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ABSTRACT

The present research was carried out at the Experimental Farm of Nubaria
Agricultural Research Station, North Tahrir, Egypt during the two consecutive seasons of
2009 / 2010 and 2010 / 2011. The obtained data e.g. yieid and its components, agronomic
traits and plant water potential were summarized as follows: 1- The six wheat parents and
their fifteen crosses significantly differed in all studied characters. 2- Crosses of wheat
genotypes recorded hetergsis percentage as positive and negative values ranged from (-
18.03to 70.93 %) for grain vield, (-24.24to 26.47%)or no. of spikes/ plant, {-32.63to 8.42 %)
for no. of grains / spike, (-1198to 32.57 %) for 100 - grain weight, (-49.50tc 8.25 %) for
straw yield, (-10.4< 10 1.17 %) for biological yield, (-5.72tc 2.42%) for harvest index,{-7.17 to
25.29 %) for grain protein content and finally (-4.85t0 10.64 %) for plant water potential. 3-
Most of the crosses revealed significant general combining ability (G.C.A} for all studied
characters. As well as in specific combining ability (S.C.A) showed significant differences for
most studied traits except biological yield. 4- G.C.A/S.C.A ratio was increased than the unit
for four traits which revealed the importance of additive variance controfiing these traits.

§- The parent Cham 8 (P,) revealed negative highly significant G.C.A values for 100- grain
weight, grain protein content, and plant water potential. Whereas G.C.A positive
Kauz/Altar84/A0s (P2) recorded hightly significant of values for grain yield, 100 grains weight
and plant water potential. Also, the parent Freetz/Tukuru (P3} gave positive significant G.C.A
values and was considered as good combiner for 100- grain weight and grain protein
content.6-The parent WBLL 172/4/YACO/PBW65/3 (P.) was considered as good combiner
for fraits where showed significant and positive G.C.A values with respect to grain yield ,
100- grains weight, straw yield, biological yield and grain protein content. Whereas, the
parent Bow/Gen//Dern/3fTUNU (Ps) showed a highly significant G.C.A for plant water
potential?- . The parent TUMU/3/ALD/COCHURES (Ps) recorded a positive and significant
values for no. of spikes/ plant, biological yield, harvest index, and plant water potential. 8-All
crosses showed dominant effect for number of studied characters as the cross (P« P 3) for

100 — grain weight, no. of spikes/ plant, straw yield biological yield and grain protein content,
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the cross (P2 « Pd) for grain yield, 100- grains weight, grain protein content, plant water
potential, the cross (P . Ps) for 100 -grains weight the cross (P« Ps) for grain yield, no. of
spikes/ plant, biological yield, grain protein content and plant water potential.

INTRODUCTION

Wheat js one of the most important cereal crops in Egypt as in
most countries of the world, wheat also is a major crop in winter crop
rotation in Egypt. Wheat production in Egypt had increased from 2.08
to 7.37 million tons (1983 — 2008) by increasing wheat area from
1.83 to 2.71 million fed/year and grain yield from 1.50 to 2.71 tonffed,
in the same period. (FAO, 2008).

However, over population created a gap between wheat

production and consumption solutions of this problem is limited either
to increase unit area productivity {which is greatly achieved) or the
expansion of wheat cultivated area which is limited to the valley.
Therefore, wheat cuitivation was extended to the newly reclaimed
lands. The rapid increase in wheat production had been achieved
thrbugh the use of high. Yielding cultivars developed by Wheat
Research Department, Agricultural Research Center (A.R.C) Ministry
of Agriculture, Egypt.
The aim of this investigation was to study the performance of six
different genotypes of bread wheat (Trticum aestivum, L} and their
possible crosses éxcluding reciprocals and to determine heterosis in
the F1 as well as general and specific combing of ability the parents.
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MATERIALS AND METHODS

The experiment of the 'present study was carried out at the
Experimental Farm of the Agricultural Research Station of Nubaria,
North Tahrir during the two growing seasons 2009 / 2010 and 2010 /
2011. The study involved six bread wheat (Triticum aestivum, L)
genotypes as parents derived from wheat breeding program of
Nubaria Research Station (Table 1). All possible crosses between
them excluding reciprocal were used. At the first season, parents
were p!ahted on November 2009 water ordinary practical in the
region under 6 irrigations in order to make the possible crosses for
obtaining the seeds of F4 plants. In the second season, seeds of F,
plants were planted on 20 November 2010 under two irrigations only,
the first irrigation at sowing and the second one was at 30 days after
planting then the trail was under normal rainfali conditions. Plot size
for parent and crosses was 10.5 m? where consists of 10 rows with
3.5 mlength and the width was 30 cm. each of parent and cross was
planted in 3 rows and the cross in 4 rows at 15 cm distance between
plants within the rows. Heterosis percentage in the F1 was calculated
according to the two formulas (Mather and Jinks, 1971).

Heterosis {H) as percent deviation from the mid parent

I : F;-Mid parsnt
H (MP),% =

Mid ptzrént x 100

Heterosis (H) as percent deviation from the better parent
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_ F1-Beiter paren:
H (B.P),% = Berer parent  x 100

The parents were carried out to techniques prescribed by Downey et
al.(1980). Randomized complete biock design was used. The data
obtained were analyzed according to Griffing (1956) method- 2 and
model-1 (One set of parents and F, off spring excluding resperocal).
The following characteristics were studied in the parents and their F1
crosses:

A- Yield and yield components:-

1- Grain yield (kg / fed)

2- No. of spikes/plant

3- No. of grains / spike

4- 100 — grain weight (g)

5- Straw yield (ton/fed)

6- Harvest index (H.1.)

7- Biological yield (ton/fed)

B- Agronomic Characters

8- Grain protein content (%)

C- Plant Water Potential:

| 9- Plant water potential (Bar).

It was determined using a pressure pump (soil'moisture Equipment
crop. Plant water status censole modal 3005, at three times during
the growing season: a) at tillering stage b)at heading stage c) at
anthesis stage , in the two seasons according to Fisher and
Maurer(1978). '
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Data were statistically analyzed according to Snedecor and
Cochran (1971). Least significant differences (LSD) were used to

test the differences between means of the studied treatments.

Table (1) Pedigree of the six wheat genotypes and origin which were
grown in the two seasons of 2009/2010 and 2010/2011.

No Pedigree Origin

Py CHAM 8 . CB-9/10#47
P, Kauz/Altar84/Acs CB - 9/10 # 52
P Freetz/Tukuru CB -9/10#57
P WBLL 1*2/4/YACO/PBWE5/3 CB -9/10#58
Py Bow/Gen//Dern/3/TUNU CB -9/10#68
Ps TUMU//ALD/ICOCHURES CB —-9/10#72

RESULTS AND DISCUSSION

1- Grain yield (kg/fed):-

Data in (Table2). showed that the differences among the six
wheat parents for grain vyield (kg/fed) where were differed
significantly during 2010 / 2011 season as affected by parent
genotypes indicating wide diversity between the parental genotypes
for this trait of this study. The two parents Kauz/Altar84/Aos (P2) and
WBLL 1*2/4/YACO/PBW65/3 (P4) recorded the highest values for
grain yield (1291.50 kg/fed) and (1268.73 kgffed), respectively.
However the parent genotype CHAM 8 (P1) recorded the lowest
value (1013.93 kg /fed) for normal irrigation. However the parent
WBLL 1*2/4/YACO/PBWE5/3 ( P,) recorded highest values for grain

yield under water stress (1000 kg/fed),indicating this parent more
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drought tolerance whereas the parent Freetz/Tukuru (Ps) gave the
lowest value of 890 kg/fed.

Data of (F+) crosses between six parents of wheat genotypes
are presented in (Table 3). Significant differences were found for
grain yield (kg ffed) in (F1) crosses. Where the cross (P x Pg)
differed significantly than the rest crosses where it recorded the
highest grain yield (2176.66 kg/fed). Whereas the cross (P; x Pq)
gave the lowest one was (941.00 kg/fed).

Regarding, heterosis percentages relative to mid-parent are
presented in (Table 4). It is obvious that both crosses (P2 x Ps) and
(P3 x Ps) revealed positive and negative hetaeristic effects for grain
yield (kg/fed), their values were(-18.03 %) and (70.93%) respectively.

On partitioning of entries sum of squares to the components,
.i.e. parents , genotypes, crosses (C) and parents versus crosses (P)
vs. (C), the results showed that the variations due to them were
significant for grain yield (kg /fed) except P vs. Fias shown in (Table
5).

The analysis of variance for combining ability using Griffing
(1956) method — 2, model-1 as well as G.C.A / S.C.A ratio for the
studied characters are shown in (Table 6). On partitioning the entries
sum of squares to both components i.e., general and spedcific
combining abilities, it could be observed that significant variations
were detected in G.C.A and S.C.A for the grain yield (kg /fed).With
respect to GCA/SCA ratio, it was equal to 663.90 owing to additive
effect is very important effect for grain vield (kg /fed).

The resuits in (Table 7) indicated that general combining ability.

effects GCA were positive or negative and highly significant, it could
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be said that the parent Kauz/Altar84/Aos (P;) recorded positive and
highly significant of G.C.A effect (158.46) there for that parent could
be considered a good combiner for grain yield/fed among the six
parental genotypes. Whereas the parent Bow/Gen//Dern/3/TUNU
(Ps) gave significant and negative values (-123.40) decreasing grain
yield value.

Itis wbrth to state that there were some negative and significant
S.C.A effects in the crosses. However, the remaining S.C.A effects
did not reach the level of significance as shown in (Table 8). These
results are in agreement with those stated by Khalil et al. (2006),
Mahrous and Abdel-Hady (2006), Menshawy et al. (2006),
Muhammad et al. (2007), Badr et al. (2009), Johari and Maralian
{2011) and Keyvan and Soheil (2011).

2- No. of spikes/plant:

Data presented in (Table 2) showed that some parents differed
significantly inthe numberof spikes/ plant during 2010 / 2011 season,
where WBLL 1*2/4/YACO/PBWG65/3 (P4) recorded the highest value
of no. of spikes/ plant (4.00) comparing by the remain parents.
However the Kauz/Altar84/Aos (P2) was decreased in no. of spikes/
plant its value was (2.80} in the normal irrigation. However, the
parent WBLL 1*2/4/YACO/PBWGES/3 (P4) gave highest value of no.
of spikes/ plant under water stress (3.62). Whereas the parent
Kauz/Altar84/Aos (P2} gave lowest value (2.42).0n the other side,
(F1) crosses revealed significant differences for no. of spikes/ plant in
(Table 3). The cross (P2 x P4) differed significantly than the rest
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crosses where recorded the maximum no. of spikes/ plant (4.30},
mean while the cross (P; x Pg) gave the lowest one (2.50).
Concermning heterosis percentage in relation to mid-parents value
are presented in (Table 4). It is obvious that both the crosses (P2 x
P4) and (P2 x Pe) revealed positive and negative heterosis effects for
no. of spikes/ plant, their values were (26.47%) and (-24.24 %). On
partitioning of entries sum of squares to their components, .i.e.
parents (P), crosses (C) and parents versus crosses (P) vs. (C), the
results showed that the variations due fo parents, crosses and
parent's vs. crosses were highly significant for this trait as shown in
(Table 5).
The analysis of variance for combining ability using Griffing {1956)
method — 2, Model —~1 as well as GCA / SCA ratio for the studied
characters are shown in (Table 6). it could be observed that
significant variations were detected in G.C.A and S.C.A for no. of
spikes/ plant. Concerning GCA/SCA ratio, it was equal to {(0.14) due
to dominance effect in very important effect for this trait.

The results in (Table 7) indicated that general combining ability
effects were positive or negative significant except for the parent (Ps)
only, it could be said that the parent Cham 8 (P1) recorded highest
significant and positive of G.C.A (0.42) whereas the parent
Freetz/Tukuru (P3) gave significant and negative ﬁMe (-0.20) for no.
of spikes/ plant. It is worth to state that there were negative and
significant S.C.A effects for 15 crosses, However, there were three of
S.C.A effects did not reach the ievel of significance, as shown in
(Table 8). In this connection, similar results were recorded by
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Mohamed et al. (2005), Abdel-Nour and Nadya (2006) and Abdel-
Rahman and Magda (2007).

3- Number of grains / spike:

Concerning (Table2) showed that parent genotypes differed
significantly in no. of grains / spike, where both parents CHAM 8 ( P+
) and WBLL 1*2/4/YACO/PBW&65/3 (P4) recorded the highest values
of no. of grains / spike 52.59 and 52.40, respectively, comparing by
the remain parents. However, the parent Freetz/Tukuru (P3)
decreased in no. of grains / spike, its value was (44.45). Under
normal irrigation. However, the parent CHAM 8 (P 1, gave the highest
value for no. of grains / spike under water stress was (39). Mean
while, both parents WBLL 1*2/4/YACO/PBWES5/3 (P4) and
TUMU/I/ALD/COC/URES (Ps) recorded the same lowest value (34).
On the other side, most crosses revealed significant differences for
no. of grains / spike in (Table 3), where the crosses (P5 x Pg, differed
significantly than the rest crosses and recorded the maximum no. of
grains / spike (51.46). Whereas the (P3 x Pg) gave the lowest one
(32.33). Presented data of heterosis percentages relative to mid-
parents are presented in (Table 4). It is obvious that both crosses (
Ps x Pg) and ( P4 x Pg)revealed negati'vé: hétgrotic effects for no. of
grains / spike, their values were (8.42) and (-32.63 ) respectively. On
partiioning of entries sum of squares to their components, .i.e.
parents {P), crosses (C) and parents versus crosses (P) vs. (C), the
results showed that the variations-due to parents, crosses and (P) vs.
(C) were highly significant for this trait. as showed in (Table 5).
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The analysis of variance for G.C.A and S.C.A combining abilities as
well as GCA / SCA ratio for the studied characters are shown in
(Table 6).

it could be observed that significant variations were detected in
G.C.A and S.C.A for the no. of grains / spike. Concerning, GCA/SCA
ratio it was equal to (0.17) due to the importance of dominant effect
for no. of grains / spike.

The results in (Table 7} indicated that general combining ability
effects were positive or negative and significant, it could be said that
the parent Cham 8 (P1) recorded the highest significant and positive
of G.C.A (1.69). Hence, this parent could be considered a good
combiner for number of grains/ spike among the six parental
genotypes, mean while, the parent Freetz/Tukuru (P2) gave .
significant and negative value (-1.35) of no. of grains / spike values..
it is worth to mention that there were negative and significant S.C.A
effects for six crosses, However, the remaining S.C.A effects did not
reach the level of significance as shown in (Table 8). The results are
in agreement with those recorded by Mohamed et al. (2005), Abdel-
Nour and Nadya (2006) and Abdel-Rahman and Magda (2007).

4- 100- Grain weight:-

Analysis of variance data in (Table 2) showed that parents
genotypes were differed significantly for 100 — grains weight (g)
during 2010 / 2011 season. It could be noticed that the parent
Freetz/Tukuru (P;3) gave the highest value (5.50 g) of 100- grains
weight with comparing the remain parents. However, the parent

CHAM 8 (P1, decreased in 100- Grain weight (4.23 g) under normal
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irrigatton. Mean while, the parent Kauz/Altar84/Aos (P;) gave the
highest value of 100- Grain weight under water stress (3.75g)
comparing with the other parents. Whereas the parents CHAM 8
(P1, recorded the lowest are (3.00g). Mean performance of 15 (Fy)
crosses among six parents of wheat are presented in (Table3). On
the other side, (F1) crosses revealed significant differences for 100-
Grain weight (g), where the cross (P2x Ps) differed significantly than
the other crosses it recorded the maximum value of 100-Grain weight
(5.93 g), whereas the cross { P2 x Ps) gave the lowest one (4.21 g).

its obvious that heterosis percentages relative to mid-parents were
shown in (Table 4). It could be noticed that both crosses ( Py x Ps)
and ( Pax Pg) revealed positive and negative heterotic effects for 100
—_grains weight {(g), their values were (32.57 % and -11.98 %),
respectively.

On parfitioning of entries sum of squares to their components, .i.e.
parents (P), crosses (C) and parents versus crosses (P) vs. (C), the
‘resuits showed that the variations for all entries were highly
significant for 100- Grain weight (g), as shown in (Table 5).

The analysis of variance for combining abilities GCA/SCA ratio for
the studied characters is shown in (Table 6).

It could be observed that highly significant variations were detected
in G.C.A and S.C.A for 100- Grain weight (g). With respect to GCA
,SCA and GCA /SCA ratio, it was equal to (0.44) it is worth to
mention that dominant effect is very important heritance of 100-
Grain weight (g).

The results in (Table 7) indicated that general combining ability

(GCA) effects were positive or negative and significant except the
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parent (Ps) it could be noticed that the parent Kauz/Altar84/Aos (P;)
recorded highly significant and positive of G.C.A effect (0.16)

indicating that it was the best combiner for that trait, whereas the
parent CHAM 8 (P,) gave highly significant and negative value (-
0.21) decreasing in 100- Grains weight value. From (Table 8) it could
be to noiced that there were positive and significant S.C.A effects in
the crossesof (P x Ps), (P2x P3), (P2x Pa), (P2xPs) and (P4 x Pe).
However, the six crosses for S.C.A effects did not reach the level of
significance. These results confirmed by those reported by
Mohamed et al. (2005), Abdel-Rahman and Magda (2007),
Muhammad et al. (2007)as well as Johari and Maralian (2011).

5- Straw yield (ton/fed):-

As presented in (Table 2) highly significant differences were
detected in straw yield (ton/fed) during growing season. The parent
" genotype WBLL 1*2/4/YACO/PBWE5/3 (P,) recorded the highest
value of straw yield (2.53 tonffed) under normal irrigation, comparing
with the other parents. Mean while, the parent Freetz/Tukuru (P3)
recorded the highest value of straw yield(1.78 ton/fed) under water
stress. Whereas the parent Kauz/Altar84/Acs (P.) gave the lowest
value (0.63 ton/fed) under water stress. On the other side, significant
differences among (Fi) crosses were obtained for straw yield
(ton/fed) (Table 3), where the cross {Ps x Pg) differed significantly
than the other crosses, where it the maximum straw yield (2.36
ton/fed), whereas the ( Py x P3 ) gave the lowest one (1.12 ton/fed).
Regarding heterosis percentages relative to mid-parent values are

presented in (Table 4). It is obvious that both crosses ( Ps x Pg) and (
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Py x P3) revealed positive and negative heterosis effects for straw
yieid, their values were (8.25 and — 49.50), respectively.

On partitioning of entries sum of squares to their components, .i.e.

parents (P). crosses (C) and parents versus crosses (P) vs. (C), the
data showed that the variations due to parents, crosses and parents
vs. crosses were highly significant for straw yield (ton/fed) as shown
in (Table 5).
The analysis of variance for combining ability using Griffing method —
2, model- 1 (1956) as well as G.C.A / S.C.A ratio for the studied
characters is shown in (Table 6). It could be observed that highly
significant variations were detected in G.C.A and S.C.A for the straw
yield (ton/fed). With respect to GCA/SCA ratio, it was equal to (0.66),
it mean that dominant type of gene action was important role in the
inheritance of that trait. The results in (Table 7) indicated that general
combining ability G.C.A effects were positive or negative and
insignificant for Py, P> and Ps. _

The parent gene type (Ps) was the best combiner for straw yield
fled. Whereas the parent (P2) gave highly significant but negative
value (-0.28) decreasing straw yield value. It is worth to state that
there were negative and significant S.C.A affects in most the
crosses. However, four crosses did not reach the level of significance
as shown in (Table 8). These results are in agreement with those
reported by Hefnawy and Wahba (2003), Ali et al.(2004), Mekail et
al. (2005) Menshawy et al. (2006), Menshawy (2007).
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6- Biological yield (ton/fed) :

Table (2) revealed highly significant differences were detected
among four parent genotypes in biological yield (tonffed). Mean
while, the parent (P4) recorded the best value of biological yield (3.80
tonffed) under normal irrigation comparing with the other parents. In
the contrary the parent {P2) was the lowest one in biological yield and
gave (3.06 tonffed) . The parent (P,) recorded the best value of
biological yield (tonffed)under water stress was (2.92 ton/fed)
comparing with the remain parents. Whereas the parent (P;)
recorded the lowest one (2.58 ton/fed). From (Table 3) it couid
noticed that the cross (P, x Ps) differed significantly than the rest
crosses where recorded the best biological yield {(3.53 ton/fed),
whereas the cross (P2 x Ps) gave the lowest one (2.83 ton/fed).
Regarding, heterosis percentage relative to mid-parent values are
presented in (Table 4). It is obvious that both crosses ( Psx Ps) and (
P2 x Ps) revealed positive or negative heterosic effects for biological
yield, their vaiues were (1.17and-10.44%)respectively.
As shown in (Table 5), the variations due to parents, crosses and
parents vs crosses were highly significant for biological yield. The
G.C.A,S.CA and G.C.A/ S.C.A ratio for the studied characters are
shown in (Table 6). it could be observed that highly significant
variations were detected in these entries for biological yield.
Regarding GCA/SCA ratio it exceeded the unity {6.52) for biological
yield, such result indicated that additive and additive by additive type
of gene action were important role in inheritance of this trait..

" The results in (Table 7) indicated that general combining ability

(GCA) effects were positive or negative and highly significant for four
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parents. It could be observed that the parent (P.) recorded the best
combiner for biological yield (0.19), whereas the parent (P.) gave
highly significant and negative vaiue (-0.14) decreasing biological
yield value. It is worth to mention that all crosses were positive or
negative and significant 5.C.A effects, as shown in (Table 8). Such
results are-generally in agreement with
Those stated by.Ali'et al. (2004) and Badr ef al. (2009).7- Harvest
index (%):
In the concern (Table 2) showed that four parent genotypes differed
significantly in harvest index during growing season. The parent
genotype (P:2) recorded the maximum harvest index (35.93)
comparing with the other genotypes. However the minimum harvest
index (32.00) was obtained from the parent (P4) under normal
irigation. However, the parent (P;) gave the highest one for harvest
indexunder water stress (36.00 %) comparing by the remain parents.
Whereas the parent (P3) recorded the lowest value (32.00 %).
Analysis of variance of 15 (Fi) crosses showed that crosses
significant differed in harvest index, where the cross (P5x ps)
recorded highest value (34.80 %). However, the cross (P1 x P}
recorded the lowest one (32.80 %). Heterosis percentages relative to
mid-parents are tabulated in (Table 4). It is obvious that the cross (P3
x P4) gave the highest heterotic effect (2.42 %)_ followed by the cross
(P5x Pg) (2.23 %).

Components of entries were partitioned .i.e. parents (P).
Crosses (C) and parents versus crosses (P) vs (C), the results
showed that the variations due to them were highly significant for

harvest index, as shown in (Table 5).
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The analysis of variance for combining abilities of G.C.A, S.C.A
and G.C.A / S.C.A ratio for the studied characters is shown in (Table
6). It could be observed that highly significant variations were
detected in G.C.A and S.C.A for the harvest index. Concerning,
GCA/SCA ratio it was equal to (3.73) due to additive effect so it is
very important for controlling the inheritance of harvest index.

The results in (Tabte 7) indicated that general combining ability
effects were positive or negative and significant, it could be said that
the parent (Ps) recorded significant and positive of G.C.A effect
(0.56) it means that this parent could be considered a good combiner
for this trait. Mean while (P4} gave highly significant and negative
value (-0.68) decreasing harvest index value. Regarding S.C.A
effects. That there were positive and significant S.C.A effects .The
crosses of (Py x Ps), (P1 x Ps), (Pa x Ps), (P3 x Ps) and (Ps x Ps)
recorded significant and positive G.C.A effects for that trait. However
the seven crosses did not reach the level of significance for S.C.A
effects, as shown in (Tabje 8). In this connection, similar resuits were
recorded by Mekail et al. (2005), Abdel-Nour and Nadya (2006),
Boulos (2006) and Badr et al. (2009).

8 -Grain protein content (%)

Means of six wheat parents for grain protein contents are presented
in (Table 2). Data revealed that six genotypes significantly differed in grain
protein content (%) during growing season. The parent Freetz/Tukuru (P3)
had the highest grain protein content (13.31 and 10.32 %) comparing by
the remain parents under both normal irfigation and water stress,
raspectively. Mean while, both parents (Ps) and (Ps) passed the lowest one
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-

(11.6_6‘..ar,1d_ 6.88 %)under both normal irgation and water stress,

respectively. On the other side, nine (F,) crosses revealed significant

differences in grain protein content (%) where the cross (P; x P,) recorded
the maximum grain protein content value (14.83 %). On contrary, the cross
{P; x P2) gave the lowest one {11 .79) in (Table 3).

Concerning heterosis percentages relative to mid-parents values are
presented in (Table 4). 'It is obvious that both crosses ( Pz x P4) and {
Ps x Pg) revealed positive and negative heterosic effects for grain
protein content, their values were (25.29%) and (- 717 %),
respectively.

On partitioning sum squares of entries to their components. The
results showed that the variations due to parents, crosses, and
parent's vs crosses were significant or highly significant for protein
content. As shown in (Table 5). The analysis of variance for
combining abilities of G.C.A, S.C.A and G.C.A/ S.C.A ratio for the
grain protein content is shown in (Table 6). It could be observed that
highly significant variations were detected in G.C.A and S.C.A for the
grain protein content. with respect to, GCA/SCA ratio, it was equal to
(0.76) due to both additive and dominant effects is very important
effect for the inheritance of grain protein content.
The results in (Table 7) indicated that general combining ability
effects were positive or negative and highly significant it could be
said that the parent (Ps} recorded highly significant and positive of
G.C.A effect (0.33). Whereas the parent (Py) gave highly significant
and negative values (-0.63) decreasing grain protein content values.
It is worth to state that there were positive and significant S.C.A
effects in the crosses of (P x Ps), (P2 x Pa), (P2 x Pa)} and (P x Ps).
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However the remaining S.C.A effects did not reach the level of
significance as shown in (Table 8). These results are generally in
agreement with those reported by Sabry et al. (1999), El- Sayed
(2004), Mahrous and Abdel-Hady (2006)and Menshawy et al.
(2006).

9 - Plant water potential (bar) :-

Data in (Table 2) indicated that six parent genotypes were
significantly differed in plant water potential. The parent (P,) had the
highest value of plant water potential (20 bar) comparing with the
other parents. On contrary, the parent (Ps) had the lowest one for
plant water potential its value (15.86 bar) So the parent (P;) was the
best genctype for tolerance the drought conditions under normal
irrigation.Also, the parent (P2) recorded the highest value of plant
water potential under water stress (14.77 bar). On contrary, the
parent (P,) had the one lowest value (10.67 bar) under water stress.
Analysis of variance of 15 (F1) crosses showed significant difference
in most crosses, as presented in (Table 3). It is interesting to mention
that the cross passed the (P, x Ps) the maximum plant water
potential (20.17 bar), whereas the cross {Py x P4} gave the iowest
one (15.92 bar). Regarding, heterosis percentages relative to mid-
parent values are shown in (Table 4). It is obvious that both crosses (
Ps x Ps) and ( Py x Ps) revealed positive heterotic effects (10.64 and
10.34 bar)for plant water potential. On the other hand, the cross (P2
x Pg) had negative and significant heterotic effect (- 4.85 bar).

On partitioning sum squares of entries sum squares to their

components, .ie. parents (P). Crosses (C) and parents versus
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crosses (P) vs (C), the results showed that the variations were highly
significant for plant water potential. As shown in (Table 5}. The
analysis of variance for combining abilites G.C.A ,S.C.Aand G.C.A/
S.C.A ratio for the studied characters is shown in (Table 6). Highly
significant variations were detected in G.C.A and S.C.A for the plant
water potential, Regarding, GCA/SCA ratio; it was equal to (10.91)
indicating that to additive type of gene action was important role in
inheritance this trait. The results in (Table 7) indicated that general
combining ability effects were positive or negative and significant. It
could be noticed that the parent (P;) and (Ps) recorded highly
significant and positive of G.C.A effect (0.83} indicating that both
these parents are considered good combiners for this trait. Mean
while the parent (P3) gave significant and negative values (-1.13)
decreasing plant water potential value. It is worth to record that there
were paositive and significant S.C.A effects in the crosses of (P x Ps),
(P1 x Pg), (P2 x Pa), (P31 x Ps), (Ps x Ps) and (P4 x Pg). However, the
other S.C.A effects did not reach the level of significance, as shown
in (Table 8). In this connection, these results are in agreement with
those reported by Mishra et al. (1998), Bayoumi {1999), Spiertz et
al. (2006) and Alireza ef al. (2011).
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Table (2) Mean performance of six wheat parents for the studied characters

Characters
Grain yield . — 100-Grain weight
(kg fed) Ho. of spikes/plant No .of grains/Spike (o)
Under Under Under Under
Normal Normal Normal Normal
] ] water water water \ water
E irrigation irrigation Irrigation irrigation

ntries stress stress stress stress
P1 1013.93b 910b¢ 3.40ab 2.86h 32.59a 3% 1 ¢ 300 ¢
P2 1291.50a 930b 2.80h 242¢ 4455 b I8a 4.95b 3.75a
P3 1029.00b 890¢ 3.40ah 2.70b 44.45h 37a 5.50a 311 be
P4 1268.73a 1000a 4.00a 3.62a 52.40a Mhb 4.89b 3.10 be
P5 1137.506ah 920bc 390a 2.82b 4536 b I7a 4.81b 347 he
P6 1255.45a 300b 3.80ab 2.82b 49.52a 3c 4.59bc 3.35b

LSD 0.05 171.56 338 0.62 0.29 3.68 18 0.39 0.33

LSD 0.01 238.10 484 0.86 0.51 5.13 24 0.35 0.70

P= CHAM 8 , P:= Kauz/Altar84/Aos |, Py = FreetzTukuru , Pa= WBLL 1*2/4/YACOIPBWESI3,
Ps = Bow/Gen/Dern/ATUNU, P¢ = TUMUIJALDICOCHURES

Means with the same letters within each column are not significant differences at 0.05 level of probability
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Table {2} Cont. Mean performance of six wheat parents for the studied characters

Characters Grain protein
Straw yield Biological yield Harvest index content Plant water potential
{tonifed) {tenfed) (%) {%) (bar}
Under Under Under Normal  Under  Normal  Under
Entries Normal Normal Normal . ) . )
water water water Irrigation  water  irrigation  water
irrigation irrigation irrigation
stress stress stress stress stress
P1 2.352b 1.23b 3.36b¢ 2.70b 33.86b 3dhe 11.73b 8.432 16.66b 10.68¢
P2 1.77¢ 0.63¢ 3.08¢ 2.58¢c 35932 362 11.82b 9.252 20.00a 14.77a
P3 2.10b 1.78a d.43be  2.72b  32.83¢ 32¢ 13312 10322 15.93b 11.23¢
P4 2.53a 1.34b 3.80a 2.92a  32.00¢ 34b 11.68b 7.65b 15.86b 10.67¢
P5 2.12b 1.24b 3.26b¢  273b  33.83b 33b¢ 13,102 8.26b¢  18.53a 12.43b
Ps _2.24b 146ab  353ab_ 287b¢ 34.46ab  33bc  12.54ab  6.88¢ 19.53a  14.65ab
LSD 0,05 0.26 0.37 0.34 0.12 1.56 1.54 1.36 201 1.69 248
LsD 0.01 037 0.62 047 0.30 2.17 2.93 1.91 3.2 235 380

Py= CHAM 8, P2 = Kauz/Altar84/A0s , P3 = Freetz/Tukury . Py = WBLL 1°24/YACQPBWES/3 ,
" P5= Bow/Gen/Derv3TUNU |, Pg = TUMU//ALD/COCHURES.
Means with the same lefters within each coiumn are not significant differences at §.05 level af probability.
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Table {3) Mean performance of 15 wheat crosses for the studied characters.

. e

Chatacters Grain yield No .of No'.of; 100-Grain Straw  Biological  Harvest p(:;::“l Plam w:iner
(kofed) spikes/ graing/ . aht {g) yigld yield in(.l'exr content polgm al
Closses plant spike fonfed)  ftonifed) (" o3 (bar)
Pyx P2 1781.00* 3.40* 40,76~ 4.47 141" 3.20* 32.80 11.79 18.58~
Py Pa 1370.33 2.90 4166 4.64 112 3.10 33.50° 11.86 16.60
Pyx Pg 1389.33 3.60~ 38.23 498+ 1.91 3.30~ 33.16 12.56 15.92
PixPs 157100 3.20 43.06* 4.68* 169 3.26* 33.86 12.42 19.41*
Pqx Pg 944.66 2.80 36.33 5.86~ 2.2 3.16 3453~ 14.05 19.49
"Pox Ps 1280.66 2.60 4163~ 5~ .58~ 3.03 33.90* 14.83 1717
Pay Py 1827 66" 4.30* 38.33 §.90* 143" 3.2 33.30 1471 19.92*
Pax Pg 1056.66 4.10* 37.88" 5.9 17T 2.83 33.00 13.96* 2047
P2y Pe 2176.66™ 2.50 40.36* 4.21 1.15 3.30* 34.10™ 12.03 18.80~
Pay Ps 941.00 3.60 41.26* 4,13 2.22= 3.16 33.23 14.40* 16.02
Pay Ps 1070.66 3.50 35.00 4,79* 1.86* 2.93 3376 12.80* 18.50*
Pax Ps 114766 4.00™ 3233 4.44 1.91* 3.08 34.30* 13.40* 18.13"
Pax Ps 1413.68 4.00* 33.66 4,71 211 3.53 32.90 14,76 19.02
Pay Ps 1683.00" 4,00+ 34.33 5.42% 1.78* 3.48™ 33.60" 14.08* 18.58*
Psy Ps 1063.68 3.40" 51.46* 4.94* 2.36% 3.43* 34.80" 11.99 19,87
LSD 0.05 630.74 0.64 4.28 0.47 0.24 0.24 0.66 0.83 1.01
L$D 0.01 843.08 0.87 5.72 0.63 0.35 0.33 0.88 1.24 1.35
. Significant differences at 0.05 and 0.01 level of probability
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Table {4) Heterosis percentage of 15 crosses between Six wheat genotypes according to mid parent values

s Grain
Characters Grainyield  No .of No .of 100.grain  Straw yiefd B'OI.OQMI I-!arvesl protein Plant w?ter
fgfed) sphkesiplant grainsispike  weight ) ftonfled) Y1200 index (o ntomy  Potential

Crosses ¥ spikes’ prant  grains:sp weight g e (ton:fed) ()] %) (har)
Pix P2 0548 967 -18.00" 281 -31.50™ 931 -5.72" 0.12 1.36
Pix Py 34.14* -14.70° 14,13 4.52 49.50* 446 0.76 5.27 1.87
Pax Py 2178 -2.70 -27.18* 9.21 21.70* -7.82 1.00 7.39 2,09

Pix Ps 46.13" -12.32 -12.10* 3.53 -24.20" «1.51 0.65 0.04 10.34"
Pyx Pg -16.75 -22.22" -28.83* 3257 -3.05 -8.13 1.37 15.78" 1.13
Pay Py 10.37 -18.12" 444 9.38 -18.10 -2.10 -048 1802 442
Pox Py 42,79 2647 -20.92 19.91* 33.40 -4.95 -1.95 2528 7.8
PoyPs 13,01 2238 -16.25* 21.81* 4.76 -10.44* -5.11* 12.03 412
Py Pg  T0.93" -24.24 14.18* 11.71* 42,50~ 0.30 - 3,09 -1.23 4.85°
Pay Py -18.03° -2.70 -14.78* 8.86 -3.89 -8.67 2.42° 1533 0,78
Payx Ps .18 -4.10 -22.08* £.99 -11.84 -8.13 141 3.08 738
P3x Pg 0.48 11.11* -31.18* -11.98* -11.98 810 1.96 3.1 2.21

Pay Ps 17.50" 126 -31.16* 288 $.05 -0.28 0.27 19.22' 10.64"
Pax Pe 3341 2.56 32,63 14.00* 25.21* -5.48 1.1 16.18" 503
Psy Pg 1112 -11.68* 8.42 4.88 8.25 117 223 717 4.41
L$D 0.05 157 6.37 49 0.59 0.85 0.31 0.83 117 1.28

*r* . Significant differences at 0.03 and 0.01 level of probability.
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Characters o Grainyeld No .of No .of 100-grain Staw  Biological  Harvest p?;?:?n E]:::
. . spikes/ grains/ . yleld yield Index

S.0v (kgfed) plant spike weight (g {tonfedi  {tonfed) (%0) co?é;n! poligggal
Replications 13609.1 23.62 46.73 A 13.60 0.0030 0.56 0.19 0.10
Gemoypes 220 menet  war st 0% B8 0 A A 66T
Parents 10 upeer  tar wde 05 43 0wt SRY 158 1047
Crosses ™ dsuset 7200 MG BT G5  1SANIT 169102°  2683° 509"
P e, T pgmeor 0R27.10 308320 528230 2220 QM2 2659 3895 7048°
Errer O et ew 124 02 2019 06 050 085 045
Total 62 — — — — — — — — —

N. 8 Not significant .

=1 Significant diferences at 0.05 and 0.01 level of probability.
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Table (5) General and specific combining abilities analysis for the studied characters using Griffings method 2, model 1,
Grain Plant

Characters G[ain No .of ND.'Of_. 100'9”“‘ St'raw H.awest Brol.o gial proteln  water
d.f yield spikes graing’  weight  yield index yield cotent  potentia
S0V (kg fed) olan spike ) fonfed) (%) (tonifed) oy bai

Genotypes 2 C7CH T 1/oo T L) o Y Cacl /2 R N O 6.6

6. CA 5 p98.1  403% 806" 0.44%  Gure* 139 013 101¢ §.91

S.C.A 5 13903200 2B64% 45877 03 1WA 04" Wl 13" 063"

Error! m 6734738 153 i 0.04 6733 0.16 0 0.1 0.28

GCA/SCA 663.90 0.14 0.17 0.4 0.66 KNE §.52 0.76 1031

N .S Not signifcant .

Ei=Emorvariance -
* ™ Signficant diflerences at 0.05 and 0.01 level of probabiity,
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Table (7) General combining ability of six wheat parents for studied characters

Straw _ Biological Grain
Characters  Grain yield s'i?k.eosfl Nrgl:sfl 100-grain ~ yield yield I'i';?:;t protein P::;i::;ir
(kgifed) gral weight ()  (tonffed)  (tonifed) , content
Parent plant spike (%) %) (bar)

P1 078" 042% 18 0™ -002 003 -007 06 DK

P2 188.46" 9.8 0.47- 0.16" 428" 042 040" Q0% 083

P3 421.19" Q20 138 0.06* 0.02 Q.4 Q47 03¢ 443"

P4 421" 4471 -0.12 0.08* 0.15* 0.49%  0& 03" .84

P g 006 001 901 008 Q02 02 0d0r 083

P8 11.07 0.43* -0.01 9.09™ 0.08 009" 05" 008 082"

SEgi 8376 0.1 062 006 0.4 0.04 013 0.1% 047

CDOO5 1154 0.09 -0.97 0.04 0.09 0.02 0.29 .07 0.15

CDONT  .2309 0.12 4184 909 011 005 0.58 {15 031

1 Significant differences at0.05 and 0.01 levet of probability
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Sraw . Biological Grain
Characters  Grain yiekl No .of No .of 10- | yield vield  Hxvestindex protein p'a'f :taéf’
Crosses {kgfed)  spikes: plant grams/ - grainwelgll  wonved)  tonted) (%) comen pote
Spke i) (%) )
Pu P, 20347 0.23 242 045 AT 007" 1217 057 0.05
PP T1247" 142" 033 047 071 -0.05* 0.06 0,86 0.04
Pul. &IE] (Xt 00 003 4477 0,154 0.2% J.50 0,92
Py Py 315.34% 941" 0.8 -0.01 021 0.04" 0.27 0,08 0.88"
PPy 44547 0.4 -1.30* 119" 0.26" 0147 0.35* 173 0.98"
: Py Py A048T 0.83" 179 0507 0,157 0.05" 001 13y 0.2
Py P, 216.64" 160" 213 0.6 £,33" -0.05" -0.08 1,39 113
Py Ps -326.66" -1.02** -3.51 0.80* 0,05 0.26" -1.06" 0.85 0.1
Py P 60884 XL 110 082 058" 007" 51 NXT] 1,05
PuPy -330.357 8.7 1.08 0,39 0,197 0137 042" 0.1 .19
Py, Py -33.00 0.51 529 0.22 0.10 D14 0.28' D67 0.60°
By B A8 (L 35" D5 KA 0.23 011 0.2
Py P 144527 08y .TE” 4337 0.0 gAT 006 [V} 0.83"
Py Py 279.36" 0.91* 148 0.45* 0,35 -0.07* 0.05 0.78 0.41*
Py P A12.28" 0./5" 553 0.08 0.28" 011" 0.57" -1.07 6018
SEgl 230.03 0.52 1.1 0.18 0.10 0.11 0.36 0.41 047
C.00.05 .14 041 431 029 0.07 0.01 0.25 1.10 0.35
C.00.01 18.6% 0.63 725 1.16 0.1 0.02 1.03 4.43 140

. Significant differences at 0.05 and 0.01 level of probabifity
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2l pailal

galll Caa Gy A Gl e 3kl y Cuagd) 8 48
el dlgal) gl cal
2 b G Gihas s T U quad daaa . o' dgal 36 daal deaa .
Tl e e Jie7 (o Al padad e AL s
(LS Aadla ) LEG bl — Aol )50 s Sl 2 U1 ol 1
3l Aol )50 Ziga® S e — Ay bl el )5 Gipanll Adaas -2
Gaoh 46.5 & juadl Jud 4y 5lal pay Aaad 4aall Aol B Sl Va5l
Cirgs + 2011 /2010 « 2010 [ 2009 sail ase JSha g3l sawal D080 s
sy lein ASadd gy (Triticum aestivum. L) gqadll 43,5 s 5 6 4
Cygaly () 6 ) galadl (i Hlai as 2010/2009 pusalt G LYY e )
JoVU Al yd Y ASal climedl ol jal §yy USedd ABAD Sl S L
- cond 15 2ad ( Fy)
Aldai Caad aaa 15 Leic Aaali Cagdly Gl oY1 ol e 55 20112010 pupe
o liall LN STy Aot 0 e pp 30 2 A el )l e JLYE (B o5y)
S8 3 a0y AT 20yl el b p23icad ppanail (fS g Lilnially aaY) s si
bl s b3 By s Gl el gange DA iy 20 ¢ 17 4 el G,
pal panili (Soy Method- 2, Model -1 (1956) Griffing iy e Juasial
= AV B A pemadl Clieal y 4 gSay ) geanal bl
A 508 s licall S L yin WEST Lioa 15 By Bl oL 480 5,01 ) il el -1
=t o LS R g 3l il Aflan s K 3o By gina Lk Y 558 el -2
[ Sl sae ((26.47 : 24.24 =) ¢« 3 [yl Jyand ( % 70.93 : 18.03 -)
o3 (% 32.57 :11.98 -) « id [ gl 3 (% 8.42 : 32,63 -) <iad
(1.17 : 10.44 =) ( P [ ghb ) Sl Jyeanad { % 8.25 :49.50 -) i 100
(% 2529 : 7.17 =) sl Jubedd { % 242 : 572 - } ol Jpeanall
cghal Aga¥! Salea (% 10.64 1 4.85 — ) opaad [ iy b (5 sina
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S el A0 Sl A ( GCA ) Ll GGV byl Tl Ty pine MY S el
gl Jpeand) lac (S.CA ) Lalalh G5 8 A g Ayl Slial

Ciaall il 8 Gl iy Las ol waed daa ) e ( GCAISCA) 4 o )
Ol) Al Jyeona ¢ B 100 5y ¢ Ll [ agnd) e ccdall [ Sladdl 2 e Clicall o3¢
sl Oyl (g faay (aill

Oyl gy ¢ da 100 ()4 A 40 Lle G.C.A Lui Cham 8 ( Py ) Wit Ja
Lle G.C.A Li KauzZ/Altar84/A0s (P2) V! das Ly .l slea¥l e ¢ 5l
o LS L A et Jiaa = L 100 Oas ¢ el Jseana JSI dax gay Ay pinadt
Ofall (grima ¢ B 100 oy 00 K Lage dyiee GCA L Freetz/Tukuru (P3)
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