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ABSTRACT

Three crosses were made among three bread wheat cultivars; Giza 163,
Giza 168, and Sids 6 to estimate the genetic variance, gene action and
heritability, grain yield and its components as for resistance to stripe, leaf and
stem rusts. The final experiment conducted in 2005/2006 season included the five
populations P;, P, F,, F; and F;, of each cross. Results showed significant
positive heterotic effects relative to better parents for most characters under
investigation. Meanwhile, for maturity date, significant negative (favorable)
heterosis relative to earlier parent was detected in the three crosses.
Overdominance towards the higher parent was found for number of spikes /
plant in the first cross and for plant height and grain yield / plant in the third
cross. On the other side, over dominance towards the lower parent was detected
SJor maturity date and kernel weight for the three crosses and for number of
kernels / spike in the first and second cross as well as for grain yield / plant in
the second one. Moreover, complete dominance towards the lower parent was
detected for grain yield / plant in the first cross. Meanwhile, partial dominance
toward the lower parent was observed for number of spikes / plant and number
of kernels / spike in the second and third cross, respectively. Also , significant
positive values of inbreeding depression were detected for all studied characters
except for plant height in the three crosses, maturity date in the first and third
cross and kernel weight in the fist one for which significance negative values
were evident. In general, estimates of heritability in broad sense were high to
moderate for all studied characters in the three crosses. On the other hand,
moderate values of narrow sense heritability were detected for most studied
characters. In addition, for wheat rusts reaction estimates of broad sense
heritability were high to medium and were high to low in narrow sense,
reflecting that resistance to the three rusts is simply inherited. Also, it was
concluded that selecting resistant plants could be successively practiced in the
early generations but would be more effective if selection is practiced in the
advanced ones.
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INTRODUCTION

Understanding the nature and magnitude of gene effects on yield
components may greatly help the wheat breeder in formulating an efficient
breeding program fo achieve desired genetic improvement in wheat.
Assessment and quantifying the type of gene action were studied by many



investigators. Additive and dominance gene effects with additive x additive
epistasis were found to control many traits such as days to heading and
maturity (Menshawy 2000 and Abd El-Aty 2002). Also additive x
dominance gene effects were important in the inheritance of plant height,
number of spikes/plant, number of kernels/spike and grain yield/plant
(Awaad 2002 and Hammad 2003). On the other hand, Salem er a/ (1991)
reported that dominance gene effects were of great importance in controlling
the genetic system of grain yield and its components.

Heritability estimates in broad and narrow senses are very useful
breeding program. Realized heritability is a useful to evaluate the response
to selection and to determine when selection should be started. However,
Dixit et al (1970) stated that high heritability is not always associated with
high genetic advance, but in order to make effective selection, high
heritability should be associated with high genetic gain (Mahgoub 2006).
However, Ashoush et al (2001) reported that heritability estimates for plant
height, heading date and yield components were medium to high (more than
50%).

Stripe rust of wheat caused by Puccinia striiformis, leaf rust caused
by Puccinia reccondita and stem rust caused by Puccinia graminis tritici are
the most destructive diseases of bread wheat in Egypt. However, wheat stripe
rust is considered to be the most dangerous wheat disease in Egypt, since it
causes great losses in grain yield in the Delta region in some seasons (El-
Daoudi et al 1996). The inheritance of resistance is controlled by few genes
oligogenic (Shehab El-Din et al 1996} or polygenes (Aglan 2003 and
Hammad 2003).

The present research aims to study the genetic variance, type of
gene action, heritability, and the predicted genetic gain from selection for
earliness, grain yield and its components as well as resistance to stripe, leaf
and stem rusts for three crosses of wheat.

MATERIALS AND METHODS

The field experiments were carried out at Sakha Agricultural
Research Station from 2002/2003 through 2005/2006. Three diverse bread
wheat cultivars in their time to heading were selected and used (Table 1).

In 2002/2003 season, the parental genotypes were sown at three
planting dates and crossed to secure enough hybrid seeds among the

parents.
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Table 1. Name and pedigree of the studied parental bread wheat cultivars.

. ' . Kernel I
Par. Name Pedigree Maturity weight Tillering
1 Giza 163 T.aestivum{Bon//Cno/Tc. Medium Light | Medium
2 Giza 168 MRL/BUC//Serei Medium | Medium High
CM93046-8M-0Y-OM-2Y-OB
3
Sids 6 Maya’S"/Mon"5"/cmhd47.A.592/3/Sa Early Heavy low
kha8"2 SD10002-4SD-18D-Osd.

The 3 F, crosses produced were
Cross 1 : Giza 163 x Giza 168
Cross 2: Giza 163 x Sids 6
Cross 3: Giza 168 x Sids 6

In 2003/2004 season, F, plants were sown and left to produce the F;
seeds of the three crosses. In 2004/2005 season, 20 and 60 seed from F; and
F3, respectively for each cross were grown in order to obtain F, and F; seeds.
Moreover, the three parents were planted and the same crosses were repeated
to obtain additional and / or fresh F, seeds.

The evaluation experiment was carried out in 2005/2006 season.
The experiment included the five populations Py, P,, Fy, F,, and F; of each
cross and was planted at the third week of November, using the randomized
complete block design with three replications. Each replicate consisted of 50
rows for each cross (one row for each parent and F;; 6 rows for F;
generation and 41 rows for F; families). Each row was 3 meters long and 30
c¢m apart. Plants within rows were 20 cm apart, so each row included fifteen
plants. The experiment was surrounded by 2m width spreader grown with a
mixture of highly susceptible wheat genotypes to stripe, leaf, and stem rusts
Le. Giza 139, Giza 144, Giza 163, Sakha 92, Sids 7, Triticum spelta, and
Baart to help in the dissemination of the pathogen's uredeniospores. The
spreader was artificially inoculated using a mixture of fresh uredeniospores
of each of the three pathogens mixed with talcum powder at rate of 1:20. The
inoculum of stripe rust was sprayed soon after the sun set in the last week of
January using the method of Travet and Cassel (1951). In addition, the region
was naturally subjected to severe attack from stripe rust causal agent.
Furthermore, the artificial inoculation took place in the third week of
February for both leaf and stem rusts. Finally the infection types were
recorded for plants_according to the scale of Chen and Line (1992). All
recommended cultural practices for the region were applied.
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Data were recorded on the following characters :

Maturity date; detected as number of days from planting to the
beginning of changing the color of main stem from green to yellow.

Plant height (cm) measured from soil surface to the top of the main
spike excluding awns.

A samples of 10 individual guarded plants from each row, grain
yield/plant, number of spikes/plant, number of kernels/spike and 100 kernels
weight were recorded.

Various biometrical parameters were calculated for the characters
for which the F; genetic variances were significant. The amount of heterosis
were expressed as the performance of Fi's over better parent values.
Meanwhile, inbreeding depression was calculated as the difference between
F, and F; means in term of percentage of the Fy mean. The T- test was used
to determine the significance of these deviations according to Peter and Fery
(1966). Moreover, potence ratio (P) was calculated according to Peter and
Frey (1966). In addition, F, deviation (E1) and F; deviation (E2) were
measured as suggested by Mather and Jinks (1980).Type of gene effects was
estimated according to Hayman (1958 ) as described by Singh and
Chaudhary (1980). Heritability was calculated in broad sense (h’b) according
to Mather (1949) and in narrow sense (h’n) in Fi-families using parents
offspring regression according to Lush (1949).

For the quantitative analysis, field reaction was converted into an
average coefficient of infection (ACI) according to the method developed by
of Stubbs er al (1986) and adjusted by Shehab EL-Din and Abdel-Latif
(1996) . In this method, the (ACI) could be obtained by multiplying infection
severity by an assigned constant value namely, 0.25, 0.50, 0.2, 0.4, 0.6, 0.8
and 1 for 0,0;, R, MR, M, MS, and S infection types, respectively.

Type of gene effects was estimated according to Hayman model as
described by Singh and Chaudhary {1985).

RESULTS AND DISCUSSION
Performance and gene action

The mean (i) and variance (Sz) of five populations (Py, P, Fy, F2,
and F3) of the studied characters in the three crosses are presented in Table
(2). At the beginning, parental mean differences and genetic variance among
F» population were calculated and tested for statistical significance. All
studied characters showed significant genetic variance in the three crosses,
indicating the presence of genetic variability for these characters in these
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Table 2. Means and variances (%) for studied characters using the five populations
(P, P;, F\, F; and F;families ) for three bread wheat crosses.

Characters Cross Parameter P, P, F, F, F;
) Mean 149.8 1458 142.13 143.36 146.11
Days to s 1.24 1.72 0.41 7.39 2.14
maturity 5 Mean 150.5 144.4 143.63 143.11 144.73
§? 3.25 4.44 5.11 13.49 10.13
3 Mean 147.07 143.4 142.8 144.5 144.95
§? 2.61 3.24 2.08 8.72 10.32
| Mean 114.33 96.67 109.67 113.63 107.82
Plant s 2.33 233 4.33 8.52 75
height 2 Me;m 103 58 101.17 111.05 113.1
(cm) S 7 3 3.08 16.74 8.49
3 Mean 101.33 93 104 105.72 109.16
§’ 2.33 4 9 19.54 15.54
{ Mean 16.33 25.33 2587 2075 18.5
Number of s 4.57 4.21 4.41 24.18 8.52
spikes / 5 Mezan 20.5 3.67 15.2 14.48 13.2
plant S 2.17 2.81 5.08 22.53 19.33
3 Mean 23.89 4.2 12.57 8.41 8.46
§? 2.81 2.08 3.66 5.98 5.15
1 Mean 65.47 71.6 80 76.98 75,51
Number of s 4.21 2.56 2.08 13.75 10.63
kernels/ 5 Mezan 64.5 8133 §2.82 7117 65.48
spike S 2.73 2.29 5.38 10.02 7.56
3 Mean 69.87 99,27 96.87 $1.05 76.33
§? 1.77 2.57 4.49 8.49 4.85
| Mean 3.92 4.95 5.26 553 548
100 s 0.11 0.01 0.27 0.57 0.37
kernels 2 Mean 3.71 5.23 5.59 5.08 4.76
weight § 0.2 0.15 0.21 0.82 0.39
(g 3 Mean 4.77 5.46 5.53 4.91 5.3
§? 1.86 0.9 1.04 6.11 5.83
) Mean 40.58 47.94 48.16 45.47 36.17
Grain st 4.09 6.47 4.45 10.53 1.05
yield 5 Me?n 24.56 36.48 42.5 3435 32.26
Plant (g) § 5.96 5.37 2.47 19.03 4.89
3 Mean 47.27 36.51 50.33 43.57 43
§? 0.66 323 1.77 18.61 24.44

221




material and therefore, detailed analysis of gene action was calculated.

Likewise, heterosis percentage over better parent (BP), potance ratio (P) and
inbreeding depression for the three wheat crosses are presented in Table (3).

Significant positive hetrotic effects relative to better parents would be of
interest for most characters under investigation. Meanwhile, for maturity
date, negative values would be very useful from the breeder's view point. In
this respect, significant negative heterosis to earlier parent was detected for
maturity date in the three crosses. In addition, the first and second cross
revealed negative heterotic effects for plant height and number of kernels
/spikes. Moreover, the second and third cross showed negative heterotic
effects for number of spikes per plant. On the other hand, significant positive
heterosis was detected for kernel / spike, 100kernel weight and grain yield /
plant in the three crosses.

Table 3. Heterosis, potence ratio, inbreeding depression F, and F; deviation and
heritability for studied characters of three bread wheat crosses.

Heterosis . F F, Heritabili

Characters £ross % over Po!ence I“br"d.' nz2 dev:ati deviation Broad l%lrrow
B.P ratio (P) depression on E, E sense sense
Days to 1 -z.sf -2.84 -o.a'r_' -3.2:: 2.29; 37.06 62.87
maturity 2 053 -1.25 0.36" -4.86 -1.62° 68.96 58.30
3 -0.42 -1.33 -1.19 0.965 1.86 70.20 57.35
1 -4.08 047 -3.61 12.09 047 66.41 51.56
Plant height 2 178" 0.76 977 25.43 29.53" 76.05 68.93
3 263 1.64 -1.65 10.275 17.16° 77.63 63.92
Number of 1 2.13'T 112 19.79" -s.z’_ .9.7‘_ 81.85 66.07
spikes/plant 2 -25.85" 0.37 4.4 1.675 -0.89” 86.08 33.73
3 47.38 -0.15 33.09 -9.8 -9.7 53.63 54,25
Number of 1 22.19: 374 -3.74 5.425‘_ 2.49*‘ 79.51 38.71
kernel/spike 2 28.40° -1.18 682 .1.395 24.78" 67.82 40.35
3 38.64 -0.84 16.33 -19.34 .28.78 67.84 54.42
100 kernel ] 34.[8:: 160 -5.13_' 1.36_5‘ 1.22 88.226 62.38
weight (g) 2 50.67" 147 9.12" 0.1 054" 77.44 41,95
3 15.93 -1.20 11.21 -0.825 -0.04 80.31 59.19
Grain I 18.68:_ -1.06 5.59" -1.48 -20.0@' 53.53 46.05
vield/plant(g) 2 73.05" 2201 19.18° 4.32 -8.50° 77.48 49.75
3 647 1.57 13.43 -5.08 -6.22 01.64 66.52

The potence ratio indicated overdominance towards the higher
parent for number of spikes/plant in the first cross and for plant height and
grain yield/plant in the third cross. On the other side, overdominance towards
the lower parent was detected for maturity date and kernel weight in the three
crosses and for number of kernels / spike in the first and second cross as well
as for grain yield/plant in the second one. On the other hand, complete
dominance towards the lower parent was detected for grain yield/plant in the
first cross. Meanwhile, partial dominance toward the lower parent was
observed for number of spikes/plant and number of ketnels/spike in the
second and third cross, respectively.
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In general, significant positive values were detected for inbreeding
depression in all studied characters except for plant height in the three
crosses, maturity date in the first and third cross and kernel weight in the fist
one for which significance negative values were evident (Table 3).
However, these results are expected, since the high expression of heterosis
in Fy could be followed by considerable reduction in F» performance. The
obtained results are in harmony with those reported by EL-Seidy and
Hamada (1997), and Kheiralla et a/ (2001).

On the other side, significant positive F; deviation (E1) was detected for
plant height in all crosses, number of kernels/spikes, and kernel weight in
the first cross, number of spikes/plant and kernel weight in the second cross.
Also, E1 was detected for maturity date in the third one. Whereas,
significant E1 negative values were obtained for maturity date, number of
spikes/plant, and grain yield/plant in the first cross, maturity date, number of
kemels/spike and grain yield/plant in the second cross, and number of
spikes/plant, number of kernels/spike, kernel weight and grain yield/plant in
the third one. These results may refer to the contribution of epistatic gene
effects in the performance of these characters.

F3 deviation (E2) was significantly positive for plant height, maturity
date, number of kernels/spike and kernel weight in the first cross, plant
height and number of kernels/spike in the second cross, and for plant height
and maturity date in the third one. Meanwhile, significant negative E2
values were detected for number of spikes/plant and grain yield/plant in the
first cross, and for maturity date, number of spikes/plant, kernel weight, and
grain yield/plant in the second cross; and number of spikes/plant, number of
kernels/spike, kernel weight, and grain yield/plant in the third one. These
results proved the magnitude of epistasis that warrant great deal of attention
in breeding programs.

Heritability estimates in both broad and narrow sense are presented
in Table (3). In general, high to moderate( more than 50%) heritability
values in broad sense were detected for all studied characters in the three
crosses. On the other hand, moderate values of narrow sense heritability
were detected for all studied characters except for number of kernels / spike
in the first two crosses; number of spikes/plant and kernel weight in the
second cross and grain yield / plant in the first one.

Narrow sense heritability reflects the importance of the proportion of the
variation due to additive gene effects in the inheritance of these characters.
Therefore, selection” for the desirable characters could be useful in early
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generations but would be more effective if delayed to later ones (Shehab
EL-Din 1993 and El-Seidy and Hamada 1997).

Types of gene action calculated according to Hayman (1958) are
presented in Table (4). The estimated mean effect of F, (m), which reflects
the contribution due to the over all mean plus the locus effect and
interactions of the fixed loci, was found to be highly significant. The
additive gene effect (d) was significant and positive for most studied
characters. Meanwhile, it was significant and negative for number of kemnels
/ spike and kernel weight in the three crosses, and grain yield / plant in the
first and second cross.

Table 4. Gene action parameters for studied characters in the three crosses of bread

wheat.
Character Cross m d h | i
Days to 1 l43.36f z.oo: -8.15 1139 1.52
maturity 2 143.11° 3.05° -3.96 9.96 5.97
3 144.50 1.83 -2.34 -2.10 3.76
1 113.63° 8.83 12.85 -41.52 26.34
Plant height 2 11105 150" -12.05 -15.43 272
3 105727 | 417 -10.31 13.72 -8.81
1 20.75 4.5 9.40 1.67 13.37
s’:.:'k‘::,;';;’:t 2 1448 847 388 4.86 7.5
3 8.41 9.84 2.63 1138 23797 |
Number of 1 76.98; -3.07'_ 593 0.24 1167
kernels/spike 2 7717 -8.042 34,94 -47.23 8.19
3 §1.05 -14.7 23.13 16.98 -18.57
100 kernels 1 5.53: -0.51: -0.04 -1.03 -1.89°
weight (g) 2 5.08" -0.76" 1.21 -0.40 -1.43
3 4.91 -0.35 -0.63 3.73 .1.74
Grain yield / 1 “5'47; -3.68: 26.59" 42,39 15.32
plant (2) 2 3435 5.96 11.02 10.54 .12.88
3 43.57 5.38 6.03 14.95 8.36
m = Mean effects, d= additive effects, h= dominance effects

These results suggest the possibility of obtaining further improvement
for the characters in which d values were positive. They prove also that
using pedigree selection program would be more effective. Similar results
were obtained by Moustafa (2002), and El-Sayed (2004).

Dominance gene effect (h) was significant only for number of kernels
/spike, and grain yield / plant in the second and first cross, respectively,
indicating the importance of dominance gene action in the inheritance of
these characters. Therefore, selecting desired characters could be practiced
in the early generations but would be more effective in late ones (Shehab
EL-Din 1993).
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Estimates for epistatic gene effects i.e. dominance X dominance (1), and
additive X additive (i) are presented in Table (3). Dominance X dominance
gene effects were significant only for number of spikes / plant, and kernel
weight in the third and first cross, respectively. These results are in general
agreement with those obtained by Shehab EL-Din (1993), El-Seidy and
Hamada (1997}, Kheiralla et al (2001).

Stripe rust reaction

The population means and variances of the reaction of five
populations (P;, P2, Fy, F», and F3) for the three wheat crosses; Gizal63 x
Gizal68, Gizal63 x Sids 6, and Giza 168 x Sids 6 to the inoculation with
uredeniospores of P. striiformis at the adult stage under field conditions are
shown in Table (5). Furthermore, Table (6) presents the estimates of gene
action components for stripe rust reaction in the three crosses.

In addition, heritability values in broad and narrow senses, for the
infection type character, are given in Table (6). The broad sense heritability
estimate were 92, 99, and 68% while heritability in narrow sense values
were 78, 37, 54% in the three crosses, respectively. These values being high
to medium in broad sense and high to low in narrow sense indicate that
wheat resistance to stripe rust is a high heritable character and that selecting
resistant plants could be practiced in early generations but selection would
be more effective if postponed to the later ones would be more effective.
These results are in accordance with those obtained by Shehab EL-Din ef al
(1991), Shehab EL-Din and Abdel-Latief (1996), and Abdel- latif and
Boulot (2000) and Mahgoub, (2001).

Leaf rust reaction

The population means and variances of the reaction of five
populations { Py, Py, Fi, F;, and F; ) for the three wheat crosses to the
inoculation with the uredeniospores of P. recondite; the causal agent of leaf
rust, at the adult stage under field conditions are shown in Table (7).
Moreover, Table (8) presents the estimates of gene action components for
the three crosses.

The estimated mean effect of F; (m), for leaf rust was significant. The
different types of gene effects indicated that d effects of the three crosses
and h effects in the first and third ones were significant. Moreover, 1 effect
in the first and third cross and i effect in the first cross were the most
important in the expression of the inheritance of wheat resistance to stem
rust.
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Table 5. Means EY) and variances (5°) for the reactions of the five populations (Py, P,
Fy, F; and F, families ) for the three bread wheat crosses to the stripe

rust,
Cross name Parameters P, P, Fy F, F,

Giza 163 x Giza 168 X2 62.17 0.25 55.33 58.39 51.71
S 16.08 0.001 2.33 28.11 24.81

~iza 163 x Sids 6 )g 38.00 55.00 16.28 20.06 24.00

S 7.00 1.00 0.40 68.83 42.57

Giza 168 x Sids 6 X2 0.25 32.33 12.33 18.83 18.09

! S 0.001 1033 | 577 18.06 0.35

‘Table 6. Gene action parameters in the three crosses of bread wheat for the stripe rust

reaction.
Heritability%
Cross Name m d h I i Broad | Narrow
sense sense
Giza 163 x Giza 168 58.39" -30.96" 15.77 -43.71 -70.29 92 78
Giza 163 x Sids 6 20.06 8.50. -13.03 10.92 34.20 99 37
Giza 168 x Sids 6 18.83° | -16.04" | -2.35 | -21.27 | -30.48 68 54

m = Mean effects, d= additive effects,

h= dominance effects

Table 7. Means (X) and variances ($°) for the reactions of the five populations (P,, P,
Fi, F; and F; families ) for the three bread wheat crosses to the leaf rust

reactions.

Cross name Parameters P, P, T F, F; F;
Giza 163 x Giza 168 x 0.23 0.17 0.23 0.34 0.85
s 0.001 0.02 0.001 | 0.03 0.13
Giza 163 x Sids 6 x2 0.25 18.15 25.87 20.74 55.50
— ) 0.001 0.02 4.41 24,19 4.07
Giza 168 x Sids 6 :i(2 0.22 8.43 5.60 13.40 9.04
S 0.001 | 0.004 1.44 1.34 1.05

Table 8. Gene action parameters for the leaf rust reaction in the three crosses of bread

wheat.
1 Heritability %
Cross Name m d h 1 i Broad | Narrow
sense sense
Giza 163 x Giza 168 0.34* | 0.03* ) -1.43* | 2.42* | 1.40* 90.9 43.4
Giza 163 x Sids 6 20.74* | -8.95* | 9.40* 1.68 -25.17 99.8 77.6
Giza 168 x Sids 6 13.40% | -4.11* | 6.42% - -3.08 97.1 51.9

m = Mean effects, d= additive effects,

h= dominance effects
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Heritability values in broad and narrow sense, for the infection type
with leaf rust are given in Table (8). The broad sense estimates were 90.9,
99.8, and 97.1% while in narrow sense the estimates were 43.4, 77.55,
51.90% in the three crosses, respectively. These values, being high in broad
sense and medium to low in narrow sense, indicate that wheat resistance to
leaf rust is a simple inherited character and that selecting resistant plants
could be successively practiced in the early generations but would be more
fruitful if selection practiced in the advanced ones. These results are in
accordance with those obtained by Shehab EL-Din et af (1991), Shehab EL-
Din and Abdel-Latief (1996), , Abdel- Latif and Boulot (2000) and
Mahgoub, (2001).

Stem rust reaction

The population means and variances for the reaction of the five
populations ( Py, P», Fy, Fs, and F3 ) of the same three wheat crosses, to
moculation with the uredeniospores of P. g tritici the causal agent of stem
rust, at the adult stage under field conditions are shown in Table (9).
Moreover, Table (10) presents the estimates of different types of gene action
for the three crosses.

The estimated mean effect of F» (m), for stem rust reaction was
significant. The different types of gene effects indicated that d effects of the
three crosses was the most important..

Heritability values in broad and narrow senses, for the stem rust
reaction type character, are given in Table (10). The broad sense estimate
were 99.1, 81.9, and 95.8% while in narrow sense estimates were 34.4, 77.6,
35.9% in the three crosses, respectively. These values being high in broad
sense and high to low in narrow sense indicate that wheat resistance to stem
rust is an inherited character and that selecting resistant plants could be
successively practiced in the early generations but would be more effective
if selection is practiced in the advanced ones. These results are in
accordance with those obtained by Shehab EL-Din ef af (1991), Shehab EL-
Din and Abdel-Latief (1996), Abdel- latif and Boulot (2000)and Mahgoub,
(2001).

In conclusion, the presence of additive effects would suggest the
potentiality for obtaining plants having high yielding ability and resistance
to the three studied rusts if selection of such characters took place in the
studied materials.
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Table 9. Means (X) and variances (S°) for the reactions of the five populations (P, P, F,,
F, and F; families ) of the three bread wheat crosses to the stem rust.

Cross name Parameters P, P, F, F; F;
Giza 163 x Giza 168 X 0.25 0.34 0.52 1.39 1.73
s 0.001 0.001 0.22 0.73 2.56
Gizs 163 x Sids 6 X 0.33 13.37 6.54 8.53 5.65
s 0.001 0.22 4.65 0.56 2.77
Gizn 168 x Sids 6 x2 0.25 17.73 4.16 11.96 10.86
S 0.001 6.41 4.64 7.40 5.88

Table 10, Gene action parameters for all characters in the three crosses of bread
wheat to the stem rust reactions.

Heritability%

Cross Name m d h I i Broad Narrow
sense sénse
Giza 163 x Giza 168 1.39* | -0.04* | -1.49 | -0.52 | -1.80 | 99.1 43.4
Giza 163 x Sids 6 8.53* | -6.52* | 6.34 | -20.59 | -6.39 81.9 776
Giza 168 x Sids 6 11.96* | -8.74* | -2,10% | -26.95 | -14.77 | 95.8 51.9

m = Mean effects, d= additive effects, h= dominance effects
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