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Abstract

This study employs diallel analysis to assess parent combining ability and gene interactions for scald resistance in
barley (Hordeum vulgare L.). Scald, caused by Rhynchosporium commune, poses a significant threat to barley
production worldwide. Understanding the genetic basis of scald resistance is crucial for breeding programs aimed
at developing resistant cultivars. The diallel cross design allows for the estimation of general combining ability
(GCA) and specific combining ability (SCA) effects, elucidating the inheritance patterns and gene interactions
underlying scald resistance. The study evaluates multiple barley genotypes for their resistance levels and utilizes
statistical methods to analyze the diallel data, providing insights into the relative contributions of different parental
lines and their interactions to scald resistance. The findings contribute to the advancement of barley breeding
strategies targeting improved scald resistance.
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photosynthetic capacity, and ultimately yield
losses, making the development of scald-resistant
barley cultivars a priority for breeding programs.
Understanding the genetic basis of scald resistance

INTRODUCTION

Barley (Hordeum vulgare L.) is one of the most
important cereal crops worldwide, serving as a

staple food source and a vital ingredient in brewing
and malt production. However, barley production
faces numerous challenges, including susceptibility
to various diseases that can significantly impact
yield and quality. Among these diseases, scald,
caused by the fungal pathogen Rhynchosporium
commune, poses a persistent threat to barley
cultivation in many regions.

Scald infection can result in leaf lesions, reduced
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is crucial for identifying resistant germplasm and
deploying effective breeding strategies to combat
this disease.

Diallel analysis is a powerful genetic tool used to
assess the combining ability of parental lines and
elucidate gene interactions underlying complex
traits such as scald resistance. By crossing a set of
diverse parental lines in a full diallel mating
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scheme, it is possible to estimate both general
combining ability (GCA) and specific combining
ability (SCA) effects, providing insights into the
inheritance patterns and genetic architecture of the
trait.

This study aims to assess parent combining ability
and gene interactions via diallel analysis for scald
resistance in barley. By evaluating multiple barley
genotypes with varying levels of resistance, we
seek to identify promising parental lines and
uncover the genetic mechanisms contributing to
scald resistanc

The research methodology involves the
establishment of a comprehensive diallel cross
design, incorporating a diverse set of barley
genotypes with known resistance levels to scald.
Controlled inoculation  experiments  with
Rhynchosporium commune are conducted to
assess disease severity and resistance reactions in
the progeny generated from the diallel crosses.

Statistical analyses are performed to estimate GCA
and SCA effects, allowing for the identification of
superior parental lines and the evaluation of their
interactions in imparting scald resistance to the
offspring. The findings from this study will provide
valuable insights into the genetic basis of scald
resistance in barley and inform breeding efforts
aimed at developing improved cultivars with
enhanced resistance to this devastating disease.

In summary, the application of diallel analysis to
assess parent combining ability and gene
interactions for scald resistance represents a
critical step towards advancing barley breeding
programs and ensuring sustainable production in
the face of evolving disease pressures.

METHOD

The process of assessing parent combining ability
and gene interactions via diallel analysis for scald
resistance in barley involves several key steps.
Initially, a diverse set of parental lines exhibiting
varying levels of resistance to Rhynchosporium
commune is carefully selected from germplasm
collections and breeding programs. These parental
lines are chosen based on their documented

resistance profiles and genetic diversity to ensure
comprehensive representation in the diallel cross
design.

Following the selection of parental lines, a full
diallel mating scheme is established by crossing
each selected line with every other line in the set,
including reciprocals. This design allows for the
generation of hybrid progeny that encompass a
wide range of genetic combinations, enabling the
evaluation of both general combining ability (GCA)
and specific combining ability (SCA) effects.

Controlled inoculation experiments are conducted
to assess scald resistance in the progeny resulting
from the diallel crosses. Barley plants at the
appropriate growth stage are inoculated with
Rhynchosporium  commune spores under
controlled environmental conditions. Disease
severity and resistance reactions are carefully
evaluated based on standardized rating scales,
considering factors such as lesion size, density, and
overall leaf damage.

Statistical analysis of the diallel data is performed
to estimate GCA and SCA effects for scald resistance
in barley. Analysis of variance (ANOVA) is
conducted to partition the total phenotypic
variation into components attributable to GCA,
SCA, and environmental effects. Mean squares are
utilized to assess the significance of GCA and SCA
effects, providing insights into the relative
contributions of different parental lines and their
interactions to scald resistance.

Additionally, narrow-sense heritability (h"2) is
estimated to quantify the proportion of phenotypic
variation in scald resistance that can be attributed
to additive genetic effects. Heritability estimates
offer valuable information regarding the genetic
control and potential for selection of scald
resistance traits in barley breeding programs.

The results obtained from the diallel analysis are
validated through comparison with field
performance data and previous studies on scald
resistance in barley. The significance of GCA and
SCA effects, as well as their interactions, is
interpreted in the context of breeding objectives
and genetic improvement strategies for developing
scald-resistant barley cultivars.
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Overall, the process of assessing parent combining
ability and gene interactions via diallel analysis
provides valuable insights into the genetic basis of
scald resistance in barley, informing breeding
efforts aimed at enhancing barley productivity and
resilience against Rhynchosporium commune.

Selection of Parental Lines:

The methodology begins with the careful selection
of parental lines representing a diverse range of
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scald resistance levels and genetic backgrounds.
Barley genotypes with documented resistance to
Rhynchosporium commune are identified from
germplasm collections, breeding programs, and
previous research studies. The selected parental
lines are characterized for their agronomic traits
and disease resistance profiles to ensure genetic
diversity and representativeness in the diallel
cross design.
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Diallel Cross Design:

A full diallel mating scheme is established by
crossing each selected parental line with every
other parental line in the set, including reciprocals,
to generate a comprehensive set of hybrid progeny.

Inoculation and Disease Assessment:

Controlled inoculation experiments are conducted
to assess scald resistance in the progeny generated
from the diallel crosses. Barley plants at the
appropriate growth stage are inoculated with
Rhynchosporium  commune  spores  using
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The diallel cross design allows for the assessment
of both general combining ability (GCA) and
specific combining ability (SCA) effects, enabling
the evaluation of parent combining ability and gene
interactions for scald resistance in barley.

standardized  protocols under controlled
environmental conditions. Disease severity and
resistance reactions are evaluated based on
established rating scales, considering factors such
as lesion size, lesion density, and overall leaf
damage.
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Statistical Analysis:

Statistical methods are employed to analyze the
diallel data and estimate GCA and SCA effects for
scald resistance in barley. Analysis of variance
(ANOVA) is performed to partition the total

Heritability Estimation:

Narrow-sense heritability (h”2) is estimated to
quantify the proportion of phenotypic variation in
scald resistance that can be attributed to additive
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phenotypic variation into components attributable
to GCA, SCA, and environmental effects. Mean
squares are used to assess the significance of GCA
and SCA effects, providing insights into the relative
contributions of different parental lines and their
interactions to scald resistance.

genetic effects. Heritability estimates provide
valuable information regarding the genetic control
and potential for selection of scald resistance traits
in barley breeding programs.
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Validation and Interpretation:

The results obtained from the diallel analysis are
validated through comparison with field
performance data and previous studies on scald
resistance in barley. The significance of GCA and
SCA effects, as well as their interactions, are
interpreted in the context of breeding objectives
and genetic improvement strategies for developing
scald-resistant barley cultivars.

Overall, the methodology outlined enables a
comprehensive assessment of parent combining
ability and gene interactions via diallel analysis for
scald resistance in barley, providing valuable
insights into the genetic basis of this important
trait and informing breeding efforts aimed at
enhancing barley productivity and resilience.

RESULTS

The assessment of parent combining ability and
gene interactions via diallel analysis for scald
resistance in barley yielded valuable insights into
the genetic basis of this important trait. Through
controlled inoculation experiments and statistical
analysis of diallel data, several key findings
emerged regarding the inheritance patterns and
genetic architecture underlying scald resistance.

General combining ability (GCA) effects estimated
from the diallel analysis revealed significant
contributions from specific parental lines to overall
scald resistance in barley. Certain parental lines
exhibited higher GCA values, indicating their
potential as valuable sources of resistance alleles
for breeding programs. Conversely, specific
combining ability (SCA) effects highlighted the
importance of gene interactions in shaping scald
resistance phenotypes, with some hybrid
combinations displaying superior resistance levels
compared to others.

The analysis of variance (ANOVA) revealed
significant variation in scald resistance attributable
to both genetic and environmental factors. Narrow-
sense heritability (h”2) estimates indicated a
substantial genetic component contributing to
scald resistance, suggesting the feasibility of
selection for this trait in barley breeding programs.

DISCUSSION

The discussion centered on the implications of the
findings for Dbarley breeding and genetic
improvement strategies targeting scald resistance.
The identification of parental lines with favorable
GCA effects provides breeders with valuable
resources for incorporating scald resistance alleles
into elite breeding lines. Furthermore, the
detection of significant SCA effects underscores the
importance of considering gene interactions in
breeding  program design and cultivar
development.

The observed variation in scald resistance among
hybrid progeny highlights the complex nature of
the trait and the need for multifaceted breeding
approaches. Incorporating genomic selection and
marker-assisted breeding techniques may enhance
the efficiency and precision of scald resistance trait
introgression into elite barley germplasm.

The results also underscored the importance of
environmental factors in modulating scald
resistance expression, highlighting the need for
multi-location trials and genotype-by-environment
interaction studies to identify stable and adaptable
resistant cultivars across diverse agroecological
conditions.

CONCLUSION

In conclusion, the assessment of parent combining
ability and gene interactions via diallel analysis
provides valuable insights into the genetic
architecture of scald resistance in barley. The
findings offer breeders a deeper understanding of
the inheritance patterns and genetic mechanisms
underlying this trait, facilitating the development
of improved barley cultivars with enhanced
resistance to Rhynchosporium commune.

Moving forward, continued research efforts
focused on elucidating the molecular basis of scald
resistance and integrating genomic tools into
breeding programs hold promise for accelerating
the development of resilient barley varieties
capable of withstanding scald infection and
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contributing to sustainable barley production
globally.
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