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GENE ACTION AND HERITABILITY IN SOME CROSS POPULATIONS IN
DURUM WHEAT UNDER NORMAL AND WATER STRESS CONDITIONS
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ABSTRACT

Six populations of three durum wheat (Triticum turgidum L. var durum) crosses namely 1) Mrb5 x
ICAMOR-TA04-68-F4, 2) Bani suef-3 x Waha and 3) Korifa x Haurani were grown during 2009/
2010, 2010/2011 and 2011/2012 at Ismailia Agricultural Research Station, Ismailia Governorate,
Egypt. The six populations were evaluated in two adjacent experiments, one with irrigated by sprinkler
system every week throughout the season (normal condition) and the other was irrigated by sprinkler
system every three weeks throughout the season (water stress condition). The study aimed to
determine the adequacy of genetic model and gene action controlling days to heading, days to
maturity, grain yield/plant and its components, proline content, relative water content (RWC) and
transpiration rate. Results indicated that, F, exceeded the better parent for yield and its components
and some physiological characters in most studied crosses under both normal and water stress
conditions. Genetic system and gene expression differed greatly from the normal condition to water
stress treatment in most cases. Where, scaling tests (A, B and C) provide evidence for the suitability of
simple additive-dominance genetic model for explaining the inheritance of days to heading in 1¥ and
3" crosses, No. of spikes/plant in 1% and 2™ crosses, 100-grain weight, proline content and RWC in 2™
cross as well as transpiration rate in 1¥ one under normal condition, as well as days to heading and
proline content in 1 cross, No. of spikes/plant in all studied crosses and 100-grain weight in 2™ and
3" crosses under water stress condition. Otherwise, the complex genetic model was responsible for the
inheritance of grain yield/plant and days to maturity in all crosses under both conditions, No. of
spikes/plant in 3" cross, No. of grains/spike and 100-grain weight in 1* and 2™ crosses, proline
content and RWC in 1* and 3" crosses as well as transpiration rate in 2" and 3™ crosses under normal
condition, also it responsible for days to heading and proline content in 2™ and 3" crosses, No, of
grains/spike, RWC and transpiration rate in all studied crosses under water stress condition. Additive
gene effect (d) was significant for days to heading in 1% and 3" crosses, No. of spikes/plant in 1% and
2" crosses, 100-grain weight, proline content and RWC in 2™ cross and transpiration rate in 1** one
under normal condition as well as days to heading and proline content in 1¥ cross, No. of spikes/plant
in 1%, 2" and 3" crosses and 100-grain weight in 2™ and 3™ crosses under water stress condition. Both
additive (d), dominance (h) and their interaction types, additive x additive (i) and dominance x
dominance (1) were involved in the genetics of No. of grains/spike in 1* cross under normal condition
and RWC in 1* and 3™ crosses, as well as grain yield/plant in 3 cross under water stress condition.
Additive (d), dominance (h), additive x additive (i), additive x dominance (i) and dominance x
dominance (I) were significant for No. of gains/spike in 1* cross under normal condition and days to
maturity in 1% cross and RWC in the 3" one under water stress condition. Additive (D) genetic
variance was important in the genetics of days to heading, days to maturity. No. of spikes/plant,
proline content, RWC and transpiration rate in all studied crosses, under normal condition, as well as
dzzys to heading in 1% and 3" crosses, days to maturly in 1% and 2™ crosses, proline content in 2™ and
3" crosses as well as transpiration rate in 1*' one under water stress condition. The dominance (H)
genetic variance was found to be the prevailent type controlling the remaining crosses under both
conditions. Heritability in narrow sense (Tn) was high (>50%) for days to heading, days to maturity,
No. of spikes/plant. 100-grain weight, proline content. RWC and transpiration rate in most cases and
ranges from low to moderate for grain yield/plant under both conditions.
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INTRODUCTION

Water deficit is the major constraint to
rainfed durum wheat production worldwide
(Kristin et al., 1997; Androw et al., 2000).
Moreover, changing weather pattern and world
wide water shortage will likely result in irrigated
wheats being grown with low applied water,
increasing the likelyhood or soil water deficit
(Rebetzke et al., 2006)

Durum wheat (Triticum turgidum L. var.
durum Desf.) as a self pollinated tetraploid (2n=
4x= 28) is highly valued for production of
semolina and pasta products. It is occupying
about 30 million hectares and 8% of total
production throughout the world (Sharma and
Sain, 2004). Considering the lower potential
yield in durum than that of bread wheat under
both rainfed and irrigated conditions, more
investigations and breeding programs for
development of higher- yielding and best
cultivars are necessary. Drought cause some
deficits in plant characters like yield.
Identification of drought tolerance as the ability
of plants to grow satisfactorily when exposed to
water defects has little direct applicability to
either quantifying or breeding for the characters
in crop species (Clarke et al., 1992).

Plant breellers have been selected some
physiological parameters i.e., proline content,
relative water content and transpiration rate,
supplemented date to heading, date to maturity
and grain yield/plant and its components for the
purpose of identifying selection criteria which
would be used to screen genotypes for drought
tolerance.

Therefore, studying the type of gene action
controlling physiological characters a long with
durum wheat grain yield and its components
accounted the major importance in durum wheat
breeding programs. Since, decision making
about the effective breeding procedure to be
used is mainly dictated by the type of gene
action controlling the physiological characters.
Thus, the genetic information obtained from
multigeneration are reliable compared with
those based on one generation, thus six
populations (Py, P», F, F,, BC, and BC,) are
considered the one which may give details
information for the employed genotypes.

In turn, genetic improvement of grain yield
under water limitations is a key objective for
wheat breeders (Richards et al, 2002).
Eemphasis on selection for higher grain yield
and improved performance under drought is not
always successful (Cooper et al., 1997). Genetic
progress is slowed due to a large genotype x
environment interaction arising from seasonal
differences in rainfall and drought severity. This
interaction reduces heritability and then
restricting effectiveness of empirical selection
and subsequent genetic gain for yield (Calhoun
et al., 1994, Farshadfar et al., 2000 and Kahrizi
et al., 2010).

An understanding of physiological adaptation
to water limited environment has identified
number of drought tolerance characteristics with
potential for genetic improvement of grain yield
under drought (Zarei et al., 2007). However,
only very few of the nominated traits have been
rigorously evaluated in a breed framework
(Rebetzke et al., 2006).

Assessment the type of gene action in wheat
have been studied by many investigators of
them, Dedio (1975) reported that water retention
was inherited under simple genetic control and
governed by genes with dominant effect.
Whereas, Dhanda and Sethi (1998) and
Farshadfar et al. (2011) concluded that additive
gene action played a major role in determining
the inheritance of relative water content and
selection for this trait appeared to be more
effective at anthesis. The transpiration efficiency
was simply inherited and controlled mainly by
additive genetic variation which was reflected in
high (88 to 89%) narrow sense heritability
(Malik et al., 1999). Additive and dominance gene
action and their digenic interaction (additive x
additive), (additive x dominance) and (dominance X
dominance) were more important in the inheritance
of grain yield and its components (Awaad, 1996
and 2002, Salama 2002, El- Sebae et al., 2008;
Amin 2013). El- Sebae et al. (2008) reported the
importance of additive genetic variance for No.
of spikes/plant, grain weight/spike and 100-
grain weight and narrow sense heritability value
was high for yield components, while it was low
in durum grain yield/plant. Moreover, the
additive gene effect (d) was more importance in
the genetic system controlling No. of
spikes/plant, 100-grain weight, No. of
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grains/spike, grain weight/spike and grain yield
/plant. Amin (2013) in their study on six
populations using two durum wheat crosses
grown under normal and heat stress conditions,
reported that, additive dominance model was
inadequate for the inheritance of days to
heading, No. of spikes/plant, No. of grains/
spike, 100- grain weight and grain yield/plant
for the two crosses under both conditions.
Additive, additive x additive and additive x
dominance gene effects were higher than the
dominance and dominance x dominance gene
effect, with low narrow sense heritability for No.
of spikes/plant and No. of grains/plant under
normal conditions, but it was moderate for alt
studied traits for the two crosses and
environments except days to heading and 100
grain weight in some cases.

Proline could increase the tolerance of plants to
abiotic stress (Hong et al., 2000 and Salem et al.,
2003). Jaleel et al., 2007 consider the proline
content suitable for selection in stress conditions
and proline content in tolerant plants is higher than
in sensitive plants. Maleki et al. (2010) concluded
that proline contant in leaves has additive gene
effects and relatively high narrow sense
heritability, therefore this trait relatively high
genetic gain from selection can be expected and
recommended for breeding of wheat populations
to drought tolerance.

Low narrow sense heritability was observed
for relative water content, proline content and
plant yield (Naroui Rad et al., 2013)

The objectives of the present investigation
were to study the adequate genetic model, types
of gene action as well as components of the
genetic variance, for durum wheat grain yield,
its components and some physiological
characters under normal and water stress
conditions.

MATERIALS AND METHODS

Crossing Technique and Experimental
Layout

The present investigation was conducted during
the three winter growing seasons: 2009/2010,
2010/2011 and 2011/2012 at Ismailia Agricultural
Research Station, Ismailia Governorate, Egypt, to

study the genetic system controlling drought
tolerance. Six diverse parental durum wheat
genotypes i.e. Mtb5, ICAMOR-TA04-68=F4, Bani
Suef-3, Waha, Korifla and Haurani (Table 1) were
selected according to their productivity as parental
materials to build six populations of three durum
wheat crosses 1) MrbSX ICAMOR-TA04-68= F4,
2) Bani Suef-3 x Waha and 3) Korifla x Haurani.

In the first season of 2009/2010, the six
parental durum wheat genotypes were grown in
a randomized complete block design with three
replications, at the same time, pair crosses were
performed to obtain F, grains. In the second
season 2010/2011, three F, cross grains were
sown to produce F, plants. Each of the F, plants
were crossed back to their respective parent to
obtain first (F; x P;) and second (F; x P,)
backcrosses. In the meantime pair crosses were
made to produce more F, grains, also the F,
plants were selfed to produce F, grains. In the
third season 2011/2012, the obtained grains of
six populations (P, P,, F,, F,. BC, and BC,) for
each of the three crosses were evaluated using a
randomized complete block design with three
replications in two parallel experiments. The
first experiment was irrigated by sprinkler
system every week throughout the season
(normal). The second experiment was irrigated
by sprinkler system every three weeks
throughout the season (severe drought stress by
skipping two irrigations). Durum wheat grains
were sown on the last week of November. Row
was 2m long, row to row and plant to plant
spacings were 20 and Scm, respectively.

The recommended agricultural practices for
wheat production under sandy soil conditions
were performed. Date of days to heading was
recorded at the time of full emergence of main
spike, moreover at heading stage, relative water
content (RWC) (Schonfeld et al., 1988)
transpiration rate (Stocker, 1956; Gosav 1960)
and proline content (Bates et al., 1973) were
performed in penultimate leaf. At full maturity
data of days to maturity was recorded. At
harvest, grain yield and its components were
estimated from individual plants.

Biometrical Assessment

A regular analysis of variance was firstly
performed for the studied characters of the three
durum wheat crosses.
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Table 1.Pedigree of the evaluated durum wheat genotypes

No Genotype Perdigree Origin
1 Mrb5 L0589-4L- 2AP-2AP-0AP Syria
2  ICAMOR-TA04-68=F4 13/3/Artur 71/Lahn//BIk2/Lahn/4/Quarual Syria
3 Bani Suaf-3 Corm “s”/rufo “s” Egypt
4 Waha CMI7904-B-3M-1Y-1Y-0SK-0AP Syria
5 Korifla CD523-3Y-1Y-2M-0Y-0AP Syria
6 Haurani Derived from different crosses in ICARDA Syria

Testing the Genetic Models

The A, B and C scaling tests as outlined by
Mather and Jinks (1982) were applied to test the
presence of non-allelic interactions as follows;
A=2B-P -F,B=2B,-P,-F, and C=4F-
2F(- P, - P,. Due to unknown biased effect of
non-allelic interaction, the simple genetic model
(m,d and h) was applied when epistasis was
absent. Whereas, in the presence of non- allelic
interactions, the analysis was proceeded to
compute the interaction types involved using the
six- parameters genetic model according to Jinks
and Jones (1958). The significance of the genetic
components were tested using the “t” test where:

Effect
\/ Varianceof effect

tt=

Components of the Genetic Variance

The components of genetic variance for each
character in the studied crosses were partitioned
into additive (D), dominance (H) genetic
variance and environmental (E) one using
Mather and Jinks (1982) formulae as follow:

E =(1/3) (VP,+ VP,+ VF))
D = 4VF,- 2(VB, + VB,) and
H=4 (VF,- AVD-E)
The genetic components of variance were
used further to compute average degree of

dominance (H/D)” and heritability in narrow
sense (Tn) as follow:

" 12D
T12D+1/4H+E

RESULTS AND DISCUSSION

Mean Performance

The reliability of the genetic components
estimates depends mainly on the amount of the
genetic variability among the studied genotypes.
Before proceeding to the biometrical analysis
the “t” statistical test was applied to the studied
genotypes for the different characters. The
results revealed significant differences between
parental genotypes, providing evidence for the
presence of considerable amount of genetic
differences among genotypes. Estimation of
mean performance (Tables 2, 3 and 4) showed
that, under normal conditions, the F;’s exceeded
the better parent for No. of spikes/plant, 100-
grain weight and proline content in 1 and 3™
crosses; No. of grains/spike in 1% and 2™ crosses
as well as grain yield/plant and RWC in 1* one,
showing heterotic effects and accumulation of
favorable alleles for such characters. On the
other hand, under water stress conditions, the
Fi’s exceeded the better parent for No. of
spikes/plant in 3" cross; No. of grains/spike and
grain yield/plant in all studied crosses; 100-grain
weight in 1¥ cross; proline content in 2™ and 3
crosses and RWC in 1% and 3™ crosses. Whereas,
the F)’s means of transpiration rate were less than
the lowest parent in 1* cross under normal condition
and in 1" and 2™ crosses under water stress
conditions, providing evidence for the predominant
of decreasing alleles in favor of drought
tolerance. While the F,’s means were more than
the lower parent under normal conditions for
proline content and RWC in 2™ cross, providing
evidence for the predominant of decreasing
alleles and negative heterotic effect. The F,’s
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Table 2. Generation means and standard errors for days to heading, days to maturity and No. of
spikes/plant in the six populations of three durum wheat crosses under normal and
water stress conditions

Characters Days to heading (day) Days to maturity (day) No. of spikes/plant
cross
populations 1 2 3 1 2 3 1 2 3
Normal

P, 83.3+0.340 87.8+0.208 82.4+0.400 124.5+0.226 125.1£0.206 122.1+0.423 2.82+0.152 3.27+0.329 3.10+0.233
P, 95.6+0.369 81.8+0.297 94.3+0.367 127.7+0.214 120.1£0.261 128.0+0.617 2.28+0.178 2.21+0.274 2.27+0.183
F, 88.410.311 83.440.243 85.5+0.247 125.040229 121.6:0311 124.7+0.332 3.00£0.239 2.30+0.286 3.37+0.183
F, 89.5£0453 84.5+0.231 87.7+1.182 124240361 122.1+0.323 125240934 25340.155 2.68+0.261 2.300.307
BC;, 85240402 86.5+0.231 85.3£0.925 124.5+0.287 122.840.280 121.930.642 3.15+0.174 2.940.259 3.00+0.275
BC,  92.6+0.423 83.620.266 89.2:+1.055 126.240.330 121.8+0.311 1254+0.898 2.39+0.147 2.15+0.231 1.78+0.261
Water stress
P, 81.8+0.347 85.9+0.197 79.0+0.436 119.5£0.268 121.0£0.245 117.4£0412 2.57+0.160 2.14+0.271 2.09+0.211
P, 93.6+0.305 80.05£0.203 87.6:0.333 124.310.244 118.0+0.027 122.6+0.324 2.00+£0.172 1.54+0.225 1.55+0.242
F| 86.7+0.302 80.6x0.209 79.7+0.278 121.3+0.258 1185+0.257 117.740.332 2.44+0.168 2.09+0.308 2.12+0.226
F, 87.810.429 82.9+0.269 80.3+0.956 122.3+0.373 119.3+0300 121.0+0.879 2.08+0.152 1.91x0.208 2.00+0.288
BC, 83.810.445 844+0.261 80.630.884 121.8£0.379 121.310.288 118.110.690 2.78+0.213 2.10+0.211 2.10+0.233
BC,  89.9+0367 81.5£0.262 85.3x0.797 125.6:0.256 119.74+0.029 120.0+£0.807 1.9440.145 1.79+0.192 1.50+0.224

Table 3. Generation means and standard errors for No. of grains/spike, 100-grain weight and
grain yield/plant in the six populations of three durum wheat crosses under normal and
water stress conditions

Characters No. of grains/spiks 100-grain weight (g) Grain yield/ plant (g)
cross
populations 1 2 3 1 2 3 1 2 3
Normal

P, 30.01+0.319 36.7+0968 30.5+0.652 3.20+0.119 3.17+0.114 3.20+0.015 2.70+0.091 3.89+0.040 2.98+0.024
P, 33.0+0.345  269£0917 20.740.773 3.7310.122 3.98+0.107 3.01+0.038 2.82+0.094 2.37+0.125 1.62+0.022
F, 3640309 39.2+1.005 24.4+0.476 4.22+0.115 32440083 33140008 4.05:0.164 3.02+0.127 2.56:0.031
F, 30.7+0.362 28.4+0.828 26.1+1489 340+0.144 333+0231 3.0840.068 3.1240.152 2.64+0.203 1.89+0.177
BC; 26440391 329+0.822 26.1+1.218 3.03+0.142 33140218 3.14:0.047 2.760.127 3.12+0.213 2.54+0.126
BC;  30.8+0.426 3120604 21.040.763 3.3740.123 3.74+0204 29440055 2.61£0.119 2410179 1.46x0.158
Water stress
P, 23240317 263+0.536 22.7+0.738 2.18+0.083 2.11£0.096 2.93+0.025 1.41+0.093 1.15+0.023 1.31+0.026
P, 249+0.335 19.440.520 15330352 2.1240.096 2.68+0.110 2.51+0.018 1.04+0.062 0.95+0.023 0.86:0.044
F, 27710317 29.240.601 23.7+0.326 3.0240.126 2.25+0.093 2.82+0014 197+0.095 1.33+0.018 1.88+0.029
F, 26240335 22240643 20.9+1.018 2.61+0.133 2.72£0.287 27630056 1.45%0.119 1.21£0.106 1.07+0.065
BC, 24120400 233+0.568 22240946 2.8140.134 23430.145 2.84+0.053 1.84+0.132 1.16x0.078 1.20+0.059
BC, 33.7+0435 22.1:0.663 17.5+0.813 2.8740.133 2710230 265+0.041 1.18£0.106 0.98+0.060 0.84+0.063
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Table 4. Generation means and standard errors for proline content, relative water content and
transpiration rate in the six populations of three durum wheat crosses under normal

and water stress conditions

Characters Proline content Relative water content Transpiration rate
cross (1 mols proline/g.f.w) (%) (mg H,0/g.F.W./hr.)
populations 2 3 1 2 3 1 2 3
Normal
P, 13.4+0.562 18.3+0.337 23.0+0.168 61.3+0469 63.2+0.628 66.6:0.718 178.2+1.657 170.6+1.477 108.8+0.495
P, 12540468 20.3+0.301 19240.178 48.6:0.309 69.7+0.635 61.7+0.553 219.8+2.031 156.0+1.315 138.1+0.547
F, 15.6+0.337 20.120.382 24.240.161 63.8£0.399 62.00.159 65210485 201.6+1482 1674+1.035 129.6+0.463
F; 13.8+0.770 19.940.444 21.5+0.551 57.241.668 64.6£1.318 65.6£1.337 199.14£3.774 163.7£1.891 121.1%2.047
BC, 14.4+0.702 19.630403 21.940.359 58.1%1.399 63.810.959 68.9+1.061 185.4+2.943 164.9+£1.758 113.4+1.109
BC, 11.6:0.654 21.0:0452 20.810437 50.1£1.102 67.2+1.176 62.841.133 204.3+3251 157.4+1.567 132.1£1.058
Water stress
P, 21.530.361 21.9+0.325 25.7+0.185 42.2+0.546 51.0£0.691 48.0+0.701 130.1£1.608 118.8+0.631 115.0+0.359
P, 20.0£0.280 23.6£0.265 22.7+0.175 35740467 41.6+0.575 51.9+0.885 151.3+1.675 128.7£0.651 98.7+0.781
F 20.8+0.297 23.840.223 26.2+0.106 44910415 46.1+0.503 56.6+0.455 123.81+1.164 111.7£0.718 100.0+0.653
F, 20.4+0.573 21.840.532 24240485 39.2+1.211 45.4£1.130 51.3£1.315 135443.293 122.6+1.943 107.7+1.462
BC,  21.0+0.533 21.1:0.531 24.520.416 418<1.116 46.8£1.001 50.2¢1.091 130.5£2.134 11541404 111.8+1.320
BC, 19.5+0.527 23.540.557 23.120.516 34.5t1.193 40.6:0.858 58.4+1.397 144.5t2.488 123.5+1.453 101.1£1.215

Adequacy Genetic Model and Gene Effects

Scaling tests (A, B and C) are presented in
Tables 5, 6 and 7 under both normal and water
stress conditions. Under normal condition, the
results provide evidence for the suitability of a
simple additive- dominance genetic model to
explain the genetic mechanism controlling days
to heading in 1% and 3" crosses; No. of
spikes/plant in 1% and 2" crosses; No. of
grains/spike in 3% cross; 100-grain weight,
proline content and RWC in 2™ cross as well as
transpiration rate in the 1% one. These
mformation’s could be used to facilitate
breeding of cultivars under normal irrigation
condition. Similar observations were reported by
Salem et al. (2003) who found that the simple
additive-dominance genetic model was adequate
to explain the inheritance of RWC in three
crosses; transpiration rate in two crosses and
proline content in one cross only out of five
bread wheat cross populations studied.

Otherwise, the complex genetic model was
found to be adequate for explaining the
inheritance of days to heading in 2™ cross; No.
of spikes/plant in 3" cross; No. of grains/spike
in 1*' and 2™ crosses; 100-grain weight, proline
content and RWC in 1% and 2™ crosses;
transpiration rate in 2" and 3" crosses as well as

days to maturily and grain yield/plant in 1%, 2™
and 3" ones. Similar results were registered for
proline content, RWC, transpiration rate and
grain yield/plant (Salem et al., 2003) and for
days to heading, No. of spikes/plant, No. of
grains/ spike. 100-grain weight and grain yield/
plant in durum wheat (El-Sebae et al, 2008;
Amin, 2013).

Additive gene effect (d) was significant and
considered the main type controlling the
inheritance of days to heading, days to maturity,
No. of spikes/plant, 100-grain weight, proline
content, RWC and transpiration rate in all
studied crosses; No. of grains/spike in 1% and 3"
crosses as well as grain yield/plant in 2™ and 3™
ones. Meanwhile, the additive (d) and additive x
additive (i) interaction type were important in
the inheritance of days to maturity and No. of
grains/plant in 1% ones, indicating that the
superior genotypes could efficiently identified
from its phenotypic expression. Therefore
phenotypic selection was more effective for
improving these characters in durum wheat
under normal irrigation conditions. Similar
results were reported by many investigators
(Dhanda and Sethi, 1998; Malik et af., 1999;
Salem et al., 2003; Salama, 2007; El-Sebae et
al., 2008; Farshadfar et al., 2011).
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Table 5. Scaling test (A,B and C) and adequacy genetic model for days to heading, days to
maturity and No. of spikes/plant in three durum wheat crosses growing under normal

and water stress conditions

Characters Days to heading Days to maturity No. of spikes/plant
po;gxrl::isons 2 3 1 2 3 ! 2 3
Scaling test Normal
A -1.30  1.80** 2.70 -0.50 040  -3.00* 048 0.31 -0.47
B 1.20  2.00**  -1.40 .30 1.90* -1.90 -0.50 -021 -2.08**
C 2.30 2.40 3.10  -5.40** 0.00 1.30 -0.98 064  -291*
lz NS *ok NS *ok ok * NS NS *ok
Adequacy genetic model
m 91.85** B4.70** 90.15** 124.20%*122.10%*125.20** 1.59*% 3.28*%* 230**
d -6.15%*% 200%*  595%*  -1.70%* 1.00* -3.50** 0.27*  0.53*% 1.22%*
h -595  0.00 -5.15 350 020  -6.55 2.35 -1.42 1.05
i 1.40 4.60**  0.80 -6.20 0.36
i -0.10 -0.10% -1.50** -0.55 0.81*
1 -5.20%* -3.80  -1.60 11.10* 2.19
Scaling test Water stress
A -0.90 2.30** 2.50 2.80%*  3.10%* 1.06 0.5 -0.03 -0.01
B -0.50  2.35%*%  330*% S5.60** 290** -0.30 -0.56  -039  -0.67
C 240  445%* 480 2.80 1.20 8.60*  -1.13  -0.22 0.12
ZZ s *k * ok *k *k NS NS NS
Adequacy genetic model
m 91.50** 82.90** 80.30** 122.30** 119.30** 121.00** 1.16 2.04%  2.62%
d -5.90**  2.90%* -4.70*%* -3.80** 1.60** -1.92 0.28* 0.30* 0.27*
h -10.00* -2.17  7.00* 5.00%*  3.80* -10.14** 238 0.45 1.98
i 0.20  10.60* 5.60** 4.80** .7.84*
J -0.03 -0.40 -1.40**  0.10 0.68

! -4.85*% -16.40%* -14.00%* -10.80**  7.08
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Table 6. Scaling test (A, B and C) and adequacy genetic model for No. of grains/spike, 100-grain
weight and grain yield/plant in three durum wheat crosses growing under normal and

water stress conditions

Characters No. of grains/spike 100- grain weight Grain yield/plant
popcljlli::isons 2 3 1 2 3 1 2 3
Scaling test Normal
A -13.68** -10.10** 270 -1.36** (.21 -0.19*  -1.23** 067 -0.46*
B S7.81*%% 370 2310 -1.21%* 0.26  -0.42*%* -1.65** -0.55* -1.26*%*
C -12.91** -28.40%* 440 -1.77** 031  -051* -1.14 -1.66% -2.16**
;{2 *ok Aok NS *ok NS Aok ek Aok *ok
Adequacy genetic model
m 30.76**% 28.40** 35.80** 3.40%* 2.79%* 308** 3. 12%* 2.66%* 1.89%*
d -443%% 170  4.90%* -0.34* -041** 0.20** 0.15 0.70** 1.08**
h -3.62  22.00** -27.40* -0.05 1.70 0.04 -0.45 0.33 0.70
i -8.58** 14.60** -0.80 -0.16 -1.74** 0.44 0.44
i -2,94%%  .320%* -0.08 0.11 0.21 -0.06  0.40*
1 30.07** -0.80 3.37%* 0.83* 4.62** (.78 1.28
Scaling test Water stress
A 271 -8.90**  -2.00  0.42%* 0.32 -0.07 0.30 022 -0.79**
B -5.08  -4.40** -380* 0.60** 0.49 -0.03  -0.65** -0.32%* -1.06**
C 145 -15.30** -180 0.10%* 1.59 -0.04 -0.59 0.08 -1.65**
ZZ * ok s,k * ok NS NS * % * % * %
Adequacy genetic model
m 26.23*%* 2220%* 20.90%* 2.61%* 3. 17*x  278**  145%x  121%x  1.07**
d 0.34  1.20* 4.60** -0.06 -0.28*%* 0.21** 0.66** 0.18* 0.36**
h -5.63%*  835%*  (0.70 1.79%*  -0.89 -0.12  098* -028  0.59*
i -9.24%* 200 -4.00 0.92 0.24 -0.56 -0.2
j 1.18  -225*%  0.90 -0.09 0.48%*  0.08 0.13*
1 17.08* 11.30* 10.30* -1.94* 0.11 1.04*  2.05%*
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Table 7. Scaling test (A, B, and C) and adequacy genetic model for proline content, relative
water content and transpiration rate in three durum wheat crosses growing under
normal and water stress conditions

Characters Proline content Relative water content Transpiration rate
po;:l‘;fisons 1 2 3 1 2 3 1 2 3
Scaling test Normal
A -0.20 0.80 -3.40** -8.90** 240 6.00** 9.00 -8.20* -3.70
B 491* 1.60 -1.80* -12.20** 2.70 -1.30 -12.80 -8.60* -11.60**
*
C -1.90 0.80 -4.60* -8.70 1.50 3.70 -4.80 -6.60 -21.70**
Z2 * NS *ok ok NS ok NS * ok
Adequacy genetic model
m 13.80%* 17.70** 21.50** 57.20** 62.85**% 65.60** 216.00** 163.70%* 121.10**
d 2.83%% -1.00** 1.10* 8.00*%* -325% 6.10**F -20.80** 7.51**% 18.70%*
h -0.55 640  2.50* -3.55 7.85 2.05 -5320  -6.10 12.75
i -3.20 -0.60 -12.40 1.00 -1020  6.60
j 2.35* -0.80 1.65 3.65%* 0.20  4.05**
1 8.30 5.82%  33.50** -5.70 27.00%*  8.50
Scaling test Water stress
A -0.30  -3.50*%* -2.90*%* -3.50 -3.50 -4.20 7.10 0.30  8.60**
B -1.80  -0.40 -2.70*%* -11.60** -6.50** 8.30** 13.90** 6.60* 3.50
C -1.50  -5.90** -4.00* -10.90* -3.20 -7.90 12,6 19.50* 17.10**
2,2 NS ok ok *k *ok ok *k Kk ok

Adequacy genetic model
m 21.35%* 21.80%* 24.20%* 39.20** 45.40** 51.30** 139.20** 122.60** 107.70**

d 0.75%% -2.40** 1.40*% 7.30%  6.20%* -5.70%* -14.00*%* -8.10** 10.70**
h -3.25 3.05 0.40 1.75* -7.00  18.65%* -850 -24.65** -11.80*
i 200  -1.60 -4.20 -6.80  13.00* 840 -12.60 -5.00
J -1.55* 0.1 4.05* 1.50  -6.25** 340  -3.15 2.55

1 1.90  7.20*% 1930* 16.80* -16.10* -29.40 5.70 -7.10
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The dominance (h) and its digenic interaction
type dominance x dominance (I) were
significant and involved in the inheritance of
days to maturity and No. of grains/spike in 1*
cross, suggesting that improving these
characters could be achieved under normal
irrigation conditions through hybrid breeding
method. Similar results were detected by Awaad
(2002); El-Sebag et al. (2008) and Amin (2013).

Meanwhile, the interaction type additive x
dominance (j) was negative and significant for
days to maturity and No. of grains/spike in 1%
and 2™ crosses, suggesting that decreasing
alleles were more frequent than the increasing
ones, and vice versa was recorded for proline
content in 1% cross as well as No. of spikes/
plant, RWC, transpiration rate and grain yield/
plant in the 3" one which showed more frequent
of increasing alleles over decreasing ones.

On the other hand, under water stress
conditions the simple additive-dominance
genetic model was adequate for explaining the
inheritance of days to heading in 1% cross, No.
of spikes/plant in 1%, 2™ and 3" crosses; 100-
grain weight in 2™ and 3" crosses and proline
content in 1% one. In this connection, Salem et
al. (2003) found that the simple additive-
dominant genetic model was adequate for
explaining the inheritance of proline content in
one cross of bread wheat. El-Sebae et al. (2008)
concluded that the simple additive-dominant
genetic model was adequate for explaining the
inheritance of No. of spikes/plant in all studied
crosses grain weight/spike and 100- grain
weight in two crosses from four durum wheat
crosses, sown under sandy soil conditions.
Otherwise, the adequacy genetic model (Tables
5, 6 and 7) indicated that, the simple additive-
dominance genetic model was not adequate to
explain the inheritance of days to heading and
proline content in 2" and 3™ crosses, 100- grain
weight in 1% cross, days to maturity, No. of grains/
plant, RWC, transpiration rate and grain yield/
plant in all studied crosses. These results reveal
the presence of epistasis and the complex
genetic model was adequate to explain the
genetics of the above- mentioned characters in
the corresponding crosses. Similar findings were
reported by (Awaad, 2002) for morpho-
physiological and grain yield/plant characters.

Moreover, Amin (2013) revealed that additive-
dominance model was inadequate for the
inheritance of grain yield/plant and its
components in two durum wheat crosses under
normal and heat stress conditions.

It has been observed that, additive gene
effect (d) was significant and expressed the
main-type controlling the inheritance of No. of
spikes/ plant in 1%, 2™ and 3" crosses; 100-grain
weight in 2™ and 3" crosses and proline content
in 1" one. Hereby phenotypic selection would be
effective for improving these characters in
durum wheat under water stress conditions.

Both additive (d) and dominance (h) gene
effects were involved in the genetics of days to
heading in 1% cross. Hereby pedigree method
would be effective for improving tolerance of
durum wheat to water stress.

Moreover under complex genetic model
additive (d), dominance (h) and their digenic
interaction types additive x additive (i) and
dominance x dominance (1) was significant for
days to maturity and No. of grains/spike in 2"
cross; RWC in 1* cross as well as days to
heading and grain yield/plant in the 3™ one.
Whereas, additive (d), dominance (h) and their
digenic interaction types additive x additive (i),
additive x dominance (j) and dominance x
dominance (1) appeared to be highly significant
and responsible in the inheritance of days to
maturity and No. of grains/spike in 1% cross and
RWC in the 3™ one. Dominance (h) and the
digenic interaction typ additive x dominance (j)
were significant for grain yield/plant in 1* cross,
wherease additive (d) gene effect and its digenic
interaction type additive x dominance (j) were
significant for proline content in 2™ cross and
grain yield/plant in 1* one. Additive, dominance
and different types of their interactions were
involved in the genetics of days to heading,
proline content and grain yield/plant (Salem et
al., 2003), yield and its components under sandy
soil condition in durum wheat (El-Sebae et al.,
2008) as well as yield and its components under
both normal and heat stress conditions in durum
wheat (Amin, 2013).

It is worth to note that under normal
irrigation, days to heading and No. of grains/
spike in 3" cross; proline content and RWC in
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2™ cross as well as transpiration rate in 1% one,
inherited under simple additive- dominance
genetic model with the prevailed type of
additive gene effect (d). Whereas, under water
stress condition these crosses showed another
behavior and inherited under complex genetic
model with the prevailed type of epistasis and
vice versa were recorded for No. of spikes/plant
and 100-grain weight in 3™ cross and proline
content in 1¥ one. This may be due to the effect
of water stress on the gene expression of durum
wheat crosses.

It is worth to note that, dominance (h) and its
digenic interation type dominance x dominance
(1) were significant and has different signs for
No. of grains/spike in 1% cross and proline
content in 3" cross under normal irrigation, days
to heading in 3" cross: days to maturity and No.
of grains/spike in 1% and 2™ crosses; 100-grain
weight in 1% cross, grain yield/plant in 3™ cross
as well as RWC in the 2™ one under water stress
condition. This result indicate that interaction is
predominantly of duplicate type.

Components of Genetic Variance and
Heritability

Separate out the total genetic variance to its
constituent parts; additive (D) and dominance
(H) gene action has been done. Also, heritability
in narrow (Tn) senses were calculated.

The results given in Tables 8, 9 and 10
clearly indicate that additive (D) genetic
variance under normal condition was the
predominant type controlling days to heading,
days to maturity, No. of spikes/plant, proline
content, RWC and transpiration rate in all
studied durum wheat crosses; No. of
grains/spike in 1% and 2™ crosses as well as 100-
grain weight in 1% and 3 ones. Otherwise,
under water stress condition, additive
component (D) was the predominant type
controlling days to heading in 1* and 3™ crosses;
days to maturity in 1% and 2" crosses; No. of
spikes/plant in 3" cross; proline content in 2™
and 3" crosses as well as transpiration rate in the
1¥ one, resulting in (H/D)*’ ratio was less than
unity, reinforcing the importance role of
phynotypic selection for improving these
characters in the corresponding crosses under
both normal and water stress conditions. Similar

conclusion was reported for days to heading and
yield and its components (Awaad, 2002 and El-
Sebae et al., 2008) as well as for days to
heading, proline content, RWC and transpiration
rate (Salem et al., 2003; Maleki et al., 2010).

Under normal condition, the dominance (H)
genetic variance was found to be the prevailed
type in the inheritance of No. of grains/spike in
3" cross; 100-grain weight in 2™ cross and grain
yield/plant in 1%, 2" and 3" crosses. Otherwise,
under water stress condition dominance
component (H) was found to be the prevailed
type in the inheritance of days to heading in 2™
cross; days to maturity in 3 cross; No. of
spikes/plant, No. of grains/spike and grain yield/
plant in 1%, 2" and 3™ crosses; proline content in
1% cross as well as RWC in 1% and 2™ crosses as
well as transpiration rate in the 2" and 3" ones,
resulting in (H/D)*’ ratio was more than unity,
indicating the importance of over- dominance
gene effects in the genetic control of these
characters in those durum wheat crosses under
both conditions. In this respect, hybrid breeding
method could be used for improving these
characters under both conditions. In this
connection, dominance gene effect played an
important role in the inheritance of proline
content (Hassan 2002), relative water content,
transpiration rate and proline content (Salem et
al., 2003); No. of spikes/plant, No. of grains/
spike, 100-grain weight and grain yield/plant in
durum wheat (El-Sebae et al., 2008 and Amin,
2013) as well as grain yield/plant (Awaad et al.,
2013).

Heritability estimates in narrow sense (Tn)
under normal condition was high (> 50%) for
days to heading in 1% and 3" crosses, No. of
spikes/plant in 1% cross, 100-grain weight in 3™
cross as well as days to maturity, proline
content, RWC and transpiration rate in all the
studied crosses. Meanwhile, under water stress
condition, heritability was high (> 50%) for days
to heading in 1% and 3" crosses, days to maturity in
1% and 3™ crosses; No. of grains/spike in 3t
cross; 100-grain weight and proline content in
2™ and 3" crosses as well as RWC in the 2™
one. These results allow for considerable
progress for selection. In this concern, high “Tn”
values have been reported for days to heading,
proline content, RWC and transpiration rate
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Table 8. Components of variance (D, H and E), degree of dominance (/4 /D) and heritability in

narrow sense (Tn) for days to heading, days to maturity and No. of spikes/plant in
three durum wheat crosses under normal and water stress conditions

Characters Days to heading Days to maturity No. of spikes/plant
Crosses 2 3 1 2 3 1 2 3
parameters
Normal

D 95.308 3.532  30.693 5.286 3.698 16.140 1.224  0.800 1.202
H -54.742 0328 23.126 2476 1.948 5792  -0.889 -0.484 0.612
E 1275 1.223 1.205 0915 1.104  1.832  0.532 1.021 0.476
JH/D 0394 0304 0868 0.684 0.725 0.599 0.851 0.778  0.713

Tn% 85.20 5750 68.70 63.21 53.70 7105 6630 30.76  48.80
Water stress

9.358 1.192 14200 3.712 3,008 10.014 0.408 0.560  0.920

6.190 4.832 11.868 1240 0948 12284 1484 -0.800 3.260

1.121  0.814  0.893 1.186 1.319 1.194  0.353 0.910 0475

JH/D 0813 2013 0914 0578  0.561 1.107 1.852 1.195 1.882

Tn% 63.68 2307 6470 5530 4920 54.00 2190 30.00 26.28

=IO

Table 9. Components of variance (D, H and E), degree of dominance 4 /D and heritability in
narrow sense (Tn) for No. of grains/spike, 100-grain weight and grain yield/plant in
three durum wheat under normal and water stress conditions

Characters No. of grains/spike 100-grain weight Grain yield/plant
Crosses 2 3 1 2 3 1 2 3
parameters
Normal
D 4.694 7200 37772 0.728 0.620 0.100 0.624  0.348  0.300
H 4228 -0340 47568 0.644 0.628 0.007 0.768 0.708  0.593
E 2363 6.097 3330 0268 0.065 0004 0374 0.061 0.006

NH/D 0949 0217 1122 0940 1.006 0273 1.109 1.426 1.406

Tn% 40.60 37.45 55.30 45.90 58.3 89.30 35.50 42.23 49.18
Water stress

D 6220 3894 18126 0280 0.624 0.073 0360 0.172  0.056
H 67.464 6.064 19.264 0876 0.700 0.114 0468 0508  0.077
E 4580 3.169 2656  0.241 0.063 0003 0240 0.005  0.011

NJHI/D 3291 1247 0970 1.768 1.059 1.249 1.140 1.718 1.175
Tn% 12.66 29.30 5480 2333 56.72 5297  33.52 39.45  48.27
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Table 10. Components of variance (D, H and E), degree of dominance + /D and heritability
in narrow sense (Tn) for proline content, relative water content and transpiration rate
in three durum wheat crosses under normal and water stress conditions

Characters Proline content Relative water content Transpiration rate
Crosses 2 3 1 2 3 1 2 3
_parameters
Normal
D 13.00 3374 6.620 57482 37454 25648 234.756 38314 85492
H -3.292 0292 0.068 11.896 5.932 15.048 70.592 13340 19.144
E 1443 1.002 0.315 1.693 4.141 3.082 21.719 13280 2755
JH/D 0503 0294 0.0103 0455 0.158 0.766 0.548 0.590 0.473
Tn% 9129 6107 9088 86.03 7690 6520 7488 5354  85.00
Water stress
D 2260 4.058 5.160 21.488 26.242 27.152 118.966 73.520 18.846
H 4288 2.396 1.732 34052 10.840 126.880 41.420 115200 72.356
E 0.748 0772 0277 2757 4633 6.004 11.245 4.193 4.564
JH/D 1.377  0.768  0.579 1.258  0.643  2.161 0.590 1.251 0.473
Tn% 3831 5964 7841 4881 64.11 26460 7336 5270  29.37

(Salem et al., 2003), 100-grain weight (El-Sebae
et al., 2008 and Amin, 2013) and proline content
(Awaad et al., 2013). Furthermore, heritability
in narrow sense ranged from low to moderate
for grain yield/plant under both normal and
water stress conditions, where yield is
quantitively and  greatly affected by
environmental changes. Also, low to moderate
(Tn) estimates were registered in the remainig
crosses for the various characters under both
conditions. Similar results were recorded for
morpho-physioliogical characters and grain
yield/plant by Salem et al. (2003); Awaad et al.
(2010 and 2013); El-Sebae et al. (2008); Maleki
et al. (2010) and Amin (2013).
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