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‘ABSTRACT Six populations (P, Py, F;, F;, B, and B,) of four wheat crosses,
inamely 1} Sakha 69 x Sahell 2) Sakha 69 x ACSAD 9453) Sids 1 x Fl34—71/
Crow ‘S’ and 4) Gemmeiza 5x Giza 168, were raised in a randomlzed complete '
block design during the three successive seasons of 1999/2000, 2000/2001 and
2001/2002 at the Experimental Farm, Faculty of Agriculture, Zagazng Umv "
Zagazig, Egypt. The materials were subjected to determme the adequacy of genetic
model, gene action, response to selection and prediction by the new récombinant
Haes for days to heading, flag leaf area, leal chlorophyll content, grﬁih yield/plant
and its components as well as grain protein content. '

_Scaling test, provide evidence of non-allelic interaction in controllihg days to
heading in 2" and {‘“ crosses; flag leaf area, leaf chlorophyll content and grain
yield/plant in all crosses and grain protein content in 2", 3" and 4™ crosses.
Whereas, the simple genetic model was adequate for explaining the inheritance of
days to heading in 1* and 3" crosses as well as 1000-grain weight and grain protein
content in 1* one. The additive gene effect (d) was more important in the genetic
system controlling days to heading in 1* and 3™ crosses and 1000-grain weight and
grain protein content in 1 cross. The additive {d) and its digenic interaction type
additive x additive (i} were significant and involved in the inheritance of davs to
heading and number of spikes/plant in 2™ cross; leaf chlorophyll content and gram
yield/plant in 1" cross and flag leaf area in 1* and 3" crosses. However, the
dominance (h) and dominance x dominance (1) were involved in the genetic control
of flag leaf area, number of sbikes/plant and grain yield/plant in 1¥ and 2™ crosses
and grain protein content in 3" and 4" crosses. The additive x dominance (j) was
significant for grain protein content in 2** and 4" crosses.

. Duplicate type of epistasis has been reported for flag leaf area, number of
spikes/plant and grain yield/plant in 1* and 2™ crosses; number of gramslsmke in
2™ cross and grain protein content in 3 and 4® crosses. Whereas, complementary
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type was detecied for number of grains/spike in 1“ Cross. Tbe nddlilV@ ﬂ@llﬁ“ﬁ
variance (D)) was the prevailed type controlling days to heading, flag leaf area,
number of grains/spike, 1000-grain weight and grain protein content in most cases.
Whereas, the dominance genetic variance (H) was more importanf in the
inheritance of grain yield/plant in all crosses.

Narrow sense heritability was high (> 50%) for days to heading, flag leaf
area, leaf chlorophyll content, number of grain/spike, 1000-grain weight and grain
protein content in most cases, and ranged from low (24.49%) to moderate
(44.59%) for grain yield/plant.

The results of correlated response in F, generation revealed that, the
importance of the studied characters slightly varied according to the cross, and in
;general over crosses, indicated that the maximum genetic change in wheat grain
;'yield was attributed to number of spikes/plant followed by number of grains/spike,
“1000-grain weight, leaf chiorophyll content and fiag leaf area.

) Prediction results indicated that, it is feasible to expect transgressive
segregants which out perform parental range and those likely to exceed F; hybrid
for days to heading and leaf chlorophyll content in 4™ cross; grain yield/plant in
2" and 4™ crosses as well as grain protein content in 1* and 3™ ones.

The best inbred lines (P max) displayed all favorable alleles have bheen
reported for days to heading, leaf chlorophyll content and grain yield/plant in 2™
and 3" crosses as well as 1000-grain weight and grain protein content in 3" and 4™
crosses, These results indicate the importance of these crosses as a source to
produce new promising lines.

INTRODUCTION

Increasing wheat potentiality
through breeding programs is the
cheapest and quickest solution to
minimize the gap between the
Egyptian production and consump-
tion. Since, decision making about
the effective breeding procedure to
be used is mainly dictated by the
type of gene action controlling the
economic characters. Such inform-
ation is helpful for the breeder to
predict in early generations of

wheat breeding program, by the
potential of new recombinant lines
that could be derived followed a
series of selfing generations. Since,
the genetic information obtained
from multigeneration are reliable
compared with those based on one
generation, thus six populations
(P1,P2,F1,F2,By and B,) are consid-
ered the one which may give
detailed information for the
employed genotypes.
Assessment the type of gene
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action in wheat have been studied
by many investigators, and they
reported that epistasis and non-
additive gene effects contributed
an important role in the inheritance
of days to heading and grain yieid
(Ketata er al.,1976); number of
sptkes/plant, number of grains/
spike, 1000-grain weight and grain
yield/plant (Pawar et «l., 1988 and
Hendawy, 1994) and days to
heading and number of
grams/spike (Hassan, 1993 and
Awaad, 1996). Additive and
dominance gene action and their
digenic interactions, (additive x
additive), (additive x dominance)
and (dominance x dominance)
were more important in. the
inheritance  of  number  of
spikes/plant and grain yield/plant
(Singh et al. 1985) and grain
yield/plant only (Awaad, 1996).

' Whereas, the predominant of
non-additive gene action
controlling leaf  chlorophyll
content, kernel weight, flag leaf
arca and grain yield/plant reflected
in moderately low narrow sense
heritability (Ismail ef af., 2000 and
Awaad, 2001) as well as for yield
and its attributes (Hassan, 2002).
However, additive genetic variance
was found to he the prevailed type
controliing the inheritance of days

to heading, tlag leat area. number
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of grains/spike reflecting high

heritability estimates - in narrow

sense  (Salem ef al, 2000).
Moreover, both additive and
dominance gene action  were
involved in the inheritance of grain
protein  content,  with  the .
predominant of additive . gene

effect reflected in high “Tn” values
(Khalifa, 1982 and Dhaliwal ¢f al.,
1994).

The response to selection

provide the breeder knowledge

about the kinds of association
between genes of selected and
unselected characters i.e. those
between favorable combinations
and those of retarding ones. This
knowledge may give the breeder a
courage for nghtful decision
making about the most effective
characters to be used in wheat
breeding programs. In this respect,
many investigators studied
response to selection and recorded
substantial progress in wheat grain
yield when selection was practiced
for different attributes (Guptal and
Ziauddin Ahmed 1982, Awaad.
1992 ., Mou ef al., 1994 and Gebre-
Mariam and Larter, 1996).
Prediction in early generati-
ons, is useful to identify the most
promiging crosses  which  may
producce the best yield of lines

exceeding parental range, F
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hybrid or the best inbred (P max).
In this regard, Snap and Parker
(1986), Kuldip Singh and Bhullar
(1989), Eissa and Awaad (1993)
and Awaad (1996) mentioned that
it could be possible to obtain
proportion of new recombinant
lines falling outside the parental
range and those likely to exceed F,
hybrid for morphophysiological
and yield contributing characters .

The present work was
designated to determine the
adequate genetic model and types
of gene action controlling yield
and some related characters, also
to identify the most selection
criteria for improving grain yield
and to predict in early generations
of breeding program, by the
propertiecs of recombinant lines
that could be derived following a
series of selfing generationsof F,
population.

MATERIALS AND METHODS

Crossing technique and experim-
ental layout.

The present investigation was
conducted during the three winter
growing  seasons;  1999/2000,
2000/2001 and 2001/2002 at the

Experimental Farm, Faculty of

Agriculture, Zagazig Univ.,
Zagazig, Egypt. Four wheat cross-
es have been used in the present
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study derived from seven diverse
parental bread wheat genotypes
(Table 1). These genotypes were
used to obtain the following four
crosses; 1) Sakha 69 x Sahel 1, 2)
Sakha 69 x ACSAD 945, 3) Sids
1x F134-71/Crow ‘S’ and 4)
Gemmeiza 5 x Giza 168.

In the first season of 1999/
2000, the seven parental wheat
genotypes were evaluated in a
randomized complete block design
with three replications, at the
meantime, pair Crosses Wwere
performed to obtain Fi’s grains. In
the second season, 2000/2001, four
F; cross grains were sown to
produce F; plants. Each of the F,
plants were crossed back to their
respective parents to produce first
(Fi x P;) and second (F, x P;)
backcrosses. In the meantime, pair
crosses were made to produce
more F, grains, also the F; plants
were selfed to produce F, grains.
In the third season, 2001/2002, the
obtained grains of six populations
(P4, Py, Fy, F5, B, and B,) for each
of the four crosses were evaluated
using a randomized complete
block design with three replicat-
ions. Wheat grains were sown in
21% November. Row was 2m long,
row to row and plant to plant
spacings were 20 and Scm,
respectively
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Table (1): Name, origin and pedigree of the parental wheat _genotypes.

No. | Genotype name Origin Pedigree

1 Sakha 69 Egypt inia/ RL 4220/ 7¢/ Yr 8" CM 15430-25-65-0s-0s

2 Sahel | Feypt N.8.732/PIm//Veery S™ D735-4sd-1 sd-Osd.

3 Sids | Egypt HD2172/Pavon »57//1158.57/Maya 7478™.

4 Gemmeiza 5 Lgypt Vee STSWM6325CGM40H 7- LGM-6GM-3GM-0OGM

5 Giza 168 Egypt MIL/BUC/Seri: CM93046-8M-QY-OM-2Y-OB

6 F134-7T1/Crow 'S’ | SyrMex | SWM T1147-1AP-2AP-4AP-1AP-0AP.

|7 ACSAD 945 Svrin Mon “s/Ald “s*//Deir AHla 4 ACS-W-8211-112-717-11Z-01Z.
The normal agricultural as follows; A= 2B,-P\-F,, B=2B,-

practices for wheat production P3-F, and C=4F,-2F,-P;-P;. Joint

were performed. The following
data were recorded on 10 guarded
plants for each parent and F,, 30
for each backcross and 70 plants
for F; generation in every replicate
to study, days to heading and flag
leaf area at the time of full
emergence of main spike, also flag
leaf chlorophyll content - was
estimated . using SPAD-502
apparatus (Castelli e/ al., 1996)
and at harvest for number of
spikes/plant, number of grains/
spike, 1000-grain weight and grain
vield/plant.  Moreover,  grain
protein content was estimated.
Biometrical assessment:

A regular analysis of variance
was firstly performed for the
studied characters of the four
wheal crosses.

Testing the genetic model:

The A, B and C scaling tests
as outlined by Mather and Jinks
{1982) were applied to test the
presence of non-allelic interactions

scaling test proposed by Cavalli
(1952) as indicated by “¥* was
applied for testing the goodness of
fit of the adequacy genetic model
controlling the studied characters.
Due to unknown biased effect of
non-allelic interaction, the simple
genetic model {m, d and h} was
applied when epistasis was absent.
Whereas, in the presence of non-
allelic interaction, the analysis was
proceeded to compute the
interaction types involved using
the six-parameters genetic model
according to Jinks and Jones
(1958). The significancy of the
genetic components were tested
using the “t” test, where:

Effect

+i1=
JVariance of effect

Components of the

variance:

genetic

1113 com%nems of genetic
variance for each character in the
studied crosses were partitioned
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into additive (D), dominance (H)
genetic variances and environ-
mental (E) one using Mather and
Jinks (1982) formulae as follows:

E= (1/3)(VP; + VP2 + VF))

D=4 VF,-2(VB+VB;) and

H= 4 (VF;-1/2 VD -E).

The genetic components of
variance were used further to
compute average degree = of
dominance (H/D)"? and heritab-
ility in narrow sense (Tn)

1/2D

m_——.—_
1/2D+41/4H+E
Response to selection:

The correlated response or
the expected genetic change in an
unselected  character  “grain
yield/plant” resulting from the
selection of the other character in
F» generation was calculated using
the formula suggested by Johanson
ef al. {1955) as follows:

Expected genetic change in
an unselected character

=812 % g where:
1

gi-» = Genotypic covariance
between the selected and
unselected character.

Ph; = The phenotypic standard

deviation of the selected
character.
K = The selection differential at

(10%) selection intensity.
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The values of expected
genetic change expressed as
percentage from the mean value of
the unselected character.
Predicting the properties of new

recombinant lines:

The properties of .new
recombinant lines which fall
outside parental range and those
exceeding Fy; hybnd following a
number of selfing generations of a
cross between two inbred lines
were calculated using Jinks and
Pooni (1976) formulae, where:
Proportion of inbreds falling

* outside parental range = d /~/D
Proportion of inbreds exceeding F,

hybrid= h/ JD.
Also, the best inbred (P max)

=m+h/JH/D

was calculated - according to
Hayward ef al. (1993), where:

m=1/2 (f)]'i'f)z)

[d]= 172 (p1-p2)

[h]=F;-m

The proportion of recomb-
inant lines corresponding to the
probability level were obtained
using Fisher and Yates (1963)
Tables.

RESULTS AND DISCUSSION
1. Mean performance:

The reliability of the genetic
parameters  estimates  depends
mainly on the magnitude of genetic
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variability existed among the
tested genotypes. Thus, before
proceeding to the biometrical

assessments, 't statistical test was
applied for the studied genotypes
of the different characters. The
results indicated significant
differences between parental wheat
genotypes, suggesting the presence
of high degree of genetic
variability valid for further
biometrical analysis. Data of mean
performance (Tables 2 and 3)
showed that the F, was closed to
the earlier parent and exceeded the
high performing one for flag leaf
area in 2™ and 4" crosses; leaf
chlorophyll content, number of
spikes/plant and grain protein
content in 2™, 3™ and 4™ crosses,
number of grains/spike in 1* and
2" crosses; 1000-grain weight in
3" cross and grain yield/plant in
2™ one. Also the F, was tended
towards the high yielding parent in
the 3" cross.

The obtained results prov-
iding evidence of the predominant
of desirable alieles responsible of
carliness and yield contrnibuting
characters in  aforementioned
Crosses.

2. Adeguacy genetic model and
gene effects. '

Scaling tests {A, B and C) in
Tables (4 and 5), provide evidence
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tor the failure of a simple genetic
model to explain the genetic
mechanism controlling days to
heading in 2" and 4™ crosses; flag
leaf area, leat chlorophyll content
and grain yield/plant 1n all crosses;
number of spikes/plant and number
of grains/spike in 1%, 2™ and 3™
crosses as well as 1000-grain
weight and grain protein content in
2M 39 and 4™ crosses. These
results indicate the presence of
epistasis, and the digenic model
was adequate to explain the
genetics of the abovementioned
characters in the corresponding
crosses. Similar findings were
reported for yield contributing
characters by Hassan (1993) and
Awaad (1996).

The insignificancy of non
allelic interaction tests for days to
heading in 1™ and 3 crosses:
number of spikes/plant and number
of grains/spike in 4™ cross and
1000-grain weight and grain
protein content in 1% cross,
indicating that the simple additive-
dominance genetic model proved
to be satisfactory in explaining the
inheritance of the foregoing
characters. Similar results were
reported for yield attributes (Ketata
et al; 1976, and Eissa and Awaad,
1993) and for grain protein content
(Dhaliwal ef al., 1994).
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Table (2): Mean + S.E. for the six populaticns for days to heading, flag leaf area, leaf chlorophyll content
and number of spikes/plant in four wheat crosses.

Character Days to heading (day) Flag leaf area (cm?)
Cross T T
Population 1 | 2 3 4 1 2 3 4
LB ] 88.66220.207 | 88.66240.207 |78.50040.251186.03340.364 48.279+0 336 |48.279+0.336 55.439+0.308 | 5331740342
Py ] 83.300+0.245 | 87.345+0.244 | 88.509+0.32590.059£0.270} 52.439+0.286 145.520+0.282] 53.209+0.315 | 42.118+0.34¢
B 1 86.153+0.197 | 87.030+0.161 |87.882+0.223 | 87.194+0.225] 48.820+0.314 |53.30640.272| 48.002+0.336 | 53 700+0.268
F2 1.86.387+0.329 | 82.881+0.365 | 86.000:0.586 85.439+0.4791 43.998%1.138 |43.717£1.227| 453651443 | 48.098+1,522 !
B | 87.726x0. 2‘79 6. 3]4i0 322 184.21040.572 ! 86.054:0.461] 49.80320.863 |48.428+1.093 | 54.410+1.428 | 46.706%1.150
B, _ | 85.040+0.313 | 84.733+0.356 | 86.891+0.561 | 86.030%0.409| 53.230+0.975 50.046+1.023] 44.172:0.962 | 51.438+1.491
Leaf chlorophyll content Number of spikes \ plant L
o 1 ! 2 3 4 1 2 3 4
Py 174336+0325 L 74.336+0.325 169.578+0.30970.933£0.3501 4.548:+0.089 | 4,548+0.089 | 3.787+0.172 | 4.500+0.146 |
P |— 68 578£0,303 1 64.713+0.330 | 70.947+0.354 67 .738+0. 336 4.202+0.137 | 4. 833+0.145 | 4,20120.064 4.700£0.15!
o 71 86010 344 | 75 850:I:0 270 1122*0 270 72 091:!:0 262% 4.032+0.138 | 6.030+0.137 | 5.088+0.173 | 526320.158
) 65 3271 672 ] 6l 393&:2 242 |61.028+2.167 61.653£2, 150] 4.104+0.305 | 5.818+0.311 | 4.550+0.219 | 4.498+0.5329
_t_’;_4_ 116.*”‘1.938 56.907+2.109165.428+2.105| 6.020%0.268 | 4.973+0.265 | 4.455+0,197 | 4.811+0.239
| 65.600+1.989 |63.989+2.12164.439+2.101| 5.806:0.300 | 4.067+0.270 | 5.100+£0.209 ; 4.682x0.261




Table (3): Mean + S.E. for the six populations for number of grains\spike, 1000-grain weight, grain yield\plant
and grain protein content in four wheat crosses.

gl;:::ctor Number of grains\spike 1000-grain weight (g.)
iPepulation 1 2 3 4 1 2 3 4
i ! 49.88720.649149.887+0.649156.247+0,528 | 60.061£0.909151,67740.337 | 51.677+0.337| 48.90040.157 [ 48.734+0.339
P 52.63320.796|47.010:0.676164.467+0.466 1 57.324+1.101 [ 38.90040.301 :42.787+0.341 ] 47.346+0.306 | 40.23240.28}
F, 53.178+0.754 150.3004:0.935 [ 54.267%0.567 | 50.079£0.529| 40.793%0.302 [ 45.469£0,328 [ 50.240+0.336 | 45.93 10,245
F; 45.821£1.273|46.97641.961|53.889+1.707;51.600+2.237142.44841.449140.509+1.624|37.770x1.352 | 36.54040.877
B, 47.414+0.609142.694+0.899(54.634+1 488 |51.206+1.728]43.932+1.19034.461£1.352 1 34.096x1.019 | 33.689+0.752
B; 50.313+0.999(42.34420.842 [ 50.188%1.806(53.35541.784|39.505+1,414 [41.179£1.395[36.987+1.304|41.421+0.854
Grain yield\plant (g.) Grain protein content (%)
1 2 3 4 1 2 3 4
P 8.338+0.325 | 8.338+0.325 | 7.627+0.309 {10.686x0.251]10.544:+0.332|10.544+0.332 | 11.61620.147|10.733+0.233
P2 6,62740.282 | 7.193+0.315 |11.424+0.284| 8.586x0.211 | 12.075+0.205110.275+0.264 ; 12.188+0.177112.1384+0.409
F, 5.250%0.202 110.864+0.313 9.803+0.184 [ 8.989+0.234 (10.2210.48711.667+0.234112.891+0.13212.244x0,232
Fy 5.365%1.378 1 9.419+£0.787 | 7.338+0.639 | 6.25840.435 |11.415%1.729]11.82520.94810.540+1.078 [ 11.325+].243
1 By 10.076+0.9331 6.635+0.784 | 6.96720.615 | 5.998+0.427 | 10.825£0.942 | 12.075%0,773 | 11,97420.474 | 10.105£0.743
By 7.599£1.191 | 7.27120,774 | 5.569+0.632 | 5.98520.433 | 11.775%1.208 [ 10.72540,872 [ 12.790+0.813 | 9.725+0.843 |

200 (S)ON 67 104 “s3y U3y [ S1zpdpgz

ISEI
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The adequacy of genetic
model (Tables 4 and 5) indicated
that the additive gene effect (d)
was the main type controlling the
inheritance of days to heading in
1" and 3" crosses and 1000-grain
weight and grain protein content in
1*' cross. Meanwhile, the additive
(dy and additive x additive (i)
interaction type were important in
the genetic system controlling days
to heading and number of
spikes/plant in 2™ cross; flag leaf
area in 1% and 3" crosses; leaf
chlorophyll content and grain
yield/plant in 1* cross and grain
protein content in 3" one. These
results indicatéd that, the superior
genotypes could efficiently
identified from its phenotypic
expression, therefore phenotypic
selection was more effective for
improving these characters in those
crosses. Similar resulls were
reported by many investigators
(Pawar et al., 1988; Mosaad, 1991
and Awaad, 1996).

The dominance (h) and its
digenic interaction type dominance
X dominance (1) were significant
and involved in the inheritance of
flag leaf area. number of
spikes/plant and grain yield/plant
in 1 and 2™ crosses; number of
grains/spike in 2" cross as well as
grain protein content in 3" and 4™

Awaad, HA.

crosses. The considerable amount
of non-fixable gene.action type
displaved by these characters in
the corresponding crosses may
suggest that improving these
characters could be achieved
through hybrid breeding method.
Similar findings were detected by
Pawar e al. (1988), Hassan (1993)
and Hassan (2002).

Meanwhile, the interaction
type additive x dominance (j) was
positive and significant for days to
heading in 4™ cross; flag leaf area,
number of grains/spike and grain
yield/plant in 3" cross; number of
spikes/plant in 2™ cross and grain
protein content in 2™ and 4"
crosses. Suggesting that increasing
alleles were more frequent than the
decreasing ones, and vice versa
was recorded for flag leaf area in
2™ and 4™ crosses; leaf chlorophyll
content in 1%, 2" and 3™ crosses;
1000-grain weight in 2", 3" and
4™ crosses and grain yield/plant in
4" one, which showing more
frequent of decreasing alleles over
increasing  ones.  Also, the
interaction types of (j) and (1) were
highly  signifieant for grain
yield/plant in 3¢ and 4" crosses.

It is worth noting that the
dominance (h) and its digenic
interaction dominance X
dominance (]) were significant and
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have different signs for flag leaf
area, number of spikes/plant and
grain yield/plant in 1% and 2™
crosses; number of grains/spike in
2™ cross as well as grain protein
content in 3 and 4™ crosses.
Indicating that interaction 1is
predominantly of duplicate type
(Mather and Jinks, 1982).

Whereas the sign of (h) and
() was similar in number of
grains/spike in 1% cross, indicating
that interaction is predominantly of
complementary type. Similar resu-
It was reported by Jedynski (1988).
3. Components of the genetic

variance and heritability:

The results given in Tables (4
and 5) clearly indicate that,
additive genetic variance (D)} was
the predominant type controllin%
days to heading in 1%, 2™ and 4'
crosses; flag leaf area and grain
protein content in all crosses; leaf
chlorophyll content in 1% and 2™
crosses; number of spikes/plant in
2" cross; number of grains/spike
in 1, 3 and 4™ crosses; 1000-
grain weight in 1%, 2" and 3"
crosses, resulting in (/D) ratio
was less than unity, suggesting the
effectiveness of  phenotypic
selection for improving the
foregoing  characters in the
corresponding  crosses.  Similar
conclusion was reported for days
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to heading, flag leaf area and yield
components (Fissa and Awaad
1993 and Salem et al. 2000) and
for grain protein content (Dhaliwal
et al., 1994).

The  dominance  genetic
variance was the prevailed type
controlling the inheritance of days
to heading in 3" cross; leaf
chlorophyll content in 3™ and 4™
crosses; number of grains/spike in
2™ cross; 1000-grain weight in 4"
cross and grain yield/plant in all
crosses, resulting in (H/D)”2 more
than  unity. Indicating  the
effectiveness of using hybrid
breeding method when commercial
sced production of wheat 1is
feasible. In this respect, dominance
gene effect played an important
role in the inheritance of leaf
chlorophyll content and kemnel
weight (Ismail et al,2000);
number of spikes/plant, 1000-grain
weight and grain yield/plant
(Hassan, 1998) as well as 1000-
grain weight and grain yield/ plant
(Kheiralla et al., 2001).

Heritability estimates depen-
ds on the magnitude of its portions,
additive and dominance genetic
components to the phenotypic
variance. In this respect, narrow
sense heritability “Tn” reflects the
fixable type of gene action
transmissable from the parents to
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Table (4): Non-allelic interaction tests (A, B and C), adequacy genetic model, genetic components of
variance and heritability for days to heading, flag leaf area, leaf chlorophyll content and
number of spikes/plant in four wheat crosses.

[Character] Days to heading Flag leal area

Cross S Sl A '
Estimate : ]; i Vo2 i 3 4 i

[Scaling test
A 0637 -3.064%* | 2038 | -1119 | 2507 | -4.729% | 5379 i3.605* 12.864'*—21,954"-3049‘?“‘-12 168* 3460“‘ -0 632 F 0035 -0 141
B 0627 i —4.909" «2.609 [.5.193%*]| 5201** | 1266 [12.B67*% 7.058* 2062 | -9.363* -17 ?02“"40 95I‘* 3 378“ : 729“ 0 }l l“ -0 599

C IZBU -18.543" i 227 <B.724%%£22.366%%-25.54374123.192%% -10.443 }25.326°"45. -45,879"-36 241"" -0 393 ' I 81] 0035 —I 734

13 N.S. ‘ L L] N S B (1] [ 2] L1} B (1] (1] L] LT ot £ * . t : N.‘)

af chlorophyll content Nunmiber of spikes/plant
2 £ 3 4 1 N I |

dequacy genetic model
m [85.9974% 82 3817* 85 303*485.439%*[ 46,9984 146.717%+(45.365%* |48.008%* 65.327"'%61‘393“' 0 61.633°
d 2.681*%) 1.581%* 5. 005**| 0024 1-3.427*%| -1.618 {13.238%% 47327 | 4.584*

4.104%% 5 SIR“ 4 5500 3 606
0214 0906" -fl M““-O 100

h ] 1404 | 9.597% | 0211 | 1560 [2Bs35ee[28487°| 9382 | 9.4 | 14927 20,1867 2051 | Vls 878 | 6:893%% 3853*% 2004 1914
i 110.570° 2412 130.074%%[22.080%%) 15.704* | 3.896 | 14.524% | 13860 | 2320 | 13.122 ] 7.236** 15 192%% 0910

] 0923 2037+ ] -1.345 | 2.998% | 5.123%* [10.33204] -7.463* | 6.296* | 6.308*

1 | -2.597 3500 [37.782-18.617°| -8.216 | 2651 | -3.722 | 17.457 (50519041 9997 f1a.074485530%1 .1 g5

[Components of genetic variance
D 7662 | 7.i82 | 17.674 | 12.266 | 108,682 | 104.088 | 194,408 | 169.488 | 281.598 { 381, 7?2{293 350 1203804 1 4178 | 7654 2118 1397

W |22e8| 2700 [29.668 | 6.004 | 29.656 | 33.548 | 48.020 | 65.264 | 26840 | 64.776 : 411596 | 414424 | 9.836 0256 2
" E|1440 1305 | 2246 | 2668 | 3048 | 2788 | 3.187 | 3236 | 3340 | 4042 ] 3982 | 3184 | 0471 | 0491 | 0.569 10.440

i 0542 0613 | 1296 | 06%9 | 0522 | 0568 | 0497 | 0621 | 0308 | 0411 i 1.i85 | 1426 | 153 .0;9; UELE |669"

| Tn% | 6568 . 6446 | 47.77 | 5953 | 8386 | 8232 | 86.48 | 8125 | 9334 | 90.42 | 5785 | 4895 | 4162 | 8640 4604 3819
*, ** Signiticant and highly significant at 0.05 and 0.01 probability levels, respectively.




Table (5):Non-allelic interaction tests (A, B and (), adequacy genetic model, genetic components of
variance and heritability for number of grains/spike, 1000-grain weight, grain yield/plant
and grain protein content in four wheat crosses.

haracte]  Number of grains/spike loooirain weight Grain yield/plant Grain protein content (%)
P S N A S A SO
Scaling test
A [-82379% 14799+ -1.246 | -7.7128 | -4.606 [28.224+730.948*.27 2874 6.564* |-5.932% | -3.586* |.7.679** | 0385 | 1935 | -0.559 |-2.767%+
B | 585 [12.622¢418.358%% 0.693 | -0.683 | -5.898¢ [23.615%% -3.321* | 3321 !.3515* L10.179*4-5.605%%| 1254 | -0.492 | 0501 -4.932%¢
_C_ lassoned w0503 136920 |10.143] 2371 | 7366 }13.649%%16.644* -4.005 | 0417 |-948s%+ 12218 2599 (314774 |-7.428%% 2050
2 " - "o NS. NS. LT " " B e 1] L2 NS, : LY -
Adequacy geaetic model
| m |4s8210%1a6,9760¢ |53 889+ %55.971 2] 48.207 |40.509°% |37 170%%36.540%* | 5.365°* 19.419%" | 7.338%* | 6.258%" |11.769°4(1 | 825110 540°*}1 1 325%*
d 289 i 0350|4446 | 1369 | 6389 -6.718%%| 2891 (-773 -0.636 | 1398 ' 0013 [0.766% 0.380
b liaosgerl1s9770y 212,002 | 17,209 |-15.621] -12.519 ¢ 6799 | 5.508 676601 3913 <713 | 0131
i Li2.170°*L17.828%% 5912 -10756 | 8914 | 4060 -9.864%*1 4280 1 -1 066 L -1.700 17.368%* -5 640%*
o |-1526 | -1.089 |8.556% L11.163%4 -3.667* | 11.983%% -1.209 | 3.297*% | -1.037* 11.083% |
1 1252 (45.2497%|25.516%* 44.878%%163.47749]26.548%* 123, 775°%19.31 1+¥18.045°¢114.350** L 0253 | 27310 113.339%*
Components of genetic variance )
D | 65362 | 128,588 | 238.764 | 72.632 |181.536 194,566 | 172.164 | 32742 | 5440 [ 12252} 867 | 7.568 | 6738 | 1938 . 236 : 3.800 |
" n V3747 (240088 123,052 | 60664 | 78.288 | 1044 | 36464 | 62:480 | 9364 59064 | 14508 | 11864 | 0140 | 18
€ L oses |rome ] 7a79 [ sis | 3020 | 3213 | 3438 | 2660 | 2349 ! 3ae2 | 2047 07w Josw |
JETF] 0757 | 1369 | 0718 | 0914 | 0.656 | 0.459 | 0460 ; 312 L2195 1 1203 | 1252 | 0144
Tu% | 6295 | 4753 | 7587 | 60.53 [ 79.99 | 8782 | 87.26 | 4725 | 3671 | 2549 | 4289 | 4459 | 85.44

“ ** Significant and highly significant at 0.05 and 0.01 probability levels, respectively.
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the progeny or from generation to
another, was high (>50%) for days
to heading in 1%, 2'¢ and 4"
crosses, flag leafl area in all
crosses. leaf chlorophyll content
and 1000-grain weight in 1%, 2"
and 3" crosses; number of
spikes/plant in 2" cross  and
number of grains/spike and grain
protein content in 1%, 3™ and 4"
crosses. | hese results allowing for
considerable progress from
selection. In this connection, high
“Tn” values have been reported for
days to heading, flag leaf area and
number of grains/spike (Salem et
al., 2000) as well as number of
grains/spike and 1000-grain weight
{Awaad, 1996). Whereas, low to
moderate “Tn” estimates were
reported for grain yield/plant and
the remaining crosses for the
various characters. Similar results
were recorded for days to heading
(Mosaad, 1991); leaf chlorophyll
content and grain yield (Ismail ef
al., 2000 and Awaad, 2001) and
for yield and its attributes (Awaad,
2002).

4. Response to selection:

The results of response to
selection or correlated response
(‘i'able 6) provide evidence for the
maximum and significant expected
genetic change n the unselected

character, “grain yield/plant”™, was

Awaad HA.

rccorded  when  selection  was
imposed to number of spikes/plant
folowed by late heading. 1000-
grain weight, grain protein content
and leaf chlorophyll content in 1*

cross as well as number of
spikes/plant foliowed by 1000-
grain  weight, leat chlorophyll

content. number of grains/spike,
early heading and flag leaf area in
2™ cross. Whereas, in 3" cross,
five characters i.e., number of

-spikes/plant followed by number

of grains/spike, grain protein
content, flag leaf area and leaf
chlorophyll content were
accounted for high expected
genetic change in the unselected
character  “grain  yield/plant”.
However, substantial  genetic
progress in grain yield/plant has
been occurred in 4™ cross by
selecting number of spikes/plant
followed by number of
grains/spike, late heading, grain
protein content, flag leaf area and
leaf chlorophyll content. In this
connection, selection based on
number of productive tillers/plant,
number of grains/spike and [000-
grain weight (Guptal and Ziauddin
Ahmad, 1982 and Awaad, 1992)
resulted in  high correlated
response (n grain yield.

When selection wus imposed

to late heading, a positive and
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significant genetic change in grain
yield/plant was observed in 1" and
4™ crosses, suggesting that genes
controlling late heading were
associated with those increasing
grain yield/plant and vice versa in
2" cross. In this connection,
maximum correlated response in
wheat grain  yield/plant was
achieved through selection for
late heading in F3’s families of
wheat crosses C.B.35 x Giza 155
and Giza 157 x Giza 155 as well as
for earliness in the cross C.B. cim-
myt 48 x Sakha 61 (Awaad, 1992).

When selection was

1357

performed based on grain protein
content, positive and significant
genetic change in grain yield/plant
has been occurredint® 3and 4"
crosses. Similar finding was
observed by Mou et al. (1994). On
the other hand, negative correlated
response in this respect was
detected in 2" cross. This result is
expected because of a high protein
content can result from a relatively
poor starch accumulation. Gebre-
Mariam and Larter (1996) reported
that a 1% increase in grain protein
content from selection for protein
level, depressed wheat grain yield.

Table (6): Response to selection in F; generation of the studied crosses.

Expected genetic change in unselected
Selected character character “grain yield/plant”.
Cross 1 Cross2  Cross3 Cross4
Days to heading 6.192%*  -3.103* 0.389 5.680**
Flag leaf area 1.961 2397 3.063* 3.385*%
Leaf chlorophyil content | 2.392* 4217%**  2.708* 2.980*
No. of spikes/plant 10.869**  7.014%*  12,613** 9.2509%*
No. of grains/spike -0.635 3.405% 7.841%%  6.174%*
1000-grain weight 5.179**  4.763**  -1.039 1.469
Grain protein content 4.924* -6.710%*  3.398* 4.665%*

5. Predicting. the properties of
new recombinant lines:

Prediction results given in
Table (7) reveal that it is feasible
to expect transgressive segregants
which out perform the parental
range. The percentage of such
segregants for days to heading was
(40.129%) and grain yield/plant

(43.644%) in 2™ cross; flag leaf
area (44.433%) and (46.812%),
1000-grain weight (37.448%) and
(47.608%) and grain protein
content (46.414%) and (42.465%)
in 2" and 3" crosses, respectively;
leaf chlorophyll content (48.405%2
and (45.620%) in 3 and 4'
crosses , respectively; number of
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‘Table (7): Predicting the properties of new recombinant lines fallmg outside parental range

for different characters in four wheat crosses.

2 |- [m)=F, Range 0f|nbreds: d  :Probability . Proportion of [m)=F, Range ofinbreds: d Probability Proportion of
madD o aD g wdD D
& _ parental range ; , parental range |
L('ross Days to headmg Number of grams/splke

1] 86387 91.923-80.851 2.681; 0.969 16.602 63.990-31.652 1373; 0.169 43251
2| 82.881 88.240-77.522 0.659 0246 . 40.129 0127 | 44828
'3 86.000 94408.77592 5.005. 1.191 11507 [[53.889 84.793-22.985 4110/ 0266 | 39358

4] 85439 92.444-78.435 2.013| 0.575 = 28.096 68.645-34.160 1369 0.161 = 45620

Flag leaf area _ ' 1000-grain weight
1] 43998 64.848-23.148 2.080  0.199 42.465 1 69.395-15.501 6389 0.474 31918
2] 43717 64.122-23312 1379 0.135 44.433 | 68.406-12.612 4.445 0319 . 37.448
3] 45365 73.251-17.479.1.115. 0.079 46.812 64.012-11.528 0.776. 0.059 | 47.608 |
4] 48098 74.136-22.061 5599 0.430 33.360 47.984-25.096 4251, 0.743 22.965
Leaf chlorophyll content Grain yleid/plant :
1] 65.327 98.889-31.765 2.879: 0.172 43.251 110.029-0.700 10.856 0367 35569
21 61.393 100.471- 223i5_747812___ 0.246 40.129 419-2, 0573, 0.163 = 43.644
3] 61.028 95.283-26.773 0.685 0.039 ' 48.405 13.229-1.447 1.899) 0.645 25785
4| 61653 90.205-33.101 . 1.598 . 0.112 45,620 11,759-0.756 {1.050. 0.382 . 35.197
Number of spikes/plant Grain protein content

1| 4104  8.192-0016 0.173° 0.085 16.607-6.223 10766 0.295 = 38.59]

2| 5818 11.129-0506 0.143 0.054 | 14.609-9.041 L 0.097 | 46414
3| 4550  7.461-1.639 0207 0.142 0! 13.612-7.468 0.286' 0.186 @ 42.465
4] 4498  8.484-0.513 0.100° 0.050 . 15.224-7.426 10.703] 0361 © 35942
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_ (48.006%) and
(48.006%) and number of
grains/spike (44.828%) and
(45.620%) in 2" and 4" crosses,
respectively. Indicating that these
crosses are the promising ones. In
this connection, the highest
proportion of recombinants falling
outside parental range  were
reported for days to Teading
(Kuldip Singh and -Bhullar, 1989);
~number of spikes/plant, 1000-grain
weight and grain yield/plant
(Snape and Parker, 1986 and Eissa
and Awaad, 1993) and flag leaf
area, grain yield and its
components (Awaad, 1996).
Conceming the potence ratio
(Table 8), the results indicated that
the highest values were detected
for days to heading in 2" and 3"
crosses; leaf chlorophyl!l content in
2" 3 and 4" crosses; 1000-grain
weight in 1 and 3" crosses; grain
yield/plant in 1* and 2" crosses as
well as flag leaf area, number of
spikes/plant, number of
grains/spike and grain protein
content in all crosses. These results
indicated dispersion of dominant
genes which increase expression
between the parents and ensure
transgressive segregation fox these
characters should be occurred in B>
generation. The overdominant type
of genetical architecture is

spikes/plant
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commonly found for yield and its
attributes in wheat (Khalifa er al.,
1998 and Awaad, 2002).

With - respect to  those
recombinant lines derived from
series of selfing generations and
exceeding F, (Table 8), it could be
noted that the higher proportion of
inbreds have been recorded for
days to heading (47.608%), flag
leaf area (44.038%) and leaf
chlorophyll content (49.202%) in
1™ cross; number of spikes/plant
(43.251%) and (44.828%) and
number of grains/spike (40.517%)
and (43.614%) in 1% and 2™
crosses, respectively; 1000-grain
weight (44.828%) and (43.644%)
in 2" and 3" crosses, respectively
and grain yield/plant in 3"
(44.828%) cross as well as grain
protein content (33.724%) in 1*
and 4™ crosses. Similar findings
were obtained for yield
contributing characters by Snape
and Parker (1986), Eissa and
Awaad (1993) and Awaad (1996).

The best inbred line (P max)
(Table 8) will have all the
favorable alleles was recorded for
days to heading in all crosses; flag
leaf area in 2™ and 4™ crosses; leal’
chlorophyli content and grain
yield/piant in 2™ and 3™ crosses:
number of spikes/plant in 2™
cross; 1000-grain weight and grain
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o

Table (2-3): Predicting the properties of new recombinant lines exceeding F, and the

best inbred (P max) for different characters in four wheat crosses.

5 h EPotence ratio  Probability {Pro.portion off P max h Potence ratinzProbability?l’ro.portien ot‘!l’mu
E e hi ‘JB ex::::t;ie:; F; i hi ‘\[E | cx:::::llie:gs F, ;
[Cross Days to heading Number of grains/spike
1]0.172 0.128 = 0062 @ 47608 (8629911918 11397 0237 | 40517 153.793
210974, 2954 0363 | 35042 [g6415|[1.852 1287 0163 | 43.644 (49802
3143787 1749 1.041 = 14917 86884 |-6.090 1482 | 0394 | 34827 51877
4]-0852 0846 | 0243 20517 [ 86.828]|-8.614. 6292 | 1011 | 15625 149.268
Flag leaf area " 1000-grain weight
[]-15397 1479 — 0.148 44038 147413 14496 1407 | 0.334 37070 138.443
26407 9292 | 0628 | 26435 58184 |[-1.7631 0793 T 0.126 | 44828 |43.398
31-6322] 11339 | 0453 . 37636 41604 {f2.116. 5452 | 0.161 | 43.644 [52.722
415983 2137 0459 | 32276 157359 ||1.448] 0681 | 0.253 40129 145.531
Leaf chlorophyil conent _ Grain yield/plant
10403 0279 0.024 49202 72762 [[-2233] 5216 | 0957 | 16.853 |S.781
(216326 2629 | 0324 | 37448 84.883 |[3.099 | {0815 | 0.885 | 18943 | 9.177
314471 13,053 0261 39743 174038 (0367 0.193 | 0.125 | 44.828 |9.809
412756 3449 | 0193 | 42465 [71269]|-0647 0616 | 0.235 | 26763 19.119
Number of spikes/piant Grain protein content

1]-0343] 3965 | 0.168 43251 | 4.151 I?.os9 1422 1 0419 33.724 | 3.754
2113391 18734 0.127 44828 11719112587 9319 | 0.904 18.406 |11.681
3105471 5285 0.376 35197 | 4479 |[0.989 | 3458 | 0.644 26.109 [14.463
410663 13.260 0.333 | 37070 1 4997 §0.809, 1.151 0.415 | 33.724 12558
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protein content in 3 and 4"
crosses as well as number of
grains/spike in 1% and 3™ crosses.
These results indicate that it should
be possible to produce an inbred
line which is at least as good, if not
considerable  better than the
origimal heterotic F; (Hayward et
al., 1993)
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