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ABSTRACT

The present investigation was carried out during seasons 2015/2016, 2016/2017 and 2017/2018 at
the Experimental Farm of Sakha Agricultural Research Station, to determine type of gene action and some
genetic parameters, also study the resistance of stripe and stem rust diseases in three bread wheat crosses
(line 1xsids1), (line 1xline 2) and (line 1xmisr 3) derived from four parental wheat genotypes. Genetic
material included six populations (P1, P2, F1, F2, BC1 and BC) for each cross. The studied characters were
resistance to stripe and stem rust diseases, plant height (cm), number of spikes/plant, number of kernels
/spike, 100 - kernel weight (g) and grain yield / plant (g). Results in general indicated that negative
heterotic effects relative to the mid- parent and better parent were found for most of the agronomic traits
and most crosses of stripe and stem rust traits. Non-allelic interaction was found for all studied traits in all
the crosses under study. Dominance gene effects were larger in magnitude than the additive gene affects
for most studied traits. The estimates of heritability in broad sense were high in most studied crosses.
Narrow sense heritability estimates were low to relatively high for all the studied crosses. Generally, the
best crosses were the third cross (Linel x misr3) and the first cross (Linel x Sids 1) for resistance to stripe
and stem rust diseases, respectively, and could be recommended to be used in the wheat breeding

program.
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INTRODUCTION

Wheat (Triticum aestivum L.) is the most widely
cultivated cereal crop in the world. In Egypt, it is
considered as the major winter cereal crop and national
wheat production is insufficient to meet the local
consumption because of the higher increase in population
especially in recent years. The improvement of wheat yield
is dependent upon a better understanding of the type of
gene action underlying the inheritance of yield and its
contributing characters. Wheat grain yield is determined by
the environmental factors and the several yield components
such as; productive tillers per unit area, number of grains
per spike, grain weight per spike, semi-dwarf type plant
height and the high 1000-grain weight (Ahmedi and
Bajelan, 2008; Mohsin et al., 2009 and Sial et al., 2013).

It has been observed that in breeding programs, the
magnitude of genetic inheritance and expected genetic
gains are very essential to predict response to selection in
diverse environments and provide the basis for effective
selection for particular traits in segregating populations.

Stripe rust (yellow rust) (Puccinia striiformis) and
stem rust (Puccinia graminis), are the most destructive
foliar diseases of wheat in Egypt and worldwide.

Historically and presently, stripe and stem rusts
have caused significant and severe losses on susceptible
wheat cultivars worldwide (Wellings, 2011). Many
cultivars that possessed resistance to stripe rust lost their
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resistance after released due to genetic adaptation of the
fungus. Some cultivars, however, have maintained their
level of resistance throughout their widespread use and
their resistance is considered to be durable.

Information on the genetics and gene effects of
breeding materials could ensure the long-term selection
and better genetic improvements. The maximum progress
in improving any character would be expected in a
selection program when the additive gene action was the
main component of genetic variance, whereas, the presence
of non-additive gene action might suggest the use of a
hybridization program for achieving this goal. Many
genetic models proposed by Mather (1949), Gamble
(1962), Hayman and Mather (1955) and Mather and Jinkes
(1971) could be used in wheat genetic studies.

The present investigation was planned to determine
the type of gene action and to estimate some genetic
parameters in three bread wheat crosses using the six
populations of each cross for grain vyield and its
components and resistance to stripe and stem rust.

MATERIALS AND METHODS

The experiment was conducted at the Experimental
Farm of Sakha Agricultural Research Station, Kafr El-
Sheikh, Egypt, The experimental material comprised three
crosses of wheat during three growing seasons (2015/2016,
2016/2017 and 2017/2018). In the first season, three
crosses were made by hand. i.e. Line 1 x sidsl (cross 1),
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Linel x Line2 (Cross 2), Linelx misr3 (Cross 3). In the
second season, seeds of Fi's were sown to produce F;
plants and some of these plants were selfed to produce F,
seeds. Each of Fi plants were crossed back to their
respective parents to produce first back cross (BC;) and
second back cross (BCy).

Also, the three crosses were re-crossed again in the
same season to produce their F1 seeds. In the third season,
the obtained seeds of the six populations P1, P2, F1, BCy,
BC; and F, of the three crosses were sown using a
randomized complete block design with three replications.
Each field plot consisted of 12 rows (one row for each of
P1, P2 and F1, two rows for each of BCiand BC; and five
rows for F») besides two border rows were planted to avoid
the border effects. The rows were 2.8 m long spaced 30 cm
apart and seeds were spaced 20 cm between plants. So,
each of the Py, P,, F1, BCy, BC; and F, generations have
the same field plot size to satisfy the equality of the field
plot in each replicate for all the treatments, which are
required in the randomized complete block design
(RCBD). The wheat cultivar 'Morocco' which is highly
susceptible to all races of rusts, was grown as spreader
around the experimental material.

Names, pedigree and selection history of the
studied parents are presented in Table 1.

Table 1. Names, pedigree and selection history of the
studied parental bread wheat cultivars.

Parent  Name Pedigree
Veroby
1 Linel  CMSS96Y02555S-040Y-020M-050SY-
020SY-6M-0Y
2 Sids 1 HD2172/Pavon "s"//1158.57/Maya 74 'S"
S 46-45D-25D-15D-05D
3 Line 2 ATTILA*2/Giza 168

S.15612-1S-1S-1S-0S
Attila*2/PBW65*2/KACHU
4 Misr 3 CMSS06Y00582T-099TOPM-099Y-099ZTM-
099Y-009M-10WGY-0B-0EGY
All recommended cultural practices were applied at the proper time
to raise a normal healthy plants.

To satisfy the analysis of variance of the characters
recorded, 200, 75, and 30, 30 and 30 individual F;, BC;,
BC,, P1, P, and Fy, plants respectively, were chosen at
random from the six populations and all studied characters
were recorded.

Data were recorded on the selected plants of the six
populations in each cross for; plant height (cm), the
number of spikes/plant, number of kernels/spikes, 100-
kernel weight (g), stripe rust, stem rust reactions and grain
yield/plant (g).

The infection types for stripe and stem rusts were
recorded and estimated as disease severity according to the
scale adopted by Stakman et al. (1962). In this method,
resistance, moderately resistance, medium, moderately
susceptible and susceptible field responses were
symbolized as R, MR, M, MS and S, respectively.

For the quantitative analysis, field response was
converted into an average coefficient of infection (ACI)
using 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 could be obtained by
multiplying infection severity by an assigned constant
values namely, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8 and 1 for O, O;,
R, MR, M, MS and S infection types, respectively.

Heterosis was estimated as a percent of the
deviation of F; hybrids over its mid-parent (MP) or its
better parent (BP) values. Inbreeding depression was
estimated as the average percentage decrease of the F, from
the F1. Potence ratio (P) was also calculated according to
Peter and Frey (1966).

The population means and the variances were used
to compute the scaling tests A, B and C. Scaling test was
used to check the adequacy of the additive - dominance
model for different traits in each cross (Hayman and
Mather 1955). The significance of any one of these scales
was taken to indicate the presence of epistasis i.e. non-
allelic interaction. In the presence of non-allelic interaction,
various gene effects were estimated using six parameter
and to estimate the type of gene effects according to
Mather (1949) and Hayman and Mather (1955).

The six parameters model proposed by Gamble
(1962) was used to estimate different gene effects.
Heritability in broad and narrow sense was calculated
according to Mather (1949) and the predicted genetic
advance under selection was computed according to
Johnson et al. (1955).

RESULTS AND DISCUSSION

Mean performance

Mean and variance of the six populations (P1, P2,
F1, BC1, BC; and F,) of the three wheat crosses for the
studied characters are shown in Table 2.

The F; mean values exceeded the mid-values of the
two parental means for all the studied characters in all the
three crosses reflecting the presence of dominance towards
the better parent except of no. of spikes/plant for all the
crosses and No. of kernels/spike, 100-kernel weight and
grain yield/plant for the first cross which was lower than
the mid-parent indicating partial dominance for these
Crosses.

Regarding F. population, the mean values were
intermediate between the two parents and less than the F;
mean values, for all studied characters except the first cross
in each of number of spikes /plant, 100-kernel weight and
grain vyield/plant indicating that these characters are
quantitatively inherited.

However, both BC; and BC, mean values varied
according to the character itself, which tended toward the
mean of recurrent parent for the studied traits with some
exceptions. Similar results were obtained by Manal H. Eid
(2009), Koumber and El-Gammaal (2012) and Hamam
(2013).

Generally, from the previous data it was interested
to note that the variances of the non-segregating
populations (P1, P2 and F1) were the lowest than those of
segregating populations (Fz, BC1 and BC;). This indicates
that they are genetically homogeneous while F, and both
B.C are heterogeneous populations which showed greater
variances.

This is expected because the
populations consisted of heterozygous plants.
Heterosis, Inbreeding Depression and Potence Ratio:

Heterosis percentage relative to mid and better
parents, inbreeding depression and potence ratio for all the
studied characters in the three crosses are presented in
Table 3

Highly significant positive values relative to mid
parent were found at second and third crosses in all the
studied traits except all crosses in N.of spikes/plant and the
first cross in each of No. of kernels/spike, 100-kernel
weight and grain yield/plant which revealed significant and
highly significant negative values.

segregating
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Table 2. Means (X") and variances (S?) of the six populations (P1, P2, F1, BC1, BC2 and F2) for all the studied
characters in three bread wheat crosses.

Statistical

Traits Crosses parameter P1 P2 F1 BC: BC2 F2
T X 1500 11160 11397 10722 10962 11348
(Line 1 x Sids1) 52 0.1 0.10 0417 1.48 153 0.46
Blart height 2 X 11800 10167 11250 10896 10057 10394
o et (Line 1 x Line2) 52 0.14 0.13 0.185 1.60 157 0.45
3 X 11667 11000 12000 11589 11382 11440
(Line 1 X Misr3) 52 0.3 0.15 0.206 162 164 0.46
T X 2147 25 41 1843 1867 2548 2136
(Line 1 x SidsL 52 0.08 0.08 0.12 0.33 0.39 0.13
No. of spikes/ 2 X 2508 17.10 19.30 1828 17.32 1781
No. of sp (Line 1 X Line2) s 0.08 0.07 0.16 0.35 0.35 0.12
3 X 2270 2153 2127 20.94 20.32 2064
(Line 1 X Misr3) st 0.06 0.08 0.17 0.41 0.48 0.17
1 X 78.60 5752 57.07 58.00 52.86 50.46
(Line 1 x Sids1) s 0.05 0.11 0.24 116 126 0.38
2 X 7497 5543 74.90 7334 8556 57.89
No. of kemels/ (1 ine 1 x Line2) s? 0.14 0.13 0.28 115 0.96 0.37
P 3 X 79.80 59.47 78.00 7344 7233 73.30
(Line 1 X Misr3) st 0.15 0.16 0.28 107 112 0.36
1 X 356 435 241 382 404 4.05
(Line 1 x Sids1) s 0.002 0.002 0.002 0.007 0.009 0.003
100- kernel weight 2 X 3.73 2.20 3.74 350 3.38 293
© (Line 1 x Line2) s 0.002 0.002 0.004 0.005 0.010 0.003
3 X 2.90 302 335 320 3.06 346
(Line 1 X Misr3) s? 0.002 0.001 0.004 0.005 0.009 0.003
1 X 5367 30.01 3796 4038 3439 38.40
(Line 1 x Sids1) s? 0.11 0.13 0.20 0.95 0.80 0.30
o 2 X 26.86 2106 2614 3623 3327 38.85
(Gga'” yield/plant ) jne 1'% Line2) s? 0.13 0.13 0.35 0.92 0.68 0.24
g 3 X 4934 3048 4798 3661 3571 ai77
(Line 1 X Misr3) s 0.10 017 0.22 0.92 111 0.32

For heterotic effects relative to the better parent, and grain yield/plant, first and second crosses in No. of
highly significant positive values were found in the third  kernels/spike and the first cross in 100-kernel weight.
cross in both of plant height and 100-kernel weight while  These results are similar to the earlier results reported by
the negative values were found in the second cross for ~ Khattab (2009), Darwish (2011), Zaazaa, et al. (2012),
plant height and all crosses in both of No.of spikes/plant Hammam (2013) and Abd El-Aty et al (2014).

Table 3. Estimates of heterosis, inbreeding depression percentages and potence ratio (%) for all the studied
characters in the three wheat crosses.

i Heterosis% Inbreeding Potence
Trait Crosses Depression % Ratio%
1
(Line 1 x Sids) 0.59 -09 043 039
Plant height (cm) (Line 2 Line?) 2.43%* -4.66% 7.6% 0.33
3
(Line 1 x Misr3) °.88™ 2.86%* 4.67% 2,00
1
(Line 1 x Sids1) -21.35%* -27.45%* -15.88%* 254
No. of spikes/plant (Line l%( Line2) -1.99** -13.39** 7.74%* -0.15
(Line 1 x Misr3) -3.84** -6.31** 2.96%* -1.46
1
(Line 1 x Sids1) -1.45* -14.66** 9.86** -0.09
No. of Kernels/ Spike (Line 1§( Line2) 14.88** -0.09 22.71%* 0.99
3
(Line 1 x Misr3) 4.51** -2.26™* 6.03** 0.65
1
(Line 1 x Sids1) -38.93** -44.48** -67.63** 3.90
100-kermel weight (@) (,jne 2 Line2) 25,92+ 0.12 21,53+ 1.01
3
(Line 1 x Misr3) 13.22%* 11.02%* -3.25%* -6.67
1
(Line 1 x Sids1) -9.28™ -29.27** -1.16 -0.33
Grain yield/ Plant (g) (Line 13( Line2) 35.88** -1.52* 15.8** 0.94
3 20.21** -2.07%* 12.94** 0.86

(Line 1 x Misr 3)
*, ** Significant at 0.05 and 0.01 levels, respectively.
MP: mid parent
BP: better parent
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With regard to the inbreeding depression percent,
positive values of inbreeding depression were detected for
all traits in most studied crosses except the first cross for
No.of spikes/plant, the first and the third crosses for 100-
kernel weight which had negative values. Insignificant
inbreeding depressions were also detected in the first cross
in each of plant height and grain yield/plant.

This logical since the expression of heterosis in Fy
will be followed by considerable reduction in F;
performance.

Potence ratio values were more than unity in all
crosses in 100-kernel weight, first and third cross in No.of
spikes/plant and the third cross in plant height indicating
the presence of over dominance towards lower or higher
parent.

A partial dominance towards lower or higher parent
was at the remaining characters for all the studied crosses.
The above results are confirmed by the finding of Darwish
(2011), Hammam (2013) and Abd El-Aty et al (2014).
Estimation of type of gene Action:

Testing for non-allelic interaction (A, B, and C)
together with the six parameters model and type of
epistasis are given in Table 4.

The results revealed the presence of non-allelic
interactions for all the studied characters in all the studied
crosses except for the number of spike/plant in the third
cross. It is worthy to mention that at least one of the A, B

and C tests was significant for the previous characters,
indicating the adequacy of the six-parameter model to
explain the type of gene action controlling the character in
these crosses However, for the excepted cases, the simple
additive-dominance model would be adequate.

The estimated mean effect parameter (m) was
found to be highly significant for all the studied traits in all
crosses indicating that these characters are quantitatively
inherited.

The additive gene effects were positively
significant and highly significant for plant height in the
second cross, number of kernels/ spike and grain
yield/plant in the first and second crosses, suggesting the
potential for obtaining further improvements of these traits
using pedigree selection program. Similar findings have
been reported by Abd El-Aty et al (2014) and Patel et al
(2018)

On the other hand, significant and highly significant
negative additive effects were detected only in the first
cross for number of spike/plant, indicating that the additive
effects were less important in the inheritance of this
character.

Meanwhile, none of the crosses exhibited positive
or negative significant additive effects for 100 kernel
weight in all crosses, plant height in the first and third
cross, No.of spike/plant in the second and third crosses,
No. of kernel/spike and grain yield/plant in the third cross.

Table 4. Estimates of scaling tests and gene effects for all the studied characters in three bread wheat crosses.

Traits Crols,ses A 503“%9 test < = - Gent(atcljc)Compannae)nts R
Plant (Line 1 x sids1) -14.52**  -6.34* -0.63  113.48** -239 -19.56** -20.23** -4.09* 41.09** Duplicate
?(?rir?)ht (Line lé( Line2) -12.59** -13.02** -28.89** 103.94** 8.38** 595 3.28 0.22 22.33** Complementry

(Line 1 x Misr3) -4.88 -2.36 -9.07*  114.4** 2.07 85 1.83 -1.26 541  Complementry
No.of {Line 1 Gdsy) 257 113 17 2136 382 814" 314 185 458  Duplicate
;{IJZ%(ES/ (Line 1§( Line2) -5.02** 175 -6.76** 17.81** 0.96 -04 - - - -

(Line 1§< Migy 21 215 422 2064 061 08 003 003 428  Duplicate
No. of (Line llx sids1) -9.67** 113 -28.42** 60.46** 5.14** 18.89** 19.88** -54** -11.35 Duplicate
|S(girEg|S/ (Line 1 x Line2) -3.18 0.8 -48.62** 57.89**  7.78** 5594** 46.24** -199 -43.85** Duplicate

(Line 1 x Misr3) -10.93** 281 -12.07** 73.3** 111 17 -1.67 -4.06** 15.41* Complementry
100- (Line 1];( sids1) 1.68** 1.32*%* 3.45** 4,05** -0.22 -2** -0.46 0.18 -2.54** Complementry
\Ifgir;:t (Line 13( Line2) -0.28 0.82** -1.68**  2.93** 021 2.99**  222** -055** -2.77** Duplicate
© (Line 1?( Misr3) 0.15 -0.26 1.22** 3.46** 0.14  -0.94** -1.33** 0.2 1.44* Duplicate
Grain (Line 1ix sids1) -10.87**  0.82 -6* 384** 599** _793* 405 -584** 14.1* Duplicate
E)lllg:](:/ (Line 1 x Line2) -20.54**  -0.68 -4.8 38.85**  296* -4.24  -16.42** -9.93** 37.64** Duplicate

24.00%%  7.04%* 87 4177** 091 -14.36** -2243** -853** 5356**  Duplicate

(Line 1 x Misr3)

*,** Significant at 0.05 and 0.01 levels, respectively.

Dominance gene effects (d) were found to be
positive and highly significant for no. of kernels/spike in
the first and second crosses, 100-kernel weight in the
second cross.

On the other hand, highly significant negative
effects were obtained for plant height and no. of

spikes/plant in the first cross, 100-kernel weight and grain
yield/plant in the first and third crosses. Indicating the
importance of dominance gene effects in the inheritance of
these traits.

Highly significant positive additive x additive types
of epistasis were detected in the first and second crosses for
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the number of kernels/spike and the second cross for 100-
kernel weight. While highly significant negative additive x
additive was found for plant height in the first cross, 100-
kernel weight in the third cross and grain yield/plant in the
second and third cross.

With regard to additive x dominance type of gene
action, data in Table 4 showed that none of the crosses
exhibited positive significant additive x dominance
effects), Meanwhile, highly significant negative additive x
dominance type of gene action was found in the first cross
for plant height and No.of spikes/plant, first and third cross
for No.of kernels/spike, second cross for 100-kernel weight
and all the crosses for grain yield/plant.

Dominance x dominance epistasis type was
significant or highly significant positive for plant height in
the first and second crosses, No. of kernels/spike and 100-
kernel weight in the third cross, grain yield/plant in all
studied crosses. Otherwise highly significant negative
Dominance x dominance was found for No. of
kernels/spike in the second cross and 100-kernel weight in
both of first and second crosses while none of the crosses
exhibited positive or negative significant for No.of
spikes/plant. These results agree with those obtained by
Hassan et al (2013), Koumber and EI-Gammaal (2012),
Abd El-Aty et al (2014). and Patel et al (2018).

Duplicate epistasis was observed, as revealed by
differences in signs of (d) and (dd) in crosses which
exhibited significant epistasis, while similar signs of (d)
and (dd) reflects complementary epistasis. These results
illustrated that duplicate epistasis was prevailing for most
traits, while complementary epistasis was prevailing for
plant height in the second and third crosses, N.of
kernels/spike in the third cross and 100-kernel weight in
the first cross. This indicates that duplicate epistasis was
greater and important when compared with complementary
epistasis for most studied characters.

Heritability and percentage of genetic advance:

Heritability estimates in broad sense were high for
all studied characters in all crosses, ranged from 87.13 %
for 100-kernel weight in the third cross to 97.72% for plant
height in the third cross, according to the cross and/or
character itself as shown in Table 5.

Heritability estimates in narrow sense were low to
moderate for all studied characters in all crosses, and
ranged from 22.58% for plant height in the second cross to
68.97% for 100-kernel weight in the third one, indicating
that these characters greatly affected by non-additive and
environmental effects.

Table 5. Estimates of Heritability and percentage of genetic advance for all the studied characters in three bread

wheat crosses. _ .

Trait Crosses It—1|2ek|;;cablllty percert]]g?g)e Epre;ted genetic aAdgj/ao/rlce
Line it 92.74 35.06 8.45 7.5
Plant height (cm) (Line 1i Line2) 95.35 22.58 5.38 5.18
(Line N Mist3) 97.72 2331 5.65 4.94
(Line 1%( Sids1) 90.00 64.42 8.37 39.20
N.of spikes/plant (Line 1 i Line2) 88.04 56.64 7.08 39.74
(Line 1?( Misr3) 90.87 66.20 9.62 46.63
(Line 1%( Sids1) 94.92 43.12 9.54 15.79
N.of kernels/spike (Line li Line2) 92.74 56.35 12.18 21.04
(Line 1?( Misr3) 92.29 49.53 10.65 14.53
(Line 1%( Sids1) 90.29 63.34 1.22 30.23
100-kernel weight (g) (Line li Line2) 87.49 58.83 1.10 37.62
(Line 1?( Misr3) 87.13 68.97 1.29 37.21
(Line 11( Sids1) 93.25 55.60 10.93 28.46
Grain yield (g) (Line li Line2) 87.44 32,87 5.74 14.76
3 92.72 40.67 8.19 19.61

(Line 1 x Misr3)

Generally, the most biometrical parameters resulted
from the second and third crosses which were higher in
magnitude in comparison with those from other crosses.

Consequently, it could be concluded that these
cross would be of interest in a breeding program for
improving characters of yield and its components.
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The expected genetic advance (A g) ranged from
1.10 for 100-kernel weight in the second cross to 12.18 for
number of kernels/spike in the second one. The expected
genetic advance was moderate in all studied characters
except for number of spikes/plant in the third cross which
was high. These values depend on narrow sense heritability
values, standard deviation of F, and the character under
study. Similar results were obtained by Abd EI-Aty (2007),
Mahboob et al (2013) and Abd El-Aty et al (2014).
Results of stripe and stem rust resistance:
Mean of the average coefficient infection (ACI) and
variances for stripe and stem rust diseases.

The mean of the average coefficient infection (ACI)
of stripe and stem rust diseases for the six populations of
the three studied crosses are presented in Tablel 6.

For stripe and stem rusts the data indicated that the
F1 mean values were less than the mid parent in all crosses
indicating partial dominance towards the parent of low
disease severity. The F, mean values were higher than the
F1, indicating the partial dominance towards the resistant
parent. BC; and BC, mean values indicated that
segregation was in the direction of the respective recurrent
parents.

With respect to stem rust the data in Table 6
indicated that the F; mean values were less than the mid
parent in the first and third crosses indicating partial
dominance towards the parent of low disease severity
while the F; mean values was higher than the mid parent in
the second cross indicating partial dominance towards the
parent of high disease severity.

Table 6. Mean of the average coefficient infection (ACI) for the six populations of the three bread wheat crosses for

stripe and stem rust diseases.

Statistical

Traits Crosses Parameter P1 P2 F1 F BC: BC:
1 X 0.05 40.00 013 3.39 0.16 310

(Linel x Sids 1) 52 0.01 0.02 0.00 0.03 0.00 013

. 2 X 0.10 3.60 0.24 5.02 0.07 042
Stripe Rust | ine1y Line 2) s 0.01 0.00 0.00 0.00 0.00 001
3 X 0.07 0.19 0.08 0.57 0.09 0.30

(Linel x Misr3) 2 0.01 0.00 0.00 0.00 0.00 0.01

1 X 1233 0.26 0.69 2.20 8.55 042

(Linel x Sids 1) 52 0.01 0.00 0.00 0.02 0.06 0.01

Stem Rust 2 X 49,67 3.50 3833 3752 56.32 35.06
(linel x Line 2) 52 011 0.05 0.21 0.66 1.60 2.40

3 X 50.00 217 1563 2177 35.40 1061

(Linel x Misr3) 2 0.15 0.00 0.31 0.59 164 151

The F» mean value was less than the mid parent
indicating partial dominance towards the resistant parent
except the second cross which indicating partial dominance
towards the susceptible parent, BC; and BC, men values,
indicated that segregation were in the direction of their
respective recurrent parents.

Finally, the third cross (Linel x Misr3) was the
most desirable which had the lowest mean values for the
infection low disease severity for stripe rust disease and the
first cross (Linel x Sids 1) for stem rust diseases.
Heterosis, Inbreeding Depression and Potence Ratio:

The resistant crosses to stripe and stem rust diseases
(desirable) should have significant negative heterotic
effects relative to mid-parent and better parent.

All crosses in both of stripe and stem rust in Table 7
exhibited high significant negative heterotic effects relative
to mid-parent and better parent, except for the second cross
in stem rust which had highly significant positive
(undesirable) relative to the mid and better parent. These
superior and promising genotypes and their progenies
might be used in the future in wheat breeding programs for
improving the resistance to stripe and stem rust disease.

With respect to inbreeding depression data in Table
7 showed that all the studied crosses in stripe and stem rust
exhibited highly significant negative for leaf rust disease
except for the second cross (Linel x Line 2) which had
significant positive inbreeding depression for stem rust
disease.

Table 7. Heterosis relative to mid parent and better parent, inbreeding depression percentage and potence ratio
(%) for stripe and Stem rust in three bread wheat crosses.

- Heterosis % Inbreeding Potence
Traits Crosses MP BP depression % ratio%
(Linel )%Si ds 1) -99.38** -99.69** -2611.64** 1.00
. 2
stripe rust (Linelx Line 2) -2.47%* -93.43** -2400.08** 0.10
3
(Linel x Misr3) -39.87** -59.65** -646.07** 0.81
1
(Linel x Sids 1) -96.75** -96.75** -218.36** -0.98
2
Stem rust (Linelx Line 2) 52.61** 52.61** 2.13* 0.57
3 -40.06** -40.06** -39.24** -0.44

(Linel x Misr3)

(*) and (**) significant at 0.05 and 0.01 levels of probability, respectively

For potence ratio, the values were less than unity
with positive sign for stripe rust in the second cross (linelx
Line 2) and third cross (Linel x Misr3) indicating the

presence of partial dominance in the inheritance of this
trait. Meanwhile the values were more than unity for the
first cross indicating the presence of over dominance
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controlling the inheritance of this trait, on the other hand
the values were less than unity with negative sign for stem
rust in the first cross (Linel x Sids 1) and third cross
(Linel x Misr3) and positive sign in second cross
indicating the presence of partial dominance in the
inheritance of this trait.
Estimation of type of gene action:

Type of gene action and scalling test for stripe and
stem rust diseases characters are shown in Table 8.

Most values of A, B and C were significant for all
the studied crosses except for stem rust in the third cross,
indicating the presence of non-allelic interaction in these
crosses. Indicating the adequacy of the six parameters
model to explain the type of gene action controlling the
traits in these crosses.

Table 8. Estimates of scaling tests and gene effects for stripe and stem rusts in three bread wheat crosses.

Traits Crosses < Scallggtest - o @ Gerze(?;: Com(p;)ant)ents ) @)
Li nelleidsl 0.14* -3302%% 26.75%% 330%% -2.04%* -26.04** -703** 17.03** 40.81**  Duplicate
rSJ;itpe Li neliLi nepy 02 BT 195 5Ot 035 2431 22607 14 2580 Duplicate
(LinelfMisrs) 005 033 188% 057** 02 -156** -151** -014 113*  Duplicate
(Line1>1<Sidsl) 2592%% 012  -35A7%%  2.2%%  84%* -1147** 913 -129% 169**  Duplicate
rslﬁtm Li ne1§|_ine2) 20.64%% 2869%* 2023%* 37.52%% 21.06%* 44.85%* 33.1%* 202 -8643*  Duplicate
3 517 343 364 2L77%% 2479%% 549 - - -

(Line1xMisr3)

(*) and (**) significant at 0.05 and 0.01 levels of probability, respectively

The estimated mean effect parameter (m) was
highly significant for both rusts, indicating that these traits
were quantitatively inherited.

The additive (a) gene effects was highly significant
negative for the stripe rust except the third cross which
exhibited non-significant negative value, while the additive
gene effect was highly significant positive in all crosses for
stem rust disease, indicating that the additive gene effect is
more important in the inheritance of these traits.

High negative significant dominance effects was
detected for stripe and stem rust diseases for all the studied
crosses except for the second cross which exhibited highly
significant positive effects for stem rust disease, indicating
the importance of dominance gene effects in the
inheritance of these traits.

Highly significant negative additive x additive gene
effects was obtained for stripe rust in all crosses while
highly significant positive effects for stem rust were in the
first and second cross, indicating the main role of additive
x additive gene effect in inheritance of these traits.

Highly significant positive values of Additive x
dominance were detected for all studied crosses except the

third cross for stripe rust disease, while highly significant
negative values in the first cross for stem rust.

Dominance x dominance epistatic type was highly
significant positive for stripe and stem rust diseases for all
the studied crosses except for the second cross in stem rust
which had a significant negative value. These results were
harmony with Kalim Ullahlet al (2016) and Khilwat et al
(2019)

These results illustrated that duplicate epistasis was
prevailing for stripe and stem rusts. This indicates that
duplicate epistasis was greater and important when
compared with complementary epistasis for most studied
characters.

Heritability estimates and predicted genetic advance
from selection:

Heritability estimates in broad sense were high for
stripe and stem rust diseases for all the studied crosses,
indicating that the phenotypic variability was mostly
attributed to genetic effects for these diseases in these
crosses as shown in Table 9. These results were in the
same line with Cheruiyot et al (2014), Kalim Ullah1(2016)
and Reena Rani et al (2018).

Table 9. Estimates of heritability percentage in broad (h?b) and narrow (h’n) senses and expected (Ag) genetic
advance from selection for Stripe and stem rust in three bread wheat crosses.

Heritability Expected genetic
Traits Crosses Percentage Advance
h(b) h?(n) Ag Ag %
1
(Linel x Sids 1) 97.30 84.96 5.09 150.26
. 2
Stripe rust (linelx Line 2) 94.34 91.19 1.26 21.43
3
(Linel x Misr3) 98.44 92.47 1.76 308.84
1
(Linel x Sids 1) 98.65 90.54 4.25 193.44
2
Stem rust (Line1x Line 2) 97.17 49.18 14.28 38.07
3 95.94 67.24 18.49 84.96

(Linel x Misr3)

(*) and (**) significant at 0.05 and 0.01 levels of probability, respectively.
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On the other hand, heritability estimates in narrow
sense were moderate to high for stripe and stem rust
diseases for all the studied traits, according to the cross
and/or traits itself, reflecting the importance of additive
gene action and their effects in resistant for stripe and stem
rust diseases except the second cross in stem rust. These
results are in agreement with Khilwat et al (2019).
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