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Abstract

Three crosses were made among four bread wheat cultivars,
Sahka 93 x Gemimeiza 7, Sakha 94 x Gemmeiza 7 and Sakha 94 x
Giza 168. The five populations i.e P1, P2, F1, F2 and F3 of each
cross were used to estimate genetfic variance, gene action and
heritability for grain yield and its components. The experiment was
conducted at Sakha Agricultural Research Station from 2003/2004
through 2006 / 2007 season. Significant positive heterotic effects
were obtained relative to the better parents for plant héight, spike
fength and 10C-kernel weight in some crosses. Meanwhile, for
maturity date, significant negative (favorable} heterasis relative to
the earlier parent was detected in the first cross. Overdominance
towards the higher parent was detected for days to heading and to
maturity in the first cross, and plant height and spike tength in the
second and third crosses, respectively. While, overdominance
towards the lower parent was detected for spike length only in the
first cross. Pastial dominance towards the higher parent was
obtained for days to maturity in the second and third crosses |,
spike length in the second cross, and grain yield plant-1 in the first
and second crosses. On the other hand, partial dominance towards
the lower parent was observed for plant height in the first and third
crosses, days to heading in the second and third crosses, number
of kernej spike-1, 100 - kernel weight in the three crosses, and
grain yield plant-1 in the third one. Significant positive estimates of
inbreeding depression were detected for all studied characters
except for days to heading in the first and second cross and days to
maturity in the third cne. The additive gene effect was significant
for all characters in all crosses. In additicn, dominance and
epistasis effects were significant for most of the studied attributes.
Estimates of heritability in broad sense were high to moderate for
all studied characters in the three crosses. Moreaver, moderate
estimates of narrow sense heritability were detected for most
studied characters. These resuits indicated that selection for the
studied characters could be used in the early generations but would
be more effective if postponed to late generations.

Keywords: Wheat crasses, Heterosis, Heritability, Inbreeding
depression, Gene action.

INTRODUCTION

Increasing bread wheat { 7riticum aestivum L.} production to narrow down the
gap between production and consumption is considered a main target in Egypt as in
most developing countries, Two approaches can be- followed to fulfill this target,
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increasing the cultivated area to wheat (horizontal expansion) and/or increasing the
yield of unit area (vertical expansion) using high-yielding cultivars and applying proper
cultural practices (Shehab EI-Din, 1993).Wheat breeders are always looking for means
and sources of genetic improven"lent of grain yield and its components :':md other
characteristics. The success of any breeding program in self- and cros-pollinated
species depends on the amount of genetic variability present and the types of gene
effects involved in the inheritance of different characteristics in such materials,

In many studies, additive, dominance and additive x additive gene effects
epistasis were found to control most of characteristics such as days to maturity
{Menshawy, 2000 and Mahgoub and Hamad, 2006), plant height, 100-kernel weight
and grain yield plant® (Abul-Naas er &/, 1991, Al-Kaddoussi et &/, 1994 and El-
Borhamy, 2000). Also, additive » dominance gene effects were important in the
inheritance of plant height, spike length and 100-kermei weight (Awaad, 2002 and
Hamad, 2003). On the other hand, El-Hosary et a/ (2000} found that grain yield and
its components in a dialtel ¢cross among eight wheat parents, were controlled by both
additive and non-additive gene effects.

The present work was conducted to study the genetic variance, gene action,
and heritability and to compare between actual and expected genetic gain from
selection in three bread wheat crosses derived from four bread wheat genotypes using
five populations in each cross. The ultimate goal of this study was to elucidate the
breeding value of the crosses that could be utilized in breeding program to improve
wheat productivity. l '

MATERIALS AND METHODS

The present investigation was carried out at Sakha Agricultural Research Station
from 2003/2004 to 2006/ 2007. Four bread wheat cultivars were chosen to form three
crosses, viz. Sakha 93 x Gemmeiza 7, Sakha 94 x Gemmeiza 7 and Sakha 94 x Giza
168.Names and pedigrees of these cultivars are presented in Table (1).
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. Table 1. Name and pedigree of the four parental bread wheat cultivars.

Name o Pedigree

Sakha 92 / Tr 810328

Sakha 93
S.8871-15-25-15-05
OpatafRayon//kauz

Sakha 94
CMBW 90 Y 3180-0TOPM-3Y-010M- 010M-010Y-10M-015Y-0Y-0AP-05
Mrlfbucffser

Giza 168
€M 93046-8M-0Y-0M-2Y-0B
CMH74A.630/sx/ fseri 82/ Agent

Gemmeiza 7

CGM 4611-2GM-3GM -1GM-0GM

In 2003 /2004 season, the parental genotypes were sown at three dates and
crosses were made to secure enough F_l. hybrid seeds among the parents. In
2004/2005 season, a part of the F, séeéjs were planted and the rest were left to
produce the F; seeds of the three crosses. In 2005/2006 seasen, 20 and 60 seeds
from F, and F; respectively for each cross were cultivated to obtain F, and F,
respectively seeds. Moreover, the four parents were planted in the same season , the
same crosses were again made to obtain additional and for fresh F, seeds.

In the fourth season 2006/2007, the seeds of the five populations (P, Py, Fi, F»
and F5) for each cross were planted together at the 21% of November, in a randomized
complete biock 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 m long and 30 cm apart. seeds within rows were 20 ¢m
apart, each row included 15 plants.

Data of the following characteristics were recorded:

Heading date,. Maturity date,. Plant height (cm), measured. Spike length (cm),
number of kernels spike™, 100-kernel weight and grain yield plant™ wete recorded on
samples of 10 individual guarded plants from each row.

Biometrical parameters were calculated for the characteristics where the F,
genetic variances were significant. The amounts of heterosis were expressed as the
performance of F,'s over better parent values. Meanwhile, inbreeding depression was
calculated as the difference between F; and F; means in terms of percentage from the
F, mean. The T- test was used to determine the significance of these deviations and
also potence ratio (P) was calculated according to Peter and Frey (1966). The
population means and the variances were used to compute the scaling tests C and D
to estimate the type of gene effects according to Hayman and Mather (1955) and
Mather and Jinks {1971). The five parameters model proposed by Hayman (1958) and
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Jinks and Jones (1958) was used to estimate the different gene effects. Partitioning of
variance was calculated according to Mather (1949) and Mather and Jinks (1971).
Heritability estimates were caiculated in broad sense (h’b) and narrow sense {h?n}
according to Mather {1949).

RESULTS AND DISCUSSION

Analysis of variance {not presented) showed that parental differences in
response to therr genetic background were significant in most characters under
investigation. Parental mean differences and genetic variance among F; populations
were calculated and tested for statistical significance. The means and variances for the
five populations (P,, P, Fy, F» and F3) for the studied characters in the three crosses
are presented in Table (2). All studied characters showed significant genetic variance
in the three crosses, indicating the presence of genetic variability for these characters
in these matertals and therefore, detailed analysis of gene action was made. Data of
heterosis percentage over better parent (BP), potence ratic (P) and inbreeding
derlr_r"%SIOH for the three crosses are presented in Table (3}. Moreover, F, hybrids
showed highly significant negative heterosis effects (hybrids inferior to the better
parents) for maturity date in the first ¢ross (would be very useful from the breeder's
point of view). Meanwhile, the second and first crosses revealed positive heterotic
effects for plant height and spike kength.

The potence ratio indicated overdominance towards the higher parent for days
to heading and maturity in the first ¢ross, and for plant height and spike length in the
second and third crosses, respectively. On the other hand, over dominance towards
the lower parent was detected for spike length in the first cross. Meanwhile, partial
dominance towards the lower parent was observed for plant height in the first and
third crosses, and days to heading in the second and third crosses and number of
kernels spike™, kernel weight in the three crosses and grain yield plant! in the third
one. On the other hand, partial dominance towards the higher parent was observed
for days to maturity in the second and third crosses and for spike length in the second
cross and for grain yield plant™ in the first and second ones.

Significant positive estimates of inbreeding depression were detected in all
studied characters except be days to heading in the first and second crosses and days
to maturity in the third cross for which significant negativ'é estimates were evident
{Table 3).

Significant positive F, deviation (E,) was detected for days to heading in the
third cross, plant height and grain yield plant™ in all crosses, spike length and number
of kernels “'spike in the first cross and 100-kernel weight in the first and second
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crosses. Meanwhile, significant {E;) negative estimates were obtained for days to
heading in the first cross and days to maturity in all crosses. These resuits may refer
to the contribution of epistafic gene effects in the performance of these characters. F,
deviation {E;)was significantly positive for plant height, spike length, number of
kernels spike !, 100-kernel weight and grain yield plant™ for all crosses except the
third cross for spike length and 100-kernel weight in the first cross. Meanwhile,
significant negative E, values were detected for days to heading in the first and
second crosses and days to maturity in the third cross. These results proved the
magnitude of epistasis that warrants great deal of attention in breeding programs.

Heritability estimates in both broad and narrow senses are presented in Table
{3). In general, high to moderate {more than 50%) heritability estimates in broad
sense were detected for all studied characters in all crosses except for spike length in
the first cross. On the other hand, moderate estimates of narrow sense heritability
were detected for all studied characters except for days to heading in the first two
crosses , plant high and number. of kernels spike ! in the second cross, kernet weight
in the first and third crosses and spike length in the three crosses .

Narrow sense heritability reflects the importance of the proportion of variation
due to additive gene effects in the inberitance of these characters. Therefore,
selection for the desirable characters could be useful in early generaticns but would be
more effective if delayed to later ones (Shehab El-Din et a4,1996, El-Seidy and
Hamada, 1997, and El-Borhamy, 2004).

Nature 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 overall mean plus the locus effect and interaction of the fixed loci, was highly
significant .The additive gene effect {d) was significant and positive for days to
heading and maturity in the second crosses, plant height and spike length in the
second and third crosses, respectively, and for grain yield plant? in the first and
second crosses. Meanwhile, it was significant and negative for days to heading and
maturity and plant height in the first and third cross, for spike length in the first and
second ones, number of kernels spike™ and 100- kernel weight in all crosses, and for
grain yield/plant in the third cross. These results suggest the possibility of further
improvement for the characters in which d values were positive. They also prove that
using pedigree selection program would be more effective. Similar results were
obtained by Amaya ef &. {1972), Hendawy (1998), El-Hosary ef ai (2000), Moustafa
(2002), El-Borhamy (2004), El-Borhamy (2005} and Abdel-Nour et & (2006).
Dominance gene effect (h) was significant for days to heading and spike length in the
second cress, days to maturity in the first and third crosses, plant height in all crosses,
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number of kernels spike™ in the first and second crosses, and for kernel weight in the

first cross. Thé significance of these components indicated that both additive and

dominance gene effects are important in the inheritance of thesé characters.

Therei'ore, selection of desired characters could be practiced in the earl{; generations
but would be more effective in late ones. '

Estimates of epistatic gene effects, i.e., dominance x dofminance (I), and
additive x additive (i) are presented in Table (4). Dominance x dominance gene effects
were significant for all studied traits except for days to maturity, spike length and 190-
kernel weight in the third cross, No.of kernels spike™ in the first and third cross and
for grain yield piant™ in the second and third crosses.

A significant additive x additive type of epistasis (i) was detected for most of the
studied traits except for days to heading in the first and second cross, and for days to
maturity, in the first cross, spike Iength in the second and third crosses and number of
kernels Jsplke" in the second cross. These results ére in agreement with those of EL-
Seidy and Hamada (1997), and Kheiralla &t a/ (2001). The important role of both
additive and non-additive gene actions indicated that selection procedures based on -
the accumulation of additive effects would be very successful in improving these
characters. This condusion was also reported by Gouda et a/ (1993), Al-Kaddoussi et
al (1994), Ei-Hosary ef a/ (2000), Moustafa (2002), El-Borhamy (2004), and Abdel-
Nour et & (2006).
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Table 2. Means and variances (52) ror studied characters in the five populatlons

(P1,P2,F1,F2, and F3 families) of three bread wheat crosses.

“Character Cross Parameter P, P2 F, £, F3
o ) Mean 92.7 97 91.2 - | 944 92.8
§ st 0.128 0.152 0.139 0.34 0.293
2 5 Mean 102.0 97 98.6 99,1 101.1
b= 52 0.142 0.152 0.157 0.33 - | 0274
é‘ 3 Mean 95.0 102.0 98.9 97.3 98.2 |

s? 0.15 0.142 0.133 0.3 0.20
= ) Mean 135.9 142.6 133.9 135.8 134.4
5 g 0.13% 0.13 0.135 0.336 0.254
g ) Mean 147.0 142.6 145.0 146.0 145.3
:‘;’_ g 0.148 0.13 0.148 0.321 0.287
§ 3 Mean 140.1 147.0 141.0 143.0 143.3
5! 0.154 0.148 0.144 0.315 0.239
i Mean 105.2 115.1 114.3 108.4 112.6
£ 5 0.145 0.145 0.138 0.4919 0.306
&t 3 Mean 1223 155.2 128.0 123.8 120.1
g - gt 0.143 0.145 0.162 0.415 0.3
& 3 Mean 106.8 122.3 118.8 114.5 117.4
52 0.124 0.143 0.167 0.343 0.218
T 1 Mean 11.1 12.2 12.4 11.8 120
=2 st 0.106 0.118 0.104 0.18 0.154
%, , Mean 10.0 12.2 111 11.0 10.3
g g? 0.064 0.118 0.159 0.194 0.171
2 \ Mean 10.4 100 | 105 | 103 | 103
“ 5 0.073 0.064 0.048 0.172 0.103
” | Mean 80.1 89.4 87.1 85.1 84.1
E g 0.154 0.159 0.15 0.301 0.249
RS 5 Mean 84.4 89.8 87.1 86.9 85.1
5 g g 0.133 0.159 0.142 0.28 0.15
g ) Mean 71.1 84.4 80.7 79.89 80.0
s 0.121 0.133 0.154 0.40% 0.154
1 Mean 47.0 53.1 51.3 49.11 51.0
T s 0.148 0.151 0.145 0.323 0.258
£ 5 5 Mean 4.3 531 | 502 | 4796 | 482
S % g 0.145 0.151 0.148 0.297 0.214
- 3 Mean 41,9 44.3 43.2 43.04 42.8
5 0.154 0.145 0.149 0.215 D.189
o . Mean 39,7 30.1 37.1 35.52 35.6
5 s 0,145 0.151 0.157 0.345 0.264
o 5 Mean 45.4 301 40.3 38.33 37.9
= 52 0.113 0.124 0.13 0.336 0.271
3 Mean 36.03 454 420 | 4104 | 408
© 3 5?2 0.131 0.113 0.144 0.227 0.181
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Table 3. Heterosis, potence ratio, inbreeding depression F2Z and F3 deviation and
heritat 17 for studied characters of three bread wheat crosses.

and** indicate sigmificant at 0.05 and 0.01 levels of probability, respectively

Heterosis Potence | Inbreeding | F F, Huertabaliby
Character | cross % over )
8P ralio (p) | depression | E, Ex Broad Narrow
Days to 1 | -1.618* 1.697 -4.002¢ -3.464%% | -1.743** | 73.1 499
heading 2 1.721** -0.336 (1856 -0.445 -2.472%+ | 79.9 37.7
3 4.051** -0.099 0.352* 1.648** 0.707** 78.0 65.1
1 -1.449** 1.582 -3.997 -1.358¥~ | -0.373 80.7 602
Paysto 7 1654 | 0.082 | 0.124 0.668°* | 0200 | 684 | 54.0
matunty
3 0.642*> 0.740 -1.819** -1.3907*% | -1.624** | 77.5 58.9
1 -0.726%* -0.832 3.641** 5.221** 1.478%* 87.7 50.3
::;;t 2 4719 | 2625 | 7.279** | 3.288" | 6.162** | 879 | 317
3 -2.813** -0.556 3.627** 3.677** 1211+~ 88.9 67.6
Spike 1 2,186~ -1.540 6.096** 5.010** | 3.402* 43.4 38.8
length 2 -9.040%* 0.023 -0.225 (.424 6.749*% | 70.1 37.2
3 -0.005 1.277 2.630%* 2.283 1.998 52.2 44.1
Mo. of 1 -2.BO7** -0.460 3.542%* 2.318*+ 3.431% B2.6 58.7
kernels 2 | -2.919** -0.011 0.034 0.275 2.261** 1 800 42.1
spike™® 3 -4.453** -0.435 3.601* 0.966 0.830**  85.8 84.4
100- 1 -3.329** | -0.414 2.436%* 4.260%* | 0.584 1793 49.8
kernel 2 -5.371+ -0.349 3.047%" 4.481** | 3.983*~ 78.5 71.7
| weight 3 -3.071** -0.108 0.300 0439 1.110* 55.1 at.1
Grain 1 -6.466** 0.463 5.969%* 4.343* | 4.101* | 760 69.9
yiald 2 -11.343** | 0.325 6.173 4.770*~ 5.764** 90.7 78.7
Plant™* 3 -7.489** | -0.274 _ | 3.099** 2.285%% | 2.881** | 84.0 738
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Table 4. Gene action parameters for studied characters in the three crosses of bread

wheat.
Character | cross m d h | i [ C D
b oade | | 2080 | 1680t | 1430 | s34 | 7.26%
Days t
he:dm: 2 | 9901 | 2515%* | 5.626** | 9.493** | 0.248 0.07 7.19%*
30| s | s gee | L1393 | 93067 | 87380 | sy | 157
TS A 306 ) , -3.427% ’
Davs o S e 33830 | 239 | i ggpes | 0893 2427 | 1a3apee
ma:u”w 2 | 146.0* | 2.180* 1.166jL-6.213** 53467 | 424 | 042 ]
30 ae296 | L, | 2186% | 3466 | eSS | 2717 0.11 J
1| 108.36%* : 7.433%% | 38,746%* ) . 13.506%*
ot sopgrs | I P46 | ) cope | 1s.gann | 13506
beight 2 | 123.8% | 3.550* | 12.620** | -8.400** | 10.400*= | 18 4,5
30| undase || 4000 | 27080 | | BE6H | 116
o] e | o | 018 | 27280 | -1860%T | 0,976 1.07
Spike
length 2| oz | oo | 189870 | 360807 | 0227 | 0238 | 2994
3 | 1027%* | 0.216** | 0.080 0,800 0.236 0407 | 0.193
b asaI ) o, | 3933 0213 | 7911k | BeSTY | 349
No. :
Kernels 2 | 86.87%* .| 4773 | ssgerr | 0556 -0.9 7.34x=
ke’ 2.650 |
30| T8 | | 0226 2666 | oo | 269 F‘Ls »
1
Dol | e | 3580 15920 |, | 626 | sese
100.kernel e
we’?:;'t‘e 2 | 47060 |, oo | 0833 | 7333 | 9asere | 54 | 04
A B I
3 | a3.04% 1’200**_} 0.500 -1.040 | -1.630** 0.5 -1.28
Gran 1 | 3552+ | 4783** | 0835 | 4781* | B.185** | -2.019 1.567
w:I g 2 | 3833 | 72635 | 2346* | 2986 | 15.131°% | 2710 -0.47
plantt 30| anoae | 69:5" 1306% | 1226 | -9.348* | -1.27 035 |

and**significant at .05 and 0.01 levels of probability, respectively

m = Mean effect h = dominance effect d = additive effect | = dominance x dominance 1 = additive x additive
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