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Abstract The rate of leaves water loss is a physiological trait often used as a
selection criterion for improving drought tolerance in different species including
wheat. The present study was undertaken to evaluate the inheritance type and
components of genetic variation for excised-leaf water loss (ELWL), using a half
diallel analysis of crosses between seven wheat varieties, in order to obtain
information useful for improvement of drought tolerance. The additive gene action
is operative for leaves water loss only in the case of ‘Alex’ and ‘Apullum’ varieties.
In the case of other parents, the expression of this trait is under the influence of
non-allelic gene interactions or environmental conditions. In the case of ‘Xenos’
and ‘Alex’ varieties, the dominance was associated with positive alleles, while in
Apache and Fundulea 4 varieties, the dominance was associated with negative
alleles. Also, in the case of ‘GKKapos' variety, the dominant alleles had no
definite effect on the leaves water loss. Considering that ‘Turda 2000’ posses a
high proportion of recessive alleles for ELWL, F1 crosses of this parents would
have more heterozygous loci than the other possible crosses, notably exceeding
the parents for this trait. The large dominance effects of leaves water loss make it
preferable to select lines in later generations, when the heterozygosity level has
decreased to a negligible value. The difference between the negative general
combining ability (GCA) effects of Fundulea 4 variety and their specific combining
ability (SCA) effect could be an indication of good complementarity among genes
involved in the inheritance of this trait. In the case of crosses: ‘Fundulea 4’ x
‘Turda 2000’, ‘GKKapos’ x ‘Alex’ and ‘Xenos’ x ‘Apache’, from parents with high x
low GCA, in order to obtain desirable segregants the best breeding strategy is
intermating between crosses followed by selection.
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Climate change during the last decades is
predicted to reduce rainfall and water availability of
wheat plants, with high negative impact on yield level.
Genetic improvement of wheat for drought tolerance
requires investigation of the possible elements of
drought tolerance and exploration of the available
genetic variation [13]. Indirect selection in early
generation through traits correlated with drought
tolerance is one of the most important strategies in
plant breeding [17].

The ability of a plant to survive under severe
water deficits depends on its ability to restrict the loss
of water through the leaf epidermis after stomata attain
minimum aperture [11]. In this regards, differences
among genotypes for rate of water loss, which
presumably is an estimate of cuticular transpiration
rate, could be used for screening wheat genotypes for
drought tolerance [9]. The assessment of water loss
from excised leaves has shown to be effective for
characterising drought tolerance in wheat [9, 23]. This
trait is moderately heritable [7], predominantly

controlled by additive gene effects [5, 12] and can be
easily determined and hence applicable for use in large
populations. In wheat genotypic differences in non-
stomatal water loss due to variation in cuticular
thickness or composition were reported by several
studies [3, 4, 19].

Based of several studies the ELWL was
usually negatively correlated with other traits: leaf
DW, leaf area, leaf length, as well as midrib thickness,
implying that a longer path length for water to reach
the epidermis slowed the rate of water loss from the
leaf surface [10, 25]. Several QTLs for ELWL were
identified on chromosomes 1D, 4A, 6B and 6D [28],
and on chromosome 3A, 3B, 4B, 5B, 5D, 6B, 7A, 7B,
7D [25].

The diallel analysis method provides breeders
the possibility to review the genetic system and nature
of gene action involved in the expression of different
traits, right in the F1 generation [18, 22]. The success of
an improvement program depends on the selection
based on actual performance of the parents as well as
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their combining ability for traits of main importance
[2]. Combining ability indicates the additive or non-
additive expression of a trait, and also the appropriate
breeding strategy that will be used for an effective
improvement [14].

The present study was undertaken to evaluate
the inheritance type and components of genetic
variation for ELWL, using a half diallel analysis of
crosses between seven wheat varieties, in order to
obtain information useful for improvement of drought
tolerance.

Material and Method

The biological material was composed of
seven winter wheat varieties (‘Fundulea 4°, ‘Alex’,
‘Apullum’,  “Turda 2000°, ‘GKKapos’, ‘Apache’,
‘Xenos’), genetically and ecologically differentiated,
used as parents and 21 hybrids of half-diallel crosses
among these parents. The experiment was carried out in
a randomized block design with three replications.

For each genotype, five penultimate leaves
Ireplication were sampled and placed in polythene bags,
and transported immediately in the laboratory. In order to
calculate ELWL, the leaves were weighed three times
using the protocol proposed by Clarke (1987):
immediately after sampling to obtain the fresh weight
(FW), then dried in an incubator at 28°C at 50% R.H.
for 6 h obtaining W6h, and then dried again in an oven
for 24 h at 70°C and determine the dry weight (DW).
The ELWL was calculated by the formula:
ELWL=[(FW - Weéh) / (FW-DW)] x 100

Data were analyzed using the method
developed by Hayman [18] for diallel crosses, relating
to: analysis of genetic variance, estimation of variance
(Vr) and covariance (Wr), analysis of the graph Wr-Vr.
The relationship between dominance and positive and
negative alleles, were analyzed according to the model
of Johnson and Aksel [20]. The analysis of combining
ability was performed using method 2 (p parents and
p(p-1)/2 hybrids), model | (with fixed-effects) as
suggested by Griffing [16].

Results and Discussions

Based on the data from Table 1 it can be

observed that the dominance variance (b) had the
greatest contribution to the variability of excised-leaf
water loss (ELWL). The additive variance (a) also
shows a significant value, having a smaller
contribution to the variability of this indicator
compared to the dominance variance.
Regarding the dominance and how it acts in the
inheritance of ELWL, it was found that the
subcomponent b; of the dominance variance, which
indicates the average deviation of the hybrids from the
parental values, or the directional effects of dominance,
presents a non-significant value. Because in most cases
the average of this trait in F1 hybrids is higher to the
parents' mean, the significance of b indicates in most
cases the dominance of parents with a higher leaves
water loss under drought conditions, but there are also
exceptions [6].

Table 1
Analysis of genetic variance for ELWL in wheat
Source of variation| SS DF| MS | Ftest
Replications 139.92 | 2 | 69.96 | 1.57
a 1106.53 | 6 |184.42|4.13**
b 4684.18 | 21 | 223.06 | 4.99**
by 8.29 1] 829 | 019
b, 74213 | 6 |123.69]| 2.77*
o 3933.75 | 14 | 280.98 | 6.29**
Error 2412.83 | 54 | 44.68
Total 8343.54 | 83

The significant value for subcomponent b,

indicates an asymmetry of the distribution of positive and
negative alleles involved in the control of ELWL at the

additive, dominant x dominant or additive x dominant
interactions [15]. The differences between the hybrids
are not significantly influenced by the variation of

parents. The subcomponent b; had also a significant value growing conditions in the experimental field,
indicating the existence of differences between the ELWL considering the F value for replications.
of hybrids due to dominance and some additive x
Table 2
The significance of Wr/Vr regression coefficients for ELWL in F1 hybrids
Parameters Value Ho : p=0 Ho: B=1
b 0.059 9.24* 8.23*
Sh 0.057
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Regarding the test of additivity (Table 2), the
regression coefficient significantly different from 0
indicates the presence of dominance, while the
significance to unity indicates also the presence of non-
allelic gene interactions in the inheritance of this trait.

According to the Wr/Vr regression from
Figure 1, it is noted that only in the case of ‘Alex’ and
‘Apullum’ parents located near the regression line,
additive gene action is operative for this trait. In the
case of other parents, the expression of this trait is
under the influence of non -allelic gene interactions or
environmental conditions. Given the distance between
the regression line and the parabola, as well as the
position of the parents to the regression line, it follows
that both the dominance and additive effects play an
important role in the inheritance of ELWL, according

with the data from analysis of genetic variance. The
negative intercept of the regression line indicated the
presence of non-allelic and over dominance in the
inheritance of this trait, in accordance with the results
of other study on wheat ELWL at tillering stage under
glass house conditions [12].

In the case of ‘Turda 2000° (94.80%) and
‘Apullum’ (71.10%) varieties the highest proportion of
recessive alleles was observed, while ‘GKKapos’
(88.20%) and “Alex’ (83.80%) varieties have the
largest proportion of dominant alleles. The position of
“Turda 2000° at the high end of the regression line
indicates that this parent is near completely recessive
for this trait. So the F1 hybrids derived from crosses
with “Turda 2000° would have more heterozygous loci
than the other crosses [21].
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Figure 1. Wr/Vr regression for RWC in wheat

Table 3

Mean (YT), variance (Vr), covariance (Wr) values, and proportion of dominant alleles
for parents concerning ELWL

Mean | Variance |Covariance Proportion of

Parents Yr Vr Wr v+ Wr domiﬁant alleles
Fundulea 4| 60.02 70.06 -9.54 60.52 0.589
Xenos 76.63 22.40 34,77 57.17 0.605
GKKapos | 72.44 27.69 -28.41 -0.72 0.868
Turda 2000| 72.79 109.59 68.74 178.33 0.052
Alex 82.10 28.77 0.39 29.16 0.721
Apache 63.34 22.70 24.02 46.72 0.642
Apullum 79.71 94.35 44,17 138.52 0.289

The genetic diversity between the parents for
ELWL can be appreciated based on the position of
array points along the regression line in association
with the Wr+Vr values.

Thus, it was observed that the studied varieties
were divided into three groups: ‘Turda 2000’-
‘Apulum’; “Fundulea 4’ and ‘Xenos’-‘Apache’-*Alex’-

‘GKKapos’, inside which there is a certain genetic
similarity. Given that the parent’s mean of this trait
was not correlated with the proportion of dominated
alleles, it turns out that dominant alleles did not
especially control tolerance to leaves water loss in
these parents and therefore the selection for this trait
will be difficult [1].
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The distribution of the parents varieties based
on the standardized deviations (Wr+Vr) and the leaves
water loss of parents (yr), indicates a large proportion
of recessive alleles that increase the values of this trait
in “Turda 2000” and ‘Apullum’ varieties. In the case of
‘Xenos’ and ‘Alex’ varieties, the dominance was
associated with alleles with a positive effect, while in
‘Apache’ and ‘Fundulea 4 varieties, the dominance
was associated with negative alleles. Also, in the case
of ‘GKKapos’ variety, the dominant alleles had no
definite effect on the leaves water loss.

The asymmetrical effect of the different alleles
on this indicator is also confirmed by the low and non-
significant values of the correlation coefficient
(r=0.135) between the standardized deviations and the
parents' means. In this regard, the order of dominance
of parents was ‘GKKapos’, ‘Alex’, ‘Apache’, ‘Xenos’,
‘Fundulea 4°, “‘Apullum’, “Turda 2000°, and the order
of parental performance was ‘Alex’, ‘Apullum,’
‘Xenos’, ‘Turda 2000°, ‘GKKapos’, ‘Apache’ and
‘Fundulea 4’ showing week association.
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Figure 2. Standardized deviations (Wr+Vr) and parents mean (yr) for ELWL in wheat

The dominance effects (H1) had a main and
significant contribution to the inheritance of this trait
(Table 4), while the additive effects (D) had a smaller
but significant contribution, as revealed by the analysis
of genetic variance. The predominant value of the
dominance effects was also supported by the high and
significant value of the component (h?), which
represents the sum of all heterozygous loci [24].

The dominant alleles (F) that controls the
leaves water loss have a higher frequency (53.80%)
than the recessive ones, and at the same time an
asymmetry of the positive and negative effects of the
genes due to dominance was highlighted, considering
the significant value of the H2 component. According
to the Wr/Vr regression, the average degree of
dominance evaluated by the ratios (Hi/D)¥? and
kD/(kD+kR) suggests the presence of overdominance
in the inheritance of ELWL.
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The environmental variance (E), even if it
shows a significant value, is lower than the components
related to the dominance (H1) and additive (D) effects.
Based on the ratios Hx/4H: (0.216#0.250) it was
observed that the dominant genes are in different
positive and negative frequencies having positive
effects on this indicator in some parents and negative
effects in others. The number of genes groups or
effective factors (h 2/H, =0.09) was underestimated
because the dominance effects of all involved genes
were not equal in size and direction [20].

The high values of broad sense heritability
(0.731) and the low values for narrow sense heritability
(0.337) confirm that a considerable part of the ELWL
variability is due to the genotype, on the basis of the
involvement of some major genes in the determinism
of this character [26]. The difference between the two
types of heritability suggests a higher environmental
influence and therefore difficulty to apply effective
selection for drought tolerance using this trait as a
criterion.



Table 4

Genetic variance components and genetic parameters for ELWL in wheat

Variance component / ratio Estimated values
D- additive effects of genes 35.778***
Hi- dominance effects of genes 173.751***
H> — corrected dominance effects of genes 150.313***
F- covariance of additive and dominance effects 5.097
h2- cumulative dominance effects 11.686**
E- environmental variance 25.727***
(Hy/D)Y2 — average level of dominance 2.20
kD/(kD+kR) — proportion of dominance genes 0.538
F, - P -average direction of dominance 0.07
D-H, — average direction of genes effects -137.97
H,/ 4H,; — average frequency of positive and negative alleles 0.216
h?/ H, — number of blocks of dominant genes 0.091
D/(D+E) - true sense heritability 0.582
Hb — broad sense heritability 0.731
Hn — narrow sense heritability 0.337

LSDsy =7.114

Based on the data from Table 5, it can be
observed that in the variability of ELWL the additive
and non-additive genetic effects had a low influence, in
accordance with the results of Farshadfar et al.[15]. As
such, very few wheat genotypes differ from the others

LSD1s = 9.607

LSDo1s =12.793

in terms of concentration of favorable alleles. The
GCAJ/SCA ratio suggested that the SCA effects were
small relative to the GCA effects. The importance of
GCA effects in the inheritance of ELWL was also
reported by Dhanda and Sethii [13].

Analysis of variance for combining ability of ELWL in wheat

Variability SS
source
Total 10999.65
Replication 4.23
GCA 1734.17
SCA 2943.30
Error 7275.77
GCA/SCA

The effects of GCA present a balanced
proportion of negative and positive values, with
amplitude of 11.95 from -8.29 in the ‘Fundulea 4’
variety to 3.66 in the “Xenos’ variety. As such, ‘Xenos’
(3,66) and “Apache’ (3,45) varieties express the highest
GCA effects associated with a low potential to improve
drought tolerance.

Table 5
DF MS F
62
2 2.11 0.01
6 |289.03| 1.59
14 |210.23| 1.16
40 |181.89| 0.12
1.37
‘Fundulea 4’ recorded the most valuable

additive effects proved to be the most promising
parents for breeding of this trait. The mean values of
GCA effects are not significantly (r=0.469) correlated
with the parents mean, confirming the low influence of
the additive effects.

Table 6
Effects of the general and specific combining ability for ELWL in wheat
Parents GCA SCA
Xenos |GKKapos| Turda 2000{ Alex |Apache| Apullum
Fundulea 4| -8.29° - 8.48 5.42 -15.97°| 6.44 5.53
Xenos 3.66 - -1.42 271 | -159 | -10.11
GKKapos | -2.11 - 545 |-10.50| 5.48
Turda 2000, 2.39 - 2.56 -4.99
Alex 2.78 - 2.50
Apache 3.45 -
Apullum | -1.88

GCA -LSDsy =7.21; LSD1% =9.61; LSDo.1% =12.56

SCA -LSDsy =

13.74; LSD1% =18.33; LSDo.1% =23.96
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The SCA effects presented different values,
predominantly positive and with an amplitude of 26.21,
ranging from -15.97 for ‘Fundulea 4’ x “Turda 2000’ to
10.24 for “Turda 2000" x ‘Apullum’ hybrid. The
highest non additive effects were observed at different
hybrids of ‘Fundulea 4’ variety: ‘Fundulea 4’ X
‘Xenos’ (8.48) si ‘Fundulea 4’ x ‘Apache’ (6.44),
‘Fundulea 4’ x ‘Apullum” (5.53). The effects of SCA
with different sign for crosses of ‘Fundulea 4’ variety
show that selection among progenies of their crosses
may have unpredictable results. The lowest SCA
effects were recorded by crosses ‘Fundulea 4’ x “Turda
2000" (-15.97), ‘GKKapos’ x ‘Alex’ (-10.50) and
‘Xenos’ x ‘Apache’ (-10.11), which offers the
possibility of obtaining some valuable segregants

Conclusions

The additive gene action is operative for
leaves water loss only in the case of ‘Alex’ and
‘Apullum’ varieties. In the case of other parents, the
expression of this trait is under the influence of non-
allelic gene interactions or environmental conditions.
In the case of ‘Xenos’ and ‘Alex’ varieties, the
dominance was associated with positive alleles, while
in ‘Apache’ and ‘Fundulea 4’ varieties, the dominance
was associated with negative alleles. Also, in the case
of ‘GKKapos’ variety, the dominant alleles had no
definite effect on the leaves water loss. Considering
that ‘Turda 2000’ posses a high proportion of
recessive alleles for ELWL, F1 crosses of this parents
would have more heterozygous loci than the other
possible crosses, notably exceeding the parents for
this trait. The large dominance effects of leaves
water loss make it preferable to select lines in later
generations, when the heterozygosity level has
decreased to a negligible value.

The difference between the negative GCA
effects of ‘Fundulea 4’ variety and their SCA effect
could be an indication of good complementarity
among genes involved in the inheritance of this
trait. In the case of crosses: ‘Fundulea 4’ x ‘Turda
2000, ‘GKKapos’ x “Alex’ and ‘Xenos’ x ‘Apache’,
from parents with high x low GCA, in order to obtain
desirable segregants the best breeding strategy is
intermating between crosses followed by selection.
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