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Abstract

ackground: In this paper, to determine the genetic parameters and heritability of physiological traits
related to salinity stress in barley (Hordeum Vulgare L.), a 7x7 half diallel cross was conducted at Islamic
Azad University, Ardabil, during 2016-2017.

Methods: F1 seeds are used in this experiment. These seeds have been grown under non-stress conditions, 8
and 12 dS/ m salinity stress levels, in a greenhouse alongside the parent plants. After exposure of plants to
salinity, Leaf chlorophyll content, Chlorophyll Fluorescence and Stomatal Conductance were measured.

Results: Narrow sense heritability of chlorophyll content ranged from 0.29 to 0.40. These values for chlorophyll
fluorescence ranged from 0.16 to 0.24 and for stomatal conductance ranged from 0.26 to 0.54. Broad sense
heritability was high among the evaluated traits and ranged from 0.70 to 0.87. The degree of average dominance
was higher than one in all of traits.

Conclusion: This observation indicated some degree of over dominance in control of the traits. Although
dominant alleles were not observed in leaf chlorophyll content and chlorophyll fluorescence, yet they were
favorable in stomatal conductance.
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Introduction

Plants are constantly exposing to several stresses in
their growth environment that somehow limit their
development and survival. Salinity stress, which effects
the biochemical, physiological and biosynthetic
processes during crop production [1, 2], is one of the
most important abiotic stresses [1, 3]. Nutritional
imbalance, low osmotic potential in soil solution, and
the effect of specific ions on salinity stress are some of
the destructive effects of plant growth which are caused
by salinity [4]. Salinity affects some of the main
metabolic processes through two dehydration osmotic
processes and toxicity of ion accumulation in plant cells
[5]- Although barley is among the most tolerant crops to
salinity, nevertheless, salinity has restricted the
production of this crop around the world. This issue is
mostly observed in arid and semi-arid regions [6].
Understanding the mechanisms of salt tolerance, is the
key to improve salt tolerance of barley [7]. Most breeding
programs, especially improvement of tolerance to
environmental stresses, have been based on empirical
selection of yield, which is not very efficient due to low
heritability and genotype x environment interactions.
Therefore, indirect selection, based on physiological
traits has been proposed as a complementary to the
selection of yield [8]. By combining information on the
physiological basis of yield limits and using new
selection tools, the genetic improvement of stress
tolerance can be increased. From the perspective of
plant breeding, each secondary physiological trait
should have sufficient genetic diversity, a strong genetic
correlation with yield and higher heritability than yield
[9]- In addition, the evaluation of these traits should be
quick, easy and cheap [10]. Among the physiological
traits maximum quantum yield of photosystem II in dark
adapted state (Fv/Fm) can be regarded as important
indicator in the evaluation of salinity stress [11, 12].
Since salinity affects the photosynthesis process [13], it
is possible to use the level of chlorophyll accumulation
as a criterion for salinity tolerance. Since the decrease of
chlorophyll concentration signifies toxicity in tissues
due to accumulation of ions, it can act as an indicator of
salinity tolerance [14]. Reduction of chlorophyll content
under salinity was greater in salt sensitive cultivars
comparing tolerant cultivars [15-17]. The results of
Rahnama et al., [18] for wheat and other cereals indicate
that in presence of salinity, the change in stomatal
conductance can be used as a means of screening for
salinity stress tolerance. Knowledge of the heritability of
traits related to salinity tolerance is essential in
designing selection methods to create superior
genotypes. The appropriate breeding method requires
adequate information on genetic control of traits.

Hence, the main goal of this study is evaluating the gene
action and inheritance of physiological traits related to
salinity stress in barley using diallel cross.

Methods

To determine the heritability of physiological traits
under salinity stress a 7 x 7 half diallel cross was
performed among 7 barley -cultivars (tablel) in
agricultural research station of Islamic Azad University,
Ardabil, Iran in 2016. F1 seeds are used in this
experiment which was conducted under non-stress
conditions, 8 and 12 dS/m salinity stress levels, in a
greenhouse. The seeds were kept in the same
environment as their parent plants. Five seeds were
grown in plastic pots of size 25 x 30 cm which were filled
with soil consisted of a mixture of sand, sterilized
compost, and garden soil (1:1:1, v/v). Average of
minimum and maximum temperature of greenhouse
was 12 and 30°C. Relative humidity ranged from 62% to
75%. For uniformity of seed emergence especially in
sensitive cultivars, application of salinity was started
after plant growth and reaching to the 3rd Leaf (Z20
Zadoks scale). Saline water was gradually added to the
pots with the desired salinity. The salinity was applied
gradually in two weeks. We measured the electric
conductivity of the drained water from pots to control
the salinity level. Subsequent irrigations were done
using tap water after reaching the desired EC. Also, to
prevent salt washing and return the extra water to the
pot, saucers were used. After the plants were exposed to
salinity and flowered, leaf chlorophyll content,
Chlorophyll fluorescence and stomatal conductance
were measured.

Parent | cultivar | Tolerance | Pedigree,Origin
1 Afzal tolerant Chahafzal
2 Nosrat tolerant Karoon/Kavir, Iran
3 Valfajr Semi- CI-108985, Egypt
tolerant
4 Kavir Semi- Arivat, USA
tolerant
5 Rihane sensitive Atlas 46 /Arivat //Athenais ICB76-2L-
1AP-0AP, ICARDA
6 Sahra sensitive L. B. LRAN/ Una8271// Giorias “s” Com,
CIMMYT
7 Yusef sensitive Lignee527/chn-01//Gustoe/4/Rhn-
08/3/DeirAlla 106//D171/strain 205

Table 1: List of barley cultivars used in diallel crosses

Measurement of traits

Chlorophyll fluorescence: maximum quantum yield of
photosystem II in dark adapted state (Fv/Fm) was
measured in flag leaves of 3 plants per pot using OS30P
Fluorometer, made by OPTI-Science.

Stomatal conductance: Decagon SC-1 leaf porometer was
used to measure the Gs value of three plants in flag
leaves. Measurements were done between 10 and 12
A.M. and the stomatal conductance was calculated in
(cm/scm/mm).
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Leaf chlorophyll content: CCM200, made by OPTI-
Science, was used to measure the chlorophyll content of
flag leaves of three plants per pot.

Statistical analysis

The analysis of the variance of the diallel was performed
out by the Hayman’s method (1954b), which Walters and
Morton later developed for half-diallel in [19]. Genetic
components such as covariance between the additive
and dominant effects (F), corrected dominance variance
(H2), uncorrected dominance variance (H1), the
dominance effects (h2) which is the algebraic sum of all
heterozygote gene loci in all crosses, and additive
genetic variance (D) were calculated using the method
provided by Singh [20]. Significance of genetic
components was evaluated using t-test. Average degree
of dominance, narrow and broad sense heritability were
calculated based on the method in [21]. The goodness of
fit of the proposed model in [19] which is also the model
that is used in this study, was tested using the analysis
of variance on the difference of array of covariance
between parent and offspring (Wr) and the array of
variance (Vr). Additionally, to further check the
closeness of the observed data to the expected data in
the additive-dominant model, linear regression was
used on Wr and Vr arrays (HO:b=1vs. Hl:b# 1). DIAL98
[22] software was used to calculate the diallel analysis of
variance. Also, Microsoft’s Excel was used to estimate
genetic components.

Also, the combining ability was analyzed based on [23]
using the SAS 9.2 Software. This analysis was performed
based on Model I and Method II of [23]. The relative
importance of non-additive and additive gene effects
was assessed using the Baker’s variance ratio
(2MSgca/(2MSgca+MSsca) which was  computed
according to Baker (1978).

Results

Hayman’s graphical method

Tables 2 and 3 report the goodness of fit test results for
the additive-dominant model. The accuracy of the
tested model, based on the non-significant mean
squares value of Wr-Vr for the treatment group, for all
of the traits (except for stomatal conductance under 12
ds/m salinity) is shown to be adequate. The reported
results from Dashti et al., [24] are also in compliance
with the results from Tables 2 and 3. The slope of linear
regression in stomatal conductance and leaf chlorophyll
content (under 12 ds/m salinity) were also lower than 1
and the model was not fitted (Table3). Based on the
significance of component A in Table 4 which represents
additive variance, additive effects were detected in the
control group for all of the traits. Table 5 also confirms
the results of Table 4, especially for component A’s

statistical significance in Table 4 which complies with D
component’s significance (additive effects) in Table 5.
The statistical significance of dominant genetic effects
for all the tested traits, except for chlorophyll
fluorescent (non-stress condition), shows how
important these effects are in the tested traits. Based on
the results in Table 4, the F1’s mean variations which are
measured through component “b1” from the mid-parent
values had statistical significance for stomatal
conductance and chlorophyll fluorescent under non-
stress conditions. For the most part, the dominance is in
one direction due to the fact that component “b1” is
statistically significant. Hence, it measures the average
hybrid vigor [20]. Another results from Table 5 that
confirms the effects of dominance on the traits, is the
significance of H1 and H2 components which represent
the wvariances of non-corrected and corrected
dominance, respectively. Component “b2” was also
statistically significant for stomatal conductance and
chlorophyll fluorescent. This significance in component
b2 shows that the difference between the Fls and their
mid-parent values, which is referred to as the average
dominance deviation, highly variates in the F1 arrays.
These results also an indication of the fact that not all
parents perform equally and some of them were
significantly superior to other performance-wise. In
table 5, H2/4H1 was calculated to estimate the
proportions of positive and negative genes. The values
of H2/4H1 which were below 0.25 for all the traits,
indicated that positive and negative alleles were
asymmetrically distributed in parents. The fact that H2
is lower than H1 in these traits also proves this
conclusion. The variance of Specific Combining Ability
(SCA) which is represented by “b3” is also reported to be
significant in stomatal conductance and leaf chlorophyll
content at all of stress levels and in chlorophyll
fluorescence under non-stress condition. This was due
to the significance of the estimate of component F which
was reported for all cases except for leaf chlorophyll
content under salinity. Dominant alleles in parents are
expected to be more common in the case of positive
values of b3. The KD/KR ratio in Table 5 is reported to be
higher than 1 which shows the higher proportion of the
dominant alleles compared to the proportion of the
recessive alleles in the parents. These results are in
accordance the values of F which are also reported in
Table 5. In this table, the regression line has a negative
intercept value which indicates over-dominance. Over-
dominance is also observed in averagd parameter in
Table 5 which determines the degree of average
dominance. The fraction of phenotypic variance of the
traits which is also known as narrow sense heritability
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Source of Variation Stomatal Conductance Leaf chlorophyll content Chlorophyll Fluorescence
- df 0 8 12 0 8 12 0 8 12
Replication 2 829462 90431 175622 101.4 ™ 55.5™ 396 115.6™ 179.8 ™ 543.7
Row 6 259166 19028 221174" 126.3" 78.7 ™ 469" 12,9 181.9m™ 457.7
Error 12 876572 23249 28238 195.1 40.05 329 50.8 235.7 494.7
ns,* and ** non-significant and significant at the 5% and 1% levels. b: slope of the regression line of Wr on Vr

Table 2: Analysis of variance of Wr-Vr for additive-dominance model for evaluated traits

Null hypothesis Stomatal Conductance Leaf chlorophyll content Chlorophyll Fluorescence
- - 0 8 12 0 8 12 0 8 12
B b=1 0.52™ +0.20 0.52™%0.19 0.54""+0.09 0.59™+0.19 0.52+0.18 0.36""%0.15 0.997+0.152 0.84+0.31 0.61™+0.22
(WI/vr) b=0 0.52"+0.20 0.52"+0.19 0.54"+0.09 0.59"+0.19 0.52"+0.18 0.36™+0.15 0.99"+0.152 0.84'+0.31 0.61'+0.22

ns,* and ** non-significant and significant at the 5% and 1% levels. b: slope of the regression line of Wr on Vr
Table 3: Analysis of additive -Dominant Model through Regression of Wr on Vr for evaluated traits

- Stomatal Conductance leaf chlorophyll content Chlorophyll Fluorescence

SV d.f. 0 8 0 8 12 0 8 12
replication 2 259.68" 288.68" 10.55™ 21.31m 6.46™ 5.39™ 8.86™ 3131

A 6 2457.83* 1001.34* 46.53" 34.33" 53.38 28.54* 98.67"" 138.48**

B 21 2971.72%* 1035.19** 31.41" 35.95" 85.79" 17.00™ 38.84"™ 56.58**

bl 1 10741.66** 59.35%* 32.66™ 1.39m 27.11m 232.39** 40.80™ 37.03™

b2 6 4397.43** 1006** 17.71™ 4.96™ 51.28m 16.64™ 104.43" 112.14"

b3 14 1805.69* 1117.40* 37.18" 51.71" 104.77" 1.77* 10.59" 34.17™

Error 54 858.86 175.01 12.82 9.38 22.79 11.14 12.55 23.38

ns,* and ** non-significant and significant at the 5% and 1% levels. A: Additive effect. B: non-additive effect. bl: the direction of dominance. b2: Gene
abundance balance. b3: Specific dominance.
Table 4: Analysis of the variance of diallel for evaluated traits using the Walters and Morton method

- Stomatal Conductance Leaf chlorophyll content Chlorophyll Fluorescence
Salinity 8 8 12 0 8 12
D 813.2**+ 8.02 14.5%*+2.03 21.0%*+3.1 20.1%*+£ 1.3 36.1%%+2.5 51.7**+3.1
H1 42.7%* +4.9 | 1186474 | 349wex 3 139.37.6
H2 37.6%%+4.3 92.6**£6.5
F 3.8+ 4.89 12.6™+7.4
h? 8.2%*+ 373 -0.47+ 2.90 2.975+4.4 42.5%%+1.8 13.9%%£3.6
Averagd 2.69 1.63 1.72 2.37 1.32 1.69
H2.4H1 0.18 0.20 0.22 0.20 0.18 0.17
KD/KR 1.97 1.76 1.17 1.30 2.94
Hn 0.26 0.29 0.40 0.36 0.16
Hb 0.83 0.80 0.87 0.84 0.84
E 4.2%*£0.81 2.53%%+0.72 7.59**+1.1 4.18*%+0.88 7.79**+1.12
rYr(wr+vr) -0.78* 0.11" 0.27" -0.22 -0.25™ -0.20™
B 0.52 0.59 0.52 0.36 0.84 0.61
A -666.61 -4.50 -1.62 -5.84 -16.76 -14.22
ns,* and ** non-significant and significant at the 5% and 1% levels.
Table 5: Genetic parameters of evaluated traits in Diallel cross under salt stress and non-stress conditions
- Stomatal Conductance Leaf chlorophyll content Chlorophyll Fluorescence
SV d.f 0 8 0 8 12 0 8 12
GCA 6 1244.88** 267.22™ 25.19" 37.19" 34.05m 24.89" 37.197 11.1m
SCA 21 796.54" 682.60** 21.03" 29.71m 41.56™ 16.07 29.71" 39.4™
Error 54 506.31 402.09 9.75 22.87 22.76 10.07 12.87 14.7
Baker’s ratio 0.55 0.44 0.73 0.71 0.75 0.71 0.89 0.79
ns,* and ** non-significant and significant at the 5% and 1% levels. GCA: General Combining ability, SCA: Specific Combining ability
Table 6: Analysis of variance of SCA and GCA by Griffing’s method for evaluated traits
- Stomatal Conductance Leaf chlorophyll content Chlorophyll Fluorescence
Salinity 0 8 0 8 12 0 8 12
Afzal 3.957 3.036 1.006 1.358 1.893 -0.136 1.868 1.558
Nosrat -8.725 -4.765 1.026 1.131 1.651 -0.897 0.208 -0.708
Valfajr -6.339 -0.873 1.424 -1.329 -1.246 1.394 0.730 -0.461
Kavir 1.006 -2.610 -1.151 -0.171 -1.251 0.264 -0.957 1.587
Rihane 4.892 3.111 -1.668 -1.320 -1.482 -0.704 -0.466 -0.093
Sahra 0.048 3.19% -0.951 -1.329 -1.275 1.101 -0.488 0.172
Yusef 5.161 -1.095 0.314 1.660 1.710 -1.022 -0.895 -2.055
SE of GCA 9.718 4.787 3.471 4.782 5.489 4.443 5.263 6.532

Table 7: General combining ability estimates of parents used in the experiment
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and is represented by Hn in Table 5 is relatively low to
moderate, considering that its value is greater in
stomatal conductance and leaf chlorophyll content than
chlorophyll Fluorescence. Although the dominance of
alleles was not observed in the case of leaf chlorophyll
content and chlorophyll fluorescence, however, the
negative values of rYr(Wr+Vr) in Table 5 which
represents the correlation coefficients between the
order of dominance and the parental averages in
stomatal conductance showed some signs of this
dominance.

Griffing’s analysis

The significance of General Combining Ability (GCA)
mean squares in stomatal conductance under non-
stress, leaf chlorophyll content and chlorophyll
fluorescence under non-stress and 8 ds/m salinity was
shown by the Griffing’s combining ability analysis. Also,
the values of SCA mean squares in stomatal conductance
and chlorophyll fluorescence were statistically
significant, yet under salinity stress. However, in leaf
chlorophyll content it was significant under 12 ds/m
salinity and non-stressed conditions. Based on these
results it can be concluded that the importance of
dominance effects had been increased with the increase
of salinity (Table 6). Non-additive effects in the case of
Chlorophyll fluorescence and chlorophyll content are
less important than the additive effects base on the
values of the Baker’s ratio in Table 6. It was concluded
from the GCA effects results in Table 7 that under
salinity, the tolerant cultivar Afzal, and sensitive
cultivars, Rihane and Sahra had favorable alleles for
stomatal conductance. High stomatal conductance in
those sensitive cultivars indicates that the sensitivity of
Rihane and Sahra to salinity can be attributed to ion
toxicity rather than osmotic effect of salinity, since they
could acquire adequate water and open their stomata
under salinity. Afzal and Nosrat the tolerant cultivars
along with sensitive cultivar Yusef had favorable alleles
for leaf chlorophyll content. Under 8 ds/m salinity,
tolerant cultivars (Afzal, Nosrat and Valfajr) and under
12 ds/m tolerant cultivars such as Afzal and Kavir had
favorable alleles for Chlorophyll Fluorescence. To grow
off-springs that have improved attributes and increase
the crop yield, it is important to choose proper parents
for crossing. So, identification of parental lines with
good general combining ability could be useful for
varietal improvement.

Discussion

These variations mean that alleles are distributed
asymmetrically among the parents [25]. Additive
variance is not measured unambiguously through
component “a” due to the fact that b2 is significant for

stomatal conductance and chlorophyll fluorescent.
However, this component would have non-additive
variance as well [20]. The residual of dominance effects
that are not estimated by b1 and b2 are considered in b3
which combines interaction effects such as Dominance
x Dominance, Additivex Additive, and Additive x
Dominance [26]. Also, asymmetrical distribution of
recessive alleles as well as dominant ones was
experienced in the parents. Over-dominance was also
used in [27] to control chlorophyll a and b. On the other
hand, the value of Hb which is the broad sense
heritability of the traits is high. The dominance effects
can also be deducted in the differences between the Hn
and Hb values.

This paper focused on reporting and analyzing the
results of a 7x7 half diallel cross which was conducted at
Islamic Azad University, Ardabil, during 2016-2017. In
most cases, inheriting the evaluated traits could be
explained with a simple genetic model. This was
concluded using the Hayman's analysis and its
assumption which was fulfilled. The analysis of the
generation means in an experiment revealed the
contribution of epistasis and dominance gene
interactions to control of K+, Na+ and K+/Na+, however,
chlorophyll content was in the control of additive and
dominant effects [28]. The broad sense heritability
estimated values, which were reported to be high, for the
tested traits indicated the larger effect genotype on
these trains than the effect of the growing environment.
These results indicated that salt tolerance might be
improved by better selection. The study of genetic
components of traits is one of the basic factors for the
success of breeding programs. Hence, selection of a
proper breeding technique is heavily impacted by the
comprehensiveness and accuracy of the information on
the genetic parameters that control the physiological
traits. Additive and nonadditive gene effects in wheat
has already been shown to control its salinity tolerance
[20]. One of the practical methods to determine salt
injury has shown to be evaluating the physiological
traits to assess the plant material, despite the
complexity of the expression of salt tolerance [29]. Over-
dominance was experienced due to the fact that the
average dominance had a degree value over 1, which also
is a sign of the traits being controlled heavily by the
dominance effects.

For some of the cases, delayed stage plant selection
was more effective for lower estimated values of
heritability and the estimated results of the dominance
gene effects. However, early generation selection
improved stomatal conductance based on the
estimations for heritability, for which high values were
estimated, and additive gene effects. Due to the
importance of narrow sense heritability in selection of a
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proper breeding technique and based on the
experimental results, the stomatal conductance can be
considered as a proper feature evaluating the salinity
tolerance in barley. Some of the other traits demonstrate
lower values for narrow sense heritability. Hence, these
traits can be used as selection criteria for salinity
tolerance in advanced generations of barley breeding
programs. GCA variations among the parents was
indicated by the reported high values of the mean
squares of GCAs of the evaluated traits. These results
suggested that selection over a segregating population
can lead to genetic gain. Based on the results of the
combining ability analysis, SCA includes two types of
epistatic gene actions, namely dominance x dominance
and additive x dominance, while a specific part of
variance is formed by additive x additive because of GCA
[25]. The progeny performance of self-fertilizing species
can be properly predicted based on the estimations of
gca effects of individual lines. This is due to the fact that
additive x additive epistasis and additive gene action
are, based on [30], exploitable in homozygous
genotypes. Based on physiological studies such as [31], a
combination of sub-traits determined the overall trait of
salt tolerance. Additive effects, dominance, and
heterosis are influential in determining these sub-traits.
Although in breeding programs selection criteria such as
physiological traits are important, yet, it is better that
selection for large dominance effects not be performed
before some inbreeding is carried out However, in cross
pollinated crops, it is potentially possible to exploit
these dominance effects during the process of
developing F1 hybrids.
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