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ABSTRACT

The study was undertaken to reveal mean and percent heterosis level in sorghum [Sorghum bicolor (L.) Moench]. The 28 (F1)
hybrids generated using seven females as a line and four males as a tester through L × T fashion. An examination of mean data
of parents with (F1) hybrids for different yield and associated traits revealed that GJ 43 amongst females and SPV 2573 amongst
males, while SR 3019 × SPV 2573, SR 2980 × CSV 31 and SR 3019 × CSV 17 amongst hybrids exhibited higher mean value for
grain yield plant-1 with some of its associated traits. Looking to dry fodder yield plant-1, the female DSF 168, the male SPV 2682
and crosses DS 156 × SPV 2682, DS 156 × CSV 31 and SR 3048 × CSV 31 recorded higher dry fodder yield plant-1. The
significant heterobeltiosis and standard heterosis was perceived in many hybrids for different components traits. The F1 hybrids,
SR 2980 × CSV 31 (40.38 & 50.61 %), DSF 168 × CSV 31 (28.66 and 28.66 %) and SR 3019 × SPV 2573 (28.34 and 55.48 %)
manifested significant and positive heterosis over better parent and the standard check CSV 31 for grain yield plant-1. While
SR 2980 × SPV 2682, SR 3048 × CSV 31 and SR 2980 × CSV 31 registered highly significant and positive heterotic effects in
terms of heterobeltiosis (i.e., 46.13, 31.24 and 30.87 %), standard heterosis over check GJ 43 (i.e., 28.28, 34.52 and 14.27 %)
and CSV 31 (i.e., 85.68, 94.71 and 65.40 %) for dry fodder yield plant-1, respectively. These crosses were also given best per se
performance, hence hold promising for commercial exploitation.

Keywords: Forage yield, grain yield, heterobeltiosis, L× T analysis, per se performance and standard heterosis

Sorghum is an important kharif crop in low rainfall
areas, which provides primary food for the needy people
and fodder for animals in India. In world, sorghum is
considered the fifth major and most important grain crop
after wheat, maize, rice, and barley. It is an edible and
nourishing fodder crop for animals. There is a massive
mandate for green and dry fodder, mostly during slim
winter and summer seasons in the semi-arid and arid
regions. Sorghum also called ‘Global Grain’ is a crop
of worldwide status due to its versatile use being a 4F
(food, feed, fodder and fuel) crop. In addition to grain,
sorghum is of utmost importanceas a fodder and silage
purpose for animals due to its high palatability and
ability to provide green forage for a longer period.

Heterosis is a per cent rise or decline performance
of hybrid over the parental performance (Mutazing,
1945; Pal and Singh, 1946). The information on the
extent of heterosis for various yield and associated
characters is vital to choose better combinations to
exploit them through heterosis breeding. Heterosis has
been effectively exploited in both allogamous and
autogamous crops. One of the present research goals
was to evaluate hybrid vigour to recognize the genetic
makeup of parents and to create Mendelian variability
through segregation or recombination in advanced
generations of the crosses. In real plant breeding, the
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heterosis estimated over better parent and standard
parent is more accurate and more practical.

MATERIALS AND METHODS
The study was undertaken to reveal mean and

per cent heterosis level in sorghum. The 28 (F1) hybrids
were generated through L × T fashion during early
summer, 2020 at Sorghum Research Station, S.D.
Agricultural University, Deesa (Gujarat) using seven
females (DSF 117, DSF 168, DS 156, GJ 43, SR 2980,
SR 3048 and SR 3019) and four males (CSV 31, CSV
17, SPV 2682 and SPV 2573). The resulting 28 hybrids
with eleven parents (including two checks. i.e., GJ 43
and CSV 31) were evaluated in Randomized Block
Design (RBD), replicated thrice during Kharif, 2020.
The observations were recorded from five randomly
selected competitive plants from each entry in each
replication for all yield and associated traits except days
to flowering which were recorded on a plot basis. The
dry fodder yield measured after leaves including leaf
sheath and stem were chopped after dried at 100º C for
48 hours in a hot air oven. Based on mean data, the
analysis of variance (ANOVA) was carried out as per
the method suggested by Snedecor and Cochran (1967)
and reviewed by Panse and Sukhatme (1985). The
percent heterosis was estimated as increase or decrease
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in the mean value of F1 hybrid over better parent, i.e.,
heterobeltiosis (Fonesca and Patterson, 1968) and over
standard check, i.e., standard heterosis (Meredith and
Bridge, 1972) for each trait.

Heterobeltiosis was measured in percentage by using
following formula

Heterobeltiosis (%) = 

The standard heterosis was measured in  percentage
by using following formula

Standard heterosis (%) = 

Where,
= Mean performance of better parent

= Mean performance of standard check i.e.,
 GJ 43 and CSV 31.

= Mean value of F1.
The significance of heterosis value was tested using

‘t’ test

t = 

Calculated ‘t’ value was equated with table’t’ values
at error degree of freedom for test of significance.

The heterosis can be classified as low, moderate and
high based on estimates. The level of heterosis varies
from trait to trait. In the present study following criteria
was used to classify heterosis level, i.e., low, moderate
and high.

Lowest range = X + lowest value,
Moderate range = 2X + lowest value, and
High range = 3X + lowest value (rest upper).
Where,
X= Mean value obtained by total range value divided

by three

RESULTS AND DISCUSSION
The analysis of variance for all the characters studied

is presented in Table 1. The analysis of variance revealed
that significant differences among the parents for all
traits. This indicated an adequate amount of variability
in the parents (i.e., lines and testers) for all the traits.
The mean sum of squares due to lines vs testers was
significant for total plant height, the number of leaves
plant-1, stem girth, grain yield plant-1, dry fodder yield
plant-1, grain protein content and fodder protein content.
The mean sum of squares due to testers (males) were
significant for days to flowering, number of leaves
plant-1 and panicle length. Mean sum of squares due to
parents vs hybrids were significant for all the traits except

stem girth, i.e., days to flowering, total plant height, the
number of leaves plant-1, leaf length of blade, leaf width
of blade, panicle length, grain yield plant-1, dry fodder
yield plant-1, grain protein content, fodder protein
content, Brix content and HCN content which indicated
the presence of enormous heterosis for these traits.

The per se performance of parents and hybrids for
yields and their traits is presented in Table 2. None of
the parents (i.e., females or males) shows consistently
good performance for all the traits. Considering the
primary breeding objectives, i.e., high yielding, earliness
and quality parameters, the parental genotype GJ 43 was
rewarded higher grain yield plant-1(g) and grain protein
content (%). In addition, it was also performed
considerably good for panicle length (cm) and Brix
content (%). The parent DSF 168 was found superior
for dry fodder yield plant-1(g), number of leaves plant-1,
leaf width of blade (cm) and fodder protein content (%).
However, it stood second for total plant height (cm) and
grain protein content (%). The parent CSV 17 was the
earliest and had minimum stem girth (mm).

In case of hybrids, the cross SR 3019 × SPV 2573
was exhibited its superiority for grain yield plant-1(g),
leaf width of blade (cm) and grain protein content (%).
On the other hand, the hybrid GJ 43 × CSV 31 showed
better mean performance for total plant height (cm) and
the number of leaves plant-1. The hybrids SR 3019 ×
CSV 31, DS 156 × CSV 17, DSF 117 × SPV 2682,
DS 156 × SPV 2682 and GJ 43 × SPV 2682 were found
better for stem girth (mm), leaf length of blade (cm),
panicle length (cm), dry fodder yield plant-1(g) and
fodder protein content (%), respectively. The cross-
combination SR 3048 × SPV 2682 took a minimum  days
to attain flowering. The cross SR 2980 × SPV 2682 was
superior for Brix content (%). The cross-combination
DS 156 × SPV 2573 shows minimum HCN content
(ppm).

In practical plant breeding, the heterosis measured
over better parent and popular cultivar is more realistic
and is of more practical importance. Hence in the present
study, the heterosis was measured over better parent
(Fig. 1) and standard checks, i.e.,GJ 43 (Fig. 2a) and
CSV 31(Fig. 2b) (Table 3). In the present study, out of
28 hybrids, five and eight hybrids registered significant
and positive heterosis over the better parent and the
standard check CSV 31 for grain yield plant-1,
respectively. The wide range of heterosis over better
parent and the standard checks was recorded, i.e., -50.20
to 40.38 per cent over the better parent (heterobeltiosis),
-51.16 to 4.56 per cent over GJ 43 and -27.37 to 55.48
per cent over CSV 31 for grain yield plant-1. The hybrids
SR 2980 × CSV 31 (40.38 & 50.61 %), DSF 168 ×
CSV 31 (28.66 & 28.66 %) and SR 3019 × SPV 2573
(28.34 & 55.48 %) manifested significant and positive

Joshi et al.
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Interpretation of mean value and extent of heterosis in sorghum

Fig. 1: The extent of heterobeltiosis in sorghum.

Fig. 2a: The extent of standard heterosis over check GJ 43.

Fig. 2b: The extent of standard heterosis over check CSV 31.
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Table 1: Analysis of variance showing mean sum of squares for various traits in sorghum

Sources of variation d.f. Days to Total plant No. of leaves Stem girth Leaf length Leaf Panicle
flowering height  plant-1 (mm) of blade width of length

(cm) (cm) blade (cm)   (cm)

Replications 2 5.91 171.50 0.005 0.53 10.35 0.54 5.98
Parents 11 82.09** 3958.35** 11.13** 20.61** 72.98** 2.01** 29.14*
(Female) Lines 6 31.75 1027.60 8.77 5.37 71.35 2.87 24.18
(Male) Testers 3 208.67** 8334.73 18.81* 18.32 100.54 0.95 36.57*
Lines vs. Testers 1 4.43 8413.79** 2.26* 118.87** 0.02 0.05 36.56
Parents vs. Hybrids 1 40.43** 11857.53** 12.46** 4.45 108.06** 2.60** 64.95*
Hybrids 27 70.46** 5561.24** 10.15** 37.82** 149.59** 2.24** 18.17
Error 76 2.15 201.82 0.43 5.08 15.08 0.22 11.95

Sources of variation d.f. Grain yield Dry fodder Grain protein Fodder protein Brix content HCN content
plant-1 (g) yield plant-1 (g) content (%) content (%) (%) (ppm)

Replications 2 0.72 847.43 0.88 0.10 2.39 1.11
Parents 11 169.34** 20482.87** 1.95** 1.82** 8.23** 269.57**
(Female) Lines 6 190.05 11857.94 2.06 1.50 7.66 326.41
(Male) Testers 3 20.34 24995.50 1.35 0.95 11.97 244.24
Lines vs. Testers 1 88.45** 12727.93** 3.04** 6.41** 0.39 4.54
Parents vs. Hybrids 1 57.70** 50945.98** 4.84** 0.40** 17.08** 106.92**
Hybrids 27 151.07** 15385.91** 2.43** 2.93** 5.22** 428.32**
Error 76 8.05 563.71 0.35 0.04 0.77 5.50

* P  0.05, ** P  0.01.

heteros is over better parent and the standard check CSV
31 forgrain yield plant-1. The positive and significant
heterotic values were also reported by Chikuta et al.
(2017), Khadi et al. (2018), Rathod et al. (2020) and
Patel et al. (2020) for grain yield plant-1. In the case of
dry fodder yield plant-1 total of 10, 8 and 24 hybrids
evinced significant and positive heterosis over the better
parent, standard checks GJ 43 and CSV 31, respectively.
Out of total significant hybrids, eight were common for
heterobeltiosis and standard heterosis. The wide
spectrum of heterobeltiosis and standard heterosis was
recorded, i.e., -45.70 to 69.52 per cent (heterobeltiosis),
-44.35 to 40.55 per cent over checks GJ 43 and 19.44 to
103.44 per cent over CSV 31. Best three hybrids
SR 2980 × SPV 2682,SR 3048 × CSV 31 and SR 2980
× CSV 31 registered highly significant and positive
heterotic effects in terms of heterobeltiosis (i.e., 46.13,
31.24 and 30.87 %), standard heterosis over check
GJ 43 (i.e., 28.28, 34.52 and 14.27 %) and CSV 31 (i.e.,
85.68, 94.71 and 65.40 %), respectively. The wide range
of heterobeltiosis and standard heterosis for fodder yield
was also reported earlier by Naik et al. (2018), Patel
et al. (2018), Parmar et al. (2019) and Patel et al. (2020).

A comparative study of best heterotic hybrid revealed
that SR 2980 × CSV 31, DSF 168 × CSV 31 and
SR 3019 × SPV 2573 for grain yield plant-1 and SR 2980
× SPV 2682, SR 3048 × CSV 31 and SR 2980 × CSV
31 for dry fodder yield plant-1 revealed significant
positive heterosis over both better parent and standard
checks. These hybrids also showed significant and
positive heterosis over better parent or combination of
standard check for various component characters viz.,
total plant height, number of leaves plant-1, stem girth,
leaf length of blade, leaf width of blade, Brix content,
grain protein content, fodder protein content and HCN
content     (Table 4).

The results revealed that the extent of heterosis
varied from the cross to cross for all the traits. For any
one trait, certain hybrids expressed considerable high
heterosis, while it was low in other hybrids, suggesting
that the selection of parents has an important bearing
on the performance of any hybrid. The superiority of
hybrids over better parents indicates the parental
combinations’ ability to throw high levels of trans
gressive segregation (Fonseca and Patterson, 1968).
Such hybrids might be exploited as a basic material for
breeding purposes (Table 5).

Joshi et al.
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Table 3: Number of (F1) hybrids depicted significant heterotic effect in sorghum

Characters Over better parent Over standard check (GJ 43) Over standard check (CSV 31)

+ve -ve Total Range +ve -ve Total Range +ve -ve Total Range

Days to flowering 19 0 19 -2.40 to 19.82 13 7 20 -8.33 to 20.37 15 6 21 -7.48 to 21.50
Total plant height(cm) 6 10 16 -20.10 to 32.47 7 12 19 -19.89 to 28.39 8 4 12 -17.29 to 32.56
No. of leaves plant-1 7 10 17 -38.62 to 35.67 16 2 18 -17.20 to 35.67 25 0 25 -7.41 to 51.71
Stem girth (mm) 17 4 21 -36.63 to 67.35 0 9 9 -54.26 to 15.96 17 1 18 -34.75 to 65.42
Leaf length of blade (cm) 3 12 15 -32.49 to 20.37 4 9 13 -24.91 to 16.59 12 1 13 -14.13 to 34.10
Leaf width of blade (cm) 6 8 14 -18.07 to 34.10 3 9 12 -23.94 to 14.17 19 0 19 -10.28 to 34.68
Panicle length (cm) 1 0 1 -15.85 to 41.22 0 2 2 -35.20 to 18.92 0 2 2 -35.87 to 17.68
Grain yield plant-1(g) 5 14 19 -50.20 to 40.38 0 25 25 -51.16 to 4.56 8 3 11 -27.37 to 55.48
Dry fodder yield plant-1(g) 10 8 18 -45.70 to 69.52 8 8 16 -44.35 to 40.55 24 2 26 -19.44 to 103.44
Grain protein content (%) 1 13 14 -21.56 to 5.74 0 22 22 -26.89 to 2.41 1 12 13 -20.95 to 10.73
Fodder protein content (%) 9 18 27 -29.95 to 36.79 15 6 21 -15.53 to 36.79 10 12 22 -21.42 to 27.24
Brix content (%) 0 16 16 -25.50 to 3.78 0 18 18 -20.81 to 5.64 12 0 12 -7.31 to 23.64
HCN content (ppm) 17 4 21 -74.66 to 148.62 19 2 21 -62.42 to 85.04 2 19 21 -75.50 to 183.82

Table 4: Comparative study of heterotic crosses in sorghum for grain yield plant-1 and dry fodder yield
plant-1 with other components

Heterosis over
Sr. Heterotic Better parent Standard checks Desired and significant
No. crosses GJ 43 CSV 31 heterobeltiosis and/or standard

heterosis registered in component
traits

GRAIN YIELD PLANT-1 WITH OTHER COMPONENT TRAITS
1 SR 2980 × CSV 31 40.38** (52.12) - 50.61** NLP, DFY,HCN
2 DSF 168 × CSV 31 28.66** (44.53) - 28.66** NLP, LWB, DFY, HCN
3 SR 3019 × SPV 2573 28.34** (53.81) - 55.48** NLP, SG, LLB, LWB, DFY,

GPC,FPC, HCN

DRY FODDER YIELD PLANT-1 WITH OTHER COMPONENT TRAITS
1 SR 2980 × SPV 2682 46.13** (396.56) 28.28** 85.68** NLP, LLB, LWB, BR, FPC
2 SR 3048 × CSV 31 31.24** (256.13) 34.52** 94.71** TPH, NLP, LLB, LWB, BR, GYP
3 SR 2980 × CSV 31 30.87** (353.25)  14.27* 4.40** NLP, GYP, HCN

Figure in the parentheses indicated mean performance.*P  0.05, **P  0.01.

Where,

TPH : Total plant height (cm) NLP : Number of leaves plant-1

LLB : Leaf length of blade (cm) LWB : Leaf width of blade (cm)
SG : Stem girth (mm) BR : Brix content (%)
GYP : Grain yield plant-1 (g) DFY : Dry fodder yield plant-1(g)
GPC : Grain protein content (%) FPC : Fodder protein content (%)
HCN : Hydrogen cyanide content (ppm)

The analysis of variance revealed that significant
differences among the parents for all traits. This
indicated a sufficient variability in the parents (i.e., lines
and testers) for all the traits.The parental genotype GJ
43 was rewarded higher grain yield plant-1 (g) and grain
protein content (%), also performed considerably good
for panicle length (cm) and Brix content (%). The parent
DSF 168 was found superior for dry fodder yield
plant-1 (g) , number of leaves plant-1, leaf width of blade
(cm) and fodder protein content (%). It stood second

for total plant height (cm) and grain protein content (%).
The parent CSV 17 was the earliest and had minimum
stem girth (mm). A comparative study of best heterotic
hybrid indicated that the crosses SR 2980 × CSV 31,
DSF 168 × CSV 31 and SR 3019 × SPV 2573 for grain
yield plant-1and SR 2980 × SPV 2682,SR 3048 × CSV
31 and SR 2980 × CSV 31 for dry fodder yield plant-

1revealed significant positive heterosis over both better
parent and standard checks.

Interpretation of mean value and extent of heterosis in sorghum
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