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ABSTRACT

Twenty-nine barley genotypes including fifteen crosses, commercial cultivars and elite (exotic) lines were
evaluated to estimate the magnitude of heterosis. Significant mean square due to genotype were observed
for days to maturity, effective tillers per plant, spike length, no. of grains per spike, grain yield per plant,
hectoliter weight (kg/hl), grain bold grain %, husk content (%), protein content (%) and starch content (%).
Crosses IBON HI 19-94 x RD 2899 followed by IBON HI 19-110 x RD 2786 and IBON HI 19-82 x RD 2035
exhibited desirable positive significant heterosis, heterobeltiosis, economic heterosis for grain yield, tillers
per plant, spike length, no. of grains per spike and bold grain (%). Therefore, above crosses may be observed
as promising types for tangible advancement for yield potential and bold grain. IBON HI 19-82 x RD 2035
revealed significant economic heterosis for hectoliter weight, bold grains, husk content and protein content
along with grain yield. The study revealed good scope for commercial exploitation of heterosis as well as
isolation of transgressive segregants among the progenies of heterotic F, for improvement of yield and
grain quality.
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Introduction is hardy crop more tolerant to drought, heat and salt

affected soils (Baik and Ullrich 2008).

Barley (Hordeum vulgare L.) is one of the ancient ce-
real crops, currently ranking fourth after rice, wheat
and maize in the world production (USDA, 2020). It
can be grown in wide range of environments than
any other cereals, including extremes of latitude,
longitude and altitude (Kishore et al., 2016). The crop
requires around 12-15 °C temperature during grow-
ing period and around 30-32 °C at maturity. Barley

Barley is a nutri-rich cereal and occupies an area
of 0.62 million hectare with a production and pro-
ductivity of 1.59 million tones and 25.73 q/ha
(Anonymous, 2020). In the global context, only 2-5
per cent of barley is used as human food, while
nearly 20-25 percent of the produce is consumed by
malting and brewing industry and 70-75 percent is
used for livestock feed purpose (Caterina, et al.,
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2018). The malt is used for brewing, distillation,
nutraceutical /baby foods and medicinal purpose,
etc. Barley cultivation requires less input in the form
of fertilizer, irrigation and other chemicals and it has
potential to grow under drought and saline condi-
tions (Baik and Ullrich, 2008). The productivity of
barley is low in India, which is below the world bar-
ley productivity on account of its cultivation mainly
under marginal lands, with minimum input applica-
tion and slow varietal replacement rate. The produc-
tion of barley can be increased either by bringing
more area under cultivation or by developing new
high yielding cultivars

Beside food and nutrition value, barley malt is
also used in distillation and brewing industry for
preparing beer, whisky, malt vinegar, malted
shakes, flavored malt energy drink (such as
Horlicks, Maltova, milo) baked products such as
malt loaf and bagels. To determine the malting qual-
ity of barley, diastatic power, hot water extract,
Kolbach index, 8-glucan, protein content, starch con-
tent, malt friability are the major biochemical traits
are responsible for malting quality (Fincher, 1989;
Fox et al., 2003). For high malt yield, low protein (9-
11 %) and low B-glucan content (< 4%) and high
starch content are required, while higher hot water
extract and diastatic power are desirable.

The study of heterosis has a direct bearing on the
breeding methodology to be employed for varietal
improvement and also provides information about
usefulness of the parents in breeding programs
(Singh et al., 2012). The superiority of hybrids par-
ticularly over better parent (heterobeltiosis) is more
important and useful in determining the feasibility
of commercial exploitation of heterosis and also in-
dicating the parental combinations capable of pro-
ducing the highest level of transgressive segregants.
The success of this approach will depend on the de-
gree of heterosis besides the availability of suitable
mechanism of production of hybrid seeds. Study of
heterosis also useful for eliminating the less produc-
tive crosses in early generations. Utilization of het-
erosis through hybrid barley is better than conven-
tional plant breeding methods, which obtain lower
yield gain (1% per year) in the north-western plains
zone. Allard (1960) reported that the ability of par-
ents to combine well depends on complex interac-
tion among genes for trait of interest which cannot
be adjusted by mere yield and yield adaptation of
the parents. However, grain yield as well as compo-
nent character are highly influenced by environmen-
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tal fluctuation. Efforts are needed to develop high
yielding vis a vis quality assessing trait to be used in
breeding the crop.

Therefore, the present investigation was made to
find out the magnitude of heterosis, heterobeltiosis
and economic heterosis in barley and identified su-
perior crosses that would be gainfully utilized in
further barley improvement programmes.

Materials and Methods

The experimental materials used for the present
study was developed by crossing of genetically di-
verse lines of six rowed exotic barley with indig-
enous lines during Rabi 2019-20. The materials re-
ceived from AICRP, Wheat and Barley, Department
of Genetics and Plant Breeding, RCA, Udaipur.

A total of twenty-nine genotypes including suc-
cessfully attempted 15 F s, 12 parents and 2 checks
were sown in Randomized Block Design with three
replications during Rabi, 2020-21 at Instructional
Farm, Rajasthan College of Agriculture, MPUAT,
Udaipur. Each genotype was grown in single row
plot of two meter length with a spacing of 30 cm and
plant to plant distance 10 cm maintained. The ex-
perimental materials were evaluated under timely
sown condition. The recommended cultural prac-
tices were carried out to raise the healthy crop. The
data were recorded for days to maturity, effective
tillers per plant, spike length (cm), grains per spike,
grain yield per plant (g), hectolitre weight (kg/hl),
bold grain (%), husk content (%), protein content
(%) and starch content (%). The days to maturity
and quality traits were recorded on plot basis,
whereas the rest of the characters were recorded on
five randomly selected plants per plot per replica-
tions. Analysis of variance for all the characters was
done as suggested by Panse and Sukhatme. The het-
erosis, heterobeltiosis and economic heterosis were
calculated as per the method suggested by Shull
(1914); Fonesca and Patterson (1968) and Meredth
and Bridge (1972).

To calculate heterobeltiosis and economic hetero-
sis, higher mean value were considered for parents
and check for all the characters except days to matu-
rity and husk content, where lower mean value was
considered and both were calculated in desirable
direction only.

Results and Discussion

The analysis of variance revealed significant differ-
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ences among the parents and their F, hybrids for all
the traits studied viz., days to maturity, tillers per
plant, spike length, number of grains per spike,
grain yield per plant, hectoliter weight, bold grain,
husk content, protein content and starch content.
The significant variation between parents v/s
crosses indicated the presence of sufficient magni-
tude of heterosis. Similar results were reported by
Lodhi et al. (2015), Patial et al. (2018) and Swati et al.
(2018).

This study may also be helpful in identification of
promising cross combination for conventional
breeding programme. Mackey (1976) described ge-
netic principles of expression of heterosis superior to
the better parent, which may result from one or two
of the following situations: (i) the accumulated ac-
tion of favourable dominant or semi-dominant
genes dispersed amongst two parents, i.e. domi-
nance; (ii) the complementary interaction of additive
dominant on recessive genes at different loci i.e.
non-allelic interaction or epistasis; (iii) favourable
interaction between two alleles at the same locus i.e.
intra locus or inter allelic interactions referred to as
over dominance. It will be possible to recover ho-
mozygous lines as good as heterotic hybrids if either
or both of the first two situations are cause heterosis,
although the case with which such lines can be re-
covered will depend on linkage relationship of the
genes involved and the ability to identify the recom-
binants as and when they arise. This will be particu-
larly difficult with close linkage and when heterosis
is expressed by a slight improvement in each of
main yield components. If the heterosis is due to in-
ter-allelic interactions of dominant types, it is not
possible to fix such heterosis in homozygous condi-
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tion in subsequent generations. The commercial uti-
lization of heterosis is regarded as magnificent
implementation of genetics in the plant breeding.
The magnitude of heterosis in a crop relies on its
exploitation, utilization and practicability of hybrid
seed production. The superiority of hybrids particu-
larly over better parent (heterobeltiosis) is more im-
portant and useful in determining the feasibility of
commercial exploitation of heterosis and also indi-
cating the parental combinations capable of produc-
ing the highest level of transgressive segregants.

In present investigation, wide range of average
heterosis, heterobeltiosis and economic heterosis
were observed for grain yield and its related traits
(Table 2). The ranges of heterosis -1.93 % (GSBYT-
19-1 x RD 2035) to 10 .68 % (IBON HI-19-94 x RD
2552) for days to maturity, -31.58 % (IBON HI 19-
110 x RD 2552) to 62 .47 % (IBON HI-19-82 x RD
2035) for tillers per plant, 9.20 % (IBON HI 19-110 x
RD 2552) to 66 .32 % (IBON HI 19-110 x RD 2899) for
spike length, -16.81 % (IBON HI 19-111 x RD 2035)
t0 48.47 % (IBON HI 19-94 x RD 2899) for number of
grains per spike, -16.81 % (IBON HI 19-111 x RD
2035) to 48.47 % (IBON HI 19-94 x RD 2899) for
number of grains per spike, -13.36 % (IBON HI 19-94
x RD 2552) to 150.39 % (IBON HI 19-94 x RD 2899)
for grain yield per plant, -10.07 % (IBON HI 19-94 x
RD 2786) to 2.47 % (IBON HI 19-111 x RD 2715) for
hectoliter weight, -4.91 (GSBYT 19-6 x RD 2715) to
31.33 % (IBON HI 19-82 x RD 2035) for bold grain %,
-22.09 % (GSBYT 19-1 x RD 2715) to 27.37 % (IBON
HI 19-82 x RD 2035) for husk content, -15.86 %
(IBON HI 19-94 x RD 2552) to 14.50 % (IBON HI 19-
111 x RD 2715) for protein content and -3.86 %
(GSBYT 19-1 x RD 2715) to 0.89 % (IBON HI 19-82 x

Table 1. Analysis of variance showing mean square for yield and its contributing traits.

Characters Replication ~ Genotypes Parents Crosses  Parents v/s Crosses  Error
(2] [28] [11] [14] (1] [28]
Days to Maturity 4.59 92.49** 10.01** 56.93** 82.76%* 1.60
Effective tillers per plant 0.17 7.89%* 2.37** 3.92%* 7.04** 0.64
Spike length (cm) 0.00 8.52** 2.79** 1.44** 8.14** 0.09
Number of grains per spike 7.24 205.40** 49.79%* 106.34** 201.08** 11.45
Grain yield per plant (g) 1.77 345.52%* 29.71%* 265.19** 339.63** 3.69
Hectoliter weight (kg/hl) 3.02 13.57** 4.46** 4.31** 13.56** 0.97
Bold grain (%) 4.35 258.30** 165.03** 38.10** 249.10** 19.82
Husk content (%) 0.01 10.07** 3.44%* 4.42%* 8.21** 0.38
Protein Content (%) 0.01 2.76** 2.13** 0.49** 2.67%* 0.07
Starch Content (%) 0.06 3.36%* 1.27** 0.87** 3.28%* 0.11

* Significant at 5% level and ** significant at 1% level.
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RD 2715) for starch content. Magnitudes of average  Jalata et al. (2019); Lal et al. (2018) and Singh et al.
heterosis (%) for grain yield and grain quality traits ~ (2017).

are presented in Figure 1. The results are in confor- Increase of grain yield per plant is the important
mity with the findings of other obtained for different  trait for improvement of crop productivity, hence an
characters such as Medimagh and El Felah (2019),  overall study of heterosis for grain yield per plant

Table 2a. Extent of heterosis (H), Heterobeltiosis (HB) and economic heterosis (EH) for days to maturity, effective tillers
per plant and spike length.

S. Crosses Days to Maturity Effective tillers per plant Spike length (cm)
No. AH HB EH AH HB EH AH HB EH
(%) (%) (%) (%) (%) (%) (%) (%) (%)

IBON HI 19-94 x RD 2552 10.68** 13.35** 17.35** -21.05* -31.19** -11.76 34.55** 8.82** 17.09**
IBON HI 19-94 x RD 2786 6.72**  8.06** 14.41** 811 -3.85  17.65** 38.98**  7.89** 29.75**
IBON HI 19-94 x RD 2899 7.10%  7.99*  15.29* 34.42* 21.65** 43.12** 59.19** 38.45** 24.43*
IBON HI 19-110 x RD 2552 7.91** 10.51** 14.41** -31.58* -31.97** -11.76 9.20 -13.76  -7.22

IBON HI 19-110 x RD 2786  6.72**  8.06** 14.41**  3.48 054 30.41** 50.16** 14.00** 37.09**
IBON HI 19-110 x RD 2899 7.56% 744 1471 -12.01 -16.10 8.82  66.32** 40.85** 26.58**
IBON HI 19-82 x RD 2035 -0.83 0.28 5.00%  62.47** 38.01** 51.00** 29.64** 18.09** 40.51**
IBON HI 19-82 x RD2715 3.01* 528* 559* 975 -10.81 -0.06 15.67** 15.21** 37.09**
IBON HI 19-111 x RD 2035 0.70 1.97%  6.47* 43.39* 18.30* 39.18* 38.15** 34.15%* 39.24**
10 IBON HI19-111 xRD 2715  5.75%  7.92*  824*  10.12 7.50  26.47* 22.68** 15.28* 36.08**
11 IBON HI 19-81 x RD 2715 6.98**  7.92%  824*  23.50* 21.16** 41.12** 18.42** 12.55** 32.85**

O OOl W

12 GSBYT 19-6 x RD 2715 -0.87 0.29 0.59 17.55 320  15.65** 14.62** 10.78** 30.76**
13 GSBYT 19-6 x RD 2035 1.82 4.01*  6.76™  52.04** 44.65** 22.53** 34.92** 27.36** 40.25**
14  GSBYT 19-1 x RD 2035 -1.93*  -1.39  4.41*  3941* 21.19** 2547* 34.00** 25.11** 22.34**
15  GSBYT 19-1 x RD 2715 -1.28 1.47*  1.76**  16.34 11.92  2541* 1856*  1.88  20.25%*

* Significant at 5% level and ** significant at 1% level.
AH= Average heterosis, HB= Heterobeltiosis, EH= Economic heterosis

Table 2b. Extent of heterosis (H), Heterobeltiosis (HB) and economic heterosis (EH) for number of grains per spike,
grain yield per plant and hectoliter weight.

S. Crosses Number of grains Grain yield per Hectoliter Weight
per spike plant (g) (k/h)
No. AH HB EH AH HB EH AH HB EH

(%) (%) (%) (%) (%) (%) (%) (%) (%)

IBON HI 19-94 x RD 2552 13.92 3.34 -6.17*  -13.36 -31.44** -1547** -4.42* -472% 201
IBON HI 19-94 x RD 2786 46.81* 24.33* 32.51* 10.73 -12.04* 734 -10.07** -10.31** -7.76**
IBON HI 19-94 x RD 2899 48.47** 38.70* 18.10** 150.39** 102.10** 136.36** -5.61** -4.99**  -2.90*
IBON HI 19-110 x RD 2552 10.36 342 -6.11 -7.03  -20.05* -142  -8.13* -9.66 -4.49**
IBON HI 19-110 x RD 2786  27.70** 11.40** 18.73** 136.92** 104.63** 149.72** -7.82** -9.31** -4.12**
IBON HI 19-110 x RD 2899 2.06 -1.40  -16.04** 24.27* 930* 27.82** -7.36* -8.60** -3.37**
IBON HI 19-82 x RD 2035 1.77 -1.90  10.27** 135.88** 88.10** 123.16** -0.34 -3.97** 3.48*
IBON HI 19-82 x RD 2715 10.43 -1.62  10.58** 27.11**  6.90* 26.84** 196 1.17 1.08
IBON HI 19-111 x RD 2035  -16.81** -19.09** -10.72** 12.56 -6.37 -042  -4.62* -10.05** -3.06*
10 IBON HI19-111 x RD 2715  -13.39** -22.21** -14.16** -9.50 -20.32** -15.25** 247 0.98 -0.67
11 IBON HI 19-81 x RD 2715 25.63** 21.14* 14.65** 1.15 -9.84*  -6.78 -0.65 -1.79*  -1.12

O 0N ONUT W

12 GSBYT 19-6 x RD 2715 30.49**  23.79** 21.23** 36.81** 23.56**  0.00 -4.13* -5.48* -4.33**
13 GSBYT 19-6 x RD 2035 25.47**  21.65** 26.87** 58.06** 52.11**  7.34 -417%  -7.08*  0.13
14  GSBYT 19-1 x RD 2035 21.88** 13.54** 18.41** 32.81* 14.70* 11.30** -9.46** -11.93** -5.09**
15  GSBYT 19-1 x RD 2715 37.36* 35.74* 2217* 22.23* 12.09**  8.76* -2.43 412 232

* Significant at 5% level and ** significant at 1% level.
AH= Average heterosis, HB= Heterobeltiosis, EH= Economic heterosis
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Fig. 1. Magnitude of average heterosis (%) for grain yield
per plant and grain quality traits.

revealed that out of 15 crosses, eleven crosses exhib-
ited significant positive average heterosis, nine
crosses showed heterobeltiosis and economic het-
erosis. Crosses IBON HI 19-94 x RD 2899 followed
by IBON HI 19-110 x RD 2786, IBON HI 19-82 x RD
2035 exhibited highest positive significant value of
average heterosis, heterobeltiosis and economic het-
erosis for grain yield per plant, thus these crosses
were observed most desirable cross combination.
The majority of barley is used for animal feed or
malting. High protein barleys are generally valued
for food and feeding barley, though in recent times
high protein barley are being preferred for malting
to ensure the enzymes free brewing (Anonymous
2021). Plump and uniform kernels are desirable as
plump kernels contain higher levels of starch, which
will produce more beer from a given weight of malt.
Bold grain > 80% in six row barley and hectoliter
weight > 62 % is desirable value for grain quality.
Barley is a good livestock feed and is a good source
of protein. Improvement of grain quality traits also
play important role for food, animal feed and malt-
ing industry. None of the crosses were exhibited sig-
nificant positive heterosis, heterobeltiosis and eco-
nomic heterosis for hectoliter weight. Highest mag-
nitude of significant desirable positive heterosis
(30.25 %) and heterobeltiosis (29.77 %) were ob-
served in cross IBON HI 19-82 x RD 2035 for bold
grain, while negative significant desirable heterosis
(-22.09 %) and heterobeltiosis (-17.36 %) were ob-
served in crosses GSBYT 19-1 x RD 2715 and IBOH
HI 19-111x RD 2715 for husk content. Significant
average positive heterosis was found in IBON HI
19-94 x RD 2552, IBON HI 19-111 x RD 2035, GSBYT
19-6 x RD 2035 and IBON HI 19-94 x RD 2786 for
bold grain. IBON-HI 19-111 x RD 2715 exhibited
highest positive average heterosis (14.10 %),
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heterobeltiosis (10.63 %) and economic heterosis
(15.08 %) for protein content and negative signifi-
cant heterosis (-19.95 %) heterobeltiosis (-17.36 %)
and economic heterosis (-32.39 %) for husk content,
which is desirable for food and feed barley while,
cross IBON-HI-19-94 x RD 2552 showed maximum
negative significant heterosis (-15.86 %),
heterobeltiosis (-28.46%) and economic heterosis (-
4.02%) for protein content, which is desirable for
malting industry. IBON HI 19-82 x RD 2715 was
showed significant economic heterosis (0.97) for
starch content. For high malt yield, low protein (9-11
%) and high starch content are required (Fincher
1989; Fox et al., 2003). Gupta and Singh (1999) re-
ported positive heterosis for grain protein and husk
content. Heterosis and heterobeltiosis reported by
Medimagh and El Felah (2019) for 1000-kernel
weight (TKW) and protein content.

Conclusion

The sufficient magnitude of average heterosis,
heterobeltiosis and economic heterosis were ob-
served for grain yield and its related traits. Crosses
IBON HI 19-94 x RD 2899 followed by IBON HI 19-
110 x RD 2786, IBON HI 19-82 x RD 2035 exhibited
desirable positive significant heterosis,
heterobeltiosis and economic heterosis for grain
yield and most of grain related traits (Table 3). IBON
HI 19-110 x RD 2786 was showed the sufficient mag-
nitude of heterosis, heterobeltiosis and economic
heterosis for bold grain, husk content and economic
heterosis for protein content. Economic heterosis for
hectoliter weight, bold grain, husk content and pro-
tein content were exhibited in IBON HI 19-82 x RD
2035. Therefore, above crosses may be observed as
promising types for tangible advancement for yield
potential and grain quality in barley. An overall
evaluation of heterosis for grain yield per plant re-
vealed that the maximum magnitude of relative het-
erosis (150.39 %) followed by (136.92 %) and (135.88
%) were observed in IBON HI 19-94 x RD 2899,
IBON HI 19-110 x RD 2786 and IBON HI 19-82 x RD
2035. Similarly, heterobeltiosis (104.63 %) and eco-
nomic heterosis (149.72 %) were observed IBON HI
19-110 x RD 2786. Therefore, these crosses were ob-
served highest magnitude of heterosis for grain
yield per plant.

The maximum magnitude of relative heterosis
(14.10 %), heterobeltiosis (10.63 %) and economic
heterosis (15.08 %) for protein content were ob-



5365

MEENA ET AL

oyids xad sureid jo aquny =g/0 App8ua ayidg =g “uerd 1od sid[IL =41 ‘Aimyew 03 skeq=]NQ

+
+
+
+
]

Ge0C A X ¢8-61 IH NO4I
- 98¢ A X 01T-61 TH NOdI
- 668C AU X 7661 IH NOMII SISOI919H STWIouooyq
+ Ge0C A X ¢8-61 IH NO4I
- 98¢ A X 01T-61 TH NOdI
- 668¢ AU X 76-61 IH NO4I SISO}[2qOI9}9H
+ Ge0C A X ¢8-61 IH NO4I
- 98¢ A X 01T-61 TH NOdI
- 668¢ AU X ¥6-61 IH NO4I SISOI919H

+ o+ o+
+
1
+ o+ o+

+ +

+ o+ 4+ 0+
LI} 1

+ o+ o+ o+

o+ o+ o+t

o+ o+ o+t

(%)

JUaU0D)

yoIelg

(%)
‘Juo0D)
ur101g

(8) yuerd xad prathk

(%) (%) urer$ 10§ S1S019}91] JTWOU0ID

JUUOD urern) (4/3) (um) pue SISO 201919y ‘SISOI91d
JsnH prog ‘IM P9H S/D 1S dL Wa Y3y Surssassod sasso1D) sre[nonIeJ

‘s1apoereyd Ayrenb ureid pue pajerar piA ureid 1oy

uorssaxdxa onjoxe3aY (+) arqerrsap yym Juore (3) yuerd 1od praif ureid 103 S1S01939Y DTWOU0Dd puR SISOT)[20I9}3Y “S1S01239Y Y31y Jurssassod sassor) ¢ [qel

SISOI2}9Y DIWOUO0dH =[]H “SISO[2OINRL] =g[] ‘SIS01239Y 93eIdAY =LV
TOAS] %[ Je JURdYIUSIS ., PUR [2A3] %G JE JUedYIUIIS ,

«897C «P8G-  498°C xC0'¢ £6'0- 66'T  xxG0°LC- €801~ «60CC- TV x6€°G- L6'1 QILZC A X 1-61 LAASO al
19T x0T wCGC €09 wLSGTVI- TGP w€9°GC- TGE sxCG8I- xGCTCI- 6970~ L6V Ge0C AA X T-61 LAASO 148
w1 T~ 68T «007C- «x590'6 «G1°Cl- 86°¢C- vee «x60FE xxL6'81 #x04'8- x96'GL €861 Ge0C AV X 9-61 LAISO ¢l
81T wlV'E wI¥VC P08 #98'C LEY x89'8- F9T1 €T =GV’ €L~ 8091~ 167 QLT AU X 9-61 LALSDO cl
180" #8001~ €40~ 10°C €6'1- QLT w970€ =0€TI- «99FI- 99°¢- #6779~ 69°0- ST I X 18-61 IH NO4I 1T
xxCC € 08T *+8€°¢- «80°GT x€9°01 #=+x09FTL  «6ECE- x:9€° LT~ «56'61- 0S¥~ «=0F' L~ 96’6 STLZCAA X T11-61 IH NO4I (018
#9981~ «96°C «=V97C" V0L wxlLEL- SL'¢- 1c¢ *x6879¢ w»V 161 x€0°Cl- <5701 6791 Ge0C A X TTT-61 IH NO4dI 6
x:£6°0 000 680 xV0'L7 #x€9°01-  #x09L-  «669C- 990 &v'a- 070~ e 9701 QILT I X T8-61 IH NO4I 8
870~  wIVI- 0C'T- 10°C # 8 LT~ wCL'L 89°F- P YA RO A 4 1¥'c =900 €€ TE G€0C A¥ X ¢8-61 IH NOdI L
«x£6'0" 091~ ¥C0- 10°¢C- #0910 xx€G°CL- «xZ0TE- xx69°CL- xx£6°00-  x+4E°9- x67'G- 8T°0 668¢ AU X 0TT-61 IH NOdI 9
#90°C" xx66'0" 660~ V9L 90T 68T x96VC-  VET- y1'g- x4 0¢C €06 98¢ A X 0L1-61 IH NOdI q
«=8C°C" w¥8F-  wIT'C P08  xG9°C€l-  8CT- 008~ «C€GL 1€°0- 60°0 09°0- L1°9 CESC A X OTT-61 TH NO4I 14
«19T VT q0'T- 09°0-  #¥8'GC- «LG'GI- #€C0C-  9T8 61°G- «C9'9"  KEL°G Lyel 668C A X ¥6-61 TH NOdI €
«=8C°C™ P91~ 8V1- 10°T «CLVC 0T T~ #4897TC- a9 60°¢ 1C¥- v «89°GT 984T AU X ¥6-61 IH NO4I 4
#1191 «01°€- «67 1~ «+xC0T w9V 8¢ k9891~  «x48'81- 6001 606~ ce0 8¢0- xx09°0C ¢SSC AA X ¥6-61 ITH NO4I T
(%HT (%4dH (%)HV (%)HE (%)dH (%)HV (%WHT (%)dH (WHV (HT (%)4gH (%)HV "ON

(%) U0 YoIelS (%) IURIUOD) UIOL] (%) 1u1u0D ySnH (%) urern prog $98S01D) 'S

“JUDJU0D YdIe}s “Juayuod ursjord ‘ureid proq (HH) SISO}y dIWOU0dd pue (L) SISON[oqoIa3aL] “(L]) SISOI239Y JO JUdIXH 2T d[qe.L



5366

served IBON-HI-19-111 x RD 2715. The present in-
vestigation revealed that an ample scope for exploi-
tation of hybrid vigour as well as isolation of supe-
rior pure lines from transgressive segregants among
the progenies of heterotic F, for tangible advance-
ment of grain yield as well as grain quality traits in
barley.

Acknowledgements

The Authors are thankful to the Director, ICAR-In-
dian Institute of Wheat and Barley Research, Karnal,
Haryana for providing the seed materials for re-
search along with the Director Research, DOR,
MPUAT, Udaipur for providing facility for research
works.

References

Allard, RW. 1960. Principles of Plant Breeding. John Willey
and Sons, New York, P 485.

Anonymous, 2021. Progress Report of AICRP on Wheat &
Barley 2020-21: Barley Improvement. Eds: RPS
Verma, A.S. Kharub, D Kumar, C Lal, J Singh, R
Malik, L Kumar, S.K., Bishnoi, S. Kumar, S.C.,
Bhardwaj, P. Jasrotia, A. Verma, A. K. Sharma, C.
Singh, S. Singh and GP Singh. ICAR-Indian Institute
of Wheat and Barley Research, Karnal, India. P. 244.

Baik, K. B. and Ullrich, E. S. 2008. Barley for food: Charac-
teristics, improvement and renewed interest, Journal
of Cereal Science. 48 (2) : 233-242.

Caterina, T. Vera, A. Emilia, L. Roberto, L. R. 2018. Eco-
nomic Analysis of the Barley Market and Related
Uses. Department of Economics, University of Foggia.
Italy, P-34.

Fincher, G. B. 1989. Molecular and cellular biology associ-
ated with endosperm mobilization in germinating
cereal grains. Annual Review of Plant Physiology and
Plant Molecular Biology. 40 : 305-46.

Fonesca, S. and Patterson, F. 1968. Hybrid vigour in seven
parent diallel in winter wheat (Triticum aestivum L.).
Crop Science. 8 : 85-95.

Fox, G. P., Panozzo, J. F., Li, C. D., Lance, R. C. M.,
Inkerman, P. A. and Henry, R. J. 2003. Molecular ba-
sis of barley quality. Australian Journal of Agricultural
Research. 54 : 1081-1101.

Gupta, S. K. and Singh, D. 1999. Hybrid Performance for
Yield and Malt Quality in Barley Using Cytoplasmic

Eco. Env. & Cons. 28 (August Suppl. Issue) : 2022

Male Sterile Lines. Cereal Research Communications
27: 389-394.

Jalata, Z., Mekbib, F., Lakew, B.and Ahmed, S.2019. Gene
action and combining ability test for some agro-
morphological traits in barley. Journal of Applied
Sciences. 19 : 88-95.

Kishore, N., Kumar, V. and Verma, R. P. S. 2016. Barley In:
Broadening the Genetic Base of Grain Cereals, (ed):
Singh M., Kumar S. Springer, New Delhi, Pp 89-125.

Lal, C., Shekhawat, A. S., Singh, J. and Kumar, V. 2018.
Study of heterosis in six-rowed barley (Hordeum
vulgare L.). Journal of Pharmacognosy and Phytochem-
istry. 7(5): 2287-2292.

Lodhi, R. D., Prasad, L. C., Bornare, S. S., Madakemohekar,
A.H. and Prasad, R. 2015. Stability analysis of yield
and its component traits of barley (Hordeum vulgare
L.) genotypes in multi-environment trials in the
north eastern plains of India. SABRAO Journal of
Breeding and Genetics. 47 (2): 143-159.

Mackey, L. 1976. Genetic and Evolutionary Principles of
Heterosis. In: Janossy, A. and Lupton, F.G.H. (eds),
Heterosis in Plant Breeding. Proc.VIII Congr.
EUCARPIA Elsevier Scientific Pub. Co.,
Amsterdam. p.17-33 .

Medimagh, M. and El Felah, M. 2019. Heterosis analysis
for seed quality traits in spring barley, Int. |. Adv.
Res. 7(7) : 52-57.

Meredith, W.R. and Bridge, R. R. 1972. Heterosis and gene
action in cotton (Gossypium hirsutum). Crop Science.
12: 304-310.

Patial, M., Pal, D., Kapoor, R. and Pramanick, K. K. 2018.
Inheritance and combining ability of grain yield in
half diallel barley population. Journal of Wheat Re-
search. 10 (3): 173-178.

Shull, G. H. 1914. Duplicate gene for capsule form in Bursa
bursa-pastoris. Journal of Inductive Genetics and Inher-
itance, 12 (1) : 97-149.

Singh, V., Krishna, R., Singh, S. and Vikram, P. 2012. Com-
bining ability and heterosis analysis for yield traits
in bread wheat (Triticum aestivum L.). Indian journal
of Agricultural Sciences. 82(11) : 254-258.

Singh, S., Prasad, L. C., Madhukar, K., Chandra, K. and
Prasad, R. 2017. Heterosis and combining ability of
indigenous and exotic crosses of barley. Plant Ar-
chives. 17(2) : 813-820.

Swati, Tiwari, K. C., Jaiswal, J. P., Kumar, A. and Goel, P.
2018. Genetic architecture of barley (Hordeum
vulgare L.) genotypes for grain yield and yield attrib-
uting traits. Wheat and Barley Research. 10 (3): 179-
184.




