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ABSTRACT

Five cytoplasmic genic male sterile lines were crossed with ten diverse pollinators in line x tester design to
study the nature and magnitude of heterosis for grain yield and its component traits in pearl millet. The
experimental material comprising by five females, 10 males, their resulting 50 crosses and one standard check
hybrid, GHB-1129 were evaluated in Randomized Block Design with three replications at Pearl Millet Research
Station, Junagadh Agricultural University, Jamnagar during kharif 2023. The extent of heterosis varied in
each cross for all the characters studied. The high magnitude of heterosis in desired direction was observed
for grain yield per plant, dry fodder yield per plant, ear head weight, number of effective tillers per plant and
ear head length. While, moderate level heterosis in favourable direction was found for number of nodes on
main stem, plant height, days to maturity and 1000-grains weight. The low amount economical heterosis was
depicted through days to 50% flowering, length of protogyny and ear head diameter. Among 50 crosses
studied, 40 and 10 crosses were narrated significant heterobeltiosis and standard heterosis in desired
direction for grain yield per plant, respectively. The maximum positive heterosis of 99.64 and 21.24 per cent
over better parent and standard check respectively, was recorded for grain yield per plant. Three promising
crosses namely JMSA,-20171 x J-2571, IMSA -20193 x J-2605 and JMSA, -20226 x J-2562 had the high per se
performance, considerable magnitude of heterobeltiosis as well as standard heterosis in favourable direction
along with significant sca effects in desired direction for grain yield per plant and some other component
traits.
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Introduction

Pearl millet [Pennisetum glaucum (L.) R. Br.]
belongs to family Poaceae and genus Pennisetum. It is
fourth important cereal food crop after rice, wheat and
maize in India. Pearl millet is diploid (2n=14) in nature
and commonly known as bajra, cattail millet and bulrush
millet in different parts of the world, which is believed to
be originated in West-Africa. Pearl millet is a cereal crop
that thrives in the arid and semi-arid tropical regions of
Asia and Africa. It is a short day C4 type warm weather
crop and is the most drought tolerant warm season cereal
grown in the harsh, arid and dry semi-arid tropical

environments of south Asia and sub-Saharan Africa. It is
more tolerant to high temperatures than any other cereals.

In India, it occupies an area of 70.08 lakh hectares
with an average production of 95.31 lakh tones and
productivity of 1360 kg/ha during the year 2023-24
(Anon., 2023a). The major pearl millet growing states
are Rajasthan, Maharashtra, Uttar Pradesh, Gujarat and
Haryana contributing 90% of total national production. It
has a higher content of macronutrients and micronutrients
such as iron, zinc, calcium, magnesium, copper,
manganese, phosphorous, folic acid and riboflavin
(Deshmukh et al., 2010). It is a good source of energy,



454 Bhavesh D. Bhatiya et al.

carbohydrate, fat, ash, dietary fiber, a-amylase activity,
quality protein, vitamin A and B, minerals, antioxidants
such as ferulic acid and coumaric acids with better fat
digestibility (Devos et al., 2006; Velu, 2006). To bring
millets into the mainstream for exploiting the nutritional
rich properties and promoting their cultivation, Govt. of
India has declared Year 2023 as the “International Year
of Millets” by FAO Committee on Agriculture (COAG)
forum.

The availability of cytoplasmic genetic male sterile
lines in this crop is made feasible to exploit heterosis
commercially and hybrid seed production on large scale.
The exploitation of heterosis on commercial scale in pearl
millet is regarded as one of the major breakthroughs in
the improvement of its productivity. Heterosis breeding
is an important one, among conventional breeding
programme to identify the best hybrids which are
promising.

Material and Methods

The material in present investigation involved five
CGMS linesviz., IMSA,-20171, JMSA -20193, IMSA, -
20226, JMSA -20227 and ICMA -99222, ten restorer
pollinators like J-2539, J-2562, J-2565, J-2571, J-2576, J-
2590, J-2596, J-2600, J-2603 and J-2605 and one standard
check hybrid (GHB-1129) were received from Pearl
Millet Research Station, Junagadh Agricultural University,
Jamnagar (Gujarat).

The complete set of 66 genotypes comprising 50
crosses, 15 parents and one standard check hybrid GHB-
1129 were evaluated in a randomized block design with
three replications at Pearl Millet Research Station,
Junagadh Agricultural University, Jamnagar during kharif
2023. Each plot with a spacing of 60 x 15 cm consisted
of single row of 5.0 m length. All need based agronomic
practices were followed during the crop growth period
to raise a good crop. Observations were recorded on
randomly selected five plants in each entry for 14
quantitative traits viz., days to 50% flowering, length of
protogyny (days), number of nodes on main stem, number
of effective tillers per plant, ear head length (cm), ear
head diameter (cm), dry ear head weight (g), plant height
(cm), days to maturity, 1000-grains weight (g), dry fodder
yield per plant (g), grain yield per plant (g), harvest index
(%) and threshing index (%) for each replication. The
mean values were used for the analysis of variance for
experimental design. The estimation of heterosis over
better parent and standard check was carried-out as per
the standard procedure.

Results and Discussion
Analysis of variance (Table 1) showed highly

significant differences among the genotypes for all the
traits under studied except for harvest index and threshing
index. Thus, the results quantified the considerable
amount of genetic diversity exist among genotypes for
the different traits under study. Differences amongst the
hybrids and parents were also found highly significant
for all characters under studied except for harvest index
and threshing index. The females vs. males’ comparison
were significant for all the characters except for days to
50% flowering, length of protogyny, ear head length, ear
head weight, days to maturity and harvest index. This
suggested that the contribution of females and males to
crosses might be different due to differential performance
of females and males for these characters.

Further heterosis analysis and combining ability
analysis was not performed for harvest index and threshing
index due to non-significant differences among genotypes,
parents, crosses and parents vs. crosses for both these
traits (Table 1).

Days to 50% flowering

As earliness is desirable character in case of pearl
millet and days to 50% flowering is attributing character
which influence on earliness. So, negative heterosis was
considered desirable for this character. Among all 50
crosses, 35 and six crosses showed significant and
desirable (negative) heterobeltiosis and standard heterosis
(GHB-1129), respectively.

The range of heterobeltiosis for days to 50%
flowering was -18.24% (ICMA, -99222 x J-2562) to
10.74% (JMSA -20227 x J-2603). Out of 50 crosses
studied, ICMA -99222 x J-2562 (-18.24%) exhibited the
highest and desirable heterobeltiosis for days to 50%
flowering followed by ICMA, -99222 x J-2600 (-16.47%)
and ICMA -99222 x J-2576 (-14.79%). The standard
heterosis ranged from -7.95% (ICMA -99222 x J-2562)
to 11.26% (JMSA,-20171 x J-2603). Crosses ICMA -
99222 x J-2562 (-7.95%) and ICMA -99222 x J-2571
(-7.95%) showed the highest significant and desirable
standard heterosis for this trait followed by ICMA -99222
x J-2600 (-5.96%) and ICMA, -99222 x J-2576 (-4.64%).
The results obtained in present investigation for days to
50% flowering resemble to the findings reported by Jethva
et al., (2012) and Bhadalia et al., (2013).

Length of protogyny

The short length of protogyny is desirable as it signifies
synchrony between male and female parts. Therefore,
negative value of heterosis is desirable for this trait.
Among all 50 crosses, only one cross showed significant
and desirable (negative) heterobeltiosis for this trait. For
standard heterosis only two crosses manifested significant
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Table1: Analysis of variance for experimental design for different characters in pearl millet.
Days to Length No. of No. of Ear Ear Ear
Source of 50% of nodes on effective head head head
flowering protogyny | mainstem | tillers/plant length diameter weight
Replications 2 0.02 0.05 0.12 0.03 0.47 0.003 751
Genotypes 64 29.98** 0.96** 2.23** 0.95** 28.92** 1.20** | 963.57**
Parents (P) 14 22.55** 0.80** 1.15%* 0.32** 17.92%* 0.90** 243.40**
Females 4 53.27** 0.73* 1.44%* 0.40** 14.36* 0.28** 272.77**
Males 9 11.19** 0.92** 0.87** 0.25* 21.49** 0.81** 254.34%**
Femalesvs Males 1 188 0.01 2.50** 0.54* 0.13 4.14** 27.40
Crosses (C) 49 17.31** 0.98** 1.60** 1.04** 23.41** 1.20** | 805.25**
P.vsC. 1 755.28** 2.18** 48.31** 5.22** 453.06** [ 5.27** | 18803.93**
Error 128 128 0.30 021 0.11 5.00 0.06 38.99
Continue Table 1
Plant Daysto | 1000-grains | Dryfodder Grain Harvest | Threshing
Source of height | maturity | weight | vield/plant | yield/plant | index | index
Replications 2 85.76 0.08 0.15 112 0.67 176 339
Genotypes 64 2196.56** 30.04** 8.37** 1529.14** 480.97** 2.86 2048
Parents (P) 14 3598.19** 25.79** 4.67** 484.16** 136.60** 4.92 46.40
Females 4 629.25** 56.10** 3.51** 614.36** 159.09** 0.87 21.75
Males 9 686.41** 14.87** 5.30** 458.77** 134.91** 6.56 3871
Femalesvs Males | 1 41679.94** 284 3.73** 191.84* 61.92* 6.37 190.27*
Crosses (C) 49 740.60** 18.45** 9.57** 1139.89** 390.29** 201 12.74
P.vsC. 1 53915.72** | 657.35** 0.99* 35232.32** | 9745.41** 15.43 36.60
Error 128 141.04 204 0.23 46.05 14.93 8.00 30.66
*, ** Significant at 5% and 1% levels, respectively

and desirable heterosis for length of protogyny. Magnitude
of heterobeltiosis for length of protogyny ranged from -
30.00% (JMSA -20227 x J-2596) to 83.33% (JMSA.-
20226 x J-2590). The cross JMSA -20227 x J-2596 (-
30.00%) recorded the highest and desirable
heterobeltiosis followed by JMSA,-20171 x J-2605 (-
28.57%) and IMSA, -20226 x J-2562 (-16.67%) for length
of protogyny. The range of heterosis over standard check
was -37.50% (JMSA_-20171 x J-2605) to 37.50%
(ICMA,-99222 x J-2565). The crosses IMSA_-20171 x
J-2605 (-37.50%) and JIMSA, -20226 x J-2562 (-37.50%)
recorded the highest and desirable standard heterosis
followed by JIMSA_-20171 x J-2539 (-25.00%), IMSA, -
20171 x J-2596 (-25.00%), JMSA_-20171 x J-2600
(-25.00%) and JMSA -20193 x J-2576 (-25.00%).
Significant negative heterosis for this trait has also been
reported by Nandaniya et al., (2016a), Acharya et al.,
(2017) and Ladumor et al., (2018a).

Numbers of nodes on main stem

Number of nodes is one of the components for
expression of plant height. As plant height is a desirable
character in pearl millet, the greater number of nodes
was considered as desirable one. Out of 50 crosses
studied, total 28 and six crosses exhibited significant and

positive heterosis over better parent and standard check,
respectively, for this character. The heterosis over better
parent for number of nodes on main stem ranged from -
4.03% (JMSA -20193 x J-2562) to 38.18% (JIMSA,-
20226 x J-2600). The cross JMSA_-20226 x J-2600
(38.18%) registered highly significant and desirable
heterobeltiosis for number of nodes on main stem followed
by JIMSA,-20171 x J-2605 (33.80%) and JMSA,-20171
x J-2590 (28.16%). The range of standard heterosis for
number of nodes on main stem was -17.19% (ICMA -
99222 x J-2576) to 19.53% (JMSA,-20171 x J-2562).
The highest positive and significant standard heterosis
was registered for cross IMSA,-20171 x J-2562 (19.53%)
followed by JMSA_-20226 x J-2600 (18.75%) and
JMSA -20227 x J-2562 (15.63%).

Numbers of effective tillers per plant

For number of effective tillers per plant, positive
heterosis is considered as desirable for this character.
Among 50 crosses studied, 10 crosses were found
significant and positive heterosis over better parent for
this trait. For heterosis over standard check, only eight
crosses were showed significant and positive estimates
for number of effective tillers per plant. The range of
heterobeltiosis for number of effective tillers per plant
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Table2: Range of heterobeltiosis (H1) and standard heterosis (H2) as well as number of crosses with significant heterotic
effects for various characters in pearl millet.

Desir- Rangeof heterosis No. of crosses with significant heterosis
Sr. Characters able H1 H2 HB SH
No. aspect (%) (%) Positive | Negative | Positive | Negative
1 Days to 50%flowering Early |-18.24t010.74 | -7.95t011.26 5 35 19 6
2 Length of protogyny Short |-30.00t083.33 |-37.50t037.50 14 1 7 2
3 Number of nodes on main stem | More | -4.03t038.18 |-17.19t019.53 28 0 6 13
4 | Number of effective tillers per plant | More |-29.73t064.71 |-38.10t035.71 10 2 8 19
5 Ear head length More |-12.42t047.49 |-26.39t032.26 17 0 6 4
6 Ear head diameter More |-44.90t035.48 |-48.33t021.53 12 12 10 23
7 Ear head weight More | -8.10t099.42 |-41.76t032.93 40 0 1 27
8 Plant height High [-14.29t063.78 |-17.58t015.58 23 1 2 13
9 Days to maturity Early | -11.86t07.39 | -5.561t07.69 7 30 20 5
10 1000 grains weight High [-33.99t030.14 |-38.411t024.76 9 28 7 36
1 Dry fodder yield per plant High |-6.51t0101.37 [-40.70t035.00 42 0 12 27
12 Grain yield per plant High | -7.331099.64 |-46.11t021.24 40 0 10 35
was -29.73% (JMSA_-20226 x J-2565) to 64.71% direction for heterobeltiosis and standard heterosis,

(JMSA -20193 x J-2605). The top three crosses with
significant and desirable heterobeltiosis for this trait were
JMSA -20193 x J-2605 (64.71%), IMSA -20227 x J-
2596 (59.38%) and JMSA,-20226 x J-2562 (40.54%).
The values of heterosis over standard check lied between
-38.10% (JMSA,-20193 x J-2600) to 35.71% (JMSA,-
20171 x J-2571). The top three crosses with significant
and desirable standard heterosis for this trait were
JMSA,-20171 x J-2571 (35.71%), JMSA -20193 x J-
2605 (33.33%) and JMSA,-20171 x J-2539 (27.38%).

Ear head length (cm)

In the present investigation, out of 50 crosses studied,
17 and six crosses were found significant and in desirable

respectively, for ear head length. Heterobeltiosis values
for ear head length were between -12.42% (JMSA,-
20226 x J-2590) to 47.39% (JMSA-20226 x J-2600).
The cross JMSA,-20226 x J-2600 (47.39%) was
recognized as highly significant and desirable heterosis
over better parent for ear head length followed by JMSA -
20227 x J-2565 (41.58%) and ICMA -99222 x J-2596
(40.86%). The quantum of variation for standard heterosis
ranged from-26.39% (ICMA -99222 x J-2590) to 32.26%
(JMSA,-20226 x J-2600). Among six significant and
positive crosses for heterosis over standard check, the
highest significant and desirable cross was JMSA,-20226
x J-2600 (32.26%) followed by JMSA -20227 x J-2562
(25.81%), IMSA,.-20226 x J-2562 (22.58%) and IMSA -

Table3: Comparative study of the six most standard heterotic crosses for grain yield per plant along with per se performance
and their heterotic effects for component characters in pearl millet.

Grain | Per cent heterosis for
Heterotic | yield grainyield/plant over . - . .
Crosses jolant [ Better |Standard check Also, desirable significant standard heterosis for other traits
(9) parent | (GHB-1129)
JMSA_-20171 No. of effective tillers/plant, Ear head diameter, Ear head weight,
> 61.83 | 75.50** 21.24** . . .
xJ-2571 1000 grains weight, Dry fodder yield/plant
JMSA_-20171 No. of effective tillers/plant, Ear head diameter, Ear head weight,
> 61.00 | 73.13** 19.61** . . .
xJ-2539 1000 grains weight, Dry fodder yield/plant
JMSA -20193 No. of effective tillers/plant, Ear head diameter, Ear head weight,
! 60.89 | 99.64** 19.39** . . .
xJ-2605 1000 grains weight, Dry fodder yield/plant
JMSA_-20171 Length of protogyny, No. of nodes on main stem, No. of effective
> 60.67 | 72.19** 18.95** . - . .
xJ-2605 tillers/plant, Ear head diameter, Ear head weight, Dry fodder yield/plant
JMSA,-20171 6060 | 72.00%* 18,80+ No. of effective tillers/plant, Ear head diameter, Ear head weight,
xJ-2596 ' ' ' Dry fodder yield/plant
IMSA.-20226 Length of protogyny, No. of nodes on main stem, No. of effective
5 60.33 | 87.47** 18.30** tillers/plant, Ear head length, Ear head diameter, Ear head weight,
xJ-2562 .
Dry fodder yield/plant
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20227 x J-2565 (20.82%). Significant positive heterosis
for ear head length has also been reported by Krishnan
et al., (2019) and Kharad et al., (2020).

Ear head diameter (cm)

For ear head diameter, positive heterosis is considered
as desirable and the number of crosses showing
significantly desirable heterobeltiosis and standard
heterosis were 12 and 10, respectively. The heterosis
over better parent for ear head diameter lay between -
44.90% (JMSA,-20226 x J-2590) to 35.48% (JMSA -

20193 x J-2605). Out of all 50 crosses, the best three
crosses with significant and desirable heterobeltiosis were
JMSA -20193 x J-2605 (35.48%), JMSA -20227 x J-
2596 (32.58%) and JMSA -20193 x J-2539 (31.52%).
The estimates of standard heterosis ranged between -
48.33% (JMSA,-20226 x J-2590) to 21.53% (JMSA,-
20171 x J-2576). The cross JMSA_-20171 x J-2576
(21.53%) manifested the maximum heterosis over standard
check for ear head diameter followed by JMSA -20193
x J-2605 (20.57%) and JMSA,-20171 x J-2571 (18.66%).

Table 4.1: Per cent heterobeltiosis (H,) and standard heterosis (H,) for days to 50% flowering, length of protogyny, number of
nodes on main stem, number of effective tillers per plant and ear head length in pearl millet.

Days to 50% Length of No. of nodes on No. of effective Ear head

ﬁl;‘ Crosses flowering protogyny main stem tillers/plant length

‘ H1 (%) | Ha (%) | Hi(%) | Ha(%) | Hi(%) | Ha(%) [ Hi(%) | Ha(%) [ Hi(%) | H2(%)
1 | IMSA:-20171xJ-2539 | -7.91** [ 7.95% | -1429 | -25.00 833 156 | 27.38**| 27.38** | 1171 909
2 | IMSA;-20171xJ-2562 | -4.05* | 9.93** [ 3333 23.39** [ 19.53**| 476 4.76 15.94* | 17.30*
3 | IMSAs-20171xJ-2565 | -235 | 9.93** [ 1429 23.89** [ 938* | -11.90 | -11.90 [ 21.99**| 18.77*
4 | IMSA:-20171xJ-2571 | 061 | 7.28** 0.00 -1250 | 1942%*| 391 | 35.71** [ 35.71**| 331 059
5 | JMSA;-20171xJ-2576 |-10.65**| 0.00 333 2157 -313 1190 1190 392 117
6 | JIMSAs-20171xJ-2590 | -250 331 0.00 -1250 | 28.16**| 312 1429 1429 482 205
7 | IMSAs-20171xJ-259% | -6.59** | 331 -1429 | 2500 | 24.76**| 234 | 2381* | 2381* 151 -117
8 | IMSA;-20171xJ-2600 |-12.28**| -0.66 -1429 | -2500 | 19.80**| 547 | -1190 | -11.90 271 0.00
9 | JMSA;-20171xJ-2603 | -5.62** | 11.26** | 14.29 ] 25.00* [ 156 -1667 | -16.67 9% 704
10 | JMSAs-20171x J-2605 121 | 10.60** | -2857 | -37.50* | 33.80** [ 12.89**| 26.19** | 26.19** | 16.27* | 1320
11 | JMSA-20193xJ-2539 | -8.52** | 6.62** 0.00 -1250 333 312 | 2703 | 1190 060 293
12 | JMSA-20193xJ-2562 | -5.20** | 8.61** | 3333 ] -403 703 | 36.36**| 7.4 116 235
13 | JMSA-20193x J-2565 | -8.24** | 331 37.50* | 37.50* | 1150* | -156 000 [-26.19*%*| 23.02* | 49
14 | JMSA-20193xJ-2571 | -6.75** | 066 4286% | 2500 | 1650** | -6.25 323 | -2381*| 1289 | 499
15 | JMSA-20193xJ-2576 | -7.69** | 331 0.00 -25.00 980 |-12.50** 1515 952 -129 997
16 | JMSA-20193xJ-2590 | -5.00** | 066 2500 | 2500 | 17.96**| -508 000 [-26.19%*| 3L14**| 4.9
17 | JMSA-20193xJ-2596 | -7.19** | 265 1250 1250 | 17.24*| -391 312 |-26.19*%*( 2821**| 264
18 | JMSA;-20193xJ-2600 | -5.85** | 6.62** [ 2500 | 25.00 693 |-15.63** -1613 |-38.10**| 952 [ -12.32
19 | JMSA-20193xJ-2603 | -5.11** | 10.6** 0.00 17.31** | -4.69 2188 -7.14 1051 | -1056
20 | JIMSA;-20193x J-2605 | -4.85** | 397* 0.00 -1250 | 1019* | -7.03 | 64.71** [ 33.33**| 9.09 -147
21 | IMSA:-20226xJ-2539 | -7.34** | 8.61** | 3333 ] 083 -7.03 1892 4.76 841 587
22 | IMSA:-20226x J-2562 | -7.51** | 5.96** | -16.67 | -37.50* | 14.52** | 10.94* | 40.54** [ 23.81* | 21.16**| 22.58**
23 | IMSA:-20226x J-2565 | -4.71** | 7.28** | 83.33**| 37.50* 885 -391 | -29.73**|-38.10** -850 | -17.89*
24 | IMSA:-20226xJ-2571 | -552** | 199 | 83.33**| 37.50* 545 938* | -2162 [-30.95**| 359 -1.04
25 | IMSA:-20226x J-2576 | -8.28** | 265 50.00* | 1250 273 |-16.41** 000 -1190 | 1897* | 850
26 | IMSA:-20226xJ-2590 | -313 265 | 83.33**| 37.50* | 15.45** 078 |-29.73**|-38.10**| -1242 |(-21.41**
27 | IMSA:-20226xJ-2596 | -7.78** | 19 333 ] 455 | -10.16*| -541 | -1667 915 205
28 | IMSA:-20226xJ-2600 |-10.53**| 132 | 66.67**| 2500 | 38.18**| 18.75**| -2162 [-30.95**| 47.39**| 32.26™*
29 | IMSA:-20226xJ-2603 | -9.55** | 6.62** | 66.67**| 2500 727 781 270 | -1429 098 | -1114
30 | IMSA:-20226xJ-2605 | -3.64* | 530** | 1667 | -1250 | 18.18**| 156 | 37.84**| 2143* | 1299 205
31 | IMSA;-20227 x J-2539 268 132 42.86% | 2500 083 703 | -1892 [-2857**| 090 -147
32 | IMSA-20227xJ-2562 | 10.07** | 8.61** | 66.67**| 2500 | 19.35**| 15.63**| -1515 [-33.33**| 24.35**| 25.81**
33 | IMSA-20227x J-2565 | 4.70* 331 222 | 3750% | 1327 000 1071 |-26.19**| 41.58**( 20.82**
34 | IMSA-20227 x J-2571 268 132 4286% | 2500 | 1593**( 23:4 1000 | -21.43* | 34.84**| 1349
35 | IMSA-20227xJ-2576 | 4.03* 265 | 66.67**| 2500 442 781 606 |-26.19**| 34 557

Continue Table 4.1 ....
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36 | IMSA;-20227 x J-2590 134 0.00 1000 | 37.50* | 12.39* -0.78 000 |-33.33** | 1473 | -13.20
37 | IMSA;-20227 x J-2596 134 0.00 -30.00* | -1250 | 10.62* 234 [59.38**( 21.43* |33.72**| 117
38 | JIMSA;-20227xJ-2600 | 7.38** | 5.96** 2500 2500 7.9% -4.69 1724 | -1905 |29.84**| -176
39 | IMSA;-20227 x J-2603 | 10.74** | 9.27** 2500 2500 11.5* -1.56 9.38 -1667 | 21.01* | -205
40 | IMSA;-20227 x J-2605 0.67 -0.66 2857 1250 | 12.39* -0.78 -1471 | -30.95** | 455 | -13.78
41 | ICMA-99222xJ-2539 | 9.41** | 199 0.00 -1250 -167 -781 16.22 238 -2.70 -4.99
42 | ICMA-99222x J-2562 | -18.24** | -7.95** | 3333 0.00 -323 -6.25 1212 -11.90 029 0.88
43 | ICMA-99222xJ-2565 | -12.94** | -1.99 3750* | 37.50* 265 -9.38* 909 |-2857** | 23.71* | 557
44 | ICMA-99222xJ-2571 | -14.72** | -7.95** | 42.86* | 25.00 971 | -1L.72%* | -606 |-26.19** | 10.80 -6.74
45 | ICMA-99222xJ-2576 | -14.79** | -4.64* 1667 -1250 392 | -17.19%* | 1212 -11.90 -10.61 | -18.48*
46 | ICMA-99222xJ-2590 | -3.75* 19 25000 | 2500 | 11.65* | -10.16* | -15.15 | -33.33** | -2.33 [-26.39**
47 | ICMA-99222xJ-2596 | -13.17** | -3.97* 1250 1250 381 | -14.84** | 1212 -11.90 [40.86**| 6.16
48 | ICMA-99222xJ-2600 | -16.47** [ -5.96** | 1250 1250 | 1287* | -10.94* | 303 -19.05 1323 | -14.66
49 | ICMA-99222xJ-2603 | -8.82** | 265 0.00 0.00 9.62 -10.94* | 909 -14.29 1159 -0.68
50 | ICMA-99222xJ-2605 | -12.12** | -3.97* 2857 1250 000 | -15.63**| 882 -11.90 422 | -1349
Mean 525 313 2417 775 1200 -350 6.68 -10.26 1191 012
S.E.x 092 0.44 0.37 0.27 183
Number of crosses
with desirable heterosis 35 6 1 28 6 10 8 17 6
*,** Significant at 5% and 1% levels, respectively

Ear head weight (g)

Out of 50 crosses studied, 40 and 11 crosses showed
significantly in desirable direction heterobeltiosis and
standard heterosis, respectively for ear head weight. The
estimated heterosis over better parent varied from -8.10%
(JMSA -20227 x J-2562) to 99.42% (JMSA,-20226 x J-
2605). Out of 50 crosses under studied, the best three
crosses with significant and desirable heterobeltiosis were
JMSA,-20226 x J-2605 (99.42%), JMSA -20193 x J-
2605 (98.82%) and JMSA -20227 x J-2596 (97.24%).
Magnitude of standard heterosis varied from -41.76%
(JMSA,-20226 x J-2590) to 32.93% (JMSA,-20171 x J-
2571). Out of all 50 crosses under studied, the best three
crosses with significant and desirable standard heterosis
were JMSA,-20171 x J-2571 (32.93%), JIMSA_-20171
x J-2596 (32.52%) and JMSA,-20171 x J-2539 (32.43%).

These findings confirmed the results of those reported
by Suryawanshi et al., (2021) and Galani et al., (2022).

Plant height (cm)

For plant height, heterosis in positive direction is
desirable due to long stem provide sufficient assimilates
during grain development. In the present investigation,
from all the 50 crosses, 23 showed significant and positive
heterosis over better parent for plant height (Table 4.3).
While, only two crosses showed significant and desirable
heterosis over standard check for this trait.

The range of heterobeltiosis, for plant height was -
14.29% (ICMA -99222 x J-2605) to 63.78% (JMSA,-
20226 x J-2600). Out of 50 crosses studied, the highest
significant and desirable heterobeltiosis were exhibited
by the cross JIMSA,-20226 x J-2600 (63.78%) followed
by JIMSA,-20171 x J-2600 (42.08%) and JMSA -20227

Table 4.2: Per cent heterobeltiosis (H,) and standard heterosis (H,) for ear head diameter, ear head weight, plant height, days to

maturity and 1000-grains weight in pearl millet.

S Ear head Ear head Plant Daysto 1000-grains
Nr. Crosses diameter weight height Maturity weight

° H1 (%) | Ha (%) | Hi(%) | Ha(%) | Hi(%) | Ha(%) [ Hi(%) | Ha(%) [ Hi(%) | H2(%)
1 [ JMSA.-20171xJ-2539 811 |14.83** [ 73.94**| 3243**| 859 290 | -6.13** | 4.70** | 17.80** 20.79**
2 | IMSA-20171xJ-2562 |-18.02** | -12.92* | 51.19**| 1511* | 20.40** [ 13.21**| -157 | 6.84** 310 571
3 | IMSA.-20171xJ-2565 | -13.51* [ 813 202¢ | -710 |2013**| 434 080 | 6.41** [-10.84** -857*
4 | IMSA-20171xJ-2571 | 11.71* | 18.66** | 74.60** | 32.93** | 13.26* 003 041 | 470%* [ 11.36**| 14.19**
5 | IMSA.-20171xJ-2576 | 14.41** [ 21.53** | 65.11**| 25.70** | 1290* [ -304 | -7.57**| -085 [ 12.07**| 14.92**
6 | IMSA.-20171xJ-2590 | -11.71* [ -622 | 64.68**| 25.38** | 24.60** [ 190 0.00 171 | 15.48**| 18.41**
7 | IMSA,-20171x J-2596 901 |15.79** | 74.06** | 32.52** | 17.52** | 230 | -4.00**| 256 -7.12* | 476
8 | JMSA,-20171xJ-2600 |-32.43**(-28.23**| 1931 916 |4208**| 027 |-760**| -128 923* [ -692

Continue Table 4.2 ....
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9 | IMSA.-20171xJ-2603 | -20.72**| -15.79** | 097 [-23.13** [17.61** | 317 | -3.85%* | 6.84** | -27.03**| -25.17**
10 | JMSA,-20171x J-2605 721 13.88* | 72.22**| 3L.12** | 641 360 121 | 6.84** 015 210
11 | JMSA -20193xJ-2539 | 31.52** | 15.79** [ 76.13** | 24.96** | 7.39 177 | 5.84** | 342* | 26.24**| 24.76**
12 | JMSA -20193 x J-2562 562 -1005 |51.88**| 7.60 827 180 -2.76* | 556** [ 13.98**| -063
13 | JMSA -20193xJ-2565 | 562 |[-19.62** [ 62.98**|-27.29** [17.33** [ 190 | -4.38** [ 256 [ -13.02**|-26.41**
14 | JMSA -20193x J-2571 337 | -11.96* | 48.80** | -28.45** | 13.00* 020 | -5.28** | -043 -9.01* [-23.02**
15 | JMSA -20193x J-2576 562 -1005 | 37.48**| -7.10 10.76 -487 | -5.98** [ 085 -390 | -7.62*
16 | JIMSA -20193xJ-2590 | -562 |-19.62** [ 55.94**|-30.43** [23.09™* [ 067 -336* | -171 807 |-22.22**
17 | JIMSA -20193xJ-2596 | -112 |-1579** | 1788 |[-31.27** [1640™* | 133 | -480* | 171 -10.13* | -23.97**
18 | JMSA -20193xJ-2600 | -32.58**|-42.58** | 41.03* |-37.08** [31.44** [ -724 | -2.80* | 385* [ -22.21**|-34.19**
19 | JMSA -20193xJ-2603 | 1011 622 |9239**| -584 1069 290 -195 | 7.69** 6.74 | -952*
20 | JMSA -20193xJ-2605 | 35.48** | 20.57** | 98.82** | 30.82** [ 202 067 243 299* | 20.36**| 18.25**
21 | IMSA,-20226xJ-2539 | -3.06 909 (5238 811 257 280 | -5.38** [ 5.13** 6.17 492
22 | IMSA-20226x J-2562 | 22.45** | 14.83** | 8451** | 30.72** |13.80** | 701 | -512** | 299* -320 | -9.68**
23 | IMSA,-20226x J-2565 | -42.86**| -46.41** | 1431 [-39.27** | 081 S12.45% | -2.79% | 4.27%* | -29.81**| -34.51**
24 | IMSA-20226x J-2571 | -40.82**| -44.50** | 1915 [-36.71** [ -646 |-17.38** -447** | 043 | -20.70"*|-34.41**
25 | IMSA,-20226 x J-2576 6.12 048 |33.08**| -1007 | 12.70* 320 | -5.98** | 085 | -12.65**-16.03**
26 | IMSA,-20226x J-2590 | -44.90**| -48.33** | 963 [-41L.76™* | 078 [-17.58** -084 085 | -33.99** -38.41**
27 | IMSA-20226xJ-2596 | -816 | -13.88* | 27.98* [-25.38** [ 905 507 | -5.60** | 085 [ -12.45**|-18.32**
28 | IMSA,-20226x J-2600 | -24.49**| -29.19** | 52.13** | -19.18* [63.78** | 15.58*| -6.00** | 043 | -15.79**|-21.43**
29 | IMSA-20226xJ-2603 | -9.18 |-14.83** | 38.15**[-26.61** [ 183 -10.68* | -5.38** | 5.13** | -18.00**| -23.49**
30 | IMSA,-20226x J-2605 | 22.45** | 14.83** | 99.42** | 31.21** [ 315 043 081 | 4.70** | 15.67**| 13.65**
31 | IMSA -20227xJ-2539 | -1087 |-21.53** | -639 [-33.59** | -750 | -12.35%| 304* 128 | -20.98**| -21.90**
32 | IMSA -20227 x J-2562 225 | -12.92* | -810 |[-34.89**| -958 |-14.98** 6.52** | 4.70** | -10.05* [-21.59**
33 | IMSA -20227 x J-2565 787 813 | 72.97**|-30.92** [19.02** [ 337 348* 171 342 |-22.35**
34 | IMSA -20227xJ-2571 | 1573* | -144 | 59.48**|-23.31** [15.98** | 244 3.04* 128 275 |-22.86**
3b | IMSA -20227xJ-2576 | 1461* | -239 209 |-31.02** | 12.08* 374 348* 171 | -29.56**| -32.29**
36 | IMSA -20227xJ-2590 | -39.33**| -48.33** | 52.29** | -40.53** | 126 |-17.18* 217 043 | -13.45** -35.02**
37 | IMSA -20227xJ-2596 | 32.58** | 1292* |97.24**| 1501 ([16.02**| 100 261 085 | 30.14**( 143
38 | IMSA -20227 x J-2600 89 =718 | 70.75%* | -31.57** [41.13** [ 040 | 4.78** | 299* 832 |-28.25**
39 | IMSA -20227xJ-2603 | 14.61* | -239 |67.64*| -17.95* [ 14.11* 010 | 7.39** [ 556** [ -9.55* |-23.33**
40 | IMSA -20227xJ-2605 | 1183 048 -189 [-35.45**| 302 030 0.00 -171 | -28.92**| -30.16™*
41 | ICMA -99222 x J-2539 430 718 | 35.70**| -373 -165 681 | -4.74* | 299* 716 | -8.25*
42 | ICMA -99222xJ-2562 | -215 | -12.92* | 2527* | -11.25 18 420 |-11.86**| -4.70**| -328 |-15.68**
43 | ICMA -99222xJ-2565 | -7.53 |-17.70** | 46.64** [ -30.92** | 546 841 | -8.76** | -214 | -14.52**|-26.92**
44 | ICMA -99222xJ-2571 | -645 |-16.75** | 45.97** [-29.81** | 113 -10.68* | -10.16** | -556** | -12.66™*| -25.33**
45 | ICMA -99222xJ-2576 | 19.35**| 622 28.17* | -1339 091 |[-13.33** -8.76** | -214 | -10.34**-13.81**
46 | ICMA -99222xJ-2590 | -19.35**| -28.23** | 34.57* |-36.61** | 286 |-15.88** -126 043 | -26.29**| -36.98**
47 | ICMA -99222xJ-2596 | -753 |-17.70** | 32.25* |-22.89** | 184 | -11.34*| -9.20** | -2.99* 516 |-18.92**
48 | ICMA -99222xJ-2600 | -538 |-15.79* | 48.78** [ -29.91** | 19.20** | -15.88**| -9.60** | -3.42* | -12.92**(-25.56**
49 | ICMA -99222 x J-2603 968 239 |60.80**-21.30** [ 3% 881 | -553** | 214 | -11.62**|-24.44**
50 | ICMA -99222xJ-2605 | 18.28**| 526 2056* | -14.75 |[-14.29*%*( -16.55** -8.10** | -2.99* | -18.58**|-20.00**
Mean -120 924 4652 | -1112 | 1105 -358 -308 182 668 | -14.06
S.E.+ 020 510 970 117 039
Number of crosses
with desirable heterosis 12 10 40 1 23 2 30 > 9 !

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

x J-2600 (41.13%). The range of standard heterosis for
plant height varied from -17.58% (JMSA,-20226 x J-
2590) to 15.58% (JMSA,-20226 x J-2600). The highest

significant and positive heterosis over standard check for

plant height was registered by JMSA_-20226 x J-2600

(15.58%) followed by JMSA_-20171 x J-2562 (13.21%)
and JMSA,-20226 x J-2562 (7.01%).

Days to maturity

The negative heterosis for this character was

considered desirable for earliness. Out of 50 crosses
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Table5: Per cent heterobeltiosis (H,) and standard heterosis IMSA,-20226 . N
(H,) for dry fodder yield per plant and grain yield % xJ-2590 83l (-40.70 1390 |-45.65
per plant in pearl millet. JMSA_-20226

: 27 32.86** | -20.29**| 1810 |-30.53**

S Dryfodder Grain xJ-25%

: Crosses yield/plant yield/plant JMSA, -20226 s6.44+ | 14.31% | 53,66 | -26.60%*

o HL (%) [H.(%) | H: (%) [H; (%) XJ200 | B '

5 IMSA_-20226
1 JM;:’?;;??QM 75.49%* | 35,00%* | 73.13** | 19.61** Xﬁgm 33.83** | -26.72** [ 36.11** | -35.06™*
- IMSA_-20226
» J'\"fﬁ%;é’zm 5717 | 209 | 49400 | 323 xﬁieos 92.80% | 20.59%* | 97.27% | 17.97%*
- IMSA 20227
3 JM)‘:’%;S; U o000 | 676 | 2089+ |-16.73% 3L x'JA-}SSQ 651 |[-31.76**| -733 |-38.76**
JMSA_-20171 - - - - IMSA 20227 - -
4 wao571 | 7485* |3451%* | 75.50% [21.24 R 19560 498 |[-31.23** 274 |-38.63
IMSA_-20171 IMSA 20227
5 Xﬁ;576 64.73** | 26.72** | 61.40%* | 1150 R xﬁ§565 80.88** | -27.87** | 79.63** | -36.60**
IMSA_-20171 IMSA 20227
6 x’JA-ZSQO 69.42** [ 30.33** [ 63.10** | 12.68* A x’JA-}S?l 73.66** | -20.57**| 59.69** | -32.16**
JMSA,-20171 JMSA -20227
7 X%S% 70.75%* | 31.35** | 72.00%* | 18.82%* % xﬁ§576 424 |28.40%*| 221 |-35.87%*
JMSA,-20171 IMSA 20227
8 xﬁieoo 2280* | 553 | 20.53* [-16.73** 36 xﬁ§590 85.83** | -36.02**| 66.90%* | -46.11**
JMSA,-20171 IMISA 20227
9 xﬁieos 602 |-1844%| 48& |-27.58" 37 xﬁ§596 101.37%*| 20.82%* | 99.11%* | 17.12%
JMSA,-20171 IMSA 20227
JMSA -20193
11 xﬁ§539 79.23** | 30.82%* | 75.57%* | 16.01%* JMS%?(%ZW 83.51%% | -13.36* | 58,55+ | -06.04%*
1 . . . .
JMSA -20193
12 xﬁ§562 4683** | 627 |56.60%* | -118 IMSAS20227 | o0 | 31 100|101 | -30.05%*
X J-2605 : - : -
JVSA 20193 - - - - CMA 000
131 yyoses | 79347 |-23.857F| 64517 1-35.59 41 A 3144+ | 406 |3591%| -1020
IMISA, 20193 X339 | ' ' |

Wl xpospy | 64347 |-24.84"| 54.15% |-34.51 g | IMASD922Z | oo hoer | 951 | 28.33%¢| 10,00+

15 | MSAOIB) ) ogur | 316 | 3568+ | -14.90% |C|\);|if%%2222 . . . .
}-2576 : w2 : el - ) ]

JM§A1_20193 «1o5es | 74.65%* | -28.57** | 60.00%* | -37.25**

16 w1os00 | 86.00%% |-21.02% | 70.72%* |-33.16** ICMA -99222 - - - -

W1oe7L | 74917 | -20.00%* | 58.98** | -32.46
JMSA -20193
17 xﬁ§596 27.94* |-23.24**| 1080 |-34.82** ICMA -99222 - - -
<1575 | 3765 545 | 31.77%*|-17.32
JMSA 20193
18 15600 | 6120% [-31.56** | 48,00 |-42.06** ICMA 99222
X 56.21** | -36.11** | 41.00** | -44.71**
- X J-2590
JVSA 20193 - - N
19 % J-2603 96.35 -7.30 | 89.08 -12.88 ICMA 99222
47 28.89* |-22.66%*| 23.33* |-27.45**
JMSA -20193 - - - - X J-25%
2 % J-2605 98.17** [ 33.20** | 99.64** [ 19.39 i ICMA -99222 05 00+ | 10,84 | 73 33+ | 32 03+
JMSA,-20226 N N xJ-2600 ‘ ' ‘ '
21 X J-9539 49.58 918 |54.30 1% 1 ICMA 99222 2261 | 18,03 53707 | 20 1%
JMSA,-20226 - - - - xJ-2603 R e ‘ -
W1osy | 8L20%* |3L15** | 87.47** | 18.30 o [ OVASZ [
JMSA_-20226 m - X J-2605 - : : :
xJ2565 | 2036 |-3410"| 1673 |-44.31 Mean 5373 | 79 | 4813 | 183%
JMSA_-20226 SE. = 554 315
24 15T 1931 |-34.67%*| 281 [-41.41%* N oF
JMSA,-20226 crosses with 42 12 40 10
% xJ-2576 30.07 | -1066 | 2915 |-18.97* desirable heterosis

Continue Table 5 ....

*, ** Significant at 5% and 1% levels, respectively
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studied, 30 and five crosses showed significantly in
desirable direction heterobeltiosis and standard heterosis,
respectively for days to maturity. The range of
heterobeltiosis for days to maturity was -11.86% (ICMA -
99222 x J-2562) to 7.39% (JMSA -20227 x J-2603). The
best three crosses for heterobeltiosis were ICMA -99222
x J-2562 (-11.86%), ICMA -99222 x J-2571 (-10.16%)
and ICMA -99222 x J-2600 (-9.60%). The range of
standard heterosis for days to maturity was between -
5.56% (ICMA, -99222 x J-2571) to 7.69% (JMSA -20193
x J-2603). For standard heterosis the best three crosses
were ICMA -99222 x J-2571 (-5.56%), ICMA -99222
x J-2562 (-4.70%) and ICMA, -99222 x J-2600 (-3.42%),
which was registered significant and desirable heterosis.

1000-grains weight (g)

For test weight, positive heterosis is considered as
desirable and out of 50 crosses studied, nine crosses
displayed significant and positive heterosis over better
parent and seven crosses registered significant and
positive heterotic effects over standard check.
Considering heterosis over better parent, the variation
for 1000-grains weight was from -33.99% (JMSA,-20226
X J-2590) to 30.14% (JMSA -20227 x J-2596). The best
three heterobeltiotic crosses in desirable direction for this
character were JMSA -20227 x J-2596 (30.14%),
JMSA -20193 x J-2539 (26.24%) and JMSA  -20193 x
J-2605 (20.36%). Estimations of standard heterosis for
1000-grains weight was ranged from -38.41% (JMSA.-
20226 x J-2590) to 24.76% (JMSA,-20193 x J-2539).
Out of 50 crosses, the best three heterotic crosses for
1000-grains weight were JMSA -20193 x J-2539
(24.76%), IMSA,.-20171 x J-2539 (20.79%) and IMSA, -
20171 x J-2590 (18.41%)).

Dry fodder yield per plant (g)

Fodder is an important component of pearl millet
especially for dual purpose crop. Among the 50 crosses
studied, 42 and 12 crosses showed significant positive
heterosis over better parent and standard check,
respectively, for dry fodder yield per plant. For dry fodder
yield per plant, the estimates of heterobeltiosis ranged
from -6.51% (JMSA -20227 x J-2539) to 101.37%
(JMSA -20227 x J-2596). The cross JIMSA -20227 x J-
2596 (101.37%) was noticed the highest positive and
significant heterobeltiosis for dry fodder yield per plant
followed by JMSA, -20193 x J-2605 (98.17%) and
JMSA -20227 x J-2600 (96.85%). The range of heterosis
over standard check for dry fodder yield per plant
expressed from -40.70% (JMSA,-20226 x J-2590) to
35.00% (JMSA,-20171 x J-2539). The cross JMSA,-
20171 x J-2539 (35.00%) manifested the highest positive
and significant standard heterosis for this character

followed by IMSA,-20171 x J-2571 (34.51%) and IMSA, -
20171 x J-2605 (33.40%).

Grain yield per plant (g)

In the present investigation, out of 50 crosses studied,
40 and 10 crosses were found significant and in desirable
direction for heterobeltiosis and standard heterosis,
respectively for grain yield per plant. The range of
heterosis over better parent for grain yield per plant was
-7.33% (JMSA,-20227 x J-2539) to 99.64% (JMSA -
20193 x J-2605). The best three heterobeltiotic crosses
for grain yield per plant were JMSA -20193 x J-2605
(99.64%), IMSA -20227 x J-2596 (99.11%) and IMSA, -
20226 x J-2605 (97.27%). The minimum and the
maximum values of heterosis over standard check was -
46.11% (JMSA -20227 x J-2590) and 21.24% (JMSA,-
20171 x J-2571), respectively, for grain yield per plant.
The highest positive and significant standard heterosis
showed by the cross JMSA,-20171 x J-2571 (21.24%)
for grain yield per plant followed by JIMSA,-20171 X J-
2539 (19.61%) and JMSA -20193 x J-2605 (19.39%).
Similar cumulative heterotic effects of two or more yield
components on grain yield of pearl millet was also reported
earlier by Davda et al., (2012), Aswini et al., (2021),
Suryawanshi et al., (2021), Galani et al., (2022), Sharma
et al., (2023a) and Patel et al., (2024).

Conclusion

From the present findings, it can be concluded that
substantial amount of variation was present in the material
for grain yield and its component traits. The heterobeltiosis
for grain yield per plant was ranged from-7.33 t0 99.64%,
while, the standard heterosis was laid between -46.11 to
21.24%. The best three promising crosses namely
JMSA,-20171 x J-2571, JMSA -20193 x J-2605 and
JMSA,-20226 x J-2562 had the high per se performance,
considerable magnitude of heterobeltiosis as well as
standard heterosis in favourable direction along with
significant sca effects in desired direction for grain yield
per plant and some other component traits. Therefore,
these three best crosses could be further evaluated over
years and locations to exploit for commercial cultivation
through heterosis breeding or utilized in future breeding
programme to obtain desirable transgressive segregants
for the development of superior inbreds or genotypes.
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