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/Abstract- The objective of this research was to investigate heterotic effects between the crosses of selected lines. The pearl millet crosses were produced by crossing\
ten parents in L X T mating design. The female parents JMSA-101 exhibited the highest mean green fodder yield per plant followed by ICMA-01777 and ICMA-05888.
The male parent AFB-4 exhibited the highest mean green fodder yield per plant followed by MJC-2 and MJC-8. The hybrids exhibited significant and positive heterosis
over check (RBC-2) for green fodder yield and the hybrid ICMA-01777 X J-2500 exhibited maximum standard heterosis for green fodder yield per plant followed by
ICMA-01777 X J-2290 and ICMA-01777 X MJC-2 and large number of crosses registered heterotic effects in negative direction. Most of the crosses had different
ranking in per se performance for different characters, which suggested that crosses exhibiting high sca effects need not necessarily register either higher mean values
or high heterotic effects and vice versa. Therefore, while favouring a cross for further advancement, one has to consider all the above aspects independently. The
hybrids ICMA-05888 X J-2500, ICMA-01777 X J-2290 and ICMA-01777 X MJC-2 recorded highest per se performance.
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Introduction

Pearl millet is the sixth important cereal food crop in the world and in India ranking
fourth in acreage for the vast majority of poor people, mainly farmers and also an
important fodder crop for livestock population in arid and semi-arid regions of the
country. Pearl millet is one of the most important cereals, which is amazingly
tolerant to adverse environmental conditions. It is a short day, cross pollinated, Cs
crop, warm weather plant with extra ordinary qualities of drought resistance and
salt tolerance with an added advantage of very high nutritive value. Pearl millet is
palatable to livestock but its nutritive value depends on variety, growing
conditions, and stand management and preservation methods. Several varieties
have been developed in order to enhance forage yield, palatability and
digestibility. Green fodder is the cheapest source of feed for milch, beef and draft
animals. Therefore, development of fodder resources of the country becomes a
high priority in national programme. India inhabits 15% of the world livestock on
2% geographical area with 5.23% cultivates fodder area. Feeding accounts 60-
70% of total cost of milk production. Feeding based on green fodder is cost
effective, so, green fodder production must be encouraged. Only 8.4 m ha which
is static since last two-three decades, so, option is vertical increase, only. The
fodder production in the country is not sufficient to meet the requirements also the
forages offered are mostly of poor quality. Present availability of green fodder is
462 m.t. and dry fodder is 394 m.t. contribution of crop residue, cultivated fodder
and grasslands is 54,28 and 18%, respectively. At present, the country faces a net
deficit of 35.6% green fodder, 10.95% dry crop residues and 44% concentrate
feed ingredients. Pearl millet is an embodiment of unique features like allogamy,
protogyny, male sterility, huge genetic variability and remarkable geographic
diversity but the breeding improvement work in earlier days was neglected

because it was considered to be crop of low value. The assessment of magnitude
and direction of heterotic behavior also assume a great significance.

Material and Methods

The experimental material consisted of 18 parents (3 female lines viz., JMSA-101,
ICMA-01777 and ICMA-05888 and 15 testers viz., MJC-2, MJC-8, BAIF BAJRA,
BAJRA BAWAL, GIANT BAJRA, GFB-1, AFB-3, AFB-4, AFB-5, AFB-13, GAB-44,
GAB-51, J-2290, J-2500 and SB-221 and their 45 hybrids derived by crossing in
line x tester fashion at Main forage research station, Anand Agricultural University,
Anand (Gujarat), during summer season of 2014. Each experimental plot
consisted of two row of 3 m length each. The inter-row and intra-row spacing were
30 and 10 cm respectively. The experiment was evaluated in a randomized block
design with three replications. The recommended agronomic practices were
followed for raising a normal crop.

For recording observations five competitive plant were randomly selected from
each replication and average value per plant was computed for 17 characters viz.
days to 50 per cent flowering, plant height, number of tillers per plant, number of
leaves per plant, leaf length, leaf width, leaf. stem ratio, stem diameter, internode
length, green fodder yield per plant, dry matter content, dry matter yield per plant,
crude protein content, Fe content, Mn content, Zn content and Cu content. The
collected data were subjected to statistical analysis for estimates of heterotic
effects and gene effects. The standard heterosis was computed as per procedure
suggested [26]. In heterosis breeding programme, it is of paramount importance to
evaluate available, useful and promising diverse parental lines and their cross
combinations for grain yield and its attributes as well as quality characters [2, 25].
Hence, the only strategy to meet fodder requirement is to exploit crop productivity

International Journal of Agriculture Sciences
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 8, Issue 54, 2016

|| Bioinfo Publications ||

2829


mailto:kapadiavn77@gmail.com

Estimation of Heterosis for Yield and Its Relevant Traits in Forage Pearl Millet [Pennisetum glaucum L. R. Br.]

through better high yielding varieties and efficient agronomic management.

Results

Analysis of variance for experimental design

The mean square values due to genotypes were significant for all the characters
indicating existence of considerable amount of variability among genotypes. The

variance due to parents and hybrids differed significantly for all the characters
except leaf : stem ratio, stem diameter, dry matter content (DM %) and dry matter
yield per plant for the parents and internode length for the hybrids. The variance
due to parents revealed that mean squares due to females and males were
significant for most of the characters, which revealed existence of sufficient
variability among females as well as males [Table-1].

Table-1 Analysis of variance (mean squares) for parents and hybrids for various traits studied

Source d.f ‘ DAF PH NT NL LL Lw LS SD IL
Replications 2 0.672 44.25 5.15™ 0.44 3737.50* 0.04 0.22* 2.83 2514
Genotypes (G) 63 72.90™ 196.64™ 247 80.97 60.05™ 017 0.15" 0.05™ 16.96
Parents (P) 17 37.06™ 152.92* 2,01 33.82™ 55.28" 0.1 0.03 0.01 36.85™
-Females (F) 2 80.33" 82.92 0.74 19.06* 16.06 0.01 0.09* 0.46™ 10.14
-Males (M) 14 31.70™ 165.30* 231" 36.18™ 60.48™ 011 0.03 0.01 42.60™
FusM 1 2551™ 119.43 0.23 30.27 60.87 0.01 0.01 0.38™ 9.69
Hybrids (H) 44 76.67 168.74™ 2.52* 100.41* 63.24" 0.18* 017 0.03* 9.82
Parents vs Hybrids 1 58.88™ 603.75" 9.85" 88.92" 2.33 0.85™ 0.89™ 0.01 91
Check vs Hybrids 1 1.45 1592.75™ 1.55 13.47 59.78 0.11* 0.22" 011" 0.32
Error 126 2.1 46.78 0.95 522 17.99 0.02 0.02 0.02 9.19

Replications 2 33928.00* 4.29 887.00" 0.36 9592.00* 153.75" 0.06 0.05
Genotypes (G) 63 8005.33 7.39" 366.12™ 314 454374.40" 1648.58™ 17.24* 6.39"
Parents (P) 17 4189.56* 4.66 182.43 3.03* 440388.80* 1014.58* 11.99° 745"
-Females (F) 2 3673.41 4.91 220.64 1.00 21318.00* 2495.44* 16.93* 413
-Males (M) 14 4562.57™ 4.79 187.61 346 523026.20" 805.60™ 11.85* 7.85"
FvsM 1 0.55 2.32 33.52 0.96 121603.00" 978.53™ 4.08™ 8.56™
Hybrids (H) 44 9620.00 8.13™ 453.16* 2.98" 471371.40% 1857.12" 19.30** 6.09*
Parents vs Hybrids 1 9860.00% 27192 3.90 14.33* 281412.00* 2405.06* 25321 142"
Check vs Hybrids 1 175.85 0.27 19.80 0.97 146778.82™ 2109.04* 9.93 5.83"
Error 126 1533.85 3.99 124.03 0.33 2065.27 43.74 0.09 0.06

¥ ** Significant at 5 % and 1% levels, respectively.
DAF=Days to 50 per cent flowering, PH= Plant height, NT= Number of tillers per plant, NL=Number of leaves per plant, LL= Leaf length, LW= Leaf width, LS=
Leaf: stem ratio, SD= Stem diameter, IL= Internode length, GFY= Green fodder yield per plant, DMC= Dry matter Content, DMY= Dry matter yield per Plant,
CPC= Crude protein content, Fe C= Iron Content, Mn C= Manganese Content, Zn C= Zink Content and Cu C=Copper Content.

Per se performance of parents and hybrids

The mean values of genotypes for different characters revealed that both parents
and hybrids varied for all the characters, which suggested possibility of heterotic
effects. Among female parents, JMSA-101 exhibited the highest mean green
fodder yield per plant followed by ICMA-01777 and ICMA-05888. The female
parent JMSA-101 was superior with respect to days to 50 per cent flowering, leaf
width, Internode length, green fodder yield, dry matter yield per plant and Zink (Zn)
content. While female lines, ICMA-01777 was found superior for plant height,
number of leaves per plant, leaf length, leaf stem ratio, stem diameter, dry matter
content, Iron (Fe) content, manganese (Mn) content and copper (Cu) content.
ICMA-05888 had highest crude protein content [Table-2)].

The mean values of males for different characters varied significantly. Among
male parents AFB-4 exhibited the highest mean green fodder yield per plant and
yield contributing characters followed by MJC-2 and MJC-8. The different hybrids
exhibited highest mean values for different characters viz., SB-221 (days to 50 %
flowering, stem diameter and copper content), MJC-2 (plant height and number of
tiller per plant), GFB-51 (number of leaves per plant), MJC-8 (leaf length), AFB-13
(Leaf width), AFB-3 (leaf : stem ratio, internode length), AFB-4 (Green forage yield
per plant and dry matter yield per plant), GFB-1(dry matter content), AFB-5 (crude
protein content), BAJRA BAWAL (iron content and zinc content) and J-2290
(manganese content).

Regarding hybrids to the also exhibited highest mean values for different
characters. Among the hybrids ICMA-05888 X J-2005 exhibited maximum values
for green fodder yield per plant followed by ICMA-01777 X J-2290 and ICMA-
01777 X MJC-2, while the hybrid JMSA-101 X BAIF BAJRA (days to 50 percent

flowering), ICMA-01777 X GIANT BAJRA (plant height and leaf width), ICMA-
01777 X MJC-8 (number of tillers per plant), JMSA-101 X GIANT BAJRA (number
of leaves per plant), JMSA-101 X GAB-51 (leaf length), JMSA-101 X BAJRA
BAWAL (leaf : stem ratio), ICMA-01777 X J-2290 (stem diameter and iron (Fe)
content), ICMA-01777 X AFB-4 (internode length), ICMA-05888 X J-2005 (green
forage yield per plant), ICMA-05888 X BAJRA BAWAL (dry matter content),
JMSA-101 X SB-101 (dry matter yield per plant), ICMA-05888 X AFB-5 (crude
protein content), JMSA-101 X MJC-2 (manganese content), ICMA-01777 X GFB-5
(Zink content) and ICMA-01777 X BAJRA BAWAL (copper content) were found
superior as per their mean performances [Table-2].

Magnitude of Standard Heterosis

Days to 50 per cent flowering: The minimum and maximum estimates of
standard heterosis were -18.95 and 17.65 per cent, respectively. The cross ICMA
01777 X AFB-5 (-18.95%) had the least negative estimate of standard heterosis
followed by ICMA-01777 X GAB-51 (-17.66%) and ICMA-05888 X J-2500(-
16.99%), whereas, the hybrid JMSA-101 X BAIF BAJRA (17.65%) had the
maximum positive standard heterosis. The results are in accordance with the
result obtained [2, 7, 8, 13, 20-22,27-29] in pearl millet [Table-3].

Plant height: The estimates of standard heterosis ranged from -3.42 to 25.59 per
cent. The hybrid ICMA-01777 X GIANT BAJRA (25.59%) had maximum positive
estimate followed by ICMA-05888 X GFB-1 (24.10%) and ICMA-01777 X GFB-1
(23.11%), the minimum heterotic effect for standard heterosis was observed with
hybrid JMSA-101 X MJC-2 (3.42%). The results are in conformity with the
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estimates of which were moderate to low as reported [1-3, 7, 10, 11, 13, 15, 17-
19, 23, 24, 28, 29] [Table-3].

Number of tillers per plant: The range of standard heterosis varied from -11.02
to 42.70 per cent. Hybrids ICMA-01777 X MJC-8 (42.70%), ICMA-01777 X AFB-3
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(36.82%) and JMSA-101 X J-2500 (33.98%) showed maximum significant positive
heterosis in desirable direction. Whereas, the cross combination ICMA-05888 X
MJC-2 (-11.02%) had least estimates of standard heterosis. The results are in
accordance with findings [9, 11, 13-17, 19-22, 24 and 29] in pearl millet [Table-3].

Table-2 Top three lines, testers and hybrids with respect to their magnitude of pre se performances for various traits in forage pearl millet

Traits Rank Magnitude of per se performances
Hybrids
DAF 1st ICMA-05888 47.67 BAJRA BAWAL 48.67 ICMA-01777 X AFB-5 4.33
2nd ICMA-01777 52.33 MJC—2 50.33 ICMA-01777 X AFB-5 42.00
3w JMSA-101 58.00 AFB-13 51.33 ICMA-05888 X J-2500 42.33
PH 1st ICMA-05777 183.80 MJC-2 187.27 ICMA-01777 X GIANT BAJRA 185.87
2nd JMSA-101 178.67 AFB-13 186.27 ICMA-05888 X GFB-1 183.67
3 [VMA-05888 173.27 GFB-51 182.73 ICMA-01777 X GFB-1 182.20
NT 1st ICMA-10777 8.19 MJC-2 8.99 ICMA-01777 X MJC-8 10.36
2nd JMSA-101 743 GFB-1 8.69 ICMA-01777 X AFB-3 9.93
3 ICMA-05888 7.26 GFB-51 8.43 JMSA-101 X J-2500 9.73
NL 1st ICMA-01777 46.27 GFB-51 48.13 JMSA-101 X GIANT BAJRA 54,97
2d ICMA-05888 42.50 MJC-2 44.33 JMSA-101 X BAJRA BAWAL 54.53
3d JMSA-101 4147 AFB-4 44.07 ICMA-05888 X BAJRA BAWAL 51.80
LL 1st ICMA-01777 64.73 MJC-8 75.27 JMSA-101 X GAB-51 79.20
2d ICMA-05888 61.07 BAJRA BAAWAL 7233 ICMA-05888 X GIANT BAJRA 7140
3w JMSA-101 6047 GAB-44 68.47 ICMA-05888 X J-2500 7113
Lw 1st JMSA-101 2.59 AFB-13 2.92 ICMA-01777 X GIANT BAJRA 3.35
2 ICMA-05888 249 GFB-1 2.88 JMSA-101 X AFB-13 325
3 ICMA-01777 2.31 GIANT BAJRA 2.76 JMSA-101 X GIANT BAJRA 3.19
LS 1st ICMA-01777 112 AFB-3 1.08 JMSA-101 X BAJRA BAWAL 1.98
2 JMSA-101 0.85 BIAF BAJRA 1.00 JMSA-101 X GAB-44 1.51
3 ICMA-05888 0.81 MJC-2 0.99 JMSA-101 X AFB-1 1.37
SD 1st ICMA-05888 0.72 AFB-3 0.67 ICMA-05888 X GFB-1 0.67
2nd JMSA-101 0.87 AFB-4 0.73 ICMA-01777 X GAB-44 0.69
3d ICMA-01777 1.46 BAIF BAJRA 0.75 ICMA-05888 X GIANT BAJRA 0.72
IL 1st ICMA-01777 16.90 BAJRA BAWAL 15.83 ICMA-05888 X BAIF BAJRA 15.64
2nd ICMA-05888 19.02 BAIF BAJRA 1741 JMSA-101 X MJC-8 15.66
3w JMSA-101 20.56 J-2290 17.66 ICMA-01777 X BAJRA BAWAL 15.72
GFY 1st JMSA-101 436.00 AFB-4 484.67 ICMA-05888 X J-2500 522.33
2 ICMA-01777 379.00 MJC-2 443.33 ICMA-01777 X J-2290 502.69
3 ICMA-05888 372.33 MJC-8 423.67 ICMA-01777 X MJC-2 505.00
DMC 1st ICMA-01777 20.99 GFB-1 21.48 ICMA-05888 X BAJRA BAWAL 20.77
2 JMSA-101 19.31 AFB-5 2098 JMSA-101 X SB-221 20.77
3 ICMA-05888 1847 BAIF BAJRA 2050 ICMA-01777 X GAB-44 2059
DMY 1st JMSA-101 84.26 AFB-4 91.40 JMSA-101 X SB-221 101.12
2nd ICMA-01777 79.72 AFB5-5 84.45 ICMA-01777 X GAB-44 99.32
3w ICMA-05888 67.66 MJC-2 82.29 ICMA-01777 X MJC-2 95.95
CPC 1st ICMA-05888 12.53 AFB-5 14.60 ICMA-05888 X AFB-5 15.63
2nd JMSA-101 12.37 AFB-13 13.92 ICMA-01777 X GFB-1 1447
3 ICMA-01777 11.45 AFB-4 13.91 ICMA-05888 X GFB-1 14.44
FeC 1st ICMA-01777 802.67 BAJRA BAWAL 1968.33 ICMA-01777 X J-2290 2255.00
2 ICMA-05888 743.33 AFB-3 1461.67 ICMA-01777 X BAJRA BAWAL 1832.67
3 JMSA-101 636.33 GAB-51 1369.00 JMSA-101 X GAB-44 1813.33
MnC 1st ICMA-01777 158.67 J-2290 197.67 JMSA-101 X MJC-2 209.67
2 ICMA-05888 128.67 BAJRA BAWAL 164.33 ICMA-01777 X MJC-2 196.67
3 JMSA-101 101.00 GFB-1 162.00 ICMA-01777 X BAJRA BAWAL 192.33
ZnC 1st JMSA-101 9.13 BAJRA BAWAL 10.20 ICMA-01777 X GFB-1 1213
2nd ICMA-01777 8.10 AFB-3 10.00 ICMA-01777 X J-2290 11.93
3w ICMA-05888 4,60 J-2500 743 [JMSA-101 XAFB-3 1113
CuC 1st ICMA-01777 6.60 SB-221 7.87 ICMA-01777 X BAJRA BAWAL 9.50
2 ICMA-05888 6.60 BAJRA BAWAL 7.40 ICMA-01777 X J-2290 7.67
3w JMSA-101 456 GFB-1 5.17 ICMA-05888 X J-2290 723

Numbers of leaves per plant: The range of standard heterosis varied from -
25.46 to 44.27 per cent. The hybrids JMSA-101 X GIANT BAJRA (44.27%),
JVMSA-101 X BAJRA BAWAL (43.13%) and ICMA-05888 X BAJRA BAWAL

|| Bioinfo Publications ||

(35.96%) showed significant positive heterosis in desirable direction. The cross
combination ICMA-05888 X SB-221 (-25.46%) noted highest negative standard
heterosis. The present findings are in fidelity with reports [1, 7, 15-17] in pearl
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millet [Table-3].

Leaf length: The standard heterosis for leaf length varied from -3.75 to 36.95 per
cent. The hybrids were JMSA-101 X GAB-51 (36.95%), ICMA-05888 X J-2500
(23.00%) and JMSA-101 X GAB 44 (22.54%) which exhibited heights significant
positive heterosis. Whereas, ICMA-01777 X AFB-5 (-3.75%) recorded highest
negative standard heterosis. These results are in agreement with those reported

Estimation of Heterosis for Yield and Its Relevant Traits in Forage Pearl Millet [ Pennisetum glaucum L. R. Br.]

Leaf width: The standard heterosis varied from -14.19 to 33.42 per cent. The top
three hybrids were ICMA-01777 X GIANT BAJRA (33.42%) followed by JMSA-101
X AFB-13 (29.44%), JMSA-101 X GIANT BAJRA (26.92 exhibited significant
positive heterosis. Whereas, ICMA-01777 X GAB-44 (-14.19%) recorded highest
negative standard heterosis. The present results are in accordance with findings
[13-15, 17] in pearl millet [Table-3].

[13-15,17] in pearl millet [Table-3].

Table-3 The hybrids with respect to their magnitude of Standard Heterosis for various traits in forage pear millet

1 JMSA-101 x MJC-2 5.88* 3.42 -0.46 5,86 2.02% 1.59* 54.29* 25.93* -1.76*
2 JMSA-101 x MJC-8 16.99* 19.59* 2.75 13.21% 8.24* 10.48* 20.81% 29.21* -17.37*
3 JMSA-101 x BAIF BAJRA 17.65** 6.13 8.26 10.41% 6.86* 16.71% 61.22* 24 87 -1.69*
4 JMSA-101 x BAJRA BAWAL 15.69 15.00%* 9.18 4313 17.46* 10.08* 154.28* 4519 12.80
5 JMSA-101 x GIANT BAJRA 0.00 15.90% 3.21 44,27+ 12.62+* 26.92* 72.59* 26.03* 7.37%
6 JMSA-101-1 x GFB-1 13,73 21.73% 10.56 11.37+* 11.70% 13.93% 76.44* 2381 1474
7 JMSA-101 x AFB-3 15,03 13.51% 3.67 245 13.78* 12,07 40.03* 53.02% 13.56*
8 JMSA-101 x AFB-4 -6.54* 8.33 -0.92 1417 3.75% 172 72.14% 28.68* 1.46*
9 JMSA-101 x AFB-5 15.69* 17.25* -3.21 18.72+* 10.78* 172 75.30% 4519 -11.54*
10 JMSA-101 x AFB-13 -5.88* 20.59* 16.99 11.37* 4.78% 29.44% 4351 25.93* -2.62+*
11 JMSA-101 x GAB-44 321 19.28* 7.35 1277+ 22.54* 2.12% 93.74* 18.62** 13.79%
12 JMSA-101 x GAB-51 -5.88* 17.03* 25.711* -1.49% 36.95% 6.76* 1742 24.34* 14.75%
13 JMSA-101 x J-2290 -6.54* 16.64* 10.56 -11.20%* 14,93+ -11.80% 61.47% 20.11* -10.13*
14 JMSA-101 x J-2500 13,73 16.85** 33.98* 12.34* 6.97* -4.64* 20.19* 29.84* -3.90%
15 JMSA-101 x SB-221 1.96 10.27+* 23.88* 13.82+* 10.26** 16.58* -1.84% 38.84* 215
16 ICMA-01777 x MJC-2 -15.69* 20.50* 24.33* -2.89% 17.00% 13.40% 9.03* 29.95* -12.54*
17 ICMA-01777 x MJC-8 0.00 11.76* 4270 20.30* 0.17% 12,20 6.96* 55.03* 7.37%
18 ICMA-01777 x BAIF BAJRA -1.31 21.26* 14.69 3.06% 0.40% 11.14% 46.88* 15,77 -3.25
19 ICMA-01777 x BAJRA BAWAL 719 8.24 10.56 -20.91% 13.89* .50 37.67% 25.50* -17.06*
20 ICMA-01777 x GIANT BAJRA 1.31 25.59* 12.86 6.30* 0.81% 33.42% 21.63* 48.57* -1.32+
21 ICMA-01777 x GFB-1 -11.76* 23.11% 6.89 -11.81% 8.88* 8.62* 5.83* 27.94* .76
22 ICMA-01777 x AFB-3 11.76* 10.50% 36.82* 6.56** 19.19* 7.96% 51.18* 20.11* 4.40%
23 ICMA-01777 x AFB-4 -7.84* 18.29* 1240 14,09 17.93* 11.94% 14.13* 15,98 19.68*
24 ICMA-01777 x AFB-5 -18.95* 1342+ 2.75 6.82+* -3.75% 1048+ 39.66* 35.77% 17.36"
25 ICMA-01777 x AFB-13 1.96 14.59* 18.37 4.99* 2,13 16.58* 3.54* 32.38* 17.97
26 ICMA-01777 x GAB-44 321 14.50* -5.05 0.09* 7.09% 14,197 18.20% 9.74* 18.09*
27 ICMA-01777 x GAB-51 -17.65** 18.02+* 14.69 0.96* 16.89* 8.49* 31.60* 19.26* 5.47*
28 ICMA-01777 x J-2290 -11.76% 1752+ 2112 945 9.74% 637+ 60.80* 104.23* -0.23*
29 ICMA-01777 x J-2500 4.58* 21.58* 11.02 4.11% 14,58+ 10.08* 4047+ 30.05* -1.00%
30 ICMA-01777 x SB-221 -5.88* 18.24* 22.96* 747 8.36" =345t 48.31% 32.91% 3.87%
3 ICMA-05888 x MJC-2 7.84% 9.91% -11.02 14.96** 10.78* -1.59% -8.55% 55.66** 0.58*
32 ICMA-05888 x MJC-8 5.23 171+ 10.10 -0.96 9.97% 13.40 53.78* 29.21% -1.83+*
33 ICMA-05888 x BAIF BAJRA 6.54* 15.36** 459 -12.25* 1147+ 9.81% 21.20% 39.47+ -17.48*
34 ICMA-05888 x BAJRA BAWAL 0.65 15.14% 25.71* 35.96* 20.69* 7.16% 29.62* 21.27% 6.61%*
35 ICMA-05888 x GIANT BAJRA 3.27 18.29* 10.10 21.35% 23.46* 212 34.61% 14.07 -5.54*
36 ICMA-05888 x GFB-1 -6.54* 24.10% 10.10 .76 1043+ 8.09* 9.95% 6.46* 1.28*
37 ICMA-05888 x AFB-3 2.61 17.48* -11.02 -16.89** 41,33 16.84* 27.69* 57.88* 2.60*
38 ICMA-05888 x AFB-4 321 14.59* 10.56 14,35 19.77+ 4,77 55.11*% 20.63* 2,02+
39 ICMA-05888 x AFB-5 1242 3.65 -9.64 -6.04* 8.70 7.03* 1.84* 29.42*% 9.90%
40 ICMA-05888 x AFB-13 -14,38* 14.46* -5.05 15.66** 4.09* 20.69* 20.94* 5217 8.46*
4 ICMA-05888 x GAB-44 6.54* 1577+ 23.88* 12.69* 9.86* 8.62+ 9.39* 27.51% 215
42 ICMA-05888 x GAB-51 3.27 19.37+* 11.02 21.78* 18.16** 7.16% 21.55% 25.19* -1.34%
43 ICMA-05888 x J-2290 1.31 13.4% 9.18 1.72% 3.86* 119+ 1.87% 28.99* 1.65%
44 ICMA-05888 x J-2500 -16.99* 15.00%* 0.00 -10.67+ 23.00% 0.27* -2.85* 27.83* 4,15+
45 ICMA-05888 x SB-221 915+ 21.71% 2.30 -25.46* 8.70* 7.69* 24,07 25.08* 6.14*
S.E. (Sij) £ 119 5.61 0.79 1.86 3.42 0.12 0.12 0.10 249
* ** Significant at 5 % and 1% levels, respectively.
DAF= Days to 50 per cent flowering, PH= Plant height, NT= Number of tillers per plant, NL=Number of leaves per plant, LL= Leaf length, LW= Leaf width, LS= Leaf: stem
ratio, SD= Stem diameter, IL= Internode length

Leaf: stem ratio: The estimates of standard heterosis were ranged from -8.55 to
154.28 per cent. The top three crosses viz., JMSA-101 X BAJRA BAWAL
(154.28%) followed by the crosses JMSA-101 X GAB-44 (93.74%) and JMSA-101
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X GFB-1(76.44%) depicted positive significant estimates, whereas ICMA-05888 X
MJC-2 (-8.55%) recorded highest negative standard heterosis. The present results

are in accordance with findings [15, 17] in forage pearl millet [Table-3].
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Stem diameter: The minimum and maximum estimates of standard heterosis
were 6.46 and 104.23 per cent, respectively. The crosses ICMA-05888 X GFB-1
(6.46%) had the least estimates of standard heterosis. Whereas, ICMA-01777 X J-
2290 (104.23%) recorded highest positive standard heterosis. The results are in
conformation with the findings of [13] in pearl millet observed only significant
positive estimates of heterosis [15, 17] [Table-3].

Internode length: The estimates of standard heterosis ranged from-17.48 to
19.68 per cent. The crosses ICMA-05888 X BAJRA BAWAL (-17.48%) exhibited
highest significant negative heterosis followed by JMSA-101 X MJC-2 (17.37%)

and ICMA-01777 X BAIF BAJRA (17.06%). Whereas, ICMA-01777 X AFB-4
(19.68%) recorded highest positive standard heterosis. The result are partially in
agreement with those reported [13, 15, 17, 28] in forage pearl [Table-3].

Green fodder yield per plant: Regarding heterosis over standard check, the
values ranged between -32.04 to 29.40 per cent. The hybrid ICMA-05888 X J-
2500 (29.40%) exhibited maximum significant estimate, followed by ICMA-01777
X J-2290 (25.10%) and ICMA-01777 X MJC-2 (24.53%) Whereas, JMSA-101 X J-
2290 (-32.04%) had highest negative estimate. The results of this investigation
were in agreement with those reported [3, 5, 15-17, 27] [Table-4].

Table-4 The hybrids with respect to their magnitude of Standard Heterosis for various traits in forage pearl millet

Hybrids

1 JMSA-101 x MJC-2 1.98" 5.45* 1242 28.86™ 20.73* 73.37% -24.62**
2 JMSA-101 x MJC-8 -12.30" 3.51% -10.92+ 14.94% -8.25* -1.29* 17.16* 0.00%
3 JMSA-101 x BAIF BAJRA -18.00% 1.73% -18.49* 12.64* -30.87 -28.02+* 62.72** -56.78**
4 JMSA-101 x BAJRA BAWAL -28.24* 258" -31.67* 1.85% 22,67 3877+ 64.50* -59.30"
5 JMSA-101 x GIANT BAJRA 1.57% 5,36 602 13.25* 109.40* =345 84.62** 41,71+
6 JMSA-101-1 x GFB-1 8.01* -1.60% 4.20* 3.61 -24.40% -19.19* 97.63* -15.08*
7 JMSA-101 x AFB-3 3.22* -4.71% -2.96* 4,93 54T -3.65% -7.69% -26.13*
8 JMSA-101 x AFB-4 -21.30% 0.96* -23.40% -2.68* -1.97+ -32.63+* 82.25* -14.07*
9 JMSA-101 x AFB-5 0.33* 0.54* -1.23% 4,85% 24.21% -12.09* 3.55% -30.15%
10 JMSA-101 x AFB-13 10.98* 3.84% 12.37+* -1.61% 5.51% -30.33* 20.12* -13.07*
1 JMSA-101 x GAB-44 9.83* 5,18 14,79 11417 160.79* 4.41% 84.62** -18.09*
12 JMSA-101 x GAB-51 0.33* 8.81% 7.08* 10.25* 20.90 -17.08* -24.85* -15.08*
13 JMSA-101 x J-2290 -32.04% 0.67* 3343 4,39+ 53.69* -20.73* 79.88* 3.02¢
14 JMSA-101 x J-2500 12,55+ -8.22* 0,91 8.43 44,58 3.07 19,53+ -7.54%
15 JMSA-101 x SB-221 20.97% 15.56** 36.62* 5.62* 34.23* -33.40% -55.03** 43,72
16 ICMA-01777 x MJC-2 24 53" 6.34* 29.63* 5.84* 99.57* 13.24% 1.18% 2.51%
17 ICMA-01777 x MJC-8 23.04* 9.74* 32.06* 13,90 -9.88* -12.09* 1953+ -26.13**
18 ICMA-01777 x BAIF BAJRA 9,66 2.21% 9,36 241+ 45.83* -13.24* 2,37 6.53*
19 ICMA-01777 x BAJRA BAWAL -7.68* 2.30% -7.97 511 163.57+* 10.75* 79.29* 43.22*
20 ICMA-01777 x GIANT BAJRA 6.11* 6.81* 12.32+* 5.27* 11.98* -13.44* 34.32% 42,71+
2 ICMA-01777 x GFB-1 14.20* 6.94* 19.75%* 16.20% 5.94* -19.19% 115.38* 41.71%
22 ICMA-01777 x AFB-3 718 9,13 -0.80% 0.03+ 2.54* -29.56* -35.50% 4,02
23 ICMA-01777 x AFB-4 413 3.62+* 2,65 3.96* -10.88* -15.55% 22.49* -45.23*
24 ICMA-01777 x AFB-5 9.41% 14.34% 22,67 7.95% 11.60% -22.84* -53.85* -40.70
25 ICMA-01777 x AFB-13 -14.62+* 14,26 -3.83% 10.63* -4.94% -8.83* 4201+ 42.71%
26 ICMA-01777 x GAB-44 19.32+ 14,60 34.19% 0.24* 8.87* -22.84* 72.19% -11.06*
27 ICMA-01777 x GAB-51 545+ 1.63* 4,95 5.78* 136.15+ -14.20* 5.92* -15.08*
28 ICMA-01777 x J-2290 25.10% 870" 11.62+* -14.43% 224.30* 4,22 111.83% 15.58*
29 ICMA-01777 x J-2500 0.83* 1.93+ 0.67* -2.36" 17.79 -21.50%* 97.63* -47.24%
30 ICMA-01777 x SB-221 173" 8.51% 8.0+ 8.38* 10.16* -15.74% 4497+ -13.57+*
K] ICMA-05888 x MJC-2 17.75* 2.3 13.16* 1.79% 3.60* -27.83* 1775 3447
32 ICMA-05888 x MJC-8 0.99* -33.98* -35.65* 12.85* 64.19* -26.49* 1.78% 2,51
33 ICMA-05888 x BAIF BAJRA 273 4751+ -16.88** 217 82.26* 9,79 47.34* -14.07*
34 ICMA-05888 x BAJRA BAWAL -7.93% 15.56* 4.20% 8.81* 10.79* -26.10% -15.38** -30.65**
35 ICMA-05888 x GIANT BAJRA -20.48* -1.35% -23.68* -3.94% 102.92+* 1248+ 97.04* -28.64*
36 ICMA-05888 x GFB-1 9.99+ -0.50% 6.78* 15.98* 11.60% 9.21% 3373 -46.23*
37 ICMA-05888 x AFB-3 -10.49* 8.14* -4.96* -8.59* -8.39 -28.02+* 33.14% -32.66**
38 ICMA-05888 x AFB-4 -1.76* 9.29 -0.83* 6.16* -39.60% -25.14% 1243+ 43,72
39 ICMA-05888 x AFB-5 4.46* 2.76% 5.24* 25.52% 30.63* 3.45* 28.40% -29.15%
40 ICMA-05888 x AFB-13 11.73* 2.50% 12.29* 8.49* 1.10% -32.44% -15.38* -30.15%
4 ICMA-05888 x GAB-44 7.68* 3.04 8.66* 7.76% -31.02 -31.29% 16.57** -43.22%*
42 ICMA-05888 x GAB-51 2.31% 0.30% 0.11% 0.70% 8.96* -33.59% 40.83* 4,02+
43 ICMA-05888 x J-2290 4.79% -6.62+ -3.82% -2.65* 9.64* 4,99 -34.32+ 9.05*
44 ICMA-05888 x J-2500 29.40* -14.90% 8.20% 2,73 85.43* -32.63** 0.00% -11.06**
45 ICMA-05888 x SB-221 7.68* -4.99* 0.07* 12.29* 14.05* 9.60* 79.29* -3.52+
S.E. (Sij) £ 2.1 1.64 9.15 0.47 36.90 5.20 0.25 0.19
* ** indicate level of significance at 5 % and 1 %, respectively
GFY= Green fodder yield per plant, DMC= Dry matter Content, DMY= Dry matter yield per Plant, CPC= Crude protein content, FeC=Iron Content, MnC= Manganese
Content, Zn C= Zink Content and CuC=Copper Content.

Dry matter content (DM %):The heterotic effect over check varied from -33.98 to

15.56 per cent. The highest value was observed for the cross ICMA-05888 X
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BAJRA BAWAL (15.56%) followed by ICMA-01777 X AFB-5 (14.34%), ICMA-
01777 X AFB-13 (14.26%), whereas, ICMA-05888 X MJC-2(-33.98%) recorded
highest negative standard heterosis [15] [Table-4].

Dry matter yield per plant: The heterotic effect over check varied from -35.65 to
36.62 per cent. The highest value was observed for the cross JMSA-101 X SB-
221 (36.62%) followed by ICMA-01777 X GAB-44 (34.19%) and ICMA-01777 X
MJC-8 (32.06%). Whereas, ICMA-05888 X MJC-8 (-35.65%) recorded highest
negative standard heterosis. The results of this investigation were in agreement
with those reported [2, 4, 16] in pearl millet [Table-4].

Crude protein percent (CP %): The estimates of standard heterosis ranged from
-14.43 to 25.52 per cent. The three hybrids were ICMA-05888 X AFB-5 (25.52%)
followed by ICMA-01777 X GFB-1 (16.20%) and ICMA-05888 X GFB-1 (15.98%).
Whereas, hybrid ICMA-01777 X J-2290 (-14.43%) manifested the least standard
heterosis for this trait. The results of this investigation were in agreement with
those reported [15] in pearl millet [Table-4].

Iron content (Fe): The heterotic effect over check varied from -39.60 to 224.30
per cent. The highest value was observed for the cross ICMA-01777 X J-2290
(224.30%) followed by ICMA-01777 X BAJRA BAWAL (163.57%) and JMSA-101
X GAB-44 (160.79%). Whereas, ICMA-05888 X AFB-3 (-39.60%) recorded
highest negative standard heterosis [15] [Table-4].

Manganese (Mn) content: The estimates of standard heterosis ranged from -
38.77 to 20.73 per cent. The hybrid JMSA-101 X MJC-2 (20.73%) exhibited the
highest estimate, followed by the crosses ICMA-01777 X MJC-2 (13.24%) and
ICMA-01777 X BAJRA BAWAL (10.75%). Whereas, the hybrid JMSA-101 X
BAJRA BAWAL (-38.77%) manifested least standard heterosis for this trait [15]
[Table-4].

Zinc (Zn) content: The estimates of standard heterosis ranged from -55.03 to
115.58 per cent. The hybrid ICMA-01777 X GFB-1 (115.38%) exhibited the
highest estimate of standard heterosis, followed by the crosses ICMA-01777 X J-
2290 (111.83%) and ICMA-01777 X J2500 (97.63%). Whereas, hybrid JMSA-101
X SB-221 (-55.03%) manifested the least standard heterosis for this trait [15]
[Table-4].

Copper (Cu) content: The estimates of standard heterosis ranged from -59.30 to
43.22 per cent. The hybrid ICMA-01777 X BAJRA BAWAL (43.22%) exhibited the
highest estimate, followed by ICMA-01777 X J-2290 (15.58%) and ICMA-015888
X J-2290 (9.05%). Whereas, hybrid JMSA-101 X BAJRA BAWAL (-59.30%)
manifested the least standard heterosis for this trait [15] [Table-4].

Discussion

The mean values of female parents JMSA-101 exhibited the highest mean green
fodder yield per plant followed by ICMA-01777 and ICMA-05888. The mean
values of male parents AFB-4 exhibited the highest mean green fodder yield per
plant followed by MJC-2 and MJC-8. The different hybrids exhibited highest mean
values for different characters viz., the males SB-221 (days to 50 % flowering,
stem diameter and copper content), MJC-2 (plant height and number of iller per
plant), GFB-51 (number of leaves per plant), MJC-8 (leaf length), AFB-13 (Leaf
width), AFB-3 (leaf : stem ratio, internode length), AFB-4 (Green forage yield per
plant and dry matter yield per plant), GFB-1(dry matter content, AFB-5 (crude
protein content), BAJRA BAWAL (iron content and zinc content) and J-2290
(manganese content). The magnitude of standard heterosis varied from cross to
cross and character to character. Total 30 hybrids exhibited significant and
positive heterosis over check (RBC-2) for green fodder yield and the hybrid ICMA-
01777 X J-2500 exhibited maximum standard heterosis for green fodder yield per
plant followed by ICMA-01777 X J-2290 and ICMA-01777 X MJC-2 and large
number of crosses registered heterotic effects in negative direction [Table-5)].

Table-5 Top three hybrids with respect to their magnitude of heterosis for various traits in forage pear millet.

Standard Heterosis

Traits Rank

Standard Heterosis

Traits | Rank

DAF 1st ICMA-01777X -5 -18.95* GFY 1st ICMA-05888 X J-2500 29.40%
2nd ICMA-01777 X GAB-51 -17.66™ 2nd ICMA-01777 X J-2290 25.10%
3 ICMA-05888 X J-2500 -16.99" 3d ICMA-01777 X MJC-2 24.53
PH 1st ICMA-01777 X GIANT BAJRA 25,50 DmC 1st ICMA-05888 X BAJRA BAWAL 15.56
2nd ICMA-05888 X GFB-1 2410 2nd ICMA-01777 X AFB-5 14.34
3 ICMA-01777 X GFB-1 2311 3d ICMA-0588 X AFB-13 14.26
NT 1st ICMA-01777 X MJC-8 42.70* DMy 1st JMSA-101 X SB-221 36.62+
2nd ICMA-01777 X AFB-3 36.82+ 2nd ICMA-01777 XGAB-44 3419
3w JMSA-101 X J-2500 33.98* 3 ICMA-01777 X MJC-8 32.06*
NL 1st JMSA-101 X GIANT BAJRA 4427 CPC 1t ICMA-05888 X AFB-5 25,52
2nd JMSA-101 X BAJRA BAWAL 4313 2nd ICMA-01777 X GFB-1 16.20*
3d ICMA-05888 X BAJRA BAWAL 35.96* 3 ICMA-05888 X GFB-1 15.98*
LL 1st JMSA-101 X GAB-51 36,95 FeC 1t ICMA-01777 X J-2290 224.30%
2nd ICMA-05888 X J-2500 23.00* 2nd ICMA-01777 X BAJRA BAWAL 163.57**
3 JMSA-101 X GFB-44 22.54* 3d JMSA-101 X GFB-44 160.79*
Lw 1st ICMA-01777 X GIANT BAJRA 32427 MnC 1st JMSA-101 X MJC-2 20.73*
2nd JMSA-101 X AFB-13 20.44* 2nd ICMA-01777 X MJC-2 13.24%
3 JMSA-101 X GIANT BAJRA 2692 3d ICMA-01777 X BAJRA BAWAL 10.75%
LS 1st JMSA-101 X BAJRA BAWAL 154,28™ ZnC 1st ICMA-01777 X GFB-1 115.38*
2nd JMSA-101 X GFB-44 93.74* 2nd ICMA-01777 X J-2290 111.83*
3d JMSA-101 X GFB-1 76.44* 3 ICMA-01777 X J-2500 97.63*
SD 1t ICMA-01777 X J-2290 104.23* CuC 1t ICMA-01777 X BAJRA BAWAL 43.22*
2nd ICMA-05888 X AFB-3 57.88* 2nd ICMA-01777 X J-2290 15.58*
3d ICMA-05888 X MJC-2 55.66™ 3w ICMA-05888 X J-2290 9.05"
IL 1t ICMA-05888 X BAIF BAJRA -17.48*
2nd JMSA-101 X MJC-8 -17.37
3 ICMA-01777 X BAJRA BAWAL -17.06™
¥ ** Significant at 5 % and 1% levels, respectively.
DAF=Days to 50 per cent flowering, PH= Plant height, NT= Number of tillers per plant, NL=Number of leaves per plant, LL= Leaf length, LW= Leaf width, LS=
Leaf: stem ratio, SD= Stem diameter, IL= Internode length, GFY= Green fodder yield per plant, DMC= Dry matter Content, DMY= Dry matter yield per Plant,
CPC= Crude protein content, Fe C= Iron Content, Mn C= Manganese Content, Zn C= Zink Content and Cu C=Copper Content.
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Conclusions

The assessment of magnitude and direction of heterotic behavior also assume a
great significance.The mean values of genotypes for different characters revealed
that both parents and hybrids varied for all the characters, which suggested
possibility of heterotic effects. The mean values of female parent JMSA-101 and
the female parent AFB-4 exhibited the highest mean green fodder yield per plant.
The magnitude of standard heterosis varied from cross to cross and character to
character. The hybrids exhibited significant and positive heterosis over check
(RBC-2) for green fodder yield and the hybrid ICMA-01777 X J-2500 exhibited
maximum standard heterosis for green fodder yield per plant and large number of
crosses registered heterotic effects in negative direction. Most of the crosses had
different ranking in per se performance for different characters, which suggested
that crosses exhibiting high sca effects need not necessarily register either higher
mean values or high heterotic effects and vice versa. Therefore, while favouring a
cross for further advancement, one has to consider all the above aspects
independently. The hybrids ICMA-05888 X J-2500, ICMA-01777 X J-2290 and
ICMA-01777 X MJC-2 recorded highest per se performance. Green fodder yield
per plant was influenced by non-additive gene effect and improvement could be
achieved either through heterosis breeding or through recurrent selection, by way
of intermating the most desirable segregants followed by selection or with the use
of multiple crosses or bi-parental mating. Therefore, these parents are of immense
value for simultaneous improvement of lines and testers for desirable agronomical
Imorphological traits in addition to heterosis breeding.
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