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ABSTRACT

Three experiments were carried out using the seven populations (P, Py
Fy, BCy, BC), F; and F3) method to study the genetic make up of three crosses
namely Gemmiza 9 x Dovin-2, Sids 1 x Sakha 93 and Sakha93 x Dovin-2.
Results indicated significant positive heterosis effects for grain and biological
yields/plant in all cross. Significant positive heterosis were also evident for plant
height, no. of spikes/plant and kernel weight in the last two crosses. Heterosis
was negative and insignificant for no. of spikes/plant, no. of kernels/spike and
kernel weight. On the other hand, significant negative heterotic effect was found
for plant height in the first cross. Heterotic increase were also evident for plant
height, no. of spikes/plant and 100-kernels weight; no. of kernels/spikes and 100-
kernels weight seemed to account for the héterotic yield response observed in the
second and third crosses, respectively. Inbreeding depression was significant for
all sitmied characters except 100-kernels weight in the first cross; and for plant
height and biological yield/plant in the second cross and 100-kernel weight in the
third one. Over dominance towards the higher parent for grain and biological
yield/plant was observed in the first cross; for all characters except no. of
kernels/spike in the second cross, and for no. of spikes/plant in the third one.
However, partial dominance towards the lower parent was estimated for plant
height in the first cross, while, partial dominance was found for no. of
kernels/spike in the first and second crosses; and no. of spikes/plant in the third
one. Meanwhile, complete dominance was found for no. of spikes/plant and 100-
kernel weight in the first cross. F; deviation (E}) and backcross deviation (E2)
were found to be significant for most of the characters under investigation.
Moreover high to moderate values of heritability estimates were found to be
associated with moderate and low genetic advance as percentage of F; and F;
means in most characters. .

The additive gene effect (d) in six parameter model and (d*) in five
parameter model were found to be significant for all characters in all crosses
except for plant height in first cross, and for biological yield/plant in the second
cross (Model 1) and 100-kernels weight in the third one. (Model 2) Suggesting
the potential for obtaining improvements of most characters studied. Both
dominance and epistasis were found to be significant for most of the attributes
under investigation. These obtained results indicated that selection for the
studied characters could be used in the early generations but would be more
effective if postponed to late ones.

Key words: Wheat, Crosses, Heterosis, Heritability, Inbreeding depression, Gene
action.



INTRODUCTION

Wheat (7. asetivum L. em. Thell) is the most important cereal crop
in Egypt. Increasing wheat production to narrow the gap between
production and consumption is considered the main goal in Egypt as well as
in several countries all over the world. Wheat breeders are always looking
for means and sources of genetic improvements in grain yield and its
components and other agronomic characters.

The Egyptian wheat cultivars have some what narrow genetic
background. Selection among these cultivars for increasing grain yield and
its components would not be very effective. Hybridization between the
Egyptian wheat cultivars and exotic materials was carried out to increase
genetic variability.

Genetic diversity among crossed parents enables the breeder to
develop, through genetic recombination, heritable variability upon which
selection can be practiced. Knowledge of genetic relationship among
parents is essential for planning crosses that may lead to developing more
promising lines. Crumpacker and Allard (1962) indicated that efficiency in
breeding of self-pollinating crops depends, first, on accurate identification
of hybrid combinations that have the potentiality of producing maximum
improvements and second, on identifying in early segregating generations,
superior lines among the progeny of the most promising hybrids. Therefore,
information on the genetics of breeding materials could ensure selection
gains and more genetic improvements.

Mosaad et af (1990) found that additive genetic effects are the
prevalent type controlling days to heading, plant height and spike length.
Moreover, Abul-Naas er al (1991) and Al Kaddoussi et al (1994) reported
that dominance played an important role in genetic control for number of
spikes/plant, number of kernels/spike, 100-kernel weight and grain
yield/plant. On the other hand, El-Hosary et a/ (2000), found that grain yield
and its components in an eight durum wheat parent-diallel cross, were
controlled by both additive and non-additive gene effects. In addition
concerning the heritability estimates, Gouda er a/ (1993) indicated that
heritability values ranged from 14 % to 71% for grain yield. Meanwhile,
Moustafa (2002) and Hendawy (2003) reported that heritability in narrow
sense estimates for plant height, heading date and yield components were
medium to high (more than 50%), and El-Sayed (2004) and Abdel Nour, ez
al (2005) reported that heritability in narrow sense estimates for yield and
its components were medium to high.
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This work was conducted to study the gene action, heritability and
actual and predicated genetic gains from selection in three bread wheat
crosses derived from four diverse bread wheat genotypes using seven
populations of each cross.

MATERIALS AND METHODS

The three crosses used in the present study were derived from four
widely diverse bread wheat cultivars. Names and pedigree of parental
genotypes are given in Table (1). These genotypes were used to obtain the
following three crosses: (1) Gemmiza 9 x Dovin-2, (2) Sids 1 x Sakha 93
and (3) Sakha 93 x Dovin-2.

Cultivar Dovin-2 from exotic materials (high yield and.high bread
quality) was crossed with the two local cultivars Gemmiza 9 and Sakha 93.
Both are good yielders and have high number of spikes/plant and heavy
kernel weight. Sids 1 (have high vield and high number of kernels/spike)
was crossed with Sakha 93 (have high yield and high no. of spikes/plant).

The study was carried out at El-Giza Research Station during the four
successive seasons from 2001/2002 to 2004/ 2005. In the first season
{2001/2002), the parental genotypes were crossed to obtain F, seeds. In the
second season (2002/2003), the hybrid seed of the three crosses were sown to
give the Fy plants. These plants were seifed to produce F; seeds. Crossing was
repeated to ensure fresh hybrid seeds. The new hybrid seed and part of the F;
seeds were stored under refrigeration for further use. In the third season
{2003/2004), Fy, F» and parents seed were sown to produce more F; seeds, back
cross seed (BCy, BC;) by crossing each F; to their respective parent F; plants
were selfed to produce F seeds.

In the fourth season (2004/2005) the seven populations P,, P, Fi,
BCi, BC,, Fz and F; of each of the three crosses were evaluated using a
randomized complete block design with three replications. Rows were 4 m
long spaced 20cm. apart. The plants within rows were 10cm apart. Plot
consisted of two rows for each parent, F; and backcross, five rows for F;
generation and 20 rows for F; families selected from F; at season 2003/2004
from each cross. Data were recorded on individual guarded plants from each
plot (50 plants from F, 40 plants from bulk F3, 40 plants from each back
crosses and 10 plants for parents and F,) for plant height (¢m), no. of
spikes/plant, no. of Kernels /spike, 100-kernel weight (g), grain yield/plant
(g) and biological yield/plant (g).
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The amount of heterosis was expressed as the percentags increase of
F; above better parent values. Inbreeding, depression was calculated as the
difference between the F) and F; means expressed as percentage of the F
mean. The T-test was used to determine the significance of these deviations
where the standard error (§.E) was calculated as follows:

S.E for better parent heterosis

F, - BP = (VF, + VBP)"

and S.E for inbreeding depression

Fi-F=(VE+VR)"

In addition, F, deviation (E;) and backcross deviation (Ej) were
measured as suggested by Mather and Jinks (1971}. Potence ratio (P) was
also calculated according to Peter and Frey (1966).

Type of gene effects was estimated according to Gamble (1962) six
parameters model and Singh and Chaudhary (1985) as follows:

The standard error of additive (d), dominance (h), additive x additive
(i) additive x dominance (j) and dominance x dominance ( 1 ) were obtained
by taking the squares root of respective variation ‘T’ test values are
calculated upon dividing the effects of d, h, i, j and I by their respective
standard error.

m=F

d= BC; - BCZ . .

h= F; 4F2—1/2Pl Vze-l-.?.BC[ +2BC;

i= 2BC1 =+ 2BC2 -4 Fz

_]—BC[ —’/2P] BC2+1/2P2

1=P, +P, -2 F; +4F; - 4BC, - 4BC,
The variances of these estimates were computed as follows:
and Vp=V F, _
Vd =VBC, + VBC, _ _ .
Vh=VF, +16VF;+ Vi VP, + % VP, +4VBC, + 4VB(C;
Vi= 4VBC[ +4VBC, + 16VF;
Vi= VBC; 4AVP) + VBCZ + %VP;
V1= VP[ + VP), +4 VF] +16V Fz + 16VBC1 + 16VBC2

The standard error of additive — additive x dominance (d¥),
dominance (h), dominance x dominance (I) and additive x additive (I) is
obtained by taking the squares root of respective variation ‘T’ test values are
calculated upon dividing the effects of d*, h, I and i by their respective
standard error.
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m=F2__ _
d* =%P -1P;
= ]/6(4F1 + 12F2— 16F)

]-— 1/3 (_6F3-24F2+8F1)

}—P1 Fa+% (P - Pg-l-h) Vil
and V= VI,
Vd* = Y (VP; + VPy)
Vh = 1/36 (16VF, + 144VF, + 256VFy)
VI=1/9 (256 VF; + 576 VF; + 64VFy)
Vi= VPI + VF; + % (VP1 + VP; +Vh) + 1/16 V]

Heritability in broad and narrow sense was calculated according to
Mather (1949) and parent off-spring regression according to Sakai (1960).
Furthermore, the predicted and actual genetic advance (Ag) from selection
were computed according to Johanson ef al (1955).

The genetic gain as percentage of the F» and F; mean performance

(Ag %) was computed using the method of Miller er al (1958).
Table 1. The name, pedigree and origin of the four parental bread wheat cultivars.

Genotype Pedigree Origin
Gemmiza 9 Ald“S"/Huac*S”//CMH74A.630/5xcgM4583-5GM-1 GM - 0GM Egypt
Dovin-2 CMB84655-02 Ap-300AP-300L-3AP-300LIAP-0L-0AP ICARDA
Sids 1 HD21/Pavon“S™// 1158.57/MayAT74“S" Egypt
Sakha 93 Sakha92/TR81032658871-18-25-15-08 Egypt

RESULTS AND DISCUSSION

Varietal differences were significant in most characters under
mvestigation. The F» genetic variances were also significant for all studied
characters in the three crosses. Therefore, the different biometrical parameters used
in this investigation were estimated. Means and variances of the seven
populations P;, Ps, Fy, BCy, BC;, F; and F; for the characters studied in the
three crosses are presented in Table (2). Heterosis relative to the better parent,
inbreeding depression percentage, potence ratio (P), E;, E; and heritability
estimates in each cross for the six studied characters are given in Table (3).

Significant positive heterosis was found for grain and biological
yields/plant in the first cross; all characters except no. of kernels/spike in the
second cross and no. of spikes/plant alone in the third one. Significant
negative heterosis was found for plant height in the first cross. Similar
results were reported by Gautam and Jain (1985), Moshref (1996), Hendawy
(1998), El-Hosary et al (2000), Moustafa (2002), Hendawy (2003), El-
Sayed et al (2004) and Abdel Nour, Nadya et al (2005).
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Table 2. Means {X) and variances (§°) for somc studijed characters using the five
populations (Py, Py, Fy, F, and buik ¥; families) for three bread wheat

Crosses,
Characters parameter Gemmiza 2 x Dovin-2
P, P, F, BC, BC, [T
Plant height (cm) x2 110.4 113.8 | 110.8 | 106.9 108.9 108 1054
) 1555 1063 | 1827 ) B1.88 | 94.85 | 12805 | 34.29
No. of spike X 20.0 2540 24.9 1769 | 2036 23.0 21.57
s/plant §* 553 417 4.31 1237 1 2299 29.66 19.38
No. of kernels X 63.8 78 74.1 74.06 | 64.79 | 6887 72.5
/spike s* 15.75 16.7 | 2094 | 99.43 | 14075 | 18394 | 12141
100-kernel X 5,02 45 5.01 4.52 5.16 5.02 4.21
| weight () | S* 0.029 0.018 | 0.024 | 0.129 | 0142 [ 0214 | 0.133
Grain X 50.8 61.88 68.2 58.63 | 63.71 6293 | 59.71
yield/plant (g) §* 16.17 2777 | 3132 | 13264 | 2883 | 36167 | 173.83
Biological X 186 193.75 222 183.75 215 21333 | 187.86
yield/plant (g) s? 46.32 5054 | 5895 | 18829 | 46015 | 57271 | 29245
Sids 1 x Sakha 93
Plant height (em x1 119.8 106.6 | 1252 | 1247 | 11653 | 1243 | 124.19
S 6.72 7.56 6.7 92.41 | 59.04 132.7 | 119.53
No. of spike X 18.5 22.5 24.5 17.28 20 22 18.06
s/plant [ 4.7 5.83 7.84 1447 | 54.19 59,2 23.1
No. of kernels X 80.75 72.58 79.2 75.33 62 72.4 72.19
/spike s 14.28 1086 | 2091 | 111,12 | 19189 | 256.35 | 156.99
100-kernel X 4.19 4.47 4.76 4,65 4.91 525 4.17
weight (g) s’ 0.056 0.042 0.032 0.099 0.298 0.317 0.135
Grain X 52 6025 | 65.05 | 53.72 59.8 56.5 54.38
yield/plant (g) 5 7.04 11.67 | 12.80 | 140.77 | 235.3 | 344.14 | 184.04
Biological X 191.25 | 164.17 227 178.33 | 174.67 216 195.63
yield/plant (g) s’ 89.67 7754 | 106.32 | 823.04 | 1579.28 | 1916.78 | 1771.76
Sakha 93 x Dovin-2
Plant helght (cm) )\<2 106.6 1338 | 122.7 94.8 122 11152 | 1145
S 7.56 10.06 | 1517 | 11905 | 12497 | 171.07 | 14742
No. of spike X 22.5 25 24.5 19.33 | 2258 | 21.32 | 2285
s/plant s 5.83 6.53 5.68 11.85 | 2291 2422 | 21.98
No. of kernels X 72,58 81.4 93.2 76 70.17 70.2 67.25
/spike s’ 10.86 2741 18.6 | 12648 | 97.99 | 190.31 | 170.82
100-kernel X 4.46 457 4.94 4.73 5.39 5.23 4.77
weight (g) Ch 0.042 0.062 0.08 0.314 0.302 0.426 0.254
Grain X 60.25 64.82 71.2 63.92 7167 { 62.76 | 62.72
yield/plant (g) st 11.67 | 23.01 | 30,06 | 304.58 | 373.11 [ 444.67 | 27867
Biological X 164.17 194 228 186.67 | 214.17 176 193
yield/plant (g) s 7754 | 88.42 | 101.1 | 797.2 | 832.98 [ 117584 | 111389
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Table 3. Heterosis, potence ratio, inbrecding depression and heritability for studied characters of three bread wheat crosses,

Heterosis Potence | Inbreeding Heritability %
% over ratio (P) | depression Broad Narrow Parent-offl
Characters | Cross B.P v El E2 sense sense spring
regression

. 1 -2.64 -0.754 2.53° -3.445° -7.08” §5.73 64.83 76.71
P]a':tc:::;'gm 2 4.55" 1.828 0.719 518" 289" 94.95 85.65 90.19
3 7.82 3.465 9.11 -4.925 -16.06 91.13 59.84 76.72

No. of 1 04 0.96 7.63:: -0.7 -9.355 87.64 $2.96 85.3
spikes/plant 2 8.89 2.00 0.2 0.5 -7.722" 89.66 84.01 86.83
3 2.0 0.6 12.98 -2.805 -6.334 76.55 55.14 65.16

No. of 1 -5.0 0.152 7.06:: -4.883" 8651 89.2 77.78 843
Kernels/spike 2 -1.92 0.62 8.59 5533 | -18.537 91.85 83.96 88.99
3 14.49 3.677 24.68 -14.896 -24.025 90.23 81.86 8595

100-kernel 1 0.26 0.95 -0.16 01327 -0.097 88.88 73.33 81.2
weight 2 6.61" 3.169 -10.27" 0.705" 0.466" 89.91 71.29 78.86
(g 3 8.23" 8.52 -5.75" 0.497" 0.66" 81.22 59.86 72.77
Grain 1 10.22" 2.142 773" 0.661 -2.199 91.04 85.25 89.14
yield/plant 2 871" 2273 13.74” -4.317 -8.103” 95.93 91.49 94.21
(g) 3 9.84" 3.791 11.85" -4.108" 1.85 93.24 49.5 72.32
Bielogica) I 14.58" 8.29 3" 7.393" S13.125" 90.93 88 89.47
yield/plant 2 18.69" 3.64 4.85 13.645" | -51.7097 94.45 75.46 85.35
() 3 17.53" 3.28 22.81" -27.54" -6.24 9141 62.38 77.41

* and ** significant at 0.05 and 0.01 probability levels respectively .
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Number of spikes/plant, number of kernels/spike and kernel weight
are the main components of grain yiela/plant. Hence, heterotic increase if
found in one or more of these attributes with others attributes being constant
would lead to favorable yield increase in hybrids. The lack of significant in
heterosis of no. of kemels/spike in the first cross and no. of spikes/plant in
the second one could be due to the lower magnitude of the non-additive
gene action. These results are in agreement with Amaya ef af (1972), Ketata
et al (1976) and El-Rassas and Mitkees (1985).

The pronounced heterotic effect detected for no. of spikes/plant and
kernels weight in the second cross (Sids 1 x Sakha 93); and no. of
krnels/spike and kernels weight in the third one (Sakha 93 x Dovin-2) would
be of interest in a breeding program for high yielding ability.

The potence ratio indicated over-dominance towards the higher
parent for grain and biological yield/plant in the first cross and for all
characters except no. of kernels/spike in the second cross and except no. of
spikes/plant in the third one. Complete dominance was found for no.
spikes/plant and kernels weight in the first cross. There were partial
dominance towards the higher parent for no. of Kemels/spike in the first and
second crosses, and no. of spikes/plant in the third one. Meanwhile, partial
dominance towards the lower parent was found for plant height in the first
cross. These results are in harmony with those obtained by Ketata ef al
(1976), Jatasra and Paroda (1980), Rady er a/ (1981), Mosaad et a/ (1990),
Abul-Naas et al (1991), Al-Kaddoussi er al (1994), Moustafa (2002) and
Hendawy (2003).

Significant inbreeding depression was found for all characters except
kernel weight in the first cross; plant height, kernel weight and biological
yield/plant in the second cross and kernel weight in the third one. However,
significant negative inbreeding depression (inbreeding gain) was detected
for kernel weight in the three crosses. This is a valid result, since the
expression of heterosis in F| may be followed by considerable reduction in
Fy performance. The obtained results for most cases were in harmony with
those obtained by Gautam and Jain (1985) and Khalifa er al (1997).

Significant heterosis and insignificant inbreeding depression were
obtained for plant height in the second cross. Moreover, significant positive
heterosis and significant negative inbreeding depression for kernel weight in
the second and third crosses were detected. The contradiction between
heterosis and inbreeding depression estimates could be due to the presence
of linkage between genes in these materials (Van der Veen 1959).
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Significant positive Fy deviation were indicated for kemel weight and
biological yield/plant in the first cross, for plant height, kernel weight and
biological yield/plant in the second cross and for kernel weight in the third
one. Meanwhile. significant negative values were obtained for plant height
and no. of kernels/spike in the first cross, for no. of kemels/spike and grain
yield/plant in the second cross and for all characters except 100-kernel
weight in the third one. These results may refer to the contribution of
epistatic gene effects in the performance of these characters.

On the other hand, significant F, deviations were detected for no. of
spikes/plant in the first and second crosses; and for grain yield/plant only in
the first one. This may indicate that the epistatic gene effects have minor
contribution in the inheritance of these characters.

Backcross deviations (E;) was significant for all characters in all
crosses except for kernel weight and grain yield/plant in the first cross; and
for grain and biclogical yields/plant in the third one. These results would
ascertain the presence of epistasis in such large magnitude as to warrant
great deal of atiention in breeding programs.

Heritabilin in both broad and narrow senses, and between generations
(parent off-spring regression) are presented in Table (3). High heritability
values in broad sense were detected for all studied characters except for
plant height in the first cross; no. of spikes/plant and 100-kernels weight in
the third cross where moderate broad sense heritability estimates were
detected.

High to moderate estimates of narrow sense heritability and parent
offspring regression was found for all studied characters in all crosses. The
differences in magnitude of both broad and narrow sense and parent
offspring regression heritability estimates for all studied characters would
ascertained the presence of both additive and non-additive gene effects in the
inheritance of these characters. This conclusion was also confirmed by estimates
of gene action parameter. Similar results were obtained by Jatasra and Paroda
(1980), Mosaad er al (1990), Gouda et al (1993), Moshref (1996), El-Sayed
(2004) and Abdel Nour er af (2005).

Table (4) shows the predicted versus actual gain for all studied
characters. The actual genetic advance (actual gain Ag %) regard from
moderate to high for all studied characters in all crosses (Table 4). These
results indicate the possibility of practicing selection in early :r*nerations to
enhance these characters and hence selecting high yielding 201y pes.
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Table 4. Predicted and actual gain from selection for all characters in three bread

wheat crosses.
Character Cross Predicted gain Actual gain
g % of F, g % of F3
i 1 15.11 13.99 9.25 8.78
P'a'zz:l‘;'ght 2 20.32 16.35 20.31 16.36
3 16.12 14.46 19.19 16.76
1 9.308 40.47 7.74 35.86
No. of spikes/plant 2 13.31 60.52 8.6 47.59
3 559 26.22 6.29 27.54
1 22313 32.40 19.13 26.39
No. of kernels/spike | 2 27.69 3825 22.97 31.82
3 23.263 33.14 23.14 34.41
1 0.699 13.94 0.61 14.5
I“?Si'g"hetr:‘g‘;' 2 0.827 15.75 0.597 14.32
3 0.805 15.4 0.756 15.86
Grain yield/plant 1 32.76 52.05 2421 40.54
© 2 43.96 61.88 26.33 48.41
£ 3 21.503 34.26 24.87 39.64
Biological 1 43.38 20.34 31.52 16.78
yicld/plont (g) 2 68.057 31.51 74,01 37.83
3 44.06 25.04 53.22 27.5

Dixit et al (1970) pointed out 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.

Nature of gene action was determined according to Gamble (1962) six
parameters model (Table 5). The estimated mean effect parameter (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 significantly positive for plant height and
biological yield/plant in the second cross and for no. of kernels/spike in all
crosses. These results suggest the potential for obtaining further
improvement for these characters by using pedigree selection program.
Similar results were obtained by Amaya et al (1972), Hendawy (1998), El-
Hosary et al (2000), Moustafa (2002), Hendawy (2003), El-Sayed (2004)
and Abdel Nour et al (2005). On the other hand significant negative additive
effect (d) was obtained for all characters except for no. of kernels/spike in
the first and third crosses and for no. of spikes/plant, kernel weight and
grain yield/plant in the second one. Dominance gene effects (h) was
significant for no. of spikes/plant, kernel weight and biological yield/plant
in the first and second crosses and for no. of kermels/spike, grain yield/plant
and biological yield/plant in the third one,
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Table 5. Gene action parameters by using two models for all studied characters in three crosses of bread wheat.

[ Characters Cross Six parameters model Five parameters model
m d h i i 1 m d h i 1
Plant height 1 108':' -z.os’_ -1.67 0.38 _ 0.34 14.54° ws"n -1.71: 8907 6,777 -6.613
(cm) 2 124.3" 8.189" | -2.655 .14.69_ l.604“ s.9|" 124.3 _ 6.585" 0.901 2037 ] L.797
3 111.52 2717 .09 -12.42 -23.56 44.54 1152 -3.61 -0.493 -20.224" | 45.707
No. of 1 23_': -2.669:: -13.5}:' -15.9|‘_'_ -0.169 34.62".. 23:: 2‘; s.us'.“ -2.321 zss" B
spikes/plant 2 22 ] -2.723 9,444 -13.444 -0.71:.2 28.888 i 22 _ 20" [ 12.165 -3.0. -14.33{1_
3 21.32 -3.25 -0.698 -1.448 2.0 -14.116 21.32 -1.25 1.96 -3.01 16.64
No. of 1 68.861" 9.277:: 293 2.23 . 13.87'1':' 15.072" os.s«??“ -4.6“" -6.199 -16.099:' 33.331"
Kernels/spike 2 72.4._ 13.33“ -12.407__ -14.94 9,247 52.013 72.4 -4,084 5099 10,732 17.003
3 70.2 5.833 27.742 11.534" | 10.2417 36.515" 702" -4.408™ 23.2" -1.83 4567
100-Kernel 1 5.015.:' —0.652:: -0.473:‘ -0.72"" 0912 0.914:: 5.015: 0.26‘:_ 2.144:: 2.417: -4.32“_.
weight 2 5.25 il .0.253" -1.488 -1 .ssc. .17 | 0954 5.25 -0.136 2.559 1.856 -7.071
3 5.226 -0.654 -0.242 0.668 -0.604 -0.652 5226 -0.05 1.04™ 0.514" -3.216"
Grain 1 62.93" -5.089" 4.82 -7.042 0.449 11,439 62.93" -5.548" 1208 -5.608 -24.075
yield/plant 2 565" -6.078" 10.419 1.044 -1.953 15.162 56.5" -4.125" 11653 5,972 12.693
(g} 3 62.76" -7.75™ 28793 20.128° -5.465 -23.826 62.76" -2.285" 5.653 -7.582 22.453
Biological 1 213.33" 31257 | -23.695 -55.82" [ -27.375" 82.07" 213.33" | -3.875" 73.7" 33825 | -112.72"
yield/piant 2 216" 3.666 -108.709™" 158" -9.876 261417 216™ 13.542 | 61.667" -0.208 79.333°
(g) 3 176" -27.5" 146596 | 97.68™ -12.584" [ -8s.193™ 176" 149167 -11.333 .46 232"
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The significance of these components indicate that both additive and
dominance gene effects are important 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 (Sheab El-Din 1993).

Additive x additive) type of epistasis (i) was detected to be
significant for no. of spikes/plant, kernel weight and biological yield/plant
in the first cross, and for all characters in the other two crosses except for
grain yield/plant and for no. of spikes/plant in the second and third
crosses, respectively.

Significant additive x dominance (j) appeared for all characters in the third
cross, for no. of kernels/spike, kernel weight and biological vield/plant in the first
cross and for no. of kernels/spike in the second one. Dominance x dominance (1)
type of gene action was significant for all characters except for no. of kerels/spike
and grain yield/plant in the first cross, for plant height and grain yield/plant in the
second cross and kernel weight and grain yield/plant in the third one.

Nature of gene action investigated using the five parameters analysis
(Hayman’s model) according to Singh and Chaudhary (1985) was presented
in Table (5). The estimated mean effect parameter (m), which reflects the
contribution due to the over all mean plus the locus effect and interactions
of the fixed loci, was highly significant. The parameter (d*) was
significantly positive for plant height and biological yield/plant in the
second cross and for kernel weight in the first and the third crosses.

Meanwhile, (d*) was significantly negative for all characters in all
crosses. The dominance effect (h) was significant for no. of kernels/spike in
the first cross, for all characters in the first two crosses, except no. of
kernels/spike in the third cross and plant height and no. of kemels/spike in
the second cross and were significant for no. of kernels/spikes and 100-
kernels weight in the third one, indicating the importance of dominance
gene effects in the inheritance of all characters. Meanwhile, (i) was
significant for all characters in the first cross except for no. of spikes/plant
and grain yield/plant. It was also significant for no. of kernels/spike and
kernel weight in the second cross and for all characters except no. of
kernels/spike and grain yield/plant in the third one. Moreover, (I} was
significant for kernel weight and biological yield for all crosses, for plant
height, no. of spikes/plant and no. of kernels/spike in the third cross. no. of
spikes/plant in the second cross and no. of kernels/spikes in the first one.
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The iimportant roles of both additive and non-additive gene action in
most studied characters indicated that selection procedures based on the
accumulation of additive effects would be very successful in improving
these characters. Similar results were reported by Gouda er af (1993), Al-
Kaddoussi et al (1994), Hosary (2000), Moustafa (2002) and Hendawy
(2003).

Generally, the most biometrical parameters resulted from the first
and second crosses were higher in magnitude than those obtained from the
third one. Consequently, it could be concluded that the crosses (Gemmneiza
9 xDovin-2) and (Sids 1 x Sakha 93) would be of interest in a breeding
program for bringing about the maximum genetic improvement.
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