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Genetic dissection of temperature tolerance in pearl milletRennisetum glaucum
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ABSTRACT

Genetic control of temperature tolerance was investigated in pearl millet at seedling stage. Ten parents were selected
through a field screening technique. They were crossed in a diallel manner. Fortyfiybriels along with their 10
parents were tested for performance in randomized block design with three replications under supra-optimal temperature
exposure at seedling stage. The experiment was conducted in three environments at different dates of sowing from May
to July 2005. The Griffings method of diallel analysis was used to obtain the genetic estimates. Variances due to general
combining ability and specific combining ability for all the characters studied, viz seedling thermo-tolerance index,
seed to seedling thermo-tolerance index, germination, emergence rate, leaves/seedling, seedling height, seedling fresh
weight, seedling dry weight were highly significant in all the three environments (two stress and one normal) indicating
the importance of both additive and non-additive genetic variances. The non-additive (dominance) component was
more prominent for all the characters. It suggested that heterosis breeding could be successful. The genotype ‘CVJ 2-5-
3-1-3’ and ‘(77/371xBSECT CP 1)’ were identified as the best general combiners for both the heat tolerance indices.
Seven hybrds, namely, ‘H77/833-2x96AC-93’, ‘1305%96AC-93’, (77/371xBSECT CP-1)xTogo II', ‘H77/29-2xCVJ
2-5-3-1-3’, '1305%x99HS-18’, ‘G73 107x77/245" and ‘H77/833-2xH77/29-2’ were identified having high values of heat
tolerance indices seedling thermo-tolerance index and seed to seedling thermo-tolerance index. The estimates of additive
genetic variance and narrow sense heritability for seedling thermo-tolerance index and seed to seedling thermo-tolerance
index were high.
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Pearl millet Pennisetum glaucuifi..) R. Br.] is the most  the inheritance of various traits for supra-optimal temperature
important staple crop of millions of people in the semi-arid tolerance in pearl millet. The study also aimed at
and arid regions of Asia and sub-Saharan Africa (Arya andclassification of the parental genotypes and their hybrids
Yadav 2009).The temperature is one of the key climatic relative to the combining ability effects. Such classification
factors and has profound effect on the growth and would help identify good general combiners to be used as
development of the pearl millet. No modification of plant donor parents for the improvement of the traits and specific
response to high temperature is possible through artificialcross-combinations for the utilization of heterosis effect
means. Breeding work on the genectic variations is the soleéhrough the development of hybrid and/or isolation of
route to have the tolerant plants for commercial cultivation. superior segregates in advance generations of segregation.
However, to our knowledge, low information is available on
the inheritance of supra-optimal temperature tolerance at MATERIALS AND METHODS
seedling establishment stage in pearl millet. Ten genotypes of pearl millet selected on the basis of

The objective of this study was to understand the naturedifferent response to supra-optimal temperature
and magnitude of different types of gene actions in controlling tolerance(Peacoait al. 1993). Of these 10 genotypes, seven

_ _ _ genotypes, viz ‘H77/833-2", ‘G73 107’, ‘CVJ 2-5-3-1-3,
Ccz?_'sAeS gﬂr% pazré(())ef3 PhD thesis of the first author submitted to “77/371xBSECT CP 1’, ‘96AC 93, ‘Togo II' and ‘99HS 18’
9 were tolerant and three ones (‘H77/29-2’, ‘77/245" and

1Scientist (Plant Breeding), (e mail: akyadavihbt@gmail.com) , , .
I HB T (CSIR), Palampur, Himachal Pradesh 1305") were susceptible. These were used as parents and

2Senior Scientist (e mail: narwalms@gmail.codAssistant were crossed in a half-diallel mating system (excluding

Scientist (Plant Breeding) (e mail: rajesharya@hau.ernet.in), reciprocals) during rainykbarif) season 2004 to produce
Department of Plant Breeding 45 F hybrids. These ten parents along with 45 hybrids were
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tested for performance in randomized block design with threecalculated by counting the seedlings germinated on daily basis
replications under supra optimal temperature exposure atfrom third day of sowing to the day when the seedling
seedling stage in three environments created through dateesmergence was completely stopped.

of sowing so as to conduct the experiment under different

. No. of normal No. of normal
range of temperatures during _May—.]uly 2005. Emergence seedlings seedlings
Each genotype was grown in three rows each of three mrate ER) = maomim g o -
length spaced 30 cm apart. Fifteen seeds were dibbled in (ER) Days to tf'rSt Days to I'”al
coun coun

each row at a distance of 10 cm each. The field was given
medium irrigation and precisely levelled before sowing. The  Seedling thermo-tolerance index (STI) was calculated as
seeds were sown in the absence of a mechanized plantethe ratio of number of seedling survived to the number of
Marked wooden sticks were used to ensure the placemenseedling emergence, expressed in percentage. Seed to seedling
of seed at uniform depth. The stick was inserted into the soilthermo-tolerance index (SSTI) was calculated as the ratio of
up to 4 cm mark, tilted to one side cutting an angle of aboutseedling survival to the number of seedling expected to
30°C, making space for the seed. The seed (one) was droppegimerge, expressed in percentage. The SSTI is an extension
along the body of stick. The seed would settle in the bottomof STI by taking expected germination into account. It was
on gentle pull-out of the stick. necessary to correct the effect of under soil mortality (USM).
The emphasis of investigation was centred on to observeThe germination under monsoon environment of the same
germination, survival and mortality of the seedlings. The lot of spare seed was taken as expected germination in this
seedlings were inspected every day in the morning. Theexperiment. Analysis of variance for randomized block design
seedlings which had died due to heat desiccation were(RBD), diallel analysis of Griffing’s Method 2, Model 1,
marked by fixing a small wooden stick along their side as avariances due to GCA and SCA and correlations among the
check against the loss of dead seedlings. Process wasarious characters were calculated (Sharma 1998).
continued up to a date till the surviving seedlings were
established and there was no more mortality. The experiment RESULTS AND DISCUSSION
was conducted at the research area of Department of Plant The maximum soil temperature rise up to 63.0°C jn E
Breeding of the University, Hisar (latitude: 29° 10’'N, was about 18°C higher than the normal atmospheric
longitude: 75° 46’'E, and 215.2 m above mean sea level),temperature measured at 1 m above the soil surface (Figs 1,
located in subtropical region of Haryana, India. The soil was 2). This excessive heat was responsible for mortality of
sandy loam (61% sand, 10.7% silt and 28.3% clay) in texture.seedlings. Many a seedlings were found desiccated at the point
Standard agronomic package of practices were taken to raisef contact, besides the desiccation at the tips. The temperature
a healthy crop. A condition of no-drought was maintained around the tip level, ie 5 cm above the soil surface also reached
in order to determine the exclusive effect of temperature atup to an extent of 50°C (Fig 3). It could therefore be concluded
seedling stage. This was maintained by measuring thethat the seedlings had to survive in a really high temperature,
moisture status of the soil by gravimetric method on alternateie 50°C (at tip level) and 63°C at contact level. The fact
days. The soil samples were taken from a depth of 5 cm, 10-emains that the moisture level remained above the permanent
cm and 20 cm. The soil surface temperature was measuredilting point (Fig 4). The drought effect was therefore not in
by a soil thermometer at soil surface, temperature at 5 cmthe play.
and 100 cm (1 m) above the soil surface were recorded The seedling thermo-tolerance index (STI) of the hybrids
between M and 2.30PM daily. recorded values as low as 53 and as high as 82. Among the
Data were recorded on following traits, viz seedling
thermo-tolerance index (STI), seed to seedling thermo- 70,

tolerance index (SSTI), germination (%), emergence rate 601
(ER), number of leaves/seedling (two-week stage), seedling W
height (two-week stage), seedling fresh weight (g) (four- & 50 W
week stage), seedling dry weight (g) (four-week stage). The, 40/

data for seedling height and number of leaves/seedling Was.?s
recorded on 10 random seedlings/replication. These g 30
seedlings were tagged for computation of seedling fresh & 201 —~E1 —=—E2 —BE3
weight and seedling dry weight parameters, destructive"
sampling was done by uprooting five random plants (out of 10
ten plants) per genotype per replication. Uprooted plants
were kept in oven at 75°C temperature for drying and 12 3 4 5 6 7 8 9 10 11 12 13 14 15
seedling dry weight (g) was taken when constant weight DAS

was obtained. Rate of emergence of the seedlings wagig 1 Soil surface temperature in different environments
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50 carried out and the results showed significant genotypic
45 differences for all the characters in all the three environments.
40 w; Significance of the mean squares associated with parents vs.
O 35 hybrids indicated presence of average heterosis for all the
S 30 characters. That no variability was observed for seedling
% 25 thermo-tolerance index and seed to seedling thermo-tolerance

% 5o index in the E. In this environment no seedling mortality

£ 15 ~—El —E2 —BE3 was observed and the germination was taken as standard.
10 The values for STl and SSTI were therefore equal and highest

5 for all the genotypes in this environment and hence no
variation was observed. Further analysis was therefore not

1.2 3 45 6 7 8 9 101 1213 14 15 carried out for this environment.
DAS The results obtained from analysis of variance for
Fig 2 Air temperature in different environments combining ability revealed that both additive (GCA) and non-

additive (SCA) genetic variances were highly significant in
all the three environments played an important role in the
genetic control of the seedling traits. Krishnaahl (2002)

50
reported the importance of both additive and non-additive
type of gene action for the inheritance.

Combining ability effects

A consideration of the GCA and SCA effects might be of
help in isolating suitable genotypes for conventional breeding
work. High GCA effects of the parents are mainly due to
additive type of gene action and additive x additive type of
0 gene interaction, which is fixable in the segregating

123456 78 9101 1213141516 generations. Thus, to enable isolation of superior segregates
) DAS ) o in the subsequent generations, selection of parents for
Fig 3 Temperature 5 cm above the soil surface in different hybridization should be made on the basis of their GCA-

environments effects (Banerjee and Kole 2009).
20 The parent ‘CVJ 2-5-3-1-3' was identified as the best

18 general combiner for STI, followed by four other parents
16 ‘H77/833-2",‘(77/371xBSECT CP 1)’, ‘96AC 93’ and ‘99HS
14 18’ which exhibited high GCA effect (Table 2). The parents
12 ‘(77/371xBSECT CP 1) and ‘G73 107’ exhibited highest
210 GCA effect for SSTI. The parent ‘CVJ 2-5-3-1-3’ was the
% good general combiner for seedling thermo-tolerance index
=

(STI) and number of leaves/seedling. While, the parent ‘H77/
833-2" was good general combiner for STI only. The parent

‘(77/371xBSECT CP-1) had high GCA effect for STI and
SSTI as well as for germination, emergence rate (ER) and
1 3 5 7 9 " 13 15 seedling height (cm) in all the environments. The parent

DAS ‘96AC 93’ showed good general combining ability for STI,
Fig 4 Soil moisture status in different environments SSTI, seedling fresh weight (g) and seedling dry weight (g).
The parents which showed the good GCA for both STI and

hybrids ‘H77/29-2x77/245" and ‘H77/833-2x96AC 93 were SSTI were ‘(77/371xBSECT CP 1)’ and ‘96AC 93'.

emerged as highly tolerant genotypes. Seed to seedling The parent G73 107 also showed the good GCA for SSTI,
thermo-tolerance index (SSTI) which is expected to be moreleaves/seedling in all environments and germination (%) in
regrous index changed the values of the STI based on thetress environments only. The overall result, however,

60

N
o

—~—E1 —=—E2 —E3

Temperature (°C)
N w
o o

-
o

—~—E1 —=—E2 —+—E3

variation in germination in normal environmentEThe maintained the trend that good per-se performer were also
reductions in values were not strictly proportional to the STI. the good combiner for this trait and reverse was also true.
Here the values ranged between 46 and 73 (Table 1). The magnitude of SCA effects, of course differed for specific

The analysis of variance for eight different characters in crosses in different environment but the direction (+ve or —
three different environments (two stress and one normal) wasre) generally remained the same. Ten cross combinations,
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Table 1 Mean performance of the parents and the crosses for different characters

Genotype Germination (%) Rate of emergence* STI* (%) SSTI* (%)
E; E, E; Mean g E, E; Mean E E, E; Mean F E, E; Mean

‘H77/833-2’ 39.41 37.37 61.64 46.14 40.37 41.09 42.79 41.42 78.30 73.87 90.00 80.72 44.98 41.33 90.00 58.77
‘H77/29-2' 55.13 47.26 60.92 54.43 28.15 49.80 32.58 36.84 48.35 44.95 90.00 61.10 44.41 36.02 90.00 56.81
‘G73-107 50.37 48.26 59.18 52.60 45.34 41.32 4481 43.82 61.87 54.13 90.00 68.66 52.13 44.60 90.00 62.24
771245 47.47 46.24 55.65 49.78 36.25 46.04 40.47 40.92 43.85 35.80 90.00 56.55 38.03 30.40 90.00 52.81
‘CVJ 2-5-3-1-3’ 48.24 48.32 68.97 55.18 50.44 49.07 49.60 49.70 71.93 68.13 90.00 76.69 49.59 47.85 90.00 62.48
‘1305’ 43.26 38.91 54.04 4540 33.76 50.56 35.73 40.02 39.03 32.81 90.00 53.95 32.11 24.52 90.00 48.88
‘77/371xBSECT CP 1'  47.47 45.02 63.20 51.90 49.34 50.75 50.65 50.25 69.52 67.06 90.00 75.52 50.56 46.71 90.00 62.42
‘96AC 93’ 46.51 38.18 57.22 47.30 43.12 49.15 47.53 46.60 66.60 60.01 90.00 72.20 52.12 39.20 90.00 60.44
‘Togo II 46.13 39.37 52.76 46.09 42.45 47.37 47.97 4593 7198 68.61 90.00 76.86 59.80 47.67 90.00 65.82
‘Q9HS 18’ 45.75 38.23 62.47 48.82 43.17 46.59 47.46 4574 75.94 73.19 90.00 79.71 51.54 41.72 90.00 61.09
‘H77/833-2xH77/29-2° 57.87 52.95 67.33 59.38 49.64 50.15 49.89 49.89 68.03 65.04 90.00 74.36 58.08 51.34 90.00 66.47
‘H77/833-2xG73-107 54.72 44.17 64.05 5431 5448 54.22 5239 53.70 7231 67.69 90.00 76.67 59.80 45.56 90.00 65.12
‘H77/833-2x77/245’ 40.76 37.07 55.04 44.29 52.17 54.46 52.38 53.00 66.27 62.24 90.00 72.84 46.90 40.37 90.00 59.09
‘H77/833-2x 48.43 43.00 58.56 50.00 48.62 49.56 49.13 49.11 70.61 65.19 90.00 75.27 55.75 46.32 90.00 64.03
CVJ 2-5-3-1-3

‘H77/833-2x1305’ 32.96 27.80 45.21 35.33 50.76 49.07 52.38 50.74 37.32 32.65 90.00 53.32 27.65 20.50 90.00 46.05
‘H77/833-2%(77/371x 56.36 55.39 62.58 58.11 44.89 52.19 50.15 49.08 69.81 64.82 90.00 74.88 61.46 56.80 90.00 69.42
BSECT CP 1)

‘H77/833-2x96AC 93  57.20 55.15 63.35 5857 48.00 51.86 50.75 50.21 78.33 77.86 90.00 82.06 66.03 62.56 90.00 72.87
‘H77/833-2xTogo II’ 48.62 34.53 57.09 46.75 50.36 48.29 49.11 49.25 61.90 55.00 90.00 68.97 52.14 33.39 90.00 58.51
‘H77/833-2x99HS 18’ 45.75 44.18 54.47 48.13 50.41 50.74 50.06 50.40 58.00 50.73 90.00 66.25 48.46 41.33 90.00 59.93
‘H77/29-2xG73-107’ 56.15 49.62 62.73 56.17 50.23 55.35 51.65 52.41 61.43 55.01 90.00 68.81 55.40 44.41 90.00 63.27
‘H77/29-2x77/245’ 54.72 51.64 62.81 56.39 47.45 50.31 50.28 49.35 55.72 51.75 90.00 65.82 49.01 43.45 90.00 60.82
‘H77/29-2xCVJ 2-5-3-1-3' 54.94 51.24 65.36 57.18 48.04 53.16 49.57 50.26 75.96 80.76 90.00 82.24 60.93 56.80 90.00 69.24
‘H77/29-2x1305’ 38.04 38.26 55.11 43.80 35.96 47.24 43.87 42.36 63.62 70.75 90.00 74.79 42.30 45.17 90.00 59.16
‘H77/29-2%x(77/371% 63.69 48.47 74.12 62.09 4847 5351 5246 51.48 63.77 60.31 90.00 71.36 56.83 42.30 90.00 63.04
BSECT CP 1)

‘H77/29-2x96AC 93’ 53.14 46.57 67.02 55.58 45.14 5295 51.02 49.71 56.12 48.56 90.00 64.89 46.13 36.03 90.00 57.39
‘H77/29-2xTogo II' 58.27 55.94 66.51 60.24 50.72 52.79 52.71 52.07 65.63 53.71 90.00 69.78 57.63 46.52 90.00 64.72
‘H77/29-2x99HS- 18’ 57.41 46.38 79.18 60.99 48.47 50.24 50.21 49.64 61.79 56.03 90.00 69.27 48.82 37.25 90.00 58.69
‘G73-107x77/245’ 51.15 46.46 61.03 52.88 49.77 52.42 5450 52.23 70.06 60.63 90.00 73.56 56.85 45.94 90.00 64.26
‘G73-107xCVJ 2-5-3-1-3' 51.34 48.94 64.27 54.85 49.01 53.17 51.81 51.33 66.37 61.24 90.00 72.54 5253 47.10 90.00 63.21
‘G73-107x1305’ 48.81 45.61 75.97 56.80 47.17 47.91 47.75 47.61 67.04 63.80 90.00 73.61 45.56 41.15 90.00 58.90
‘G73-107x%(77/371x 56.36 55.19 62.83 58.12 49.86 52.19 52.03 51.36 79.90 62.03 90.00 77.31 66.20 54.36 90.00 70.19
BSECT CP 1)

‘G73-107x96AC 93’ 57.40 45.10 64.15 55.55 51.29 49.82 51.95 51.02 69.78 55.56 90.00 71.78 61.56 40.19 90.00 63.92
‘G73-107xTogo I’ 44.60 43.57 60.44 49.53 43.96 51.38 49.51 48.29 52.79 48.35 90.00 63.71 40.18 36.03 90.00 55.40
‘G73-107x99HS 18 54.73 43.56 63.74 54.01 51.02 49.55 50.55 50.37 64.60 51.97 90.00 68.86 55.34 37.04 90.00 60.79
‘77/245xCVJ 2-5-3-1-3' 47.66 46.66 59.21 51.17 51.70 49.18 49.00 49.96 59.28 58.59 90.00 69.29 47.85 46.13 90.00 61.33
‘77/245%1305’ 45.75 40.60 60.52 48.95 51.28 52.97 52.03 52.10 51.02 49.90 90.00 63.64 39.79 34.64 90.00 54.81
T7/245%(77/371x 50.17 49.29 60.22 53.22 51.08 54.73 52.74 52.85 53.08 50.44 90.00 64.51 44.98 4191 90.00 58.96
BSECT CP 1)

‘T7/245%96AC 93’ 54.72 47.05 62.21 54.66 51.35 51.97 50.06 51.13 52.47 48.43 90.00 63.63 47.08 37.84 90.00 58.31
‘717/245%xTogo II' 52.52 4492 58.89 52.11 51.88 48.61 50.74 50.41 48.85 42.63 90.00 60.49 44.21 33.79 90.00 56.00
‘T7/245%99HS 18’ 57.40 40.99 68.72 55.70 52.49 4898 52.58 51.35 56.28 46.16 90.00 64.15 48.63 30.14 90.00 56.26
‘CVJ 2-5-3-1-3x1305’ 43.64 39.44 57.00 46.69 49.74 45.17 46.50 47.14 60.97 55.79 90.00 68.92 45.94 38.42 90.00 58.12
‘CVJ 2-5-3-1-3x (77/371 43.45 38.08 67.74 49.76 52.72 49.96 50.35 51.01 66.50 57.66 90.00 71.39 42.88 33.81 90.00 55.56
xBSECT CP-1)

‘CVJ 2-5-3-1-3x96AC 93’ 48.62 41.97 57.43 49.34 48.84 49.80 50.58 49.74 74.77 67.60 90.00 77.45 59.57 47.09 90.00 65.55
‘CVJ 2-5-3-1-3xTogo II' 46.70 43.43 62.33 50.82 43.99 48.13 46.31 46.14 58.06 66.14 90.00 71.40 44.22 44.79 90.00 59.67
‘CVJ 2-5-3-1-3x99HS 18’ 54.93 50.80 72.73 59.49 52.76 49.84 51.62 51.41 73.22 65.90 90.00 76.37 55.34 47.66 90.00 64.33
‘1305x(77/371xBSECT  46.13 45.39 57.17 49.56 49.86 49.55 50.80 50.07 51.37 48.70 90.00 63.36 42.10 39.36 90.00 57.15
* Transformed data (Contd...)
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Genotype Germination (%) Rate of emergence* STI* (%) SSTI* (%)
E; E, E; Mean g E, = Mean E E, E; Mean K E, = Mean
CP 1y
‘1305x96AC 93’ 54.73 51.77 68.30 58.27 52.24 47.79 49.19 49.74 71.17 69.65 90.00 76.94 56.40 52.20 90.00 66.20
‘1305xTogo I’ 42.30 34.20 52.62 43.04 43.09 45.61 44.45 4438 57.81 43.73 90.00 63.85 45.75 28.87 90.00 54.87
‘1305x99HS 18’ 54.33 45.07 69.47 56.29 52.25 47.53 49.91 49.89 72.87 69.68 90.00 77.52 55.76 44.79 90.00 63.52
(771371xBSECT 55.95 44.29 74.61 58.28 52.16 49.55 51.21 50.97 70.87 63.68 90.00 74.85 54.32 40.38 90.00 61.57
CP-1)x96AC 93’
(771371xBSECT 52.52 47.28 61.06 53.62 54.92 48.08 51.32 51.44 80.25 75.05 90.00 81.77 63.10 54.13 90.00 69.08
CP-1)xTogo II
‘(77/1371xBSECT CP 1) 55.95 42.98 62.95 53.96 47.29 48.87 50.31 48.83 73.66 69.45 90.00 77.70 63.12 45.56 90.00 66.23
x99HS 18’
‘96AC 93xTogo II’ 50.17 39.77 64.86 51.60 50.19 51.95 52.37 51.50 59.22 54.86 90.00 68.03 46.89 34.84 90.00 57.24
‘96AC 93x99HS 18’ 55.95 48.12 69.24 57.77 50.36 53.85 52.05 52.09 74.11 53.78 90.00 72.63 58.73 39.79 90.00 62.84
‘Togo 11x99HS 18’ 46.70 44.97 72.93 54.87 47.18 43.19 47.96 46.11 56.88 54.31 90.00 67.06 39.80 36.65 90.00 55.48
Mean 50.43 44.82 62.71 52.65 47.92 49.81 49.23 48.99 63.77 5841 90.00 70.72 50.79 41.90 90.00 60.90
CD (P=0.05) 272 296 4.53 597 537 534 555 5.25 421 4.09
SE (d) 137 149 2.28 3.01 270 2.69 279 2.64 2.12  2.06
SE (m) 0.97 1.06 1.61 213 191 1.90 1.98 1.87 149 1.46
CV (%) 3.32 4.08 4.46 7.69 6.65 6.69 5.37 5.55 511 6.02
Genotype No. of leaves/seedling Seedling height (cm) Fresh weight (g)/seedling Dry weight (g)/seedling
E, E, E; Mean F E, E; Mean K E, E; Mean g E, E; Mean
‘H77/833-2’ 6.61 5.02 800 6.54 9.08 7.85 2245 13.13 859 1537 19.24 1440 154 143 160 152
‘H77/29-2' 3.63 294 427 361 11.25 11.75 17.89 13.63 3.17 24.00 28.11 1843 093 191 252 1.79
‘G73-107’ 8.78 7.10 935 841 11.66 14.75 19.66 1536 9.43 17.44 49.45 2544 143 129 3.66 213
771245’ 3.77 292 437 369 1438 13.73 2085 16.32 6.07 18.63 59.57 28.09 117 180 5.09 2.69
‘CVJ 2-5-3-1-3’ 8.02 580 9.23 7.68 12.14 14.37 18.07 14.86 11.63 16.10 41.66 23.13 1.71 141 4.07 240
‘1305’ 350 284 414 349 858 11.37 17.37 1244 540 9.67 48.61 21.23 125 0.88 417 210
‘77/371xBSECT CP 1 6.21 542 7.00 6.21 13.77 14.87 18.92 15.85 9.28 26.60 33.30 23.06 150 258 3.01 236
‘96AC-93’ 7.01 590 899 7.30 13.03 1259 18.52 14.71 10.56 14.45 59.72 2825 185 147 586 3.06
‘Togo II' 6.81 6.29 853 7.21 1056 12.20 22.72 15.16 9.24 14.66 91.13 38.34 146 129 8.83 3.86
‘Q9HS 18’ 745 554 915 7.38 12.77 10.75 18.08 13.87 12.41 28.33 70.70 37.15 228 226 6.15 3.56
‘H77/833-2xH77/29-2’ 7.11 585 7.80 6.92 14.32 1498 2233 17.21 13.50 44.05 83.73 47.09 159 499 7.82 4.80
‘H77/833-2xG73-107 11.01 7.05 13.40 10.49 16.75 16.35 22.05 18.38 12.36 32.11 57.89 34.12 134 313 547 331
‘H77/833-2x77/245’ 740 525 9.65 7.44 15.77 1522 22.63 17.87 10.58 69.33 87.19 5570 255 553 7.82 5.30
‘H77/833-2x 9.98 8.85 1258 10.47 1791 17.57 21.65 19.04 20.21 80.30 52.76 51.09 354 7.79 477 537
CVJ 2-5-3-1-3
‘H77/833-2x1305’ 11.92 9.34 16.00 12.42 17.00 18.42 28.41 21.28 14.27 62.28 91.34 5596 570 579 813 6.54
‘H77/833-2x(77/371 8.98 7.26 1525 10.50 14.53 15.15 31.20 20.29 7.89 46.55 104.28 5291 211 4.08 858 4.92
xBSECT CP 1)
‘H77/833-2x96AC 93’ 11.07 8.73 11.93 10.58 1835 17.83 24.27 20.15 25.32 66.49 161.06 84.29 3.50 6.50 14.73 8.24
‘H77/833-2xTogo II’ 9.79 6.70 11.07 9.19 15.64 15.63 25.00 18.76 18.82 47.72 116.60 61.05 296 4.69 9.72 5.79
‘H77/833-2x99HS 18’ 9.78 7.33 11.35 9.49 1593 18.00 20.49 18.14 15.71 48.02 140.24 67.99 2.03 544 1547 7.65
‘H77/29-2xG73-107’ 10.00 7.20 13.63 10.28 14.95 15.68 20.75 17.13 9.59 51.57 85.17 48.77 218 3.82 6.66 4.22
‘H77/29-2x77/245’ 8.80 6.20 897 7.99 1557 1537 26.13 19.02 1851 57.56 57.29 44.45 366 562 524 484
‘H77/29-2xCVJ 2-5-3-1-3' 9.81 9.32 14.51 11.21 1844 20.33 28.93 2257 16.51 80.61 148.85 81.99 2.64 597 1054 6.38
‘H77/29-2x1305’ 9.26 7.25 14.97 10.49 13.25 16.77 30.99 20.34 17.56 72.43 140.48 76.82 3.18 6.35 12.32 7.28
‘H77/29-2%x(77/371% 9.77 6.71 13.80 10.09 19.58 18.87 31.05 23.17 11.18 46.75 144.11 67.34 242 457 13.18 6.72
BSECT CP 1)
‘H77/29-2x96AC 93’ 8.46 6.79 1397 9.74 1512 17.17 27.79 20.02 26.68 44.08 113.93 6156 3.56 5.00 12.11 6.89
‘H77/29-2xTogo II' 8.73 7.19 1040 8.77 1519 17.38 21.59 18.05 24.37 98.67 161.62 94.89 3.61 9.61 15.27 9.50
‘H77/29-2x99HS 18’ 10.12 7.30 16.00 11.14 19.38 17.87 31.51 22.92 15.74 62.18 113.18 63.70 290 6.06 9.56 6.17
‘G73-107x77/245’ 10.21  7.90 12,92 10.34 18.56 18.13 22.10 19.60 24.35 8550 78.28 62.71 3.38 6.33 6.12 5.28
‘G73-107xCVJ 2-5-3-1-3' 10.39  8.63 12.54 10.52 15.17 17.69 24.07 18.97 15.56 77.28 91.36 61.40 239 876 9.17 6.77
(Contd...)
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Genotype No. of leaves/seedling Seedling height (cm) Fresh weight (g)/seedling Dry weight (g)/seedling
E, E, E; Mean F E, E; Mean K E, E; Mean g E, E; Mean

‘G73-107x1305’ 11.40 8.82 16.57 12.26 12.17 15.07 28.32 1852 17.77 51.89 11149 60.38 2.89 588 11.97 6.91
‘G73-107x%(77/371x 9.77 7.03 13.95 10.25 1855 19.46 27.30 21.77 18.01 34.82 104.15 52.33 239 277 753 4.23
BSECT CP 1)
G73-107x96AC 93 10.77 8.60 12.64 10.67 17.18 18.40 28.61 21.40 13.45 93.33 146.69 84.49 297 845 1278 8.07
‘G73-107xTogo I’ 9.06 881 11.89 9.92 16.80 18.08 30.87 21.92 11.12 46.78 93.19 50.36 1.86 4.73 9.85 5.48
‘G73-107x99HS 18’ 11.71 7.66 16.35 11.91 1398 16.75 33.70 21.48 27.53 86.72 119.18 77.81 3.62 691 981 6.78
‘7T7/245xCVJ 2-5-3-1-3° 9.84 9.20 11.94 10.33 15.00 17.28 22.03 18.10 22.82 46.79 114.92 61.51 3.28 4.24 1116 6.23
‘77/245%1305’ 12.79 8.23 15,50 12.17 14.38 15.77 20.80 16.98 9.49 104.39 120.53 78.14 121 9.15 9.92 6.76
T7/245%(77/371x 8.33 588 9.39 7.87 15.05 16.97 28.46 20.16 32.22 85.18 126.21 81.20 4.69 8.27 11.41 8.12
BSECT CP 1)
‘T7/245%96AC 93’ 7.95 6.62 10.58 8.38 16.53 17.97 21.17 1856 19.34 60.56 11543 65.11 3.52 563 9.11 6.08
‘77/245%xTogo II' 9.77 751 1243 9.90 17.23 17.18 31.63 22.01 17.49 82.50 154.43 84.81 229 8.06 14.12 8.16
‘T7/245%99HS 18’ 1045 8.63 11.84 10.31 20.16 19.70 28.54 22.80 32.17 130.27 35.31 6591 395 9.65 285 5.49
‘CVJ 2-5-3-1-3x1305’ 9.36 8.48 14.03 10.63 13.58 14.22 21.79 16.53 12.54 28.03 101.94 4750 1.78 254 8.01 411
‘CVJ 2-5-3-1-3x(77/371  8.00 7.12 10.13 8.41 13.35 17.42 24.00 18.26 9.22 52.26 128.06 63.18 2.36 4.58 10.54 5.83
xBSECT CP-1)
‘CVJ 2-5-3-1-3x96AC 93’ 9.33  7.38 14.78 10.50 15.52 16.80 32.60 21.64 16.67 100.94 119.41 79.01 250 9.74 11.15 7.79
‘CVJ 2-5-3-1-3xTogo II'  9.63 855 11.80 9.99 14.22 16.07 26.38 18.89 10.12 41.63 110.61 54.12 2.61 3.77 891 5.10
‘CVJ 2-5-3-1-3x99HS 18’ 9.98 8.07 13.38 10.47 14.35 16.00 27.00 19.12 30.56 32.37 70.89 44.61 4.49 3.01 6.58 4.69
‘1305x%(77/371xBSECT 8.63 6.30 9.13 8.02 14.99 17.67 20.58 17.74 18.82 46.65 79.20 48.22 356 4.26 7.24 5.02
CP-1y
‘1305x96AC 93’ 8.75 6.94 14.76 10.15 16.78 16.05 27.57 20.14 15.16 100.37 119.60 78.38 3.11 11.38 12.84 9.11
‘1305xTogo I’ 6.37 566 794 6.66 11.77 16.80 2249 17.02 9.02 46.76 93.88 49.89 241 456 7.95 4.97
‘1305x99HS 18’ 11.15 8.18 14.10 11.14 17.74 17.67 27.66 21.02 21.45 46.28 106.18 57.97 3.01 4.47 991 5.80
‘(77/371xBSECT CP 1) 9.55 7.53 14.62 10.57 17.48 17.95 31.71 22.38 15.37 125.86 143.79 95.01 2.11 11.04 11.83 8.33
x96AC-93’
‘(77/371xBSECT CP 1) 859 6.93 9.90 848 19.65 20.07 26.53 22.08 21.36 56.01 95.03 57.47 3.15 6.35 10.01 6.50
xTogo II
‘(77/9371><BSECT CP 1) 9.03 6.22 11.25 8.83 15.01 16.87 27.05 19.64 19.35 72.53 118.06 69.98 3.14 7.04 10.67 6.95
x99HS 18’
‘96AC 93xTogo II’ 10.07 7.28 11.67 9.67 17.59 16.18 21.23 18.34 15.39103.47 122.12 80.33 3.25 9.07 10.90 7.74
‘96AC 93x99HS 18’ 10.13 6.52 13.34 10.00 13.53 16.18 29.25 19.66 35.32 72.23 119.50 75.69 4.40 6.54 10.24 7.06
‘Togo 11x99HS 18’ 9.39 6.53 14.62 10.18 11.17 12.78 25.82 16.59 34.48 67.64 119.10 73.74 4.77 7.67 12.07 8.17

Mean 8.98 7.01 11.68 9.22 15.13 16.18 24.92 18.74 16.56 57.73 98.54 57.61 272 538 885 5.65

CD (P=0.05) 1.03 133 192 % 284 205 276 % 221 427 890 % 0.38 040 079 %

SE (d) 0.52 0.67 096 % 143 103 139 % 111 215 448 % 0.19 020 040 %

SE (m) 0.36 047 0.68 % 1.01 073 098 % 0.79 152 317 % 0.14 014 028 %

CV (%) 7.05 11.74 10.12 % 1157 783 685 % 8.24 4566 557 % 8.65 063 553 %

namely, ‘H77/833-2xH77/29-2’, ‘H77/833-2x77/245’, ‘H77/
833-2x96AC-93’, ‘H77/29-2xCVJ 2-5-3-1-3’, ‘H77/29-
‘G73-107x77/245’,
‘1305x96AC-93’, ‘1305%99HS-18" and ‘(77/371xBSECT
CP-1)xTogo II' showed consistency for positive significant
values for STI in both the stress environmentsdid E).

2x1305’,

‘G73-107x1305’,

107x77/245’,

‘H77/833-2%x(77/371xBSECT CP-1)’, ‘H77/833-2x96AC-
93, ‘H77/29-2xCVJ 2-5-3-1-3, ‘H77/29-2xTogo II', ‘G73-
‘G73-107x(77/371xBSECT CP 1),
‘1305x96AC 93’, ‘1305%99HS 18’ and ‘(77/371x BSECT
CP 1) x Togo II' were identified as the crosses having the
positive significant SCA values for SSTI. The cross

The cross ‘(77/371xBSECT CP-1)xTogo II' was the best ‘1305x99HS 18’ was the best specific combination (11.204)

specific combination (13.925) for STI in, But in E the

followed by the cross ‘H77/833-2x96AC 93’ as close runner

cross ‘H77/29-2x1305" showed the highest SCA value up with a value (11.088) in,Bbut in E the cross ‘H77/833-

(19.245) while the cross combination ‘H77/833-2x1305' was 2x96AC-93’ showed the highest SCA value (18.303)
identified as the poorest specific cross combination for STl followed by the cross ‘1305x96AC 93’ as close runner up
with a value (15.162). While the cross ‘H77/833-2x1305’

in both the stress environments, @d E).

As regards the SCA effects for SSTI (Table 3) the resultswas identified as the poorest specific cross combination for
were almost similar to STI. In both the environments (E SSTI in both the environments,(Bnd E). The best specific
and B) 10 cross combinations, ie ‘H77/833-2xH77/29-2', cross ‘1305%99HS 18’ involves the one susceptible parent,
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Table 2 Estimates of GCA and SCA effects for seedling thermo-tolerance index (STI)

Parent H77/833-2 H77/29-2 G73-107 77/245 CVJ2-5- 1305  77/3798AC 93 Togoll 99HS 18
3-1-3 BSECT
CP1
H77/833-2 3.84* 3.8 7.75* -0.31 -22.07%* -1.00 8.20* -3.67  -12.39%
3.64*  6.07* 829% -3.14 -2361* -1.10  14.11%* —6.32% -13.37*
H77/29-2 -1.82  3.07  10.90% 10.09%* -1.17  -8.14* 592% 274
-1.84 256  17.18* 19.24* -0.85 -10.41** -2.85 -3.31
G73-107 12.47% -3.62 8.57*  10.02* 058  -8.43* —4.86*
11.22* —256  12.06*  0.63  -3.64* —11.85%* —7.59*
771245 -0.10  3.15 -6.19* —6.11** -5.18% -2.58
2.47 5.85*% 327  -3.09  —6.48% _573%*
CVJ 2-5-3-1-3 0.70 —5.18% 3.77* -837* 1095
—2.64  -10.44*  1.67 2.62 -0.38
1305 -8.77% 11.70%*  2.89—  13.13**
—7.34%  1579%  7.70%  15.46*
77/371xBSECT CP 1 -0.02  13.92% 250
0.16  13.94*  556*
96AC 93 —6.42%  3.63—
—4.05* 7.91%
Togo I —9.03*
—4.96*
99HS 18
GCA effects 3.14% —2.72%  221% _8.39%  4.01% —7.51%  3.90%  3.21% —1.34* 3.48%
3.87 -0.88  -0.66 -8.34**  6.05* —6.01**  3.64* 145¢* -0.95 1.82%*

tUpper values for fand lower values for £*P = 0.05, * = 0.01

‘1305'. This parent also gave best specific cross for STI. It  Remaining, one out of the two for STI and five for SSTI
is a re-assertion of the fact the heat tolerant genes are alsb, crosses having significant and positive SCA-effects
contributed by parents with poor performance per-se. Thisinvolved both the parents with high GCA-effects for STI
indicates a complex nature of gene distribution and the controland SSTI. Superiority of such hybrid might be due to additive
system for the trait. The contribution of positive genes by and additive x additive type of interaction, which is fixable.
the poor performer has a special significance in plant Therefore, more heat-tolerant genotypes could be obtained
breeding. We can expect the genes being disbursed in largen the segregating generations of these crosses. In such a
germplasm and coming from any parent. This would also situation the estimation of GCA and SCA assume added
suggest that in absence of particular sources, the trait coulgignificance. Pure additive action at individual loci was
be tested in hybrids as a qualifying standard. coupled with favourable additive x additive interaction could
Of the 10 k hybrids each for STI and SSTI showing produce heterotic combinations. Also, the heterosis was
significant and positive SCA-effects, eight hybrids for STI related to GCA of parents and SCA of crosses. Therefore,
and five hybrids for SSTI involved one of the parents having superior recombinants with high STl and SSTI could be
high GCA-effect while the other parent had low GCA-effect isolated from these crosses as these involved both the parents
for the trait. This indicated that diversity in parental GCA with high GCA effects, although the chances would depend
effects played an important role for the production of hybrids on linkage relationship. It was a matter of enormous
with significant positive SCA-effects for STI and SSTI in importance that the best specific cross ‘H77/29-2x1305’ had
pearl millet. The diversity in parental GCA-effects was resulted from the two susceptible parents. That would mean
necessary for the development of specific combinations withthe genes for heat tolerance are distributed across the parents.
high value. This kind of superiority of high x low crosses  The estimate of general combining ability (GCA) effects
might involve dominant x recessive type of gene interaction in respect of germination (%) indicated that parents ‘H77/
and, therefore, might tend to be unfixable. Crosses involving29-2’ and ‘(77/371xBSECT CP-1)’ exhibited significant
at least one parent with high GCA-effect could produce goodpositive GCA effects in all the three environments. The parent
segregates, only if, the additive genetic system present infG73-107’ showed positive GCA effect in both the stress
the good general combiner and the complementary epistatienvironments (Eand E). A consideration of specific
effects in the other act in the same direction to maximize thecombining ability (SCA) effects reveals that out of 45 cross
desirable plant attribute (Chotaliga al. 2010). combinations only five crosses, namely, ‘H77/833-2xH77/
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Table 3 Estimates of GCA and SCA effects for seed to seedling thermo-tolerance index (SSTI)
Parent H77/833-2  H77/29-2 G73-107 77/245 CVJ2-5- 1305 77/3798AC 93 Togo Il 99HS 18
3-1-3 BSECT
CP1
H77/833-2 5.13** 0.24 3.87* -16.00** 6.92*  11.08** 1.14— —4.49**
0.32 0.64 -0.81  -17.49* 9.81** 18.30**  8.78** -0.79
H77/29-2 0.92— 2.55 9.23* -1.16 2.48 —8.62* 6.83* -3.94*
0.36 4.17% 10.12** 7.63*  —4.22% _7.76*  4.79* —4.41*
G73-107 7.58** —-1.96 -0.71 9.04** 3.99* -13.43** -0.23
6.19** -0.04 3.14* 7.36** —4.08** —6.15** —5.08**
771245 1.37 1.53 —4.15* —-2.45 -1.36 1.08
4.47** 2.13 0.41 -0.93 —2.902* —6.50**
CVJ 2-5-3-1-3 2.45 —11.49** 4.79** —6.60** 2.55
-1.48 -15.09*  0.91 0.69 3.63*
1305 —4.04** 9.85** 3.15* 1.20**
-0.40 15.16** —6.08** 9.89**
77/37xBSECT CP 1 -3.11* 9.62** 7.68**
-5.64 10.18** 1.67
96AC 93 —6.98** 2.87*
-6.37** -1.37
Togo Il —12.09**
99HS 18 -2.43
GCA effects 0.63 3.25% 477  0.46 —7.76** 3.12**  3.52** —-0.42 1.53**
1.65** 1.66** -3.82**  3.57** _556** 3.42**  0.69 —1.38**  —1.44**

tUpper values for Fand lower values for £* P = 0.05; ** P = 0.01

29-2’, ‘H77/29-2xTogo II', ‘CVJ 2-5-3-1-3x99HS 18’, Only 1 parent, ie ‘(77/371xBSECT CP 1)’ showed the
‘1305x96AC 93" and ‘1305x99HS 18’ exhibited significant consistency for significant positive GCA effects for seedling
positive SCA effects in all the three environments. The height and hence, was the best general combiner for this trait
crosses ‘H77/833-2x(77/371xBSECT CP 1), ‘H77/833- (Table 4). The seven cross combinations, namely ‘H77/833-
2x96AC 93, ‘H77/29-2xCVJ 2-5-3-1-3", ‘G73 107x (77/ 2x1305’, ‘H77/29-2xCVJ 2-5-3-1-3’, ‘H77/29-2x(77/
371xBSECT CP 1) and ‘(77/371xBSECT CP-1)xTogo II' 371xBSECT CP-1)’, ‘H77/29-2x99HS 18’, ‘G73-107xTogo
showed significant and positive SCA effects in stress II’, '77/245x99HS 18’ and ‘1305x99HS 18’ showed
environments (Eand E). significant positive SCA effects consistently over all the 3
The parent ‘(77/371xBSECT CP 1)’ was found to be the environments. The 4 crosses, namely ‘H77/833-2xCVJ 2-5-
best general combiner for emergence rate (ER). Significant3-1-3’, ‘H77/833-2x96AC 93', ‘G73-107%x(77/371xBSECT
positive SCA effects in all the three environments for this CP-1)" and ‘(77/371xBSECT CP-1)xTogo II' in both the
trait were exhibited by only one cross combination, namely, stress environments {Bnd E) showed the consistency over
‘H77/29-2xG73-107". However, the cross ‘H77/833-2xG73- the two environments for the positive significant SCA values.
107" in E; and E showed consistency for positive significant The parent ‘96AC 93’ appeared to be good general
values in two environments. combiner for seedling fresh weight (g) having significant
For number of leaves/seedling positive and significant positive GCA effect in all the environments,(E, and E),
GCA effects were recorded for the parents ‘G73-107’ and while, the parents ‘77/245’ and ‘99HS 18’ showed the positive
‘CVJ 2-5-3-1-3' in all the three environments,(E, and significant GCA values in stress environments §8d E).
E,). These parents could, therefore be termed as overall besh consideration of SCA effect reveals that out of 45 cross
combiners for number of leaves/seedling. Six cross combinations ten crosses, namely, ‘H77/833-2x1305’, ‘H77/
combinations, namely, ‘H77/833-2x1305’, ‘H77/29-2xCVJ 833-2x96AC 93’, ‘H77/29-2xCVJ 2-5-3-1-3’, ‘H77/29-
2-5-3-1-3’, ‘H77/29-2x1305’, ‘G73-107x1305", ‘77/ 2x1305’, ‘H77/29-2xTogo II', ‘G73-107x99HS 18, 77/
245x1305’ and '77/245xTogo-II’ showed consistency for 245x(77/371xBSECT CP-1)" and ‘Togo |Ix99HS 18’
positive significant SCA values in all the three environments exhibited significant positive SCA effects in all the three
(E;, E; and E). Three crosses, namely, ‘H77/833-2x96AC- environments. The crosses, ie ‘H77/833-2xCVJ 2-5-3-1-3’,
93, '77/245xCVJ 2-5-3-1-3" and ‘1305%99HS 18’ exhibited ‘G73-107x77/245’ and '77/245x99HS-18" showed
significant and positive SCA effects in both the stress significant and positive SCA effects in stress environments
environments (Eand E). (E; and E).
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For dry weight (g)/seedling the parent ‘96AC 93’ was for eight characters revealed that none of the parents had
identified as the best general combiner over all the threegood general combining ability for all the traits studied.
environments and ‘99HS 18’ in stress environmenjsa(tel Therefore, to determine the best combiner across the
E,) having highest positive GCA effect. Significant positive characters, each parent was given a score for each trait based
SCA effects in all the three environments for dry weight (g)/ on their GCA-effects. A score of ‘+1’ was assigned for
seedling were exhibited by eight cross combinations, namely,significant GCA-effect in desirable direction, while ‘-1’ for
‘H77/833-2x96AC 93', ‘H77/29-2x1305’, ‘H77/29-2xTogo  significant GCA-effect in undesirable direction. A score of
II',‘G73-107%x1305’, ‘G73-107x96AC-93’, ‘G73-107x99HS ‘0’ was assigned for non-significant GCA-effect (Banerjee
18, ‘77/245%(77/371xBSECT CP 1) and ‘Togo I1x99HS and Kole 2009). The scores revealed that ‘96 AC 93’ appeared
18'. However, six crosses, namely, ‘H77/833-2xCVJ 2-5-3- as best overall general combiner in all the three environments
1-3',‘H77/833-2x1305’, ‘G73-107x77/245’, '77/245x99HS  (total score 6, 3 and 4, respectively) and the parent ‘99HS
18, {(77/371xBSECT CP 1)xTogo II’and ‘96AC 93xTogo 18’ (total score 6, 1 and 3, respectively) as the first runner
II" in both the stress environments,(Bnd E), showed up. In addition, *77/371xBSECT CP 1'inE,and (2, 1
consistency for positive significant SCA effects in two and 3, respectively), ‘G73-107’ in both the stress
environments. environments E E, (2, and 2, respectively) following ‘CVJ

Estimates of the GCA-effects of 10 parental genotypes 2-5-3-1-3’ in both the stress environments E, (2, and 1,

Table 4 Genetic component (fixed effect model) for different characters

Genetic component STI (%) SSTI (%) Germination Egeeice Leaves/  Seedling Fresh  Dry weight
(%) rate seedling height  weight (g) / (g) /seedling
(cm) seedling
(]2 g (GCA var) 22.42 13.05 7.71 2.85 0.31 0.40 6.97 0.06
19.53 8.88 5.02 0.62 0.21 0.32 49.66 0.39
6.76 1.64 0.66 0.53 83.43 0.90
(]2 s (SCA var) 64.94 48.69 24.24 20.44 3.48 6.22 51.45 1.10
90.44 52.42 26.58 5.40 1.87 5.63 908.81 7.74
31.08 11.07 9.09 21.35 1336.00 11.51
02 e (environmental var) 3.9 2.24 0.93 452 0.13 1.02 0.62 0.01
13.49 2.11 1.11 3.65 0.22 0.53 2.31 0.02
2.60 3.61 0.46 0.97 10.06 0.08
]2 A (additive var) 44.8 26.10 15.42 5.71 0.63 0.80 13.95 0.12
439.06 17.77 10.05 1.25 0.43 0.65 99.32 0.78
13.53 3.29 1.32 1.06 166.87 1.80
(]2 D (dominance var) 64.94 48.69 24.24 20.44 3.48 6.22 51.45 1.10
90.44 52.42 26.58 5.40 1.87 5.63 908.81 7.74
31.08 11.07 9.09 21.35 1336.00 11.51
(02 p (phenotypic var) 113.70 77.05 40.60 30.67 4.24 8.05 66.03 1.25
133.00 72.31 37.75 10.31 2.52 6.81 1010.45 8.54
47.23 17.98 10.88 23.38 1512.94 13.40
h2,¢ (narrow Sense) 0.39 0.33 0.37 0.18 0.14 0.10 0.21 0.09
0.29 0.24 0.26 0.12 0.17 0.09 0.09 0.09
0.28 0.18 0.12 0.04 0.11 0.13
h3,s (broad Sense) 0.96 0.97 0.97 0.85 0.96 0.87 0.99 0.98
0.97 0.97 0.97 0.64 0.91 0.92 0.99 0.99
0.94 0.79 0.95 0.95 0.99 0.99
GCA / SCA ratio 0.34 0.26 0.31 0.13 0.09 0.06 0.13 0.05
0.21 0.16 0.18 0.11 0.11 0.05 0.05 0.05
0.21 0.14 0.07 0.02 0.06 0.07
Predictability factor 0.40 0.34 0.38 0.21 0.15 0.11 0.21 0.10
0.30 0.25 0.27 0.18 0.18 0.10 0.09 0.09
0.30 0.22 0.12 0.04 0.11 0.13

tUpper values for E middle values for Eand lower values for £
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respectively) appeared to be overall good general combinersemergence rate (ER), number of leaves/seedling, seedling
while, ‘1305’ was the poorest overall general combiner in height (cm), seedling fresh weight (g), seedling dry weight
all the three environments (-6, -6 and -3, respectively). (g) in all the three environments, the low ratio as well as the
However, for selection of parents, involvement of genetic higher magnitude of dominance component of variance than
and environmental correlations as well as indices for variousadditive variance would confirm that most characters were

traits might be considered. predominantly under the control of non-additive genetic
variance. The additive and dominance components were
Nature of gene action calculated and used for the estimation of heritability in broad

The relative magnitudes of the respective variances forsense as well as narrow sense.
GCA and SCA (Table 4), however, showed that the later was The magnitude of dominance component of variance
more important for the characters, such as, seedling thermo¢s2D) was higher than that of the additive component of
tolerance index (STI), seed to seedling thermo-tolerancevariance (s2A) for seedling thermo-tolerance index (STI),
index (SSTI), germination (%), emergence rate (ER), numberseed to seedling thermo-tolerance index (SSTI), germination
of leaves/seedling, seedling height, seedling fresh weight (g)(%), emergence rate (ER), number of leaves/seedling,
and seedling dry weight (g) indicating that non-additive seedling height, seedling fresh weight (g), seedling dry
genetic variance (dominance variance) was mainly weight (g) indicating that these characters were mainly under
responsible in the inheritance of these characters. Thehe control of dominance component of variance. This should
preponderance of non-additive interaction as seen in thisfacilitate the success of hybrid breeding by making use of
analysis is also some times caused due to presence of epistadite expected heterosis. The heterosis breeding has been the
and / or a correlated gene distribution. A further bias may hallmark of genetic improvement of pearl millet for grain
also be caused due to interaction of non-additive varianceproductivity and other traits. The results in this investigation
with the environment. suggest that hybrid breeding could probably hold true for

Realizing that individual components of genetic variance thermo-tolerance too. The estimates of additive genetic
also interact with environment and can thus be biased, itvariance and narrow sense heritability for STl and SSTI were
becomes important to evaluate these interactions also. Bottof moderate magnitude which also indicated good chances
the additive and dominance components can interact withof effective selection. The values of broad sense heritability
changes in the environment. (h2bs) for most other characters were quite high. This would

Predictability factor calculated from GCA and SCA be of little significance or for the fixation of genes is
variances reflects the degree to which character is transmitted¢oncerned, but would certainly suggest the adoption of
to the progeny. The closer is the ratio to unity, the greater isheterotic breeding as a method. The analysis of genetic
the predictability of progeny performance based on the GCA-components overwhelmingly supported the method of hybrid
effect. Higher the involvement of additive gene actions in breeding as the principal approach for genetic improvement
the inheritance of character, better will be the transmissionin pearl millet.
of the trait to the progeny (Banerjee and Kole 2009).

The nature of genetic variance could be revealed byCorrelation
studying the s2GCA/s2SCA ratio. This ratio was low for all ~ While evaluating the diallel progenies the pooled
the characters, ie seedling thermo-tolerance index (STI), see§orrelations among the traits as given in Table 5, were
to seedling thermo-tolerance index (SSTI), germination (%), calculated with a view to find whether there was any

Table 5 Pooled correlation coefficient among various characters in all the three environments

Character Germination Rate of STI SSTI  No. of leaves/  Seedling  Fresh weight Dry weight
(%) emergence (%) (%) seedling height (cm) (g) /seedling (g) /seedling
Germination (%) 1.00 0.35** 0.35**  0.59** 0.23 0.37** 0.29* 0.26
Rate of emergence 1.00 0.23 0.35** 0.60** 0.58** 0.55** 0.52**
STI (%) 1.00 0.83** 0.24 0.12 0.08 0.04
SSTI (%) 1.00 0.23 0.26 0.18 0.14
No. of leaves/ seedling 1.00 0.68** 0.63** 0.60**
Seedling height (cm) 1.00 0.70** 0.66**
Fresh weight (g) /seedling 1.00 0.95**
Dry weight (g) /seedling 1.00
*P=0.05
** P =0.01
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