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ABSTRACT

This work was carried out at the Experimental Farm of Sakha Agricultural Research Station, Kafr El-
Sheikh, Egypt, during the three growing seasons 2013/14, 2014/15 and 2015/16, to estimate types of gene action
controlling the inheritance of wheat resistance to stripe and stem rust diseases as well as to study the inheritance of
grain yield character. Genetic materials used in this study included six populations (P1, P2, F1, F2, BC1 and BC>) of
two bread wheat crosses namely, (Sakha 95 X Shandaweel 1) and (Sakha 95 X Sids 13). Results revealed that
additive (a) was higher in magnitude than dominance (d) variance for all charcters. The most predominant type of
epistasis was additive X additive (aa) for both diseases; stripe and stem rust resistance. The values calculated for
heritability in broad sense were high, while for narrow sense heritability values were moderate to relatively high
for the two crosses in all studied characters. Both crosses are promising and higher in magnitude, which had high
genetic advance associated with high heritability estimates were detected. Therefore, these two crosses would be

useful in breeding programs for improving the studied characters.
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INTRODUCTION

Wheat (Triticum aestivum L.) is the most important
cereal crop in Egypt as well as in many countries. Egypt has
a big gap between wheat production and consumption.
Therefor, the main goal of the Egyptian breeding program is
to increase yield production by developing high-yielding new
cultivars through important processes and technics. One of
these processes is reducing crop losses by breeding cultivars
resistant to diseases, especially the most critical wheat
diseases; stripe and stem rusts, caused by Puccinia striiformis
and Puccinia graminis tritici, respectively.

Grain yield losses due to stripe rust disease are very
high in many countries all over the world, including Egypt
(Omara et al. 2018). Wheat stripe rust in Egypt is considered to
be a destructive disease, and it caused significant yield losses
under severe epidemics. Understanding the genetic behavior of
wheat resistance to the two diseases is critical for deciding the
breeding method that maximizes the genetic improvement of
resistance. (Shehab EI-Din et al. 1991 and EI-Seidy et al. 2017
a). In many studies, wheat resistance to rusts was described as
a simple inherited character affected by one, two or a few
number of genes, (Shahin and Ragab 2015) and (EI-Seidy et al.
2017 a). On the other side, many investigators reported that
resistance is a quantitative character governed by many genes
affected by the prevailing environmental conditions. (Shehab
El-Din et al. 1991, Yadav and Narsinghani, 2000, Sharshar,
2015 and El-Seidy et al. 2017 a). In addition, resistance was
dominant over susceptibility in most cases, (Shehab EI-Din and
Abd El-Latif, 1996 and Patil et al. 2000), while the vice versa
was true in other studies, (EI-Fadly et al. 1991 and Ganeva et
al. 2001). Moreover, some cases best fit the simple additive
genetic model, while, dominance and / or epistasis were more
effective and had important role on the genetic behavior of this
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trait, (Sharshar, 2015, Kalim Ullahl et al. 2016 and EI-Seidy et
al. 2017 a).

The main objectives of this research were to: 1). Study
the genetic behavior of wheat resistance to stripe and stem rust
diseases, 2). Study inheritance of grain yield character, and 3).
Detecting plant resistance to stripe and stem rusts to be grown
through advanced generations to develop improved and
advanced wheat cultivars.

MATERIALS AND METHODS

The field work was conducted at Sakha Experimental
farm, Agricultural Research Center (ARC), Egypt, during the
three seasons from 2013/14 to 2015/16 to study the genetic
behavior of wheat resistance to stripe and stem rust diseases
as well as genetics of the grain yield character.

In the first season, 2013/14 the new wheat cultivar
Sakha 95 was crossed to both Shandweel 1 and Sids 13. The
names, pedigrees and cross name of the three wheat
genotypes are presented in Table 1.

In the second season (2014/15), the F1 hybrid seeds of
each cross were separately sown to produce F; plants and part of
these plants were backcrossed to each of their respective parents.
Seeds of the two backcrosses (BC; and BC;) were obtained. The
rest of F1 plants were self-pollinated to get F; plants.

In the final season (2015/16), the obtained seeds from
the plants of the six populations i.e., Py, P, F1, F,, BC1 and BC;
for the two crosses were planted in randomized complete blocks
design (RCBD) experiment with three replications. Each
experimental plot consisted of (one row for each of Py, P, and F,
four rows for each of BCiand BC; and nine rows for F; plants).
Moreover, two border rows were sown with a mixture of high
susceptible wheat varieties for the two diseases as spreader to get
high inoculum for both diseases (Morocco, Triticum spelta
sahariensis ‘TSS’, Thatcher and Max) to be used as trap nursery
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and source of inoculum to detect infection. Each row was 4 m
long spaced 30 cm apart and grains were 20 cm apart.

The experiment was surrounded by a mixture of
cultivars highly susceptible to both diseases as a trap nursery
to help in the natural and artificial inoculations. The artificial
inoculation for stem rust was carried out at the third week of
March in the early evening (at sunset ) using a mixture of

fresh urediniospores for the most prevalent pathotypes and
talcum powder at a rate of 1 :25 (w/w) and dusted at booting
stages. The inoculation of all wheat plants was carried out at
booting stage according to the method of (Tervet and Cassell
1951). Meanwhile, the artificial inoculation for stripe rust was
not carried out because it is forbidden in the open fields and it
was under natural infection.

Table 1. Names, pedigrees and cross name for three bread wheat genotypes.

Parent Genotype Name Pedigree and Selection History

1 Sakha 95 PASTOR // SITE /MO /3/ CHEN / AEGILOPS SQUARROSA (TAUS) // BCN /4/ WBLL1.
CMA01Y00158S-040POY-040M-030ZTM-040SY-26M-0Y-0SY-0S.

2 Shandweel 1 SITE/MO/4/INAC/TH.AC//I3*PVN/3/IMIRLO/BUC
CMSS93B00567S-72Y-010M-010Y-010M-3Y-0M-0HTY-0SH

3 Sids 13 KAUZ"S"/[TSI/SNB"S".

ICW94-0375-4AP-2AP-030AP-0APS-3AP-0APS-050AP-0AP-0SD.

Data recorded

For evaluation experiment of the six populations, data
were recorded on 45 individual guarded plants for P, and Py,
35 plants for F1, 75 plants for each of BC; and BC; and 300
plants for the F for each cross collected from all replications.
The following characters were recorded:

Stripe and Stem rusts diseases assessment

The infection types for stripe and stem rusts were
recorded and estimated as disease severity using the method
of (Stakman et al. 1962) in which resistant (R), moderately
resistant (MR), intermediate (M), moderately susceptible
(MS) and (S) susceptible.

Grainyield / plant (GY/P) in g:

It was recorded by weighing the grains of each
individual plant.

Data were collected from the selected plants in each cross
for stripe rust, stem rust resistance and for grain yield/plant.

The quantitative analysis of field response was applied
by converting the average coefficient of infection (ACI)
following the method of (Stubbes et al. 1986) and modified by
(Shehab EI-Din and Abd El-latif 1996). In this method, an
average coefficient of infection was determined by multiplying
infection severity with an assigned constant values namely,
0.05,0.1,0.2,04,0.6,08and 1 for 0, 0;, R, MR, M, MS and
S infection types, sequently , (Abou-Zeid et al. 2018 a).

Heterosis was calculated as the deviation percent of Fy
hybrid over its mid-parent (MP) and better parent (BP) estmates.

Inbreeding depression was also calculated as the average
percentage decrease of the F, from the F,. Moreover, potence
ratio (P) was also determined according to (Peter and Frey 1966).

The population means and the variances were used to
detect the scaling tests A, B and C and to determine the type
of gene effects using the method of (Mather 1949 and
Hayman and Mather 1955).

In addition, the six parameters model applied by
(Gamble 1962) was followed to estimate the different gene
effects. Moreover, heritability in broad and narrow senses
were using the method of (Mather 1949) and the predicted
genetic advance under selection was also estimated according
to (Johnson et al. 1955).

RESULTS AND DISCUSSION

Means and variances of P4, Py, F1, F2, BC: and BC;
populations of the two wheat crosses for the two rusts and for
yield characters are presented in Table (2).

For stripe disease rust the data show that F; generation
mean values lie between P1 and P, mean values in the two
crosses, indicating partial dominance for the susceptibility and
resistance in the two crosses, respectively. On the other hand,
for stem rust, the same reaction was true, in cross Il, while in
cross | susceptibility was completely dominance resistance.
The F1 mean values for grain yield surpassed the mid values of
the two parental means in both crosses indicating that presence
of partial dominance towards the better parent.

Table 2. Means (X ") and variances (S?) of the six studied populations of the two wheat crosses for diseases reactions

and grain yield.

Charac-ter Cross Statistical parameter P P2 F1 F2 BC: BC:
X 003 022 017 055 015 093
stive Ry a9 X Shandaeel 1 S 002 004 004 345 010 371
P Sakha 05 X Sids 13 X 003 2029 537 297 2.25 3.95
S 0.02 0.48 1.12 40.89 20.61 27.67
X 402 102 4.66 498 249 3.90
St Rust Sakha 95X Shandaweel 1 e 3.02 0.02 1.29 3319 1816 2002
. X 402 0.02 143 290 3.74 117
Sakha 95 X Sids 13 S 302 001 170 2218 2149 676
X 4010 3204 3700 3554 4066 3342
rainvieg a9 X Shandaeel 1 S 2350 1891 3121 32250 28452  220.08
Sakha 95 X Sids 13 X 4010 2598 3560 3016 3362 2748
SAc 2350 1963 2460 22126 20458 16265

Means of F, generation were higher than the two
parents in cross | (Sakha 95 X Shandaweel 1) for stripe and
stem rusts, indicating overdominace towards the susceptible
parent. On the other hand, the F» mean value for stripe rust in
cross Il was less than the mid parents indicating partial

dominance towards the resistant parent. Meanwhile, it was
higher than the mid parent for stem rust in cross Il improving
the presence of partial dominance towards the susceptible
parent. These results are in accordance with those obtained by
(Al-Naggar et al., 2010) and (Sharshar and Esmail 2019).
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In addition, means of F, generation for grain yield
were intermediate and less than the F; mean values in both
crosses indicating that this character is quantitatively
inherited. These results are in harmony with the results
obtained by (Sharshar and Esmail 2019).

Generally, BC; means were close to those of their
respective female parents while and BC, means were close to
their respective male parents (P,’s) for all rusts reactions and
grain yield of both crosses, except for stem rust in the first cross.
Similar results were reported by (Gad 2010, Al-Naggar et al.
2012, Hamam 2013 and Sharshar and Esmail 2019).

The highest magnitude of variance was stated by the
F, generation for the three studied characters followed by
those of backcross generations, except for one case in (Sakha
95 X Shandaweel 1) for stripe rust. Mianwhile, the lowest
variance magnitude was detected by parents and F;
populations. These results are in harmony with those obtained
by (Al-Naggar and Shehab-Eldeen 2012 and Sharshar and
Esmail 2019).

Gene effects

Regarding to the scaling test as presented in table (3)
showed that at least one of the scales A, B and C tests was
significant, proving the presence of (epistasis) and indicating
that using the six parameter model to detect different genetic

components was valid for the two wheat crosses and studied
characters.

The two crosses exhibited highly significant mean
effects (m) for the studied characters indicating that these
characters were quantitatively inherited. These results are in
harmony with those of (Hendawy 1998, Afiah 1999, El-
Hosary et al. 2000, Sharshar 2015, El-Seidy et al. 2017 b and
Sharshar and Esmail 2019).

Additive gene effects were highly significant negative
and significant negative in cross | for stripe rust and stem rust
diseases, respectively. Meanwhile, it was positively and
highly significant in the second cross for stem rust. Therefore,
practicing selection for the resistance could be started from
early generations. The obtained results are in harmony with
those of Gad (2010), Al- Naggar and Shehab-Eldeen (2012)
and Sharshar and Esmail (2019).

For grain yield, positively significant values were
found in both crosses Sakha 95 X Shandaweel 1 and Sakha
95 X Sids 13. This reflects the enhancing effect of type of the
additive gene action in the inheritance of such character.
These results are in agreement with those reported by (Al-
Naggar and Shehab-Eldeen 2012, Hamam 2013, Patel et al.
2018 and Sharshar and Esmail 2019).

Table 3. Estimates of scaling tests and gene effects for three studied characters in the two wheat crosses.

Charac-ter Cross = Scal gwg test = ) @ Typég)of gene( l’imglon ) @
Stripe Rust Sakha 95 X Shan_daweel 1 01 148**  162** 0.55**  -0.78** 0 -004 069>  -153
Sakha 95 X Sids 13 -0.91  -17.75**  -19.2** 297  -171* 424 0.55 8.42** 18.11**
Stem Rust Sakha 95 X Shan_daweel 1 -369** 211* 5.58** 4.98** -1.4*  502*  -7.16%* -29%  874**
Sakha 95 X Sids 13 2.03 0.89 4.71%* 2.9%* 257 239 -1.79 0.57 -1.12
Grain Yield Sakha 95 X Shandaweel 1~ 3.38 -3.05 -9.82* 345 724 1192 1015 321 -10.49
Sakha 95 X Sids 13 -8.78*  -6.62* -16.66** 30.16** 598** 381 1.26 -1.08 14.15

*and **= significant at 0.05 and 0.01 probability levels respectively,

The estimates of dominance (d) effects were
significant and negative only in the cross | for stem rust trait,
suggesting that dominance gene effects were important in the
inheritance of resistance traits in this cross. Negative and
highly significant additive X additive (aa) gene effects were
detected only in cross | for stem rust. On the other side,
positively highly significant additive X dominance (ad) gene
effects were estimated in the second cross for stripe rust.
Meanwhile, highly significant negative (ad) effects appeared
in first cross for stripe rust and stem rust. In addition, positively
and significant gene effects due to dominance X dominance
(dd) appeared in second cross for stripe rust and in first one for
stem rust, reflecting enhancing effects due to (dd) type of
epistasis in the inheritance of resistance in these crosses.
Results also showed that epistasis played an important role in
the inheritance of resistance of stripe and stem rusts, while it
was not important in grain yield. These results are coincide
with these reported by (Al-Naggar and Shehab-Eldeen 2012,
Kalim Ullahl etal. 2016, El-Seidy et al. 2017 b, Khilwat et al.
2019 and Sharshar and Esmail 2019).

Heterosis, inbreeding depression and potence ratio:

Favorable (desirable) heterosis percentages for
resistance traits those with negative signs to mid-parent and /
or better parent.

For stripe rust, Table 4 illustrates that negatively
highly significant heterotic effects relative to better parent
were detected in the two crosses, while it was negative
comparing to mid-parent in the second cross only.

For stem rust, the negative and highly significant
heterotic values over both mid and better parents were detected
in the second cross, while positive values (undesirable) were
found in the first cross. This means that resistant plants could be
detected in early generation. Therefore, practicing selection for
resistant genotypes could be effective in early generations.

On the other side, highly significant positive heterotic
values relative to mid parents were found in both crosses to
mid- parent for grain yield character. Thus, to find promising
genotypes having high grain yield ability, selection would be
better to be postponed to later generations.

Table 4. Heterosis (%0) relative to mid-parent (MP) and
better parent (BP), inbreeding depression (1D
%) and potence ratio (PR) for studied traits of

the two wheat crosses.
%) %) D =
- 2 L2 c @
g 8a B, Tgs
g S g2 80 552 5%
g I I 28 °%c
Strip  Sakha 95 X Shandaweel 1 36.23** -21.89** -224.22** .49
Rust Sakha 95 X Sids 13 -47.13** -73.53** 44.8** -0.47
Stem Sakha 95 X Shandaweel 1 84.64** 15.79** -7.03** 1.42

Rust Sakha 95 X Sids 13 -29.33** -64.48** -103.15** -0.30
Grain Sakha 95 X Shandaweel 1 4.9** -564** 6.08** 0.44
Yield Sakha95XSids13  7.74** -11.22** 1529** 0.36

*and **= significant at 0.05 and 0.01 probability levels, respectively.
In general, inbreeding depression values were highly
significant negative in cross | (Sakha 95 X Shandaweel 1) for
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stripe rust and in the two crosses for stem rust. Meanwhile, it
was highly significant positive for stripe rust in cross Il. On
the other side, positive estimates for inbreeding depression
were observed for grain yield in both crosses. Similar results
were reported by (Shehab Eldeen 2012 and Sharshar and
Esmail 2019).

For stripe rust, potence ratio values were less than
unity with positive signs of first cross. Meanwhile, these
values were less than unity with negative signs in the second
cross for stripe and stem rusts, reflecting the important role of
partial dominance in the inheritance of these traits.

On the other hand, for stem rust the potence ratio
values of cross 1 were more than unity revealing that over
dominance controls the inheritance of resistance to that
disease. Whereas, potence ratio values were less than unity
with positive signs in both crosses for grain yield character.
The obtained results are matching with those of (Darwish
2011, Hammam 2013, Abd El-Aty et al. 2014, EI-Seidy et al.
2017 and Sharshar and Esmail 2019).

Heritability and expected genetic advance from selection:

The values of heritability were high in broad sense for
stripe and stem rust diseases in both crosses, revealed that the
phenotypic variability was due to the genetic effects for the two
diseases inthe two crosses, as illustrated in Table (5). The obtained
results are similar to those of (Cheruiyot et al. 2014, Kalim Ullah1
2016, Reena et al. 2018 and Sharshar and Esmail 2019).

On the other hand, for stripe and stem rust diseases
heritability values in narrow sense were moderate to high in both
crosses, except the second cross in stem rust, indicating the
important role of additive gene effects in controlling the resistance
to both diseases. These results are in harmony with those reported
by (Khilwat et al. 2019 and Sharshar and Esmail 2019).

For grain yield, values of heritability were high in
broad sense in both crosses, and for narrow-sense heritability
values were lower than the corresponding broad sense
heritabilities which ranged from low in the second cross to
moderate in the first cross, proving the presence of non-
additive gene action suggesting that the inheritance is
complex. These results are in agreement with those of Abd
El-Aty 2002, Salama 2002 and EI-Seidy et al. 2017 b).

Table 5. Heritability percentage in broad (h%) and
narrow (h%,) sense and expected genetic advance
for the three studied characters in the two wheat

Crosses.

Heritability Genetic advance

Character Cross RO R0 Az A%
Stripe rust Sakha 95 X Sh_and. 1 99.04 89.72 343 621.89
Sakha 95 X Sids13  98.32 81.92 10.79 363.90

Stem rust Sakha95 X Shand. 1 9576 84.96 10.08 202.28
Sakha 95 X Sids13 9276 72.61 7.04 242.73

Grain Yield Sakha 95 X Sh_and. 1 9187 4353 16.10 4532

Sakha 95 X Sids 13 89.57 34.03 1043 34.58

It is worthy to note that the expected genetic advance
(A g) estimates for grain yield, in both crosses were high,
revealing that selection to improve yield could be effective in
the segregating populations. This results were matched with
Al-Naggar et al. (2012).
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