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Abstract

Knowledge of variability is crucial for predicting how much
variation operates in genetic material for formulating an effective
breeding plan. The experimental material, consisted of 28 F s
developed by crossing 8 commercial varieties, germplasm, or
local lines as per diallel mating design (excluding reciprocals) and
further laid out in randomized block design along with parents with
three replications during rabi 2019-20 to study genetic variability
parameters, correlation and path analysis. Sufficient genetic
variability was observed for all the characters studied. Estimates
of variability indicated high values of phenotypic coefficient of
variation and genotypic coefficient of variation for biological
yield per plant and seed yield per plant. High heritability values
coupled with high genetic advance were found for 1000 grain weight
indicating prevalence of additive gene action, which provides good
scope for further improvement by selection. Correlation studies
revealed that seed yield per plant had significant and positive
association with biological yield, spike length, number of tillers
per plant, number of grains per spike, 1000 grain weight, plant
height, days to maturity and harvest index. Path analysis indicated
that traits such as biological yield per plant, harvest index, 1000
grain weight, number of grains per spike and peduncle length
directly or indirectly influenced seed yield and may be selected
for further improvement in seed yield of barley.Among all these
traits, biological yield per plant and harvest index were found useful
selection parameters and can be considered as potential indices for
improvement of seed yield in future breeding programmes in barley.

Key words: Variability, correlation, path analysis, indices, biological
yield and harvest index

1. Introduction

Barley (Hordeum vulgare L.) is a traditional crop of the
Himalayan regions cultivated under rainfed conditions.
Around 7000 BC, barley is assumed to have evolved
from its wild progenitor, Hordeum spontaneum (C. Koch)
Thell, in the Fertile Crescent region of the Near East

po

(Gadissa et al., 2021). It is a true diploid (2n=14) species
which belongs to the genus Hordeum of family Poaceae
and tribe Triticeae (Kumar et al., 2021). It is the fourth
most important cereal crop after wheat, rice and sludge

in the world with a share of 7 per cent of the global
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cereal product (Giraldo et al., 2019). Barley can grow
in a wide range of surroundings than any other cereal,
including axes of latitude, longitude and high altitude
(Kishore et al.,, 2016). Barley is substantially used as
beast feed, mortal food, artificial raw accoutrements for
malting and brewing, and as an important component
in colourful healthy food fashions (Shaveta ez al., 2019).
Recent exploration regarding salutary composition in
food barley has renewed the interest attesting the health
benefits of barley in daily diets (Brockman et al., 2013;
Sullivan et al., 2013). Due to its ample environmental
and morphological rigidity, colourful types of barley
(downtime, spring, two-rowed, six-rowed, awned, awnless,
hooded, covered, naked, malting, feed and food types)
are grown throughout the world (Kumar ¢t al., 2018). The
most essential pre-requisite for planning and prosecution
of a resourceful parentage programme is the vacuity of
desirable inheritable variability for important characters
in the genotypes (Sunil ¢z al., 2017). Genetic variability is a
basic requirement for crop improvement as this provides
wider scope for selection (Kumar et al., 2013). Studying
the inheritable variability among the barley genotypes
is pivotal for developing high yielding kinds (Kumar
and Shekhawat et al., 2013). Correlation coefficients
provide a symmetrical measurement of the degree of
association between two variables or characters, help us
in understanding the nature and magnitude of association
among yield and yield components. Path coefficient
measures the influence of one variable upon another and

allows the partitioning of correlation coefficient into direct

and indirect effects (Hailu ez al., 2016). Therefore, keeping
in mind the usefulness of barley as a feed and forage crop,
current research aims to determine the genetic parameters

that influence barley yield and related traits.
2. Material and Methods
2.1 Experimental material and site

Material for the investigation comprised of 28 F, hybrids
developed using eight barley genotypes (Table 1) which
were crossed as per diallel mating design in all possible
cross combinations, excluding reciprocals during rabi
2018-19 by hand emasculation and pollination under
field conditions. These 28 F s and along with their parents
were further evaluated in a Randomized Block Design
(RBD) with three replications during rabi 2019-20 at the
experimental farm of the Hill Agricultural Research and
Extension Centre (HAREC), Bajaura, Kullu (HP), India.
Each entry was raised in two rows of 2m length with row-
to-row spacing of 23 cm and plant-to-plant spacing of 10
cm apart, respectively following recommended agronomic

cultural practices under rainfed conditions.
2.2 Field Study and Data Evaluation

Observations were recorded in each entry for days to 50%
flowering (D50%F), days to maturity (DTM) on plot basis
and individual plants sampled in each replication for plant
height (PH), number of effective tillers per plant (NOT),
number of grains per spike (GPS), spike length (SL),
peduncle length (PL), thousand grain weight (1000-GW),
biological yield per plant (BY), grain yield per plant (GY)
and harvest index (HI).

Table 1: List of hulled barley genotypes along with their pedigree and source
S No. Genotype Pedigree 2R/6R Source
1. HBL 316 (Gopi) Mutant of HBL 98 6R  CSKHPKYV, Palampur
HBL 713
2. (Him Palam Jau 1) HBL 276 x HBL 364 6R CSKHPKYV, Palampur
HBL 804 .
3. (Him Palam Jau 2) DWRUB 74 x HBL 316 6R CSKHPKYV, Palampur
VIOLETA/MJA/7/ABNB/6/BA/ . . . .
4. BHS 380 (Pusa Losar) GAL/FZA-B/5/DG/DCB/PTBAR/3/  6R IS?I.RIi Regional station Tutikand;,
RAB/BA*3/4/TRYIGAL i
BHS 400 . . IARI, Regional station, Tutikandi,
5 (Pusa Sheetal) 34th IBON-9009 OR Shimla
6. VLB 118 (VL Jau 1) 14" EMBSN-9313 6R VPKAS, Almora
7 Local Ropa Local collection 6R  Village Ropa, Kullu, HP
8. Losar Local collection 6R  Village Losar, Lahaul & Spiti, HP
276
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2.3 Statistical analysis

The mean data for each trait observed were analyzed using
analysis of variance as per Panse and Sukhatme (1984).
Estimates of variability viz., phenotypic coefficient of
variation (PCV), genotypic coefficient of variation (GCV),
heritability (h’bs) in broad sense and expected genetic
advance (GA) expressed as % of mean resulting from
the selection of 5% superior individuals was calculated
as per Burton and De Vane (1953) Johnson ez al., (1955).
The phenotypic and genotypic coefficients of correlation
were computed as per Al-Jibouri ¢t al.,(1958) and path
coefficients of yield and other characters with seed yield
following Dewey and Lu (1959).

Early Selection Indices in Barley
3. Results and Discussion

3.1 Mean performance and Analysis of variance

The analysis of variance revealed highly significant
differences amongst all the entries for all the characters
under study (Table 2). Hence, variation in several traits
under study revealed the measure of free variability
present within the population of different genotypes,
which would reflect the unforeseen impact of potential
variability on yield. Therefore, these results corroborated
with the earlier findings and showed fitting relevance of

all the traits under study.

Table 2:  Analysis of variance for seed yield and its component traits in barley
S No. Characters Replication Genotypes Error
df 35 70

1. D50%F 3.00 32.56" 1.86
2. DTM 6.03 36.39" 1.94
3. PH (cm) 32.54 151.93° 95.08
4. NOT 0.95 2.57 0.90
5. GPS 2.94 275.27 28.91
6. SL (cm) 0.45 3.36" 0.41
7. PL (cm) 1.96 2712 3.69
8. 1000-GW (g) 31.34 153.11° 6.58
9. BY (g) 5.50 105.85° 20.68
10. SY (g) 2.12 29.02° 6.10
11. HI (%) 26.91 150.0° 34.95

Note: Days to 50% flowering (D50%F), Days to maturity (DTM), Plant height (PH), Number of effective tillers per plant (NOT), number of grains per spike (GPS),
spike length (SL), peduncle length (PL), thousand grain weight (1000-GW), biological yield per plant (BY), grain yield per plant (GY) and harvest index (HI).

*Significant at P<0.05

3.2 Variability estimates

The estimates of variability for all the traits under
study are presented in Table 3. It was observed that the
phenotypic coefficient of variability (PCV) was higher
than genotypic coefficient of variability (GCV) for all the
traits studied indicating that the apparent variation is not
only contributed by the entries but also influenced by the
environment. Hence, precautions must be taken while
exercising selection of traits on the basis of phenotype
due to the unpredictable environmental variation (Sharma
et al., 2022). Phenotypic coefficient of variability (PCV)

pY

values were found to be high (>30%) for BY (40.39%)
and SY (39.15%) while moderate PCV estimates (10-30%)
were observed for NOT, GPS, SL, PL, 1000-GW and
HI. In comparison, high (>30%) genotypic coefficient
of variability (GCV) was observed for only trait i.e. BY
(30.72%) whereas moderate GCV estimates (10-30%) were
observed for NOT, GPS, SL, PL, 1000-GW, SY and HI.
Similar results were observed in earlier studies (Al-Tabbal
and Al-Fraihat, 2012; Sethi et al., 1972; Jalata et al., 2011;
Kumar and Shekhawat, 2013; Kumar ef al., 2013; Kumar
et al., 2018; Dinsa et al., 2018; Shiferaw et al., 2020).
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Table 3: Genetic parameters of variability for seed yield and related traits in barley

S No. Characters Mean + SE (m) Range PCV GCV h?bs GA
(%) (%) (%) (% of Mean)
L. D50%F 132.06%=1.39 126.33-137.67 2.63 2.42 84.63 4.59
2. DTM 173.94£0.80 165.00-179.33 2.11 1.95 85.54 3.71
3. PH (cm) 86.4912.89 73.93-99.80 9.49 7.52 62.76 12.27
4. NOT 5.31x£0.55 3-8 22.74 14.01 37.98 17.79
5. GPS 68.78%3.10 50-94 15.35 13.20 73.96 23.38
6. SL (cm) 8.141+0.37 5.1-10.2 14.56 12.30 71.30 21.39
7 PL (cm) 27.15£1.10 20.5-32.33 12.49 10.30 67.94 17.48
8. 1000-GW (g) 39.4711.48 21-50 18.89 17.73 88.13 34.30
9. BY (g) 17.34+2.63 5.7-32.30 40.39 30.72 57.85 48.14
10. SY (g) 9.4711.43 2.27-16.70 39.15 29.19 55.58 44.83
11. HI (%) 55.11+£3.41 39.00-66.53 15.54 11.24 52.32 16.74

Note: Days to 50% flowering (D50%F), Days to maturity (DTM), Plant height (PH), Number of effective tillers per plant (NOT), number of grains per spike (GPS),
spike length (SL), peduncle length (PL), thousand grain weight (1000-GW), biological yield per plant (BY), grain yield per plant (GY) and harvest index (HI).

Heritability is a measure of the extent of phenotypic
variation caused by additive gene action. A perusal of the
data (Table 3) revealed that the estimates of heritability
in the broad sense for all the 11 characters under study
ranged from 37.98 to 88.13 per cent. High heritability
estimates (>60%) were observed for D50%F, DTM, PH,
GPS, SL, PL and 1000-GW whereas rest of the characters
showed moderate heritability estimates. Genetic advance
as per cent of mean varied from 3.71 to 48.14 per cent.High
genetic advance as percent of mean (>30%) were observed
for 1000-GW, BY and SY while moderate genetic advance
estimates (10-30%) were observed for PH, NOT, GPS, SL,
PL and HI. High heritability coupled with high genetic
advance estimates was observed for 1000-GW, whereas
high heritability coupled with moderate genetic advance
estimates were observed for PH, GPS, SL and PL.
Moderate heritability coupled with high genetic advance
estimates were found for BY and SY, whereas moderate
heritability coupled with moderate genetic advance were
recorded for NOT and HI. The results are in line with
the findings of Eshghi ez al., (2010), Singh (2011), Jalal
and Ahemad (2012), Dyulgerova et al., (2014), Singh et
al., (2015), Jafar et al., (2016) and Shrimali et al., (2017).
Therefore, these estimates suggests election of such traits
under selection criteria particularly showing additive gene
action which can be further brought under with simple

phenotypic selection programmes.
3.3 Correlation analysis

In order to improve complex trait such as SY, it is in

the further interest of the breeder to know the nature
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and magnitude of associations amongst the component
traits contributing to SY. The SY or economic yield,
in almost all the crops, is referred to as super character
which results from the multiplicative interactions of
several component characters that are termed as yield
components. Thus, genetic architecture of grain yield in
barley as well as in other crops is based on the balance or
overall net effect produced by various yield components
directly or indirectly by interacting with one another.
Therefore, identification of important yield components
and information about their association with yield and
also with each other is very useful for developing efficient
selection criteria for evolving high yielding varieties.
Hence, estimates of correlation coefficients both at
phenotypic and genotypic level becomes essential. In the
present investigation, genotypic correlation coefficients
were found higher than their corresponding phenotypic
correlation coefficients for most of the traits indicating
that there was an inherent association among the various
characters under study and the phenotypic expression
of correlations was lessened under the influence of
the environment (Fig 1). At phenotypic level, SY had
significant positive association with DTM, PH, NOT, GPS,
SL, 1000-GW, BY and HI whereas none of the traits under

study showed significant negative associations with SY.

Atgenotypiclevel, DTM, NOT, GPS, SL, 1000-GW, BY and
HI showed significant positive association with SY. D50%IF
was found to be significantly positively associated with DTM,
PL and 1000-GW whereas negatively correlated with NOT
and GPS. DTM showed significant positive correlation with

P



PH, NOT, 1000-GW and BY. PH and NOT were found
to be significantly positively correlated with SL, PL, 1000-
GW and BY while negatively associated with HI. GPS and
SL has significant positive association with 1000-GW and
BY. PL was positively correlated with 1000-GW and BY
whereas negatively correlated with HI. 1000-GW showed
positive association with BY. Hence, nature and magnitude of

associations between these traits can be realized as important
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selection traits for genetic improvement in barley breeding
programmes. Earlier Shiferaw et al., (2020) and Matin e
al., (2019) also reported that SY had significant and positive
association with GPS, 1000-GW, BY and HI. Similar
significant positive association with SY has also been reported
earlier by Kumar and Prasad (2002), Yadav et al., (2002),
Soylu (2006), Verma and Verma (2011), Nasri ef al., (2013),
Kumar et al., (2018), and Vinesh et al., (2018).

DG Y

Fig 1: Correlation coefficient heat map among different traits in barley

3.4 Path analysis

To further understand the causal factors for these
associations among all the traits under study, direct and
indirect effects were computed using path analysis. At both
genotypic and phenotypic levels, path analysis revealed
that the traits viz.,BY followed by HI, 1000-GW, GPS and
PL exerted positive direct effects on SY whereas the direct
effects of other traits on seed yield/plant were negligible
(Table 4). BY and 1000-GW had the maximum indirect
contribution towards SY for enhancing the magnitude of
association for the majority of the characters.The traits BY
and 1000-GW proved to be of high significance, through
which all the characters exerted positive indirect effects
on SY. Therefore, NOT and PL via PH; SL and BYvia
GPS exhibited positive indirect effects on SY. However,
negative indirect effects on SY via HI were also exerted by
D50%F, PH, NOT, GPS, SL, PL and BY. Hence, it was
evident from the analysis that the traits BY followed by HI,
1000-GW, GPS and PL directly or indirectly influenced
SY and these may be selected for further improvement

in SY of barley.

pY

Conclusion

The success of any plant breeding programme depends
on the nature and magnitude of correlation between traits
as more positively and directly a trait is associated with
SY. In this study, analysis of variance revealed significant
differences among entries for all the traits suggesting
prevalence of wide range of genetic variability. Variability
studies indicated higher phenotypic coefficient of variability
(PCV) than genotypic coefficient of variability (GCV) for
all the traits studied indicating influence of environment.
High values of PCV and GCV were observed for BY and
SY. High heritability coupled with high genetic advance
was observed for 1000-GW.Based on correlation and path
analysis, SY showed significant and positive association
with DTM, PH, NOT, GPS, SL, 1000-GW, BY and HI
could be considered as promising indirect selection indices
for yield improvement in barley. Among all these traits, BY
and HI emerged to be most important selection indices.
Therefore, these traits can be considered while exercising
selection in barley for future breeding programme for

genetic improvement in barley for seed yield.

279



Journal of Cereal Research 14 (3): 275-282

G0'0>d Ye JuedyIuSIg,

“(1H) xopur ysoatey pue (x0) yued 1od patd ureis (xq) yue(d 1od paik reatdororq ‘(M9H-0001)
1ySrom urex§ puesnoy) ‘(1) yr8usy apunpad ‘(1) ySusy aids (Sgo) oxids 1od sureid jo sequmu (1O N) yuefd 10d 191 9a1295 Jo TaqunN ‘(Hd) WSY 1we[d (JALQ) Armyew o) sKe (190 Q) SULOMOT) 040G 01 SAe(T 910N

.690€°0 8460°0 9080°0- 9920°0 €050°0- 05€0°0 6820°0- 65750 189070 £200°0 8700°0 D
.CGYT0 618¢€°0 g8er0- 6€00°0 €600°0 50000 €100°0- ¥500°0 8900°0- 90000 0100°0- d H
.6916°0 G800°0- €760 ¥LYT0 8¥€0°0 L¥80°0- 1160°0 125C°0- €€¥0°0- 81800 8110°0 D
07060 €950°0- L6€6°0 66200 6000°0 £000°0~ L2100 €610°0- ££00°0 G810°0- 9000°0 d Ad
865L°0 €100 91£9°0 0£0%°0 81€0°0 00%0°0- ¢er0'0 ¥681°0- €L50°0- 9%01°0 G€50°0- D
V6650 LLT00 ¥625°0 1€50°0 ¢100°0 €000°0- 160070 $900°0- €€00°0 196070 160070 d MO-0001
go1T°0 6650°0- 0661°0 00¥0°0 6791°0 ¥950°0- ¥00°0 Gl1o1T°0- €780°0- G1g00 91%0°0~ D
82500 0860°0- €160°0 ¥800°0 3600°0 ¢000°0- 610070 ¢¥00°0- €810°0 9€00°0- 65000 d Am
.£90€°0 ¥910°0- 016€°0 ¢0¥0°0 ¢6v0°0 €¥0C°0- 6310 876070~ ¥LE0°0- 6520°0 ¥L50°0 D
FYee0 6€€0°0- 6€9€°0 8600°0 9%00°0 8100°0- 081070 650070 £600°0 €200°0- €100°0- d s
91670 ¥910°0- ¥62S°0 ¥€50°0 7000 886T°0- S¥I1°0 G681°0- 1900°0- ¥¢10°0 0990°0 D
650970 6020°0- ¢e0s°0 ST10°0 8000°0 ¥100°0- 9€%0°0 06000~ 160070 8€00°0- €700°0- d 549
.886¢C°0 c¥S0°0- 16950°0 ¥160°0 68€0°0 16%0°0- LTLO00 1667°0- 6€50°0- 69900 €970°0 D
.€99€°0 ¥8L0°0- ¥8€7°0 0€10°0 91000 ¥000°0- 180070 $9%0°0- 6010°0 62£00°0- 660070~ d ToN
€690 ¥L¥0'0 eL¥E0 187070 €8IT°0 0509°0- ¢800°0 8961°0- SLIT0- 8590°0 060070~ D
.€€61°0 8960°0- 88920 9900°0 €900°0 £000°0- G700°0 L010°0- 8920°0 LIT0°0- ¢000°0 d Hd
.£887°0 91000 55870 €9ET0 81500 1€€0°0- L3100 ¥6L1°0- €8%0°0 0091°0 ¥90°0- D
LVLEO G600°0- €38¢°0 11€0°0 £000°0 €000°0- 0200°0 ¥¥00°0- 0£00°0 9%%0°0- 0900°0 d i
875070~ €600°0- LvS0- c¥50°0 LEEO0 925070 ¥€50°0- ££60°0 65000~ 8050°0 €€05°0- D .
¥1€0°0 00%0°0- 81€0°0 (G4 110070 1000°0 35000 0¥00°0 £€000°0 0%10°0- G610°0 d 100sd
AS s IH Xq MD-0001 d IS SdD LON Hd NLd d%05A SIa)RIe)
UoNe[RLI0)

Aa11eq Ul s[aa9] (9) ardK1ouas pue (J) ordKjouayd ye juerd /pla1f pass uo s)rer) JUSISJJIP JO $103]J0 1IIPUI PUE JOAIIP JO SAILWNSY  :§ J[qeL,

280



Acknowledgements

The author(s) gratefully acknowledge the Department of
Genetics and Plant Breeding, CSK Himachal Pradesh
Krishi Vishvavidyalaya, Palampur (HP), India and Hill
Agricultural Research and Extension Centre (HAREC),
Bajaura, Kullu (HP), India for providing the research

facilities for this research.

Author’s contribution: Conceptualization of research
(CG and VR); Designing of the experiments (CG and VR);
Contribution of experimental materials (VR); Execution
of field experiments and data collection (CG, VR and
AR); Analysis of data and interpretation (CG, AR and P);
Preparation of the manuscript (CG and AR).

Declaration:
The authors declare no conflict of interest.
References

1. Al-Tabbal JA and AH Al-Fraihat. 2012. Genetic
variation, heritability, phenotypic and genotypic
correlation studies for yield and yield components
in promising barley genotypes. Journal of Agricultural
Science 4(3):193-210.

2. Burton G and EH De Vane. 1953. Estimating
heritability in tall fescue (Festuca arundinaceae) from

replicated clonal material. Agronomy Journal 45:
478-481.

3. Dewey DR and KH Lu. 1959. A correlation and path
coefficient analysis of components of crushed wheat

grass seed population. Agronomy Journal 51: 518.

4. Dinsa T, F Mekbib and T Letta. 2018. Genetic
Variability, Heritability and Genetic Advance of
Yield and Yield Related Traits of Food Barley
(Hordeum vulgareL.) Genotypes in Mid Rift Valley of
Ethiopia. Advances in Crop Science and Technology 6: 5.

5. Dyulgerova B and D Valcheva. 2014. Heritability,
Variance Components and Genetic Advance of
Yield and Some Yield Related Traits in Barley
Doubled Haploid Lines. Turkish Journal of Agricultural
and Natural Sciences 1: 614-617.

6. Eshghi R, J Ojaghi, M Rahimi and S Salayeva.
2010. Genetic characteristics of grain yield and its
component in Barley (Hordeum vulgare L.) under

normal and drought condition. American-Eurasian

pY

10.

11.

12.

13.

14.

15.

Early Selection Indices in Barley

Journal of Agricultural and Environmental Science
9(5):519-528.

Gadissa F, M Abebe and T Bekele. 2021. Agro-
morphological traits-based genetic diversity
assessment in Ethiopian barley (Hordeum vulgare
L.) landrace collections from Bale highlands,
Southeast Ethiopia. Agriculture® Food Security 10(58).
https://doi.org/10.1186/s40066-021-00335-4

Giraldo P, E Benavente, F Manzano-Agugliaro and
E Gimenez. 2019. Worldwide Research Trends on
Wheat and Barley: A Bibliometric Comparative
Analysis. Agronomy9: 352. https://doi.org/10.3390/
agronomy9070352

Hailu A, S Alamerew, M Nigussie and E Assefa. 2016.
Correlation and Path Coefficient Analysis of Yield and
Yield Associated Traits in Barley (Hordeum vulgare L.)
Germplasm. Advances in Crop Science and Technology 4: 216.
http://doi:10.4172/2329-8863.1000216

Jafar A, V Behroz and PA Alireza. 2016. Analysis of
variability, heritability, and interrelationships among
grain yield and related characters in barley advanced
lines. Genetika 48.

Jalal A and A Ahemad. 2012. Genetic variation,
heritability, phenotypic and genotypic correlation
studies for yield and yield components in promising
barley genotypes. Journal of Agricultural Sciences 4(3):
193-210.

Jalata Z, A Ayana and H Zeleke. 2011. Variability,
heritability and genetic advance for some yield and
yield related traits in Ethiopian Barley (Hordeum
vulgareL.) landraces and crosses. International Journal
of Plant Breeding and Genetics 5: 44-52.

Johnson HW, HF Robinson and RE Comstock.
1955. Genotypic and phenotypic correlation in
soybean and their implication in selection. Agronomy
Journal 47: 477-482.

Kishore N, V Kumar and RPS Verma. 2016. Barley.
In: Broadening the genetic base of grain cereals (M
Singh, S Kumar eds.). Springer India. P 89-125
Kumar A, N Kishore, R Devlash and G Singh. 2018.
Genetic variability and association study in some
hulled and hulless genotype of barley (Hordeum

vulgare L.) in north western Himalayan. Journal of
Cereal Research 10(3): 185-189.

281



Journal of Cereal Research 14 (3): 275-282

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

282

Kumar M and SS Shekhawat. 2013. Genetic
variability in barley (Hordeum vulgare L.). Journal of
Plant Breeding 4(4):1309-1312.

Kumar M, SR Vishwakarma, B Bhushan and A
Kumar. 2013. Estimation of genetic parameters and

character association in barley (Hordeum vulgare L.)
Journal of Cereal Research 5: 76-78.

Kumar S and LC Prasad. 2002. Variability and
Correlation studies in barley (Hordeum vulgare L.).
Research on Crops 3: 432-4326.

Kumar Y, KD Sehrawat, J Singh and S Shehrawat.
2021. Identification of promising barley genotypes
based on morphological genetic diversity.
Journal of Cereal Research 13(1): 79-88. http://doi.
org/10.25174/2582- 2675/2021/108051

Kumar M, SR Vishwakarma, B Bhushan and A
Kumar. 2013. Estimation of genetic parameters and
character association in barley (Hordeum vulgare
L.). Journal of Cereal Research 5(2): 76-78.

Matin MQI, M Amiruzzaman, MM Billah, MB
Banu, N Naher and DA Choudhury. 2019. Genetic
variability and path analysis studies in barley
(Hordeum vulgare L.). International Journal of Applied
Sciences and Biotechnology 7(2): 243-247.

Nasri R, F Paknejad, M Sadeghi Shoa, S Ghorbani
and Z Fatemi. 2013. Correlation and path analysis
of drought stress on yield and yield components of
barley (Hordeum Vulgare) in Karaj Region. Iranian
Journal of Agronomy and Plant Breeding Winter 8(4):
155-165.

Sethi GS, HB Singh and KO Sharma. 1972.
Variability and correlation in hulled barley (Hordeum
vulgare L.). The Indian Journal of Agricultural Sciences
44: 585-590.

Sharma A, V Kumari and A Rana. 2022. Early
Generation Selection Parameters for Genetic
Improvement using Morpho-physiological and Seed
Yield Components in Brassica species. International
Journal of Plant & Soil Science 34(2): 43-53. https://
doi.org/10.9734/ijpss/2022/v34i230835

Shaveta, Kaur H and S Kaur. 2019. Hulless
barley: A new era of research for food purposes.
Journal of Cereal Research 11(2): 114-124. http://doi.
org/10.25174/2249-4065/2019/83719

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

Shiferaw T, B Abate and B Lakew (2020). Genetic
variability and association of traits in Ethiopian
barley (Hordeum vulgare L.) genotypes at Holetta,
Central Ethiopia. Journal of Agricultural and Crop
Research 8(1): 11-19.

Shrimali J, AS Shekhawat and S Kumari. 2017.
Correlation and path analysis studies in barley
(Hordeum vulgare L.) genotypes under normal and
limited moisture conditions. International Journal of
Current Microbiology and Applied Sciences 6(8): 1850-1856.

Singh AP. 2011. Genetic variability in two-rowed
barley (Hordeum vulgareL.). Indian Journal of Scientific
Research 2(3): 21-23.

Singh S, AH Madakemohekar, LC Prasad and R
Prasad. 2015. Genetic variability and correlation
analysis of yield and its contributing traits in barley
(Hordeum vulgare L.) for drought tolerance. Indian
Research Journal of Genetics & Biotechnology 7(1): 103-
108.

Soylu S. 2006. A study of hybrid vigour of some
quantitative traits in barley crosses [ Hordeum vulgare
L.]. Agricoltura Mediterranea 136: 30-36.

Sullivan P, E Arendt and E Gallagher. 2013. The
increasing use of barley and barley by-products in
the production of healthier baked goods. Trends in
Food Science and Technology 29: 124-134.

Sunil, KD Sehrawat and M Khan. 2017. Investigation
of genetic variability for yield and yield related traits
in barley (Hordeum vulgare L.) genotypes. Indian
Journal of Ecology 44: 869-872.

Verma I and SR Verma. 2011. Genotypic variability
and correlations among morpho-physiological traits
affecting grain yield in barley (Hordeum vulgare L.)
Journal of Cereal Research 3: 37-42.

Vinesh B, LC Prasad, R Prasad and K Madhukar.
2018. Association studies of yield and it’s attributing
traits in indigenous and exotic barley (Hordeum
vulgare L.) germplasm. Journal of Pharmacognosy and
Phytochemistry 7(5): 1500-1502.

Yadav VK, L Ram, R Kumar and SP Singh. 2002.
Genetics of yield components and some making

attributes in barley (Hordeum vulgare L.). Progressive

Agriculture 2(1): 14-18.



