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Summary. Over 300 landraces of pearl millet were collect-
ed in Burkina Faso and grown at the Coastal Plain Ex-
periment Station in Tifton/GA. At Tifton, these landraces
are predominantly tall and late-maturing. The photoperi-
od requirements of these landraces hinder evaluation of
their performance in the field and their use in breeding
programs. A conversion program has been initiated to
transfer genes for dwarf stature and early flowering into
the tall, late-maturing landraces. The inbred Tift 85DB is
being used as a donor of genes for the dwarf and early
characteristics, and was crossed to nine randomly select-
ed landraces from Burkina Faso. The parents, F,, F,, and
backcrosses to each parent were grown in the field and
evaluated for plant height at anthesis and time in days
from planting to anthesis. In general, plant height of F;s
was taller than the tallest parent, and in all crosses the
maturity of F;s was intermediate between the parents.
Numbers of loci conferring height varied among crosses,
ranging from 0 to 9.6, and averaged 1.6. Estimated
numbers of loci conferring maturity ranged from 0to 12.8
and averaged 3.4. Broad-sense heritability estimates for
height and maturity averaged 60.2 and 65.7%, respective-
ly. Corresponding narrow-sense estimates averaged 23.8
and 48.2%. Joint scaling tests revealed that additive-
genetic effects were highly significant for both traits, but
dominance and epistatic-genetic effects contributed to
the inheritance of each trait in some crosses. The low gene
numbers, high heritability estimates, and preponderance
of additive-genetic effects suggest that selection for these
traits should be effective.
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Introduction

Exotic germ plasm can be a source of useful genes for
crop improvement, but the preponderance of undesirable
traits can impose constraints on effective evaluation. Seed
of more than 300 landraces of pearl millet [Pennisetum
glaucum (L.) R. Br.] collected in Burkina Faso were re-
ceived by the USDA-ARS Forage and Turf Research
Unit at Tifton/GA, for evaluation and preservation. Eval-
uation of these landraces in field plantings at Tifton is
difficult because under these environmental conditions
the plants are almost exclusively tall and late maturing.
Most of the landraces will flower when grown in south
Georgia, but will not mature seed before frost. Because
seed does not mature on many of these lines, and the time
of flowering differs greatly from that of improved inbreds,
the chance of obtaining successful crosses in the field is
small.,

The expression of photoperiodism in these landraces
is similar to sorghum [Sorghum bicolor (L.) Moench] from
subtropical environments. The conversion of sorghum
germ plasm in Texas (Stephens et al. 1967) has allowed
exotic sorghums to be more easily evaluated by and ac-
cessible to plant breeders. The value of the pearl millet
collection from Burkina Faso would be more apparent if
the accessions were of dwarf stature and photoperiod
insensitive. A conversion program has been initiated at
the Coastal Plain Experiment Station to transfer genes
for dwarfness and photoperiod insensitivity from south
Georgia-adapted inbreds into the landraces from Burki-
na Faso (Burton et al. 1989).

One source of genes for dwarfness and photoperiod
insensitivity being used in the program is the inbred Tift
85D,B, (Tift 85DB) (Hanna et al. 1987). In the conver-
sion program, landrace plants are crossed in the green-
house to Tift 85DB. F, progeny are grown in the green-



house, and F, populations are grown in the field where
short, early-flowering plants are selfed. Seed from selfed
plants are screened in the greenhouse for resistance to
rust caused by Puccinia substriata Ell. & Barth. var. indi-
ca Ramachar & Cumm., and Pyricularia leaf spot, caused
by Pyricularia grisea (Cke.) Sacc. Resistant plants are
crossed with pollen collected from landrace plants. Back-
cross F, plants are screened for resistance to both patho-
gens, and selfed in the greenbouse to produce backcross
F, populations.

The ability to successfully select for plant height and
maturity in segregating populations is the major determi-
nant for the success of this program. The inheritance of
these traits in this collection of pearl millets has not been
examined. Because of the specific goals of our program,
it would be desirable to determine the genetic basis of
plant height and maturity in landrace plants crossed to
Tift 85DB, so that we can better estimate population sizes
required to obtain dwarf, early plants. Small population
sizes will reduce the probability that the desired geno-
types will occur, and large populations will not allow
efficient use of our field space and other resources. The
objectives of this experiment were: (1) to determine the
inheritance of height and maturity in crosses between tall,
late-maturing pearl millets from Burkina Faso and Tift
85DB, and (2) to estimate the effectiveness of our conver-
sion program aimed at genetic improvement of the
African pear] millet germ plasm.

Materials and methods

At least three S, plants of nine pearl millet accessions from north
Burkina Faso (BF nos. 17, 20, 26, 35, 36, 48, 52, 57, and 78) were
crossed to inbred Tift 85DB. Selfed seed of the parents and a
portion of F, seed were stored at 5°C. F| plants were grown in
the field in 1987 and selfed, and pollen was collected, frozen, and
stored as described by Hanna et al. (1983). F, seed was stored at
5°C, and stored F, pollen was used to pollinate plants of the
landraces and of Tift 85DB growing in the greenhouse in the fall
of 1987. Although seed was produced during different seasons,
our experience indicates that seed vigor would be relatively un-
changed after controlled storage.

On June 29, 1988, the parents, F, , F,, and backcrosses of the
F, to both parents (BC,F,) of each of the nine crosses were
planted in the field in a randomized, complete block design with
six replications. Randomized within each block for each cross
were one plot of each of the parents and F,, six plots of F,, and
three plots of each backcross population. Plots were 3-m long
single rows, with row spacing alternating between 0.6 and 1.2 m.
Plants were thinned to a spacing of approximately 30 cm 18 days
after emergence. The date at which individual plants reached
anthesis, as a measure of maturity, and the height of the plant
(dm) at anthesis were recorded.

Least-squares means and variances of plant height and
maturity of the generations of each cross were computed by
the general linear model (GLM) and variance components
(VARCOMP) procedures of SAS (SAS 1985). The statistical
model included effects due to replication (df =5), cross (df =8),
and replication x cross. Standard errors of least-squares means
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were similar for each generation among crosses, but varied
slightly due to differing numbers of observations between cross-
es. Means of standard errors were calculated for presentation in
Table 1. Least-squares means and variance components were
used to calculate degrees of dominance and broad-sense herita-
bilities (Falconer 1981). Standard errors of the heritability esti-
mates were calculated by the equation of McNew, as given by
Van Ginkel and Scharen (1987). Variance components of the F,
and backcross populations were used to estimate narrow-sense
heritabilities (Warner 1952).

Genetic theory and assumptions

Number of loci. Minimum numbers of loci involved in genetic
control of height and maturity were calculated by six different
methods using least-squares means and variances. The first
method (Burton 1951) assumes no linkage between relevant loci,
cach parent contributes only “+” or “—” alleles, effects of all loci
are equal, the degree of dominance is the same for all loci, and
no epistatic interactions exist between loci. With these assump-
tions, minimum number of loci (n,) was estimated by

ny =[0.25(0.75—h+h* D*|/o},~oF, 1)

where h=(F, —P,)/(P,—P,) and D=P,—P,.

Method 2 (Wright 1968) assumes no linkage between perti-
nent loci, each parent contributes only “+” or “—” alleles, each
allele at all loci has an equal, additive effect, and all loci have an
equal effect on the phenotype. Number of loci (n,) based upon
these assumptions was estimated by:

fy = (Pz‘pl)z/[g (o‘ﬁz—aé)] )]

where 67=(0f, + 0%, +02)/3.

The assumptions for method 3 (Wright 1968) differ from
those of the second by assuming a constant degree of dominance,
h, rather than equal and additive effects of alleles at each locus.
Number of loci (n,) based on these assumptions was estimated
by:

ny =[1.5—2h(1—h)]n, 3)

where n, is the number of loci estimated by Eq. (2).

The assumptions for method 4 (Wright 1968) differ from
those of the second in that the effects of the loci are assumed to
be unequal and fall off in arithmetic progression, rather than
being equal. For these assumptions, minimum number of loci
(n,) 1s estimated by:

ne = [4n,—3+./(16m2+9)/6 )

where n, is the number of loci estimated by Eq. 2.

Methods 5 and 6 use backcross variances. Method 5 (Wright
1968) assumes no interaction or linkage between loci, and the
degree of dominance is not assumed to be uniform. With these
assumptions, minimum number of loci (n5) is estimated by:

ns = (Py—P,)*/{8120%, (0, +03,)]} )

Variances of the backcrosses may be used without of, to
estimate the number of loci by which the F, differs from either
parent (Wright 1968). In method 6, S, and S, estimate the num-
ber of loci by which F, differs from P, and P,, respectively,
assuming that all “+~ alleles are of equal effect, irrespective of
their distribution among the parents. These values are calculated
by:

Sy =(F, 7P1)2/[4(O-]23C, —03)
S, =(F,—P,)*/l4 (0'12302_‘7129)

where o2 is defined as in Eq. 2. If complete dominance at all loci
is assumed, the total number of loci involved should equal
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S{+8,. If there is semidominance at all loci, S, and S, should
be equal. Because height and maturity of the parents and F,s
suggested that these traits were expressed as dominant and par-
tially dominant traits, respectively, numbers of loci (ng) for
height and maturity were estimated by sums and averages of S,
and S,, respectively.

In all the methods used, the relative potence of the parental
gene sets was assumed to be the best estimate of the degree of
dominance.

Table 1. Least-squares means of height (dm) and maturity (days
after planting) of parental, F,, F,, and backcross generations in
crosses of inbred Tift 8SDB with nine pearl millet landraces

Cross Generation
@ =3

P, P, F, F, P, xF, P,xF,

Plant height
BF17x85DB 195 73 281 204 245 16.2
BF20x85DB  21.8 62 220 174 19.6 13.6
BF26 x85DB 155 61 235 172 215 154
BF35x85DB  20.0 83 189 167 231 15.4
BF36x85DB  19.6 79 276 193 206 15.0
BF48 x85DB  15.6 6.5 255 183 176 14.9
BF52x85DB 159 59 220 169 232 14.2
BF57x85DB 204 61 256 190 258 14.9
BF78x85DB 263 86 251 174 209 14.5
SE 1.1 0.9 1.5 05 1.1 0.6

Plant maturity
BF17x85DB 1337 792 936 101.3 1115 87.9
BF20x85DB 1241 7914 995 971 1126 89.9
BF26x85DB 1130 809 850 919 940 84.9
BF35x85DB 1258 80.6 849 100.7 111.6 87.0
BF36x85DB 1306 79.5 941 100.7 1181 89.1
BF48 x85DB 1292 826 1057 1058 1214 929
BF52x85DB  140.7 86.1 100.2 1046 118.6 28.6
BF57x85DB 1372 783 1023 1100 120.0 91.1
BF78 x85DB 1292 791 1027 1063 1142 91.4
SE 26 27 2.0 1.5 23 1.3

Gene action. Parental, F,, F,, and backcross means and vari-
ances of each cross were used to determine additive, dominance,
and epistatic gene effects with joint-scaling tests (Mather and
Jinks 1982). Gene effects were defined in Gamble’s notation
(Gamble 1962). Thus, the m, [d], [4], [i, [, and []] effects of
Mather and Jinks (1982) are referred to as m=mean value,
[d|=a=additive gene effects, [h]=d =dominance gene effects,
[i]=aa=additive x additive-epistatic gene effects, [j]=ad =ad-
ditive x dominance-epistatic gene effects, and [[]=d d=domi-
nance x dominance-epistatic gene effects. The genetic compo-
nents calculated were an estimate of the net effect of all the loci
at which the parents differ for the measured characteristic. The
data were used to test the additive-dominance genetic models.
The simplest model (mad) estimated m, the additive-genetic
component (a), and the dominance-genetic component (d), while
assuming that epistatic effects were not significant. All seven
extensions of the basic model, involving one or more of the
epistatic effects, aa, ad, and d d, were subsequently evaluated by
weighted least-squares analysis (Rowe and Alexander 1980). A
Chi-square test {(df=6 —no. parameters in the model) was used
to determine the goodness of fit of each genetic model. For some
crosses, all simplified models resulted in significant Chi-square
values. For these crosses, perfect-fit solutions (Mather and Jinks
1982) were used to estimate the genetic parameters and their
standard errors. The simplest model that fit the data was accept-
ed based on a Chi-square test with P> 0.05, even though a more
complex model may have had a lower Chi-square value and a
higher probability. Genetic parameters of appropriate models
were tested for significance within the limits of their standard
errors by the t-test. Only those parameters determined to be
different from zero (P<0.05) were considered to contribute
significantly to the model.

Results

Plant height

In general, the net effect of genes controlling plant height
was expressed as overdominance. All Fs were taller than
the midparental values, with six of the F,s being taller the
landrace parent (Tables 1 and 2). Gene segregation in the

Table 2. Degrees of dominance and heritabilities (%) of height and maturity in crosses of inbred Tift 85DB with nine pearl millet

landraces
Cross (9) x () Height Maturity

Degree of Heritability ® Degree of Heritability

dominance dominance

Broad Narrow Broad Narrow

BF17 x85DB 1.10 534+ 6 49.7 —0.12 68+ 4 93.5
BF20 x 85DB 0.57 62+ 4 48.8 —-0.02 68+ 4 26.5
BF26 x 85DB 1.18 66+ 4 —16.5" —-0.12 62+ 4 —38.1
BF35x85DB 0.34 42+11 31.5 —-0.18 24+15 35.3
BF36 x85DB 1.01 544 5 —25.1 —0.10 51+ S 6.3
BF48 x 85DB 1.31 76+ 3 4.6 0.00 87+ 1 35.6
BF52 x85DB 1.02 654 5 27.3 —0.17 794+ 3 95.2
BF57 x85DB 0.93 69+ 4 42.7 —0.05 764+ 4 42.6
BF78 x 85DB 0.44 554+ 6 10.0 —0.01 76+ 3 98.6

2 Broad-sense heritability 4+ standard error and narrow-sense heritability

b Negative values for heritability are assumed to be 0



F, and P, x F; generations reduced plant height signifi-
cantly (Table 1). Estimates of broad-sense heritability for
height ranged from 42 to 76%, with a mean value of
60.2% (Table 2). Narrow-sense heritabilities (Table 2)
ranged from 0 to 49.7%, with a mean value of 23.8%.
Negative estimates were assumed to be 0.

Estimates of the number of loci controlling plant
height varied among and within crosses, depending upon
which method was used (Table 3). Estimates obtained
from Eq. 1 ranged from 1.9 to 4.7 loci except in cross
BF35 x 85DB, where an extreme value of 84.3 loci was
computed. Equations 2, 3, and 4 were more consistent,
yielding estimates ranging from 0.3 to 1.9 loci. Although
there was little similarity between estimates for specific
crosses, ranges for loci numbers over all crosses comput-
ed from Eq. 5 were similar to those of Eq. 6. Estimates for
Eq. 5 ranged from 0O (negative values considered to be 0)
to 9.6, and estimates for method 6 ranged from 0 to 6.8.
Disregarding the extreme value of 84.3 and considering
the negative estimates from Eq. 5 to be 0, the mean num-
ber of loci controlling height was estimated to be 1.6.

Additive-genetic effects for height were significant in
all crosses (Table 4). Dominance effects were significant in
crosses to BFs 17, 36, and 78. Epistatic effects were signif-
icant in crosses to BFs 17, 36, 48, and 78. Perfect-fit
solutions (P=1.00) were used to estimate the genetic

Table 3. Number of loci conferring height and maturity in cross-
es of inbred Tift 85DB and pearl millet landraces from Burkina
Faso

Cross (9) x (3) Number of loci estimated by equation

1 2 3 4 5 6

Plant height

BF17x85DB 19 07 1.3 0.7 0.8 6.8
BE20 x 85DB 23 11 1.1 1.2 1.5 0.0
BF26 x85DB 37 06 1.2 0.6 -2 1.6
BF35 % 85DB 843 1.3 14 1.4 1.8 0.1
BF36 x 85DB 41 08 1.2 0.7 - 1.3
BF48 x 85DB 23 03 0.7 0.3 5.4 1.6
BF52 x 85DB 47 05 0.8 04 1.2 1.0
BF57x85DB 23 09 1.2 09 1.5 0.7
BF78 x 85DB 37 1.7 1.7 19 9.6 0.0
Range 2-5 1-2 1-2 1-2 1-10 1-7
Plant maturity
BF17x85DB 24 30 53 35 22 112
BF20x 85DB 22 19 3.0 22 5.0 2.2
BF26 x 85DB 29 27 4.8 32 - 39
BF35x85DB - 6.7 1238 84 4.5 -
BF36 x 85DB 53 36 6.3 4.4 - 65.6
BF48 x 85DB 19 19 2.8 21 45 1.3
BF52 x 85DB 26 20 3.6 23 1.7 7.4
BF57 x 85DB 25 29 4.6 34 53 29
BF78 x85DB 14 17 2.6 1.9 1.3 29
Range 2-6 2-7 3-13 2-9 2-6 2-12

* Negative estimates

errors and significance of gene effects® for height in pearl millet, determined from the joint-scaling test

Table 4. Estimates + standard

dd

ad

aa

Cross

0.05<P<0.10

5.909
3.585

43+ 2.63

314 1.34**

16.1 4+ 1.39%*
3.7+ 242

7.7+0.66**
7.84+0.53**

11.84 1.03**
14.0+ 0.54**

BF17 x85DB

0.05<P<0.10

—34+ 2.32

BF20 x85DB

2.8+15.84

4741.91*

5.8+26.00

0.50<P<0.75
0.10<P<0.25

0.135
1.902

1714+ 0.90**

—10.2+38.08

—21.1438.10
10.0+ 3.92%

16244235

3.7+15.10

5.0+25.93
51+ 2.41%
7.24+29.58

10.2+26.31
59+ 0.53%*

1.36**

27.9+62.59
36.1+62.27
—0.5+ 6.05

—9.0+

5.8+0.12%%

4.440.46%*

59+238%
5.041.69%*

4.0+26.42

16.1 4+ 2.32%*
3.7+29.63

19.5+ 0.53%*

BF26 x 85DB
BF35x85DB
BF36 x85DB
BF48 x 85DB

0.50< P<0.75

0.390

—9.14+42.18

7.54+16.87

—5.14+1.02%%

8.0+16.59

5443033

34.5+69.81
26.9+71.05
—T7.14 1.28%*

724 2.49%%

8.9+0.35%*

7.9430.43

175+ 035%*

BF52 % 85DB
BF57 x85DB
BF78 x85DB

14.84 1.24%*

a, and d represent mean, additive, and dominance genetics components, respectively

a
m,

indicate significance at P=0.05 and 0.01, respectively

% kk
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Table 5. Estimates +standard errors and significance of gene effects® for maturity in pearl millet, determined from the joint-scaling test

dd

ad

ada

Cross

0.10< P <0.25
0.75<P<0.90

3.445

—194+ 0.89%**

—55+ 1.76%*
16.6+ 0.55%**

1.51%*
1.39%*

—37.7+107.92

—152+
339+

24.0+0.87**
22.5+0.08 **

108.8+ 1.30%*
85.9+ 0.55%*

BF17 x 85DB

0.023

—9.8+4424

BF20 x 85DB

15.9 + 65.54

16.1 +4.06**

106.8 +44.42 *

+ + —1394+28.21
—97+ 3.79%

—2504+ 06.01%*

232+0.91%*

BF26 x 85DB

5.011 0.05<P<0.10

—27.74+96.01

11.61+65.36

28.4+157.48

25.6+6.14%**

1135+ 3.64%*
93.5+65.64
106.1 + 0.79**

BF35 % 85DB

6.9+40.1

BF36 x 85DB

0.05<P<0.10
0.10<P<0.25
0.50< P <0.75
0.05<P<0.10

7.200
4.091
0.191
2930

152+ 2.10%*
16.0+10.13

13.5+ 4.80*

—13.0+7.17

—17.7+1.34%*

1.10

—277+ 4.97%*
—381+ 338%*
—312+ 17.07

—0.6+

23.6 +0.80**
28.6 +£1.07**
29.3+£0.26**
24.2+1.08**

1144+ 129%*
1253+ 1.35%*
11794 7.36%*

2 m, a, and d represent mean, additive, and dominance genetics components, respectively

BF48 x 85DB
BF52 x 85DB
BF57 x 85DB
BF78 x85DB

indicate significance at P=0.05 and 0.01, respectively

koK
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parameters for crosses to BFs 26, 35, 52, and 57. Al-
though additive-genetic effects were significant for these
crosses, all other effects were associated with large stan-
dard errors and could not be estimated with adequate
precision.

Maturity

The net effects of genes for maturity resulted in early
maturity being partially dominant to lateness. Mean F,
values for maturity were either equal to or earlier than
midparental values (Tables 1 and 2). Broad-sense herita-
bility estimates ranged from 24 to 87%, with a mean of
65.7% (Table 2). Estimates of narrow-sense heritability
ranged from 0 to 98.6%, with a mean value of 48.2%.
Some estimates of narrow-sense heritability were greater
than the corresponding broad-sense estimates. This is
probably an artifact of the methods used to calculate
these values, and not possible in reality by definition of
the heritabilities. Heritability estimates of 0 were negative
values, but 0 was assumed to best estimate the ratio of
additive to total genetic variance.

Estimates of number of loci controlling plant maturi-
ty were relatively consistent among the six methods used
(Table 3). If negative estimates are regarded as 0, all
methods estimated locus number between 0 and 12.8,
with the exception of an extreme value of 65.6 estimated
by method 6. When the extreme value of 65.6 was disre-
garded and negative values were assumed to be 0, the
mean number of loci involved in the genetic control of
plant maturity was estimated to be 3.4.

Results of the scaling tests indicated that additive-ge-
netic effects were significant in all crosses. Dominance
and epistatic genetic effects were significant in crosses to
BFs 17, 20, 35, 52, and 57. Perfect-fit solutions were used
to estimate genetic parameters for crosses to BFs 26 and
36. In these crosses, additive-genetic effects were signifi-
cant, but all other parameters were associated with large
standard errors and could not be estimated with ade-
quate precision.

Discussion

Inbred Tift 85DB is a BC; backcross derivative of Tift
23DB, into which genes for resistance to rust and Pyri-
cularia leaf spot resistances have been transferred (Hanna
et al. 1987). Tift 23DB is homozygous for the recessive d,
allele, which confers the dwarf character (Burton 1969).
Because Tift 85DB is near-isogenic to Tift 23DB, Tift
85DB should be homozygous for the d, allele as well. The
mean value for loci numbers computed from Egs. 2, 3,
and 4 (¥=1.0) confirms that a single major gene confer-
ring height was segregating in the F, of Tift 85DB x the
Burkina Faso landraces. The other equations indicated



that some other loci may be involved which may not
affect height per se, but their pleiotropic effects can be
correlated with height. For example, the experimental
plots were grown on a sandy soil and were not irrigated.
In addition, high populations of chinch bug [Blissus leu-
copterus (Say)] were observed on some plants. Genes con-
ferring drought tolerance, tolerance to chinch bug, or
nonpreference by chinch bug might have all influenced
the final plant height. Under the growing conditions of
this experiment, the number of loci controlling plant
height was determined to be between one and two.

The inheritance of plant height in other pear] millets
was examined previously. When the short inbred 18 was
crossed to tall inbreds 710, 717, and 782, numbers of loci
conferring plant height were estimated to be 4.8, 25.8, and
3.5, respectively (Burton 1951). It is difficult to compare
the results of these two studies because of genetic differ-
ences among cultivars and also differences in environ-
mental conditions. The cultivars in the present study were
approximately half the height of the cultivars in Burton’s
1951 study, which might be due in part to genetics as well
as differences in soil fertility and water availability. In
general, estimates of locus numbers conferring plant
height in the present study using the first method are
similar to the 1951 study, however, this method may not
be the most applicable. One of the assumptions of the
method is that no epistasis exists, but the joint-scaling
tests indicated that epistatic effects were significant in
many of the crosses.

In the present study, the expression of height in the F,
was overdominant, which is consistent with a previously
published study concerning crosses between dwarf and
tall inbreds (Burton and Fortson 1966). In that study,
however, height of F;s between inbreds near-isogenic for
the recessive d, dwarfing allele was not reported. The F,
data suggested that the dwarfing gene is recessive, but F,;
and parental data are necessary to determine if simple
dominance or intra-locus epistasis is occurring at the D,
locus. Dominance and epistatic genetic effects for height
could frequently be detected in these populations.

Maturity in crosses between early- and late-maturing
millets was previously reported to be conferred by
2.2-7.6 loci, with an average of 4.1 (Burton 1951). As was
found in the present study, earliness in the F, was partial-
ly dominant to late maturity. In comparing the present
results to the earlier study, it is interesting that we did not
find greater differences in numbers of loci. The average
flowering date of the late-maturing cultivars in the 1951
experiment was approximately mid-September, but the
average flowering dates of the Burkina Faso landraces
ranged from mid-October to mid-November. In the pres-
ent study, it is likely that we have examined the inheri-
tance of photoperiod insensitivity of Tift 85DB. A single
gene that confers early maturity to pearl millet has been
identified (Burton 1981), however, this gene is not present
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in Tift 85DB. Maturity, as defined by the flowering date
at Tifton/GA was determined to be controlled by three to
four loci. This differs from results indicating that photo-
period insensitivity is conferred by a single locus in some
millets (Bilquez 1963), but is similar to conclusions re-
garding the inheritance of photoperiod insensitivity of
Tift 23A (Burton 1966).

Assuming two and four loci control differences in
plant height and maturity, respectively, between the land-
races and Tift 85DB, then theoretically one out of 4,096
F, progeny would be homozygous for the alleles found in
Tift 85DB at those six loci. To recover the homozygote in
a segregating population (P=0.05), 12,269 F, progeny
are required (Hanson 1959). Populations of this size may
be the upper limits required for the conversion program,
since some heterozygosity may be acceptable when se-
lecting S; and backcross S, progeny. Field-grown plants
are selfed and S, progeny are grown in the greenhouse,
where backcrosses are made to the earliest dwarf progeny
of selected plants. The cycle of selfing between selection
and backcrossing increases the probability that plants
used in crosses are homozygous at the desired loci.

The magnitude of heritability is one determinant in
predicting the effectiveness of selection. Our estimates of
broad-sense heritability are rather high and should be
considered the upper limits for narrow-sense heritability.
If nearly all of the genetic variance was additive, then
both estimates would have been identical. Although ma-
turity was conferred by a greater number of loci than was
height, the mean narrow-sense heritability was greater for
maturity (48.2%) than for height (23.8%). However, esti-
mates of heritability in most cases were moderately high
in magnitude, and additive genetic effects were highly
significant in all crosses, indicating that both plant height
and maturity should respond to mass selection.
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