis as the conventional methods of variety crosses
and pedigree breeding. Following primarily full-sib and 82 prégeny test-
ing methods as developed for maize breeding, 15 composites (both introduced
and developed at ICRISAT) of different height and maturity groups were
undertaken for recurrent selection. Preliminary assessments showed an

average gain of 2.8 per cent per year for grain yield with the concomittant



reduction in plant height, days to bloam, and increasc in downy mildew

resistance and visual assessaments of the composite bulks indicated no

obsorvabhle loss in the gencotio variabi ity {(TCPISAT, 1978) .

tooted cycle:s of selection had heen campleted in several composites
by the end of 1979 when the present investigation on Medium(Maturity)

Composite (MC) was undertaken with the following objectives:

(1) To wvstimate the changes in mean and genetic variability
for grain yield, plant height, days to bloom, ear length,
and 1000 grain weight along with the changes in the levels

of downy mildew resistance.

(2) To e¢stimate the changes in conbining ability, using broad-

bascd (both related and unrelated) and narrow-based testers.

(3) To estimate inbreceding depression both in improved and
unimproved composite cycle bulks (i.e. CO, Cl, C2 and C3

bulks) .




REVIEW OF LITERATURE

1. Recurrent selcection

Recurrent selection refers to a selection procedure which includes
reselection generation after generation with intermating among the indi-
vidual selections (Hull, 1952). 1In contrast to the conventional breeding
methods of selfing and selection this breeding scheme effectively slows
down the rate of inbreeding and hence mobilizes sufficient genetic varia-
tion, provides repeated opportunitices for adeguate recombination among
favourable genes, and allows sufficient selection opportunities for accumu-
lating desirable allecles at a number of loci simultaneously (Andrews et al.

1977).

Recurrent. selection may take many forms, and may be classified in
different ways. Allard (1960) recognized four different types of recurrent
selection: Simple recurrent seclection, recurrent selection for general
combining ability, recurrent selection for specific combining ability, and
reciprocal recurrent selection. Simple recurrent selection was described
by Sprague and Brimhall (1950) who studied o0il content in the maize
kernel. 1In simple recurrent selection, plants are divided into.a group to
be discarded and a group to be propagated further on the basis of pheno-
typic scores taken on individual plants (simple phenotypic selection) or
their selfed progeny (simple genotypic selection). The effective use of
simple phenotypic recurrent selection is restricted to characters with suffic:

ently high heritability. They concluded that such a type of recurrent select:



would not be effective in breeding for improved combining ability for

yield or any other quantitative character.

Reéurrent selection for general combining ability developed as an
ontgrowth from studies of early gencration testing. Farly testing, first
proposed by Jenkins (1935), was based on the assumption that there were
marked differences in cambining ability among plants in open-pollinated
populations, He suggested that since the tester used had a broad genetic
base, variations in performance in a group of test crosses would be due
primarily to differences in general cambining ability, and that a selected

sample based on tests of combining ability of S (or Sl) plants offered

0
promise of yielding a larger proportion of superior lines than a sample

drawn fram the same population on the basis of visual selection alone.

Hull (1945) proposed the term recurrent  sclect ion for specific
combining ability on the assumption that an important part of heterosis
resulted from the non linear interactions of genes at different loci, from
interactions between alleles at the same locus, or from both causes put

together.

Reciprocal recurrent selection was proposed by Comstock, Robinson
and Harvey (1949) as a procedure that would be useful in selecting simult-
aneously for both general combining ability and for specific combining
ability. This type of recurrent selection employs two heterozygous source

populations, each of which, reciprocally, is the tester for the other.



Penny et al. (1963) divided recurrent selection into two types,
phenotypic recurrent sclection in which the phenotype of the SO plant is
the basis of selection, and genotypic recurrent selection it which the genetic

worth ot the SO plant, is evaluated in progeny tests.

several cyclic breeding systems for population and hybrid improve-
ment have been used successfully in maize. They all involve evaluation,
selection and recambination but the methods vary greatly in technique used

ard in length of cycle. Some methodsin use are as follows (Gardner, 1972):

1)  Intra-population improvement methods such as mass selection,

halt-sib family selection, full-sib family selection, S1 family
cseloection, and 82 family sclection.

2)  1Inter-population improvement methods such as half-sib reciprocal
recurrent. selection and full=-5ib reciprocal recurrent sclection.

Eberhart (1970) studied factors affecting efficiencies of breeding
methods. From statistical genetic studies, he indicated that c¢fficient
breeding programs benefit fram the improvement of random mating varieties
or populationsg by recurrent selection. S1 selection was a very effective
method when irrigation nurseries permit the breeder to grow three seasons
a year. In contrast, full-sib selection was more efficient when the irriga-
tion nursery and the growing season permits two seasons per year. Half-sib

family selection was more efficient than full-sib selection when irrigation

nursery permit the breeder to grow thrce seasons in two years. Given only



onc scason per year, full-sib select ion takes 2 years/cycle, Sl selection

takes 3 years/cycle, and S selection takes 4 years/cycle.

2. Genelice Advance

Burton et al. (1971) reported a signitficant improvement in grain
vield and general combining ability after four cycles of half-sib selection
and Sl testing methods of recurrent selection in a maize population. They
obtained grain yield increases of 6.3% in the Sl series and16.3% in the
half-sib series. Using an inbred line as the tester in a recurrent sele-

ction program, Sprague, Russell, and Penny (1959) showed 6.7% and 20.0%

grain vield gains after two cycles in two maize populations.

In a comparison of responses to six cycles of full-sib family sele-
ctions and roeciprocal recurrent sclections for grain yield in two maize
populations, Moll and Stuber (1971) obtained grain yield gains of 21% and
17% by the full-sib method and 14% and 7% by reciprocal recurrent selection

method in the two populations.

Eberhart, Dabela, and Hallauer (1973) estimated progress from
five cycles of reciprocal recurrent selection in two maize populations and
reported a grain yield gain of 4.6% per cycle in the population cross.
They also obtained an increase in grain yield of 2.6% per cycle in another
maize population which was improved by half-sib selection with a double-

cross tester for seven cycles.



The evidence on the comparative effectiveness of recurrent selection
,and traditional inbreeding selection schemes in increasing il content in
maize was presented by Sprague and Brimhall (1950). After two cycles of
tecurrent select ion and five generation:s of inbreeding selection, the
recurrent selection system increased oil percentage from 7.8% to 10,5%,
while the increase from the inbreeding selection method was from 7.0% to
7.5%. For nct increase in o0il percentage, the recurrent selection series

was five times more efficient than the inbreeding selection scries.

The suécess of recurrent selection in improving nutritional quality
and resistance to diseases and insect pests has also been reported. Zuber
et al.(1975) presented evidence to indicate that they were able to increase
lysine content in some normal dent maize populations to the level of opaque-2

by recurrent selection.

Jenkins et al.(1954) reported on the use of recurrent selection in
conjunction with a backcrossing program in an effort to accumulate genes

for resistance to Helminthosporium tercicum in maize. Their data indicated

that two cycles of selection and recombination of resgistant plants were
sufficient to obtain a high level of resistance in most of the material
studied. Jinahyon and Russell (1969) reported a reduction in stalk rot
rating from 3.7% to 1.7% by three cycles of recurrent selection in a maize

variety.

Penny et al.(1967) indicated that three cycles of recurrent selection

for leaf-feeding resistance to Furopean corn borer were sufficient to shift
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the frequencies of resistance genes to a high level in all varieties

? . . . . . .

they studied. Widstorm et al.(1970) achieved significant progress in
increasing the level of carworm resistance in maize from five cycles of

recurrent selection.

Effectiveness of recurrent selection has also been studiced in sane
forage crops. The procedure hus been found to be effective in increasing
the level of resistance to leatf hopper yellowing, spotted alfalfa aphid,
bacterial wilt, common leaf spot, and rust, and in improving yield in
alfalfa (bDudley ct al.1963, Hill et al.1969). It was also effective in
improving fodder quality in alfalfa (Gutek et al.l1976). In sweet clover
even one cycle of recurrent selection was reported to be effective in

improving general combining ability for forage yields (Johnson, 1952).

In pearl millet, recurrent selection procedures were found to be
effective in improving grain yield, downy mildew resistance, and other
desirable agronomic traits in several composite populations (Gupta and

Andrews (1978); Khadr and El-Rouby, (1978).

3. General Combining Ability

General combining ability of a genotype refer- to its average
performance in various cross combinations. The term was originally defined
by Sprague and Tatum (1942) to distinguish it from specific combining
ability which refered to cases in which certain combinations do relatively
better or worse than would be expected on the basis of the average performance

of the lines involved.



General combining ability is primarily a function of additive

'genetic effects.  The effectiveness i recurrent selection for improv-

ing the general combining ability of yield and other desirable characters,
therefore, depends upon the magnitude of the additive genetic variance

a5 compared to the variance attributable to the non-additive gene effects.
Most of the studies on genetic variability in all major crops indicate
that genetic variability of important agronomic traits is prcdominantly

of additive type (Moll and Stuber, 1974). It is, thcrefore, expected that
recurrent sélection for general combining ability will be an effective
breeding method particularly in cross pollinated crops in which the mode

of the pollination is suitable for applying the technique.

In pearl millet, only a few studies have been made on the genetics
of ayronomic characters, and the results from various sources are not
always in aqreement. However, a larger proportion of the variability for
various agronomic traits in pearl millet has been reported to be of the addit:

type (Pyagi et al.l975; Gupta et al.1978; Kapoor et al.l979).

Tn a nunber of studies on maize different types of testers; have been
used in measuring the general combinina ability of genotyres but evidence
as to which would make the most efficient tester has not hern conclusive.
However, it has been generally accepted that broad-base testers werce more
effective than narrow gene-base testers for the evaluations of general
combi ning ability (Lindstrom, 1931; Jenkins and Brunson, 1932; Matzinger,

1953, and Crogan and Zubecr, 1957).
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Genter and Alexander (1965) stated that a broad gene-base tester
has a near infinite potential population size with a wide range of expre-
ssion of most important traits.  They pointed out that if a broad-base
population could be uniformly represented in a1l test crosses, it should

be an excellent tester for general combining ability.

Evidence i now available whiclh indicatos that narrow gene-base
testers arc also effective in evaluating general combining ability. Horner
et al (1963) indicated that recurrent selection for general combining
ability using a narrow gene-base tester was a more effective method of
improving the grain yield in maize than recurrent selection with a broad

gene-base tester represented by the parental population itself.

Russell et al, (1973) suggested the use of recurrent selection for
both general and specific combining ability., In their study they recorded

a gain of 4.4% per cycle over five cycles of selection and recombination

by using an inbred line as the tester parent.

Walejko and Russell (1977) gave results from a recurrent selection
study in which population improvement was the objective. They indicated
that the types of gene action involved in yield heterosis in maize are
mainly additive to complete dominance, and suggested that recurrent sele-
ction using an inbred line tester can be an efficient method of population

improvement.
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4. CGenetic Variance

Improvement in mean performance with selection is o result of changes
1 gene frequencies which also aftfects the magnitude of genetic variances.
It 1is possible that genctic variances may increase in carly selection
cycles if the initial frequencies of favourable alleles are low. However,
it is more likely that genetic variances will decreasc and thus limit the
rate of response in later selection cycles. It is anticipated that for
complex trvaits, such as those that are influenced by many loci with small
individual effects, genetic variances would change very slowly with sele-
ction. Fstimates of genetic variances in later cycles of selection have
been found to be within the limits of sampling crrors of those estimated
from the original populations inmiizeand tobacco (Horner et al.1973;
Lonnquist et al.1966; Matziner ct al.l972; Moll and kobinson, 1966). The
continued lincarity of selection response and the agreement of the observed
response with that predicted fram the variance estimates of original cycles
was further evidence that variances have not changed materially (Moll and
Stuber , 1971; Matziner and Wernsman, 1968). However, instances have been

reported in which variances decreased after selection (Hallauer, 1970;

da Silva and Lonnquist, 1968; Harris et al. 1972).

In mass selection studies for yield of maize at the Nebraska
Agricultural Experiment Station, no changes in genetic variances were detected
through the first six generations of selection (Lonnquist et al. 1966).

After ninc gencrations, however, it appeared that genetic variability had



12

decreased (Harris et al. 1972). The selection experiments of longest

duration involving divergent selcection for o0il and protein percentages in

maize have shown signiticant genctic variability remaining in all four

selection streams oven aftter 65 gencerations of <olection (Dudley and

Lambert, 1969) . It appears that drastic changes in variances with sele-

ction are unlikely, at least, for polygenically controlled traits of low

heritability, and variance estimates in original populations may serve the

purpose for making valid predictions of genetic gains over several selection

acycles.



MATLERIALS ARD METHODS

LExperimental Mate: ials:

’

The base population ol the Medium Composite was developed ot JURISAT

by tour oyveles ot randomn mat ing e tsolation among 197 geographin ally diverse
Lines which tlowered in 45=55% days. Pandom mated bulks of the original  cycle
(Co), and subsequent. cycle bulks (Cy, (,‘2 and CA;) developed through full-sib
testing were available. The number of progenies evaluated, number of progenies
recombined and the number of test environments and replications in each
recurrent selection cycle are given in Table 1. The materials for the present
study were random mated bulks of each cycle (RMB) and the selfed bulk (SB)
derived from the RMB of each cycle. The random mated bulks were grown at
ICRISAT Center during 1980 summer. [Fach bulk consisted of about 2600 plants.
1u cach cycle bulk about 400 random plants were selfed to generate selfed bulks.
ot these, the seifed seeds of 100 randomly sclected plants were chosen for

the Sl progeny trial. Each cycle bulk was crossed (a) to its original cycle
bulk (TCP); (b) to corresponding cycle bulks of Serere Composite-1; an Ugandan
population (PC); (c) to the original cycle bulk of B-Composite (TCB); and

(d) to a male sterile line, 5141A (TCHMS). Crossing was effected by taking

bulk-pollen from about 100 plants of each cycle bulk.

The following three types of trials were conducted at ICRISAT,

Patancheru, Hyderabad, during 1980 kharif season.

1. Population bulk yield trial (Trial 1)

2. Population bulk downy mildew trial (Trial 2)

~

3. 5, progeny yield trial (Trial 3)



Table 1: Number of lines evaluated and recaombined, number of test
environments and replications for progeny evaluation in
different selection cvaeles of Medium Composite.

Co C1 C2
Selection method Fuli-sib Full-sib Full-sib
No. of progenices ovaluated 538 206 274
No. of progenies recambinod 46 24 28%*
No. of test environments 3 2 4q
No. of replications per environ- . 5 5

ment

* Produces C3 bulk following random mating

14



The population bulk yield trial consisted of 24 entricos: 4 random mated

bulks, 4 selfed bulks, 4 population cross bulks (MC~ x SC —CO, MC-C1 X
) (9]

S;Cl-(,‘. M(‘wL'_z X SC, -C

Sy I
1’ : 1 5t M('_('S X .,(.,] C

3), 4 top cross bulks using parental
population (M(T-('U) as a testor, 4 top cross bulks using the R-composite
as oa Lester, and 4 testeross bulks using male sterile line, 5141A as an
inbred tester. The population bulk downy mildew trial consisted of 8

entries: 4 random mated bulks and 4 selfed bulks. The S1 progeny trial

consisted of 100 progenies from each of the 4 cycle bulks.

Experimental Procedures:

Yield triul 1 was planted on 5 July 1980 in a randomized complete
block design (RBD) with 4 replications. Fach plot consisted of 8 rows,
cach 4 m long. Yield trial 3 was planted on 7 July 1980 in a 20 x 20
simple lattice with 4 replications in single row plots of 4 m length. The
planting of both trials was done by o mrchanical planter on ridges spaced
75 ¢m apart. The seeding was continuous. Thinning was done at 10-12 days
after emergence, maintaining plant-to-plant spacing of 10 c¢cm within the
rows. The ficld received 40 kg/N and 40 kg P205 per ha as the basal dose
followed by a top dressing of another 40 kg N 20 days after seeding. Weeding
and other cultural practices were taken up as and when necessary. Both

trials were harvested on October 20-22, 1980.

Trial 2 was planted on 7 July 1980 for the assessment of downy mildew
incidence in the downy mildew disease nursery which allows for effective
large-scale field screening of the material (Williams et al. 1981). The
trial was planted in 8 row plots, replicated 3 times. Plot length, row-spacine

and plant-to-plant spacing within the rows were same as for trials 1 and 3.
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Data Recorded:

Days to 50% bloom in both trials 1 and 3, and grain yield in trial 3
were recorded on the plot basis. However, the grain yield per plot in trial 1
was caleulated by estimating the tihrresiiing percentage for 1 Fg ear sample and
multiplying 1t withh the car weight per plot.  Plaat hergiot and car length were
measured on 25 competitive plants in the central 6 rows of each plot in trial 1
and on 5 competitive plants in each plot (i.e. ecach row) in trial 3. 1000 seed
weight was obtained only for trial 1 by weighing 3 sample of 100 seeds each
for each plot.

Downy mildew incidence in trial 2 were recorded twice; first, 15 days
after the emergence and then finally at dough stage. The plants were scored
only in two classes (1) susceptible plants, showing disease symptoms and

(2) resistant plants, showing no discase symptoms.

Statistical Analysis:

Plot values for all the characters in all the trials werce used for
statistical analyses. Tn both trials 1 and 3, grain yield/plot was converted
Lo grain yield (kg/na). Plant height and ¢ar length were obtained by averaging
the respective vatues for 25 plants in trial 1| and 5 plants in trial 3.
Thousand seed weight was obtained by multiplying with a factor of 10 the
average 100 seed weight obtained from 3 samples for each plot. Percent downy
mildew incidence were transformed on the angular scale for analysis of variance.

The standard analyses of variance for trials 1, 2 and 3 were conducted
following Steel and Torrie (1960) (Table 2), and the partitioning of the

treatment sum of squares was done following Ostle (1974) (Table 3) with the



Table 2: General form of the analysis of variance and expected mean
squares for Randomized Completce Block Design.

- . . . Mcan square
Source of variation d.f. S m—e .,..,"_._.‘.J_i.__.._
Obser ved Expected
. 2 -2
Replications r -1 M, §Te+tdbTr
2 2
Progenies t -1 Mt 6 e+riTt
2
Frror (r-1) (t-1) Me a e
Total (rt - 1)
r = no. of replicat tons
t. = no. of projenies
ML - Progeny mean square
Me = Error mean square
2 . .
§"e = Error variance
.2 . .
$ t = Variance due to progeniesg
2

§"r = Variance due to replicaticns

M = Replication mean square
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Table 3: General form of an orthogonal break-up of analysis of
variance for lines within cacli cycle.

. . - Mo sSQuUr
sSource of variation d.f. -
U, Lbserved | Expected
) )
oo boat fone, - ST Ty
Praosten e, -l e T N
Cycles ~e-] Mo RTINS J_'(,:?»f&u.rt'ﬁ‘c‘
na mies ,.2 D
Amonq progenic Ct-1) Mp Wee 87 v red pew
within cycles
2 2
Within C, cyele t-1 Mp WCU S b rd pCe
o - 2 2
Within <) cycle t-1 Mp W)y S70 4+ rdTCy
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Within (32 ayele t-1 Mp WC, L v+ rs pCo
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r = No. of replications
p = No. of progenics = A4t
¢ = No. of cycles
t = No. of progyenies within each cycle

Mp (Co~<C3) Progeny mean squares within cycles (C,-C3)

Mc = C(ycle mean sqguare
Me - Error mean square
d"p (Cu-C3)  ~ Genotypic variance among progenies in (C -C,) cycles
§ pew = Genotypic variance due to progenies within the cycle
a
§7¢ = Genotypic variance due to cycle
2
5 p = Variance due to progenies
i
R 4 = Variance due to replication

2 .
§ e - Error variance
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assumption that progeny (or bulk) coftect:, and cycle effects were all

rd’nd()m in naturc.

The ratio of genetic advance per eycle in trials 1 and 3 were
catimated by utilizing the linear rcarcosion coctticioents as follows:

b

—— X 100
Genetic Advance (%) CO(;)

where b is the regression coefficient of cycle performance on cycles

and C (x) is the mean value of ¢ bulk.
(8] )

Tnbreeding depression (in per cent) was calealated by expressing the per
cent change in the selfed bulk from vandom mated bulk in terms of random

mated bulk values as follows:

KME (X) - SB(x)
Inbreeding deprossion (%) . e % 100
RMB (%)
where RMDB (Q) : mean value of a4 random mated bulk

SB (;() . mean value of a selfed bulk

Genotypic coefficient of variation (gcev) from trial 3 was calculated for

each cycle as follows:

\)g
GCV (%) =X » 100
ﬁpfco'—Mc
where 0g = r

where MpCo progeny mean square for Co population

Mc

il

Error mean square, and

il

r Numbcr of replications



RESULTS

The effects of three cycles ot full-sib selection in the tedium
N

composite were studied with the primary tocus on the changes in (a) the
per ose pertformance of the populat jons an well as their conbining abilities
and (b)Y the magnitude of genctic voriabrbity s Choee s in Yhe per e perfor -
mance of the poputat ions were measured toth for rondom mated ond selfed
bulks. Changes in the general combining abilities were measurcd using
Co bulk of the edium Camposite as the related broad-based population
tester, and a non-restorer composite (i.e. B-composite) as an unrclated
broad-bascoed popﬁlation tester. Changes in the specific combining ability
of the population were also studied by using a male-sterile line (5141A)
as a narrow based inbred testcer. Comparison of random mated bulks with

selfed bulks provided the measurces of inbrecding depression for each cycle

bulk.

A slightly related issue of whether the jntrapopulation improvement
could also lead to the improvement in the performance of population crosses
wis examined by assessing Lhe mean performance of the appropriate cycle
bulk crosses between Medium Composite and Serere Canposite-1 both of which
had been improved up to 3 cycles of sclection by the time this study was

taken up.,

The S1 progeny data provided thc¢ measures of genetic variability in
the unimproved and improved populations. The data from this trial also
provided information on the nature of correlation among grain yields, plant

height, days to bloam and ear length.
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1 Genetic Advance

Genetic advance in the per sc performance of the populations
(hoth random mated and selfed bulks) and the general combining ability
was et imated for grain yield, plant height, doys to boom, car length and
1OOU=-sced weiqght ,  Genetic adavance in the downy mildew  resistance was

estimated as reflected in the per se¢ performance of the random mated and

selfed bulks only.

Grain Yield

Analysis of variauce of the bLulk trial showed that the differences
due to random mated bulks, due to selfed bulk, and those due to various
types of testcecrosses, including population crosses between odium Composite
and serere composite-l, were all non-significant (Table 4) . However, the
selection response trend was indicative of improvement in the per sc perfor-
mance of the population as reflected both in random mated and selfed bulks
(Fig 1A). The average genetic advance per cycle (i.e. per yecar for full-
51b selection which takes 2 scasons per cycle and 2 seasons per year are
successful ly planted at Patancheru) was 4.68% for random mated bulk and 5.21%
for the seclfed bulks (Table 6). The improvement in general canbining ability
was much lower with less than 2% genetic advance per cycle. Further, the
selection responses were highly erratic (Fig. 2). The specific combining
ability of the population register~d a declining trend with an average rate
of -1.82% per year. The performance of the population crosses also showed
a marginal improvement. of only 1.31% per cycle but the trend was fairly

steady over the cycles.
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& RMB
GRAIN YIELD
,(Kg/ha) A SB
a) PC
e TICP
2100 4 & TCB
m TCMS
1900

,.}>

1700 ]

1500
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1100

900

700 4

500

CO Ll C2 C3

Fig. 2: Selection response for grain yield (kg/ha) in random mated

bulk (RMB), selfed bulk (SB), population crosses (PC), and
in test crosses with parental population (TCP), B-composite

(TCB), and J14JA male sterile line (TCMS).
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Table b: Mean values and inbreeding depression Lor various characters in
different types of bulks developed from Y cyveles of selection in

’ Medium Composite.
Characte,m Cyc le Bullk type C e =0 g?ﬁi:iﬂigg
M ) ) @ T o
e e e _ ____fln ]
Grain yield CO 1563 990 1760 le4l 1580 1942 37
(kg/ha) cl 1663 1093 1782 1647 1435 1730 34
C2 1923 1186 1827 1528 1614 1731 38
C3 1720 1131 1822 1738 161l 1824 34
Plant height C 206 192 201 208 205 184 7
(cm) ci’ 200 187 201 206 195 185 7
C2_ 202 188 203 201 200 179 7
CB 196 187 202 202 197 184 5
Days Lo H0% c 46 48,0 a5 46 47 47 -4
bloom c‘l’ 45  48.0 16 45 46 46 -7
C2 45 48.5 45 46 45 45 -8
(13 45 47.5 46 46 45 46 -6
1000 seed (& 6.2 4.9 1.4 6.8 6.8 6.0 21
weight (g) c‘l’ 6.6 5.6 8.7 1 7.3 6.2 12
c, 6.5 5.2 7.5 7.0 7.1 5.5 20
C‘ 7.2 o1 7.1 6.7 1.3 6.1 15
Ear length C 25.0 23.5 23.3 25.0 24.5  23.3 6
(cm) ci’ 23.0 23,0  21.8 23.3  23.5 22.2 0
C2 23.8 22.8 23.8 24.3 23.5 22.3 4
C3 23.8 22.5 23.0 23.8 23.5 23.3 6
bowny mildew C 4.2 5.5 - - - -
incidence (%) c‘l’ 1.9 5.5 - - - -
C2 0.5 1.5 - - - - *
C3 0.5 3.5 - - - -
(1) Randam mated bulk (4) Topcross bulk with parental population
(2) Selfed bulk (5) Topcross bulk with B-Composite

(3) Population cross bulk (6) Testcross bulk with a male-sterile line
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Plant height

Besides higher grain yvield, holding the plant height (i.e. selection
against tall plants/progenies) always remained one of the important
NI R O PR TR S I IV S B Althouagli the difforcnc e due teo randoem mat o bulks,
dae to et et bulks, and those duc (o various 'vpes of crococs (cxcept that
due to B-composite) were statistically non-significant, the gencral trends
in random mataed and selfed bulks were indicative of the effective selection
towards reduced plant height (Uig. IR). Estimates of the genetic advance
in general combining ability with cither of the related or unrolated popu-
Tation tmv:t:nrs: were also low but of the same order (approximately - 1% per
cycle) and the direction as those obtained for random mated and selfed

bulks (Table 6).
Days to Bloom

Holding the days to bloom (i.e. sclection against late plants/
progenies) also was an important scecondary selection criterica, Results
showed that days to bloom remained more or less unchanged whethoer measured
in the random mated bulks, selfed bulks or in crosses with various types
of testers, coxcept when evaluated in crosses with the H-—<‘(;l‘.:;u35:ih,: taester

which registered the offective selection toward= carliness ar the rate of

-1.%% per cycle (Table 6).

1000-seed weight

Among all the characters studied, 1000-sced weight was the only

character which, through the visual selection for seed size, formed the



Table 6: Regression coefficient {(b) and observed Cenetic Advance (GA)* for various ~haracters after
three cvcles of full-sib recurrent selection in Medium Composite.

Grain yield rlant height Lave tc 50% 1000 ceed Lar length Jowny mildew
Bulk type (xg/ha) (cm) bloom weicht (o) iom) ircidence (%)
D GA & GA £ GA b CA Jo! GA r CA
rMB 73.. 4.68 -2.6 -1.36 ~0.3 -G.65 0.29 4,868 -0 zZs =l.il -1.25 -29.76
SB 51.¢ 5.21 -1.4 -0.73 ¢.1 .21 0.3 6.12 -0.30 -1.2¢ -_.C -18.18
=T 23,1 1.31 0.5 5.25 5.2 .44 =0.21 -2.84 0,11 .47 - -
TCP? 17.2 2.05 -2.3 -1.12 .1 2.22 -0.05 =-:.74 -0.26 ~-1.0C4 - -
1cz 7.2 L.TL - ¢ -3,23 =07 -..49  G.1:Z 1.9 -0.3 -1, - -
TQ1S ~35.3 -1.8C 2.5 .35 ~J.4 -2.85 -0.04 -C.6% J.03 .13 - -
*  enetic Advance per cvcie (in per cent)
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visually selectod rather than the moacur-d select v critevion. Except

for the diftercence due to population crosses, all the other ditterences

were statistically non-signif icant (Table 4).  However, the effectiveness

of o bectaron tor Phre charaecter o wan s b st peccerndesd for the arain
vicdd, leading to the aenet e advancoes ot 4070 cant © b s measur od o in

the random mated bulks and selfed bulks, respectively (Table 6) . Further,
the performance of these two types of bulks showed that selection for this
character had also set in trends over the cycles, the more so in the randam
mated bulks (Fig. 1D). Also selection for the per se performance of full-sib
progenies did not necessarily improve the combining ability of this character.
General combining ability measured through the parcntal population tester and
the specilic combining ability both registered slaight declines.  However,

the gerer b o combinang aba baty neasuar cd by F=compesoitee toster Jdid show an
improvement bt o order e Lo e o e o e penc b toq st o, though

signitieant by difrerent, showed decipee din theas paerformance o o the cycles

Gt the rato o1 2L, 8%

poer o oyele,
Far lengt

Analysic of variance showed that the differonces duce to random mated
bulks and those due to crosses with parental populat ion tc%turbwero highly
significant; differences due to population crosses and those duc to crosses
with male sterile line were significant; and that the differences due to
other sources were non-significant (Table 4). Selection led to the
reduct ion in ear length both in the random mated bulks and selfed bulks at

the rate slightly over 14 por cvele (Table 6) . Sclection response trend
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in the selfed bulks, however, was more stoady and regular than i the
randan mated bulks (Mg, 1B) . Changes of the similar order in the general

combining abilitics also were observed with eithoer ot the testoers,
oy sl bobew ITncidon. e

only random mated bulss and selted balks wer e svalaated for downy
wildew inciderec under artiticial epiphytotic fictd conditionn, Analysis
of variance showed that the differences Qe to bothy roe dor meted bulks
as owell an selfed butlks were highly sianificmt ¢fible 7). Although the
initial (:omi)«mitc“ bulk itself was o highly resistant vopulation, roegister-
ing only about 5% downy mildew incidence in the discase nursery, further
selection led to o steady and impressive genctic advance of =29.8% per
cvele ia the random mated bulks with 0.5% downy mildew incidence in C3 bulk,
{(Table G) . Thne genetic advance in the colfed bulks, hesides belng only
1£.2% per cycle which is much less than in the randonm mated bulk:s, also

followed much irreqular response curve (Fig. 1F).

V1. Inbreeding Depression:

One generation of inbreeding led to the reduction in the mean values
ot grain yield, plant height, 1000-seed weight, and ear length'(E‘iq. 1).
The magnitude of depression, however, was highest (34-38%) for grain yield,
followed by 12-21% for 1000-seed weight and about 4-6% for the other two
characters (Table 5). Also the degree of variation in the magnitude of the

inbreed ing depression from one cycle bulk to the other was more for 1000-seed
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in the selted bulks, however, was more otoady and regqular than in the
randan matced bulks (Mg, 1B, Changes of the similoar order in the guneral

cambining abilitics also were observed with cither of the testers,
ov sy M bdew e rden e

Ouly random mated btk s and selted balks wers cvaluatd for downy
wildew incidenee under artiticial cpiphytot oo ticiad conditiong, Analysis
of variance shiowed tnat the differen es due to both oros dor msted balks
asowe Dl as selfed bulks were highly siauil ot (fable 7). Although the
initial composite bulk itsclf was o highly roesistaot vopulation, register-
ing only about 5% downy mildew incidence in the discase nursery, further
selection led to o steady and impressive genctic advance of -29.8% per
cvele dn the random mated Pulks with 0.9%% downy mildew incidence in C3 bulk,

{(Table OY . The genetic advance in the colfed bulks, besides being only

18.,2% per cycle which 15 much Jess than in the random mated bulks, also
I Y

followed much irreqular response curve (FPig. 1) .
L. Inbreeding l)(_}L)Y,‘(f'SSi()Il:

One generation of inbreeding led to the reduction in the mean values

ot grain yield, plant height, 1000-seed weight, and ear length (Fig. ).
The magnitude of depression, however, was highest (34-38%) for arain yield,
followed by 12-21% for 1000-seed weight and about 4-6% for the other two

characters (Table 5). Also the degree of variation in the magnitude of the

inbroeding depression from one cycle bulk to the other was more for 1000-seed
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Table 70 Analysis of variance for downy mildew incidence in
Hediun Composite,

—— s oot

Source of variation d.f. s.S. M.S. F

Replications 2 23.970 11,985 2.63

Treatments 7 342,140 48,877  10,72%*
MR 3 141,165 47,055  10,32%*
s 3 83,150 27,717 6.08%*

Remainder 1 117.825 117.825  25,84**

Irrox 14 63.825 4,560

Total 23 429.936

o W B % e R i 10 ol oA v o? B da i AW A - | mimmaiie e e s Mot 8 e @ et e —— e e e

**  gignificant at 1% level of probability

RMB = Random mated bulk

S = Selfed bulk
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weight and car Tength than for the ot her oo, Tn contrast to the above four
characters, inbreeding led to an increase in the mean values of days to

bloom, result ing in the so-called neqative inbreeding depression,
I, Genet e Variability:

Analysis of variance of the Sl progeny trial showed the  existence
of a significant amount of genetic variability both in unimproved and
improved populations for all the four characters, viz; grain yield, plant
height, days to bloom, and ear length (Table 8). A mcasure of genetic
varjubiljty_pbtajned from the betwoen progeny mean saquares and expressed
as genorypic.covfficient of variation (gov) showed that grain yield was
the most variable character (goev ranging fram 17.5 to 23.3%) followed by
car length (gev ranging from 8% to 12.6%) (Table ). The other two chara-
ctors were least and equally variable with less than 2.6% goev recorded
for any of the cycles. It was also obscerved that except for grain yield
where the magnitude of variation continued fluctuating without any indication
of decline, the variation for other characters did show declining trends
over the cycles. The average rate of decline in the magnitude of was highest
for plant height (8.3% per cycle) followed by 6.2% per cycle for ear length,

and lowest for days to bloom (0.71% per cycle).

IV. Character Correlation:

Highly significant and positive correlations in all the cycles were
found between grain yicld and plant height, and between plant height and
ear length. On the contrary, qrain yicld and days to bloom were highly
significantly but negatively correlated. Therce were no indications of any

steady changes in the degrees of such associations over cycles (Table 10),
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Table 10: Correlation coefficients among grain yield, plant height,
days to bloom and car length in Sl progenies of Medium

Composile.

Charactoers

height  (cm)

length (cm)

‘ ¢ (

o Y1 2 )
Grain yield (kg/ha) and S 270%%  —.338RK - 273kk . 300%k
days to bloom ) )
Grain yig]d (kg/ha) and 331 435%% 451 a9k
plant height (cm)
Grain yzeldh(kg/hu) and 191 173 122 917%
car length .{cm)
Days to bloan and plant o 048 178 154
Days to bloan and ecar -.098 -.109 - 087 - 263k
Plant height (cm) and 3ynee 330k 65 333k

ear length (cm)

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

35
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However, the correlations between grain yield and ear length which were
positive and non-significant up to C2 cycle remained positive but became
significant in the (t3 cycele. And the correlations between days to bloom
andd e Tength which were non=signit icant ad negat ive up to (.‘.) cycle also
temained negat ive but became highly significant in ¢y cycle. Days to bloom
and plant height were significantly and positively correlated in the
unimproved population but changed to uncorrelated states in all the improved

populations.
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DTSCUSSTON

During the entire course of full-sib selection in the Medium
Canposite, grain yield was the principal selection criterion. Selection
for low downy mildew incidence along with selection aqgainst tall and late
,"l‘.mt:;/}vrmn-x:'iu:; formed the secondary selection criterra.  Sclect ton
against atypically too small and too long ear heads (the latter being
associated with tall plants) was also an important consideration in

selecting progenies for recombination into the next cycle.

Besides the above four measured selection criteria, a number of
visual so.lecf't".mn criteria including average to bold sced size, non-pigmented
glume colour, above-average tillering, resistance to smut,ergot, rust
‘and lodging under yield trial conditions, clear exsertion, absence of
tip sterility, & ceptable car compaciness (i, canpact to semi-compact),
yood seed scot, and several physical agrain quality traits such as resistance
to grain weathering, grain hardiness and grain colour, were also taken into
account in final selection of the plants/progenies. Such a selection
systum led to grain yield improvement at the rate of about 5% per cycle
both in random mated and selfed bulk states of the improved populations
(Table 6). This represents a genetic gain of about 5% per year because
full-sib selection requires two crops per cycle and at Patancheru center
two crops can be successfully grown each year. Genetic gains of similar
order were observed for 1000-seed weight which was the visually selected
character (Table 6). This implies that (1) the genetic gain in grain yield can

apparently be largely accounted for by the gain in 1000-seed weight and(2) such
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impressive gain in a visually selected character speaks perhaps of its

higher heritability. Downy mildew susceptibility which is still more

simply inherited (Singh, 1974 and Gill et al, 1978) and hence is a highly
heritable choo wter, rogistored as puch as fFour to six fold higher

aenctic advance o evele, The ot her reacon for the hinhest genetic

advance observed for downy mildew resistance could be due to the two-stage
cffective seclection: (1) at the time of seed increase from an extra
replication of the full sib progenies planted in the downy mildew disease
nursery which provides the opportunity for between as well as within

progeny seiéétion for this character and (2) at the time of recambination

of the selected progenies, again in the downy mildew disease nursery. Since
selfed secds derived from full-sib progenies in the disease nursery rather
than the romnant seceds are used for recombination, the recessively inherited
susceptible segregants are further exposed to downy mildew pressure and

hence eliminated from entering to the next cycle during recombination. Full=-
sib selection maintains a high degrec of heretozygosity leading to a conceal-
ment of susceptible recessives. The exposition of such delcterious recessive
alleles after inbreeding may reflect on the genetic advance for downy mildew
resistance in sclfed bulks as compared to random matoed bulks. Perhaps because
of this reason, genetic advance for downy mildew resistance observed in the
random mated bulk was significantly higher,. by an order of about 50 per cent

over that observed in the sclfed bulks.

Inspite of grain yield and plant height being significantly and

positively correlated (Table 10), the grain yicld was improved at the rate
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of about 5% per cycle coupled with the reduction in plant height by
slightly over 1% per cycle. Days to bloom remained more or less unaffected
By selection. Although no selection was exercised in the favour of

small ears, the rate of decline in car length was, at least, as much as
that recorded for plant height. This could be a correlated response to
selection against tallness. The only visible effects of recurrent sele-
ction on character association were (1) the breakdown of a positive and
significant correlation between plant height and days to bloom after the
first cycle and the maintenance of this uncorrelated state in all the
succeeding cyéies, and (2) the emergencc, after the third cycle of sele-
ction, of the significant positive correlation between grain yield and ear
length and a significant negative correclation between days to bloom and

ear length.

The rate of improvement in the general coanmbining ability for grain
yield was at best, one third of the rate observed in the per se performance
of the population (Table 6). This is not quite unexpected as the selection
system itself was based on per se performance of full-sib progenies rather

than on their general combining ability. Horner et al. (1973) in their

work on a maize population, Fla 767, also observed that 82 progeny selection
was less effective than the parental population tester or an inbred tester

system in improving the general cambining of the population. The rates of

improvement in the per se performance and the general combining ability for

plant height and ear length, although marginal in the present study, were of

similar order (Table 6). For the other characters, no clear cut relationship
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was observed boetween the improvament for per seoperformance and general

combining ability. Morc often than not, rates of improvement. in qgeneral
combining ability showed strong tester dependency.  The direction of
noprovement in specific combining ability, s mecared in crosses with

a very widely uoed male sterile line Gor hyba id pacdbnet pon), was in the
reverse dircction of improvements it per gse poerformance and gencral combin-
ing ability for almost all the characters (Table 6). It indicates, therefore,
that. thic very promising and widely used male sterile line would not serve

as an efficioent jubred tester for the improvement ot general combining
ability, ;»li'_ !.mnqh Horner et al. (1973) found an inbroed tester method more
cfticient than Lhe parental toster or Sl’, progeny testing moethod in their

experiment ooon improvement s oof genceal combining ability,

Modime Conposite and Sererc Compesito=-b, bhaoth of whieh had been sub-=
iccted to three cycles of intrapopulat ion mprovement, were asscessed for
improvement in population-cross performance.  The rate of genetic gain in
the populat ton-cross grain yield was low but of the same order as those
observed tor general combining ability (Table 6).  Since these two popula=-
tions were dnproved independent ly, Siow selection response or lack of
select ton rosponse in the population=cross performance is not «uite unexpected.
Moll and stuber (1971) found that full=sib selection in two maize populations
(Jarvis and Indian Chief) led to higher selection responses in the per se
performance of these two po;'»u].atione; than in the population-cross performance.l

The offect of raciprocal recurrent selection, on the other hand, was found

to be just the reverse.
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After three eyeles of recurrent colection, thore was no indication
about decline in the genetic variability for arain yield which was found
to be the most variable amons 1 the four charactors studied in the Sl
progeny traal., Che other three charvacters (Plant beaght, days to bloom,
gl car doength) tor which the base componite baldb itoets oxhihitoed signifi-
cant, Lhough restricted, genctic variation, roqgastercd marginal but definite
declines in Lheir genetic variat ion (Table 9). taleencr (1960) showed that
maximum variability (and maximum hetorozygosity) an o popul. tion is found
At intermediate gene frequencics, 1ol when g U.5.  The movement
of goene ft:'\"-.'.']vu'll'.‘iu!; away from the intermediate value Jeads to reduction
both in genctic variability and hetorozygosity. Reduction in hetero-
Sygosity must, however, be roeflected in deciining magnitude:s, ot inbreeding
depreszion over cyvaeles as inbreeding depresaion for o qaiven Jevel of inbreed-
ing coetficient and degree of dominance, is directly proportional to the
degree of heterozygosity (Falconer, 1960).  Since results of this study
show that magnitudes of inbreeding depression did no! show declining trends
over cyeles the reduction in heterozygosity at the looi exhibiting dominance
does not appear to be the plausible explanation for reduction in variability.
However, loci with additive gene effects do not contribute to inbreeding
depression.  Moreover, additive genotic variability is exploited twice as
mech as the non-additive genctic variability under full sib selection system
(Falconer, 1960). 1t, thurefore, seems that full sib selection has been
mainly mobilizing additive genetic variability for these three characters,

thug, affecting the magnitudes of variability but causing no inbreeding
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depression. Marginal reduction in goenotic variability still left signi-

ficant genetic variation tor further improvement in these characters.

Max ilmam inbreeding depression of 34=38 per cent was obscrved for
grain yviehd, foltlowed by 12-00 per cent tor 1000 -a0ed woight and 4-8 per cent

tor plant heighl, days to bloom, and oo Teng' o Crabae ") 00 The higher
magnitudes of inbreeding depression in grain yield and 1000-seed weight

could be either (1) due to & higher level of total dominance effect on

these two characters or (2) due to more intermediate gene fregquencies at

the loci exhibiting dominance, or (3) due to combined effects of both factors.
Falconer (1900) has shown that the effoect of inbrecding on the dircection of
change is towards the valuce of the more recessive alleles. Thus, the negative
depression observed for days to bloom implies that carliness is dominant

over latone:ss .,
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SUMMARY

A Medium (maturity) Composite of pearl millet which had undergone
hree cycles of full=-sib select ion was examined for changes in grain yield,
ant height, days to bloom, car length, 1000 sced weight and downy mildew
neidence with respects to () per se perfarmance, general and specific
baoroa v vt ben s aned nopudat don crar ey toran e, th) maini tade of

net e van raba bty and () thie extont o of i eed o dorressiion,

Results showed that selection was effective in improving the grain
yield at the rate of about 5 per cent per vear (i.c¢. per cycele). The effe-
ctiveness of selection was much higher for the downy mildew where the inci-
denve d-.»cre.:'..n‘s,;nd at the rate of more than 18 % per year. The rate of improve-
ment in 1000-seed weight, which had been a visual selection criterion, was of
the same order as that observed for the grain yield. The above gains had
been made by holding days to bloom and cutting down on the plant height at

the rate slivhtly over 1 poer cent per year.,

Posit ive improvements in general combining abilities and population-
crosses were also observed for grain yield with varying rates helow 2 per
cent per year . But full-sib selection led to a definite decline in specific
combining ability of the population when tested on to o male sterile line
(51417) which is a very widely used sced parent in the Indiag national hybrid
programs., .

Selection had no effect on the magnitude of jenctic variability for
grain yiceld which was most variablo.amonq all the characters studied. However,

it did lead to marginal but definite decline in the variability for the other
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three characters, viz,, plant height, days to bloom amnd ¢ar length;
perhaps by affecting gene frequency changes at loci with addit ive gene
sef fect s, But the existing amount of genetic variability was found to be

<1111 highly significant to pnomise turther scope of select jon.,

One generation ot selfing cansed masoimam inba ceding depression of
34-38 per cent for grain vield, follewed by 12-20 per cent for 1000-seed
weight. The magnitude for depression for the other throee characters
(plant heighrt, days to bloom and ear length) was much lower, ranaing from
1 to 8 per cent and beirng negative for days to bloom. There were no
indications .'._l'mt selection led to any dircectional charges in magnitudes

ol inbreeding depression for any of the characters studied.
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