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The genetic analysis was carried out to determine mode of inheritance of yield
and its contributing trait under two environments in irrigated and rainfed conditions.
The study was undertaken with the help of six generations P, P,, F, F,, B,, and B, in three
crosses, viz, 863B x P 7-7 (1), 843B x P 7-4 (2), and 81B x ICMP 451 (3) of pearl millet in two
environments Varanasi (Irrigated) (E,) and Mirzapur (Rainfed) (E,) using six generations.
Simple additive-dominance model failed to explain the genetic variation of most of the
characters. The estimates for mean and dominance were reduced in Rainfed environment
of Mirzapur, though all type of digenic interactions were prevalent, the dominance x
dominance gene effects with duplicate epistasis were pronounced. It is suggested that
cyclic breeding particularly reciprocal recurrent selections should be practised to improve
yield and its attribute traits in Pearl millet rather than going only for simple selections
methods.
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Pearl millet (Pennisetumtyphoides(Burn)
Stapf and C.E. Hubbard) is one of the important
cropsof semi-arid tropical regionsof Asia, Africa,
and Americasupplying food and fodder under the
most trying farming conditions. It is particularly
adaptable to nutrient-poor soil and low rainfed
conditions, yet it is capable of rapid and vigour
growth under favourable conditions (Maiti and
Bidinger, 1981). Thisiscropisgrown primarily for
grain production on 26 million hainthearid tropical
region of Asiaand Africa (Rai et al. 2007) but in
USA and Europe, itismainly grown asfodder crop
(Poehlman and Borthakur, 1969). In India, it is
cultivated in 7.95 million hectare with an annual
production of 8.80 million tonnes (Annual Report
of Government of India, Ministry of Agriculture,
2013-14). Nevertheless, not only the productivity
remained low (11.38 g/ha) but also there are wide
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year to year fluctuations in terms of production
and productivity. Therefore, yield improvement of
varieties particularly under rainfed situation is of
paramount importance. Genetic variability for yield
and its component traits is the key component of
the breeding programme for broadening gene pool
of crops. However, genetic variability for many
traitsis limited in germplasm (Sabu et al. 2009).
The overall performance of a genotype may vary
due to changes in the environment, and if the
heritability for the traits is higher, the selection
process will be simpler and response to selection
will be greater (Govindarg et al. 2010; Larik et al.
1997 & 2000; Singh and Sagar 1989 & 2001; Soomro
etal. 2008).

The genetic improvement of crops for
guantitative traits requires reliable estimates of
genetic variability, heritability and genetic
advancement of breeding materials (Dudely and
Moll, 1969; Izge et al. 2006; Chand et al. 2008;
Govindarg et al. 2010). The information on
variability and heritability of charactersisessential
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for identifying characters amenable to genetic
improvement through selection (Govindargj et al.
2010). Inthepresent study attempt hasbeen made
to study the genetics of important quantitative
charactersincluding yield using generation mean
analysis. The generations mean analysisis one of
the important methods to understand the nature
and magnitude of genetic variance.The gene
effects, variability parameters, heritability and
genetic advance for yield and its important
attributing traits have been estimated and results
discussed.

MATERIALS AND METHODS

The study was conducted involving six
generationsviz, P, P, F,, F,, B, and B, of three
Pearl Millet crossesviz., 863B x P7-7 (1), 843B x P
7-4(2),and 81B x ICMP 451 (3) at two locations.
The parents of the crosses were stable inbreds
with good genetic-agronomic base and combining
ability. The six generations of each cross were
grown in randomized compl ete block design with
three replications at two locations. The two
locations were Agriculture Research Farm of
Banaras Hindu University under irrigated
conditions (E,) and Rajiv Gandhi South Campus
under rainfed condition (E,) during Kharif 2011-
12. Tworowsfor each parent (P, P,), threefor each
of F, and backcrosses (B,, B,) and eight for F,,
weregrown in each replication. Therowswere4m
long with 45 cm row to row and 20 cm plant to plant
distance. Observations were recorded on five
competitive plants on seven quantitative
charactersin each row. The means and variances
of a population worked out in areplication were
used to cal culate the weighted mean and variance
over thereplication. The Joint Scaling Test (Cavalli,
1952) was performed using the weighted |east
squares. The estimates of various genetic
parameter was obtained by Jinks and Jones (1958)
model. The estimates of the components of genetic
variance were obtained following Mather (1949).
Heritability and Genetic Advance were estimated
accordingtoAllard (1960).

RESULTS AND DISCUSSION

The mean values for seven quantitative
characters of six generations of the three crosses
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863B xP7-7(1),843B x P7-4(2),and 81Bx ICMP
451 (3) intwo environments, Agriculture Research
Farm of Banaras Hindu University under irrigated
conditions (E,) and Rajiv Gandhi South Campus
under rainfed condition (E,) are presented in Table
1. Ingeneral, the performance of the three crosses
of various characters over different generations
was better in Varanasi (El) than in Mirzapur (E,)
The poor performancein Mirzapur (E, wasmainly
dueto poor fertility and low water holding capacity
of the soil. All these characters exhibited reduced
expression under water stress; however, this was
less for such characters as plant height and ear
length. These observations confirm earlier findings
of Govindarg et al. (2010); Van Oosterom et al.
(2006); Singh and Sagar (1989 & 2001); Soomro et
al. (2008). The Fs of al the crosses performed
better than both the parents and mid-parents in
both the environmentsfor al the characters, except
for days to maturity in crosses 843B x P 7-4 and
81B x ICMP 451 in Varanasi. This indicated
prevalence of heterobeltosis, which could arise due
to true over-dominance or dispersion of completely
or incompletely dominant genes. Negative
heterosisfor daysto maturity indicated dominance
for earliness. Higher heterosis in case of pearl
millet, an allogamous species, is expected. Virk
(1986) has noted positive heterosisfor quantitative
charactersincluding grainyield (-56.62 t0 424.16%),
but negative heterosis for days to flowering. The
better performance of F, than both the parents for
grainyield and other attributes even under moisture
stress shows that hybrids will withstand moisture
stress. The F, means, lesser than the F, in both the
environments for all the characters and crosses
except for ear length for cross 843B x P 7-4 in
Varanasi indicated high amount of inbreeding
depression. Smaller F, mean than F, could be due
to elimination of dominance effects, asin all the
crosses the dominant exceeded the additive
component and may be responsible for bringing
reduction in F, mean. The F, mean exceeding all
other generations for ear length could be due to
transgression and fixable epistatic effects. Both
the backcrosses exceeded the respective recurrent
parents in most of the cases, indicating the
prevalence of allelic and non-allelic interactions
for genetic control of important traitsin pearl millet.
Govindarg et al. (2010); Gupta and Phul (1981);
Girglaet al. (1985); Singh and Sagar (2001) also
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reported similar results.

To study the genetics and gene
interactions, the data was subjected to three
parameter model of Cavalli (1952) and later six
parameter model of Jinks and Jones (1958). The
estimates of six parameter model along with their
significance have been presented in Table 2. The
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analysis revealed the inadequacy of additive-
dominance model for all the seven traits studied.
Some of the traits such as ear weight and grain
yield per plant for cross 843B x P 7-4 indicated
significant X2 values. This analysis lead to the
conclusion that variability present in the material
could not be ascribed to only additive and

Table. 1: Mean performance of six generations of seven quantitative traits in two environments.

Cross Generation Environment Plant Tillers EarSize Days Ea  Gran Dry fodder
Ht(cm) /Plant tomat weight Yidd vyield
1 2 3 4 5 6 7 8 9 10
Crossl
863B (P) El 1810 199 188 745 276 129 751
E2 106.7 157 153 685 115 85 155
P7-7(P,) El 2003 230 201 717 262 135 778
E2 1288 166 179 555 145 6.7 14.5
F, El 2166 283 215 756 565 319 963
E2 1551 201 204 557 133 107 175
B, El 2133 260 208 686 476 270 851
E2 1487 235 212 56.7 8.6 4.4 19.9
B, El 1749 227 232 709 483 286 870
E2 1374 169 201 549 158 6.1 12.6
1 2 3 4 5 6 7 8 9 10
Cross 2
843B (P1) El 1900 236 151 670 414 209 345
E2 1308 120 141 610 55 34 75
P7-4(P2) El 1993 244 171 707 505 388 944
E2 1279 211 161 69.0 75 7.3 10.8
F1 El 2302 371 216 705 915 604 996
E2 1669 311 157 695 104 6.5 11.4
F2 El 2203 362 253 711 448 223 690
E2 1503 140 143 615 5.8 4.4 9.1
B1 El 2303 391 191 718 470 256 803
E2 1500 185 157 69.1 7.1 6.0 11.6
B2 El 2213 39 203 711 601 253 871
E2 1615 161 168 725 6.8 5.6 11.0
1 2 3 4 5 6 7 8 9 10
Cross 3
81B ( P1) El 1657 207 153 789 265 144 806
E2 1031 103 116 671 4.4 33 6.
ICMP 451( P2) El 1977 365 179 818 282 507 903
E2 1574 160 142 76.1 4.1 3.2 75
F1 El 2427 423 217 819 610 377 1075
E2 1565 323 188 715 6.7 5.7 18.9
F2 El 2175 225 174 787 536 276 693
E2 1354 175 197 715 75 6.3 8.8
B1 El 2135 258 163 795 545 242 1111
E2 1316 179 195 676 7.6 4.7 12.4
B2 El 2325 390 218 803 522 251 8038
E2 1515 218 179 795 7.6 8.4 214
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Table. 2: Gene effect of six-parameter model for seven yield and component traits of Pearl Millet
in two environments
Character Cross Enviro M D H | J L Type of
Epistasis nment
1 2 3 4 5 6 7 8 9 10
1 E, 152.09 6.33** 58.51** 40.90** 80.56** 7.1
6.96 +0.99 +16.57 +6.88 +433  +10.18
E, 120.86 10.53** 58.01** -3.6 41.63**  -28.81
+10.12 +1.42 12428 +10.13 +6.28  +14.86
Plant Height 2 E, 180.13 113  112.47** 21.00** 21.25** -61.45** D
+9.62 0.94 +21.38 +8.57 +6.30  +11.49
E, 10844  453** 121.79** 17.90** -1.64  -65.30** D
+3.79 +0.33 +8.90 +3.78 +2.13 +5.43
3 E, 15759 1250 148.64** 31.58** -23.66** -53.56** D
+7.92 +0.96 +18.63  +7.86 +455  +11.19
E, 85.02 14.53 129.72 39.64 3.07  -57.35** D
+8.68 +0.68 +20.84  +7.64 +4.27 +12.09
1 E, 334 0.23 -2.03 -1.34 1.14* 152
+0.73 +0.15 +1.87 +0.71 +0.58 +1.21
E, 0.06 0.07 4.44 1.38 1.87** 1.82
+0.73 +0.15 +2.93 +1.25 +0.67 +1.72
Number of 2 E, 252 0.14 3.26 -0.22 -0.87 -221
effectivetillers +0.85 +0.13 +2.00 +0.84 +0.41 +1.26
per plant E, 0.37 -0.47** 143 13 1.43** 135
+1.11 +0.09 +2.64 +1.11 +0.64 +1.67
3 E, -2.22 0.80**  10.53**  5.02** -11 -4.18 D
+0.93 +0.14 +2.23 +0.92 +0.59 +1.38
E, -0.87 0.23 511 134 -041 -1.21
1.19 +0.14 +2.75 +1.18 +0.66 +1.67
1 E, 16.68 117> 12.69**  2.21* -272  -7.51** D
+1.02 +0.15 +2.54 +1.01 +0.72 +1.62
E, 7.31 0.80**  26.19** 8.12 3.78** -7.1 D
+1.64 +0.21 +3.91 +1.72 +1.00 +2.46
Ear length 2 E, 16.45 1.90**  10.92** 2.78 3.A3** 443+ D
+1.26 +0.20 +2.98 +1.24 +0.79 +1.75
E, 3.58 127%*  27.67** 12.21** 041 -12.53 D
+1.82 +0.20 +4.21 +1.81 +0.99 +2.55
3 E, 12.99 1.30**  13.82** 2.23 -4.03**  -6.11** D
+1.38 +0.17 +3.27 +1.32 +0.81 +2.21
E, 13.84 1.30**  17.36** 0.06 184 -11.41 D
+1.99 +0.24 +4.76 +1.97 +1.22 +3.06
1 E, 109.09 164  -84.78** -39.36** -143* 50.15** D
+0.85 +0.16 +2.03 +0.84 +0.56 +1.27
Days to maturity 2 E, 66.12 234 11.65%*  2.22*%* 5.25**  .7.23** D
+0.85 +0.98 +2.30 +0.97 +0.57 +1.40
3 E, 71.47 147%*  18.40**  8.17** 251 -7.97%* D
+1.44 +0.26 +0.26 +1.42 +0.94 +2.13
1 2 3 4 5 6 7 8 9 10
1 E, 31.75 0.14 30.48** -3.61 -497%  13.51** C
+3.50 +0.64 +8.38 144 +2.30 +5.28
Ear weight E, 10.63 0.87* -8.25 -1.81 133 10.41**
per plant +1.97 +0.27 +4.59 +1.95 +1.13 +3.28
2 E 11.43 3.03**  45.44** 34.06** -24.44** 39.11** C
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+7.31 +0.96
E, 4.94 0.93**
+2.25 +0.30
3 E, 36.95 0.34
+5.69 +0.49
1 E, 20.37 0.3
+3.47 +0.60
Grain yield E, 6.32 0.54**
per plant +1.45 +0.23
2 E, 11.88 3.00%*
+7.04 +0.94
3 E, 27.13 0.5
+3.38 +0.33
1 E, 15.29 0.83
+9.18 +1.36
E, 5.64 0.43
Dry fodder yield per plant +6.47 +1.07
2 E, 30.43 5.44**
+26.10  +1.83
E, 4.07 1.07%*
+3.76 +0.33
3 E, -8.24 4.33**
+20.29  +1.10
E, -23.01  1.64**
+3.17 +0.28

509
+17.45 +7.11 +4.22 +10.11
-3.22 1.66 233 8.44%*
+5.29 +2.23 +1.22 +3.26
38.67** -9.27 -5.34 -9.21
+13.11 +4.67 +3.11 +6.27
1526  -7.20* -6.60** 224
+8.36 +3.42 +2.30 +5.23
-6.99* -1.26 -0.39 9.11** D
+3.43 +1.43 +0.78 +2.20
-12.06 12.22 6.51 59.31**
+16.42 +6.98 +4.08 +9.86
-1.86 -10.96**  -2.08 1.27
+8.05 +3.36 +2.11 +4.87
114.30* 61.66** 5.83 -23.27
2161 +9.08 +5.53 +13.36
50.77** 16.54** 17.40** -32.66** D
+15.40 +6.38 +4.12 +9.51
7724  59.54** -1.79 -0.07
+60.63  -26.03 141 +35.71
37.15** 12.80** -4.71* -21.68** D
+8.90 +3.78 +2.13 +5.43
161.38** 89.23** 53.01** -12.26
4724  +2226 +1192 +22.99
86.33** 24.11** -25.65** -25.17** D
+7.49 +2.24 +1.82 +4.69

*  Significant at 5 per cent level; **

dominance effects of the gene effects, albeit the
epistatic gene effectsal so played an important role
in genetic control of the characters studied. The
present study also reveal ed that only additive effect
was not sufficient and significant to explain the
variability for all the traits. Further, significant
dominance effects were important for only ear
weight per plant for cross 81B x ICMP 451 in
Varanasi environment. In general preponderance
of dominant variation wasobserved for al thetraits
in both the environmentsand all the three crosses.
Similar observationswere madein Pearl Millet by
Virk (1986); Singh and Sagar (1989); Govindaraj et
al. (2010). The comparative analysisof smplevs.
higher order of gene integrations indicated that
while additive effect were less effective than the
dominant effects when compared with their
corresponding digenic or higher order of
integrations. Thisindicated that the expression of
the additive effects was affected at the cost of
their digenic interactions. In few cases additive
and additive x additive effects wasimportant such
asfodder yield in case cross843B x P 7-4; and 81B

Significant at 1 per cent level; D Duplicate; C Complementary epistasis

x ICMP451inVaranas environment. Thissuggests
that fixable nature of variation could be exploited
by simple selection for these specific characters
and crosses. Additive x dominance type was the
other lone significant digenic integrations for
number of effectivetillers per plant for cross 863B
x P7-7 in both the environments. The dominance x
dominance type of digenic interactions was high
and significant in anumber of cases. Thistype of
epistasis advocate for searching desirabl e specific
cross combinations. In general additive x additive
and additive x dominance integrations were
observed for grain yield in cross 863B x P 7-7 in
Varanasi environment, while three and four
parameter combinations of simple and digenic
interactions were found to be significant in a
number of cases, but all the five parameters
exhibited significancein case of ear weight for the
cross843B x P7-4inVaranasi environment. Days
to maturity for cross863B x P 7-7 and 843B x P 7-4
inVaranas environment, ear length for cross 8638
X P7-7 in Varanasi environment, plant height for
crosses 843B x P 7-4 in Mirzapur environment
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Table. 3: Estimates of components of genetic variance for 7 charactersin pearl millet.

Character Cross Additive (D)Dominance (H) Epistasis (B)
El E2 El E2 El E2
Plant height 57.00 90.50 170.64  370.52 31.02 61.14

199.12 12746 20450  545.60 35.12 21.44
90.87 11205 17814  313.36 27.28 17.05
1.66 176 2.52 135 0.50 0.51
112 118 1.04 4.61 0.58 0.61
0.57 112 3.08 4.21 0.61 0.68
0.74 164 2.08 9.76 0.77 1.82
182 8.66 3.36 3.08 1.28 175
2.10 144 6.52 14.60 1.02 3.02
0.91 1.33 176 0.92 0.74 222
184 1.32 0.76 0.67 0.56 2.23
181 151 3.52 222 1.89 2.32
11.74 8.99 16.87 3.82 1111 251
19.64 7.36 238.60 12.36 29.74 312
31.02 8.40 153.36 12.08 9.09 227
7.24 3.22 37.40 1.36 11.51 214
29.72 22.02 175.68 27.04 22.75 2.10
3.33 184 61.76 52.96 4.40 272
126.26 27.68 169.32  110.16 61.28 37.79
455.18 21.88 327.64 48.36 121.43 1521
622.28 17.38 151.48 35.20 71.80 512

Number of EffectiveTillers/plant

Ear length

Day toMaturity

Ear weightPlant

GrainYieldPlant

Dry fodderYield/plant

WNEFPWNRPWONRPWONPFPWONPWONRERE WDNPRP

Table. 4: Estimates of heritability and genetic variance, for quantitative charactersin pearl millet.

Character Cross h?(BS) h?(N'S)Genetic advance (as % of mean)
El E2 El E2 El E2
Plant height 65.91 71.05 20.88 23.01 4.38 471
71.81 85.96 53.41 25.73 6.31 5.39
75.26 90.51 37.10 34.50 3.80 6.30

Number of effectivetillers/ plant 64.47 85.13 47.82 81.58 48.95 191.36
55.15 71.16 37.72 44.48 26.77 55.13

62.80 70.30 25.85 34.45 2191 52.28

Ear length 52.61 61.15 21.21 17.15 347 4.23
54.75 71.45 30.03 63.21 5.19 24.74
44.43 55.13 28.38 9.74 6.12 277

44.76 67.43 34.19 37.89 101 22.72
71.98 88.72 47.29 65.24 197 12.13
52.91 65.32 22.26 43.34 1.20 -20.75
4511 67.42 20.01 57.82 52.34 36.68
63.32 65.45 9.79 36.21 5.50 4291
81.85 91.08 24.64 43.22 6.50 41.64

Days to maturity

Ear weight/plant

Grain yield/plant 51.72 55.45 13.04 37.90 3.77 27.69
71.28 81.74 18.04 38.28 15.79 55.24
81.28 82.60 8.69 175 3.66 6.24
Dry fodderYield/plant 67.27 78.51 35.35 24.79 17.21 35.64

88.35 80.78 20.54 34.76 21.01 47.39
87.28 72.82 41.50 27.01 35.67 29.07

WNPFPWNRPFPWNRPEPWONPWONRPWNEWNPRE
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exhibited siginficancefor four parameter. Eventhe
six parameter model failed to detect the significance
of any of five genetic parametersfor tillersper plant
for crosses 843B x P 7-4 and 81B x ICMP 451 in
Varanasi Environment and Mirzapur environment,
respectively. Whilethethree parameter model was
found to be inadequate in both the environments.
Thediscrepancy for the significance of parameters
studied in 3 and 6 parameters model may be dueto
non-orthognaility nature of the estimates in the
former model. The present study indicates that
dominance and epistatic effectswereimportant in
explaining the variability in the present material.
The present finding supports the earlier findings
of Singh and Sagar (2001) and Singh et al (1990a)
but contradictsthefindings of Grafius (1959). The
Grafius observed that non-allelic interactions
prevail for yield but not for its components. The
digenic and trigenic epistasis and linked digenic
integrations have been observed by Gupta and
Phul (1981) in Peral millet. Thestudy revealed that
characters such as plant height, ear length, ear
weight, daysto maturity, and dry fodder yield are
complex traits as controlled by number of
parameters significant in the 3 crosses in two
environments. Asreported earlier grainyield and
tiller number are also complex traits, thesignificance
of only one or two parametersin present materials
are probably due to non availability of enough
variability for these traits in present genetic
materials. The study indicated that dominance (h)
and dominance x dominance (I) interactions
accounted for high proportions of total genetic
variability and even increased under moisture
stress conditions in most of the cases. This
indicated that hybrids will perform better even
under moisture stress conditions. This is in
conformity with earlier findingssuch as, Singh and
Sagar (2001); Govindaraj et al. (2010). It is
suggested that cyclic breeding particularly
reciprocal recurrent selections should be practised
to improve pearl millet rather than going only for
simple selections methods.

The estimates of components of genetics
variance viz., additive (D), dominance (H),
environmental (E) are given in Table 3. The
dominance variance exceeded the additive variance
indicating thereby preponderance of dominance
geneaction for all the charactersof all the crossin
both the environments except for tillers per plant

511

for crosses863B x P 7-7 in Mirzapur environment
and cross843B x P7-4inVaranas environment, for
ear length for cross 843B x P 7-4 in Mirzapur
environment, daysto maturity for cross843B x P 7-
4inVaranas environment and ear weight for cross
863B x P 7-7 in Mirzapur environment. This
concedes the nature of heterobeltiosis observed
from the generations mean analysis. The
magnitude of dominance gene effects was
comparably higher than additive gene effect in 3
aswell as 6 parameter model. The preponderance
of dominant gene effectsin pearl millet has been
observed by Singh and Sagar (1989); Virk (1986);
Sheoran et al. (2000); Govindargj et al. (2010). In
general importance of dominance effect was
observed in the present materials except in some
caseslikefodder yieldincross843B x P 7-4, grain
yieldincross81B x ICMP 451, where additiveand
additive x additive effectswereimportant and this
indicated that variation in these crosses were
fixable nature and simple selection can improve
these characters of particular crosses

The heritability values broad and narrow
sense along with their genetic advance have been
presented in Table 4. In general, both the type of
heritability was low in Varanasi than in Mirzapur
environment. Broad sense heritability estimates
weregeneraly highfor al thecharactersfor al the
three crosses in both the environments. Low
narrow sense heritability estimates support the
prevalence of epistatic effects as also noted from
the generations means. The high estimates of
heritability in Mirzapur (rainfed) environment are
encouraging and offer greater scope of selection
in that environment, but further studies are
necessary in this direction. The high estimates
under water stress may be dueto either narrowing
down of the variance under stress, as is usually
observed and has been reported by Johnson and
Frey (1967); Moeljopaviro and Ikehashi (1981);
Govindargj et al. (2010); Larik etal. (1997 & 2000);
Singh and Sagar (1989 & 2001); Soomroet al. (2008).
Estimates of expected genetic advance expressed
as percentage of mean werelow to medium for all
the charactersincluding grainyield. But very high
gain was obtained for number of effective tillers
(191.36%) for cross863B x P7-7 and high estimates
for gain yield (55.24%) for cross 843B x P7-4in
Mirzapur environment. It suggested greater scope
for improvement of these characters.
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In general the study suggest that the sufficient
variability existinthe present pearl millet breeding
materialswith preponderance of dominant simple
and higher order of gene action effects ( dominance
x dominance and dominancex additive) with high
heritability of important traits. Thissuggest cyclic
breeding with reciprocal recurrent selections
should be adopted to improve pearl millet rather
than going only for simple selections methods.

10.

11.
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