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Abstract: This study was carried
out during the three successive
seasons of 2004/2005, 2005/2006
and 2006/2007 at the Experimental
Farm of Faculty of Agriculture,
Sohag University, Egypt. Two
durum wheat populations (7riticum
durum L.) in F3 generation of the
crosses Chahba 88 x Bani-Swief |
and Carcomun x Sohag 3 were used
in this investigation. One hundred F;
families underwent pedigree
selection in the F; basic materials.
The best plant from each of the best
20 families for each selection
criterion. namely days to heading,
greater  |00-kernel weight and
higher grain yield were saved to
give the F, families. The analysis of
variance showed highly significant
differences between F; families in
both populations and satisfactory
genotypic coefficients of variation
were detected for some traits. Grain

yield increased after two cycles of
selection in the two populations
relative to the better parent by
14.14% in Pop.l and by 15.97% in
Pop.2, respectively. Selection for
100-kernel weight increased grain
yield by 9.86% in Pop.l and by
8.03% in Pop.2 as compared to the
better parent. The best two families
No. 24 and 46 in Pop.i; and No. |
and 21 in Pop.2 were higher in grain
yield than the better parent by 21 15
and 16.67%; 23.62 and 25.56%.
respectively, when grain yield was
used as a selection criterion. After
two cycles of selection, the realized
gains indicated that heading date
was reduced by 13.42 and 9.21 days
for Pop.1 and Pop.2 respectively, as
compared to the base population.
The pedigree selection procedure
has been proposed in wheat as an
effective breeding methodology for
developing high yielding genotypes.
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Introduction

Improvement of durum wheat
yield is an important breeding
objective. Increasing grain yield
per unit area could be
accomplished by cultivating high
yielding varieties and improving
cultural practices (Afiah and
Darwish 2003). Pedigree

selection for yielding potential in
wheat and other cereal crops
requires selection in the F;
populations of individual plants
spaced apart to enable their
evaluation. Then selection from
F; to F, generation is practiced
among and within families
following evaluation in row plots
and/or in yield trials (I'asoulas
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- 1988, Fasoulas 1993  and
* Poelhman and Sleper, 1995).
Highly significant differences

were reported among F; families
and sufficient genetic variability
were obtained for spike length,
number of spikes/plant,
biological yield/plant, grain
yield/plant and bharvest index
(Mahmoud 2007). Selection for
yield in early generations based
on single plant evaluation is
mostly interesting and should be
inittated in the F, generation
(Shebeski 1967 and Sneep 1977)

although several reports have
shown that this seems to be
ineffective (McGinnis  and

Shebeski 1968 and Knott 1972).
Direct selection for grain yield
was effective for increasing grain
yield (Loeffler and Busch 1982).
Knott and Talukder (1971)
reported that wheat grain yield
could be increased by selecting
for increased grain weight.
McNeal er al. (1978) concluded
that kernel weight and number of
spikes/plant were good traits for
indirect  selection for yield
improvement. Kheiralla (1993)
found that direct selection for
spike length, kernel weight,
kernels/spike and spikes/plant
was accompanied by increases in
grain yield by 5.63, 5.90, 6.93
and 7.50% over the better parent
respectively, after two cycles of
selection. Ismail (1995) reported
that after two cycles of selection
in two populations of wheat, the
realized gains indicted that
heading date was reduced by

7.58% in population 1 and
3.66%, population 2 as compared
to the bulk. Zobel (1983)
proposed ‘indirect selection® or
‘associative breeding’ for traits
of interest according to their
association with yield. The two
main steps of the analytical
breeding approach have been
described by Clarke (1992) as: 1.
Screening and  selection of
potential parents in order to
assess the desired traits for the
incorporation of these
morphophysiological traits into
new cultivars. 2. Selection in the
segregating populations for the
morphophysiological traits rather
than selection for yield. The
objective of this study was to
develop wheat families through
two cycles of pedigree selection
in F; and F, generations for
earliness, greater kernel weight
and high yield.

Materials and methods

Plant materials: The
breeding materials used in this
study were the F; and F,
generations of two durum wheat
crosses. One hundred F, families
which traced back to 100 random
F, plants were used from each of
cross (1) Chahba 88 x Bani-
Swief 1 (Pop.1) and cross (2)
Carcomun x Sohag 3 (Pop.2).
Chahba 88 is a moderately early
variety, tall with high yielding
ability from Syria. Bani-Swief |
is a late variety. moderately short
and of high yielding capacity
from Egypt. Carcomun is a
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moderately early variety,
moderately short and of high
yielding ability from Mexico.
Sohag 3 is a late variety,
moderately tall and of yielding
potential from Egypt. The
experimental field trials were
carried out during 2004/2005,
2005/2006  and  2006/2007
seasons at the Experimentai Farm
of Faculty of Agriculture, Sohag
University, Egypt.

Field experiments: Individual
experiments were conducted for
each population. 100-F; familics
and the original parents were
sown on 16 November 2004 in a
randomized  complete  block
design with three replications.
The plot size was one row 3 m
long, 30 cm apart and 5 cm
between seeds within a row.
Days to heading was measured
on plot mean base as the number
of days from planting to the day
when 50% of the heads were
protruded from the flag leaf
sheath. At harvest time, ten
guarded plants from each family
in each replicate were taken to
measure the studied traits, namly
plant height (cm), spike length
(em), number of spikes/plant,
100-grain weight (g), biomass/
plant (g) and grain yield/plant
(g). The best 20 plants from the
best 20 families of both
populations for ecach of the
selection criteria: heading date,
100-kernel weight and grain
yield/plant were selected to give
the Fs-families. The Fi-families
of both populations were sown

on 15 November 2005 season in
a separate experiments as in the
previous season. The best 10
plants from the 10 promising
families were selected for each
three selection criteria. The
selected 10 promising families
were sown on 20 November
2006. Genotypic (G.C.V) and
phenotypic (P.C.V) coefficients
of variation were calculated on a
plot mean basis as outlined by
Miller et al. (1958). The realized
gain from the better parent for

the  selection  criteria  and
correlated  responses were
calculated. The revised LSD

(Petersen, 1985) was used to
compare the means.

Results and Discussion

F; base populations: The
analysis of variance indicated
highly significant differences
between F; families of both
populations for ail studied traits,
reflecting the genetic differences
among obtained lamilies. Wide
range in all the studied traits was
obtained confirming sufficient
genetic variation for selection,
Furthermore, the means were
accompanied with small
standard errors for studied traits
(Table 1). Sufficient variability
as measured by the phenotypic
(P.C.V.) and genotypic ((.C.V.)
coefficients of variability was
found for some studied traits in
both populations and present a
sufficient genetic variation for
selection in the base population
(Table 2). Population 2 (Pop.2)
revealed higher G. C. V. and
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Table(1): Mean squares, range, mean and standard error of studied
1 traits in the two base F3-families and their parents of the
two populations.

SOV Df | Meansquares q
Headin Plant Spike No 10?; Biomass a::r
= height length spike/ g S :
date (m) (cm) - plant weight (g) plant
al Lt g .
Population | ]
Replications 2 71.15* 3.50 301 256 0.13 662 93.71** |
F3-families | 101 | 4360%% 1 10478% | 441+ | 176%% | 244% | 111010%* | 3270+
| Ervor 202 | 1856 | 1634 1.63 287 0.13 13.11
Range < 35 5 s 27- 24.4-
61-139 J 73105 | 5 2-15 2 1315
Mean+ S.E 10599 | 8824 857 745 636 7038
nt S.E 072 | 2038 | 009 | 014 | 005 | s
N Bani-Swief | 97.67 98 87 8.40 747 564 [ 6116 |
iean Chahba 88 97 10603 | 843 | 873 | 537 6921
A __Population 2 JE
Replications T T 259 Jog 294 525*? 0707 7877
B e S N S e-d
F3-familics Cho | 213170 20348 1 ozer | paske | 136m | irsgrer | 2816
rEnor 202 9.76 15.13 148 131 023 1615 555
Range 55- 5 38 - s 134-
L B O ]y | 2 e | T s
+SF 99.08 870 | 869 6.71 6.14 5704 2106
Mean — - y " ,
+0.50 $050 | +008 | 012 | =004 =114 | 021
Mean | Sohag3 103 33 102.2 840 663 570 1 4521 ] 1617
Carcomun 9633 99 3.07 8.83 137 5516 2419

*, ** Significant at 0.05 and 0.01 levels of probability, respectively.

P.C.V. than population] (Pop.1)  Selection response: After two
for all studied traits except cycles of direct selection for
heading date, spike length and  grain yield/plant, which was the
100- grain weight. The highest best among the different
values of G.C.V. and P.C.V. selection criteria, used selections
were  particular  for no.  exhibited 29.30 for Pop.I and
spikes/plant  (23.11% and  24.55 g for Pop.2, respectively.
32.42%,) for base Pop.l and for  Meanwhile, after two cycles of
biomass (37.49% and 38.42%) indirect selection for 100-kernel
for first cycle of Pop.2, weight criteria produced 28.20 g
respectively using 100-kernel  for Pop.1 and 22.87 g for Pop.2.
weight criterion. The results are  The values of G.C.V. and P.C.V.
in agreement with those  decreased after two cycles of
obtained by Kheiralla (1993), selection with different criteria
Ahmed (2006) and Mahmoud  for grain yield/plant. Low
(2007). G.C.V. and P.C.V. or 1.97 and

3.16% (Pop.1) and 2.45 and 3.91

% (Pop.2) were obtained after
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two cycles for days to heading
and 100-kernel weight traits
using days to heading and grain
yield criteria as compared to
11.13 and 11.85% (Pop.1) and
10.00 and 12.69% (Pop.2) in the
base populations, respectively.
The pedigree selection
decreased G.C.V. and P.C.V.
from cycle one to cycle two

under different selection criteria
(Table 2). Falconer (1989) and
Ismail  (1995) stated that
selection reduces the variance.
These results are in line with
those obtained by Kheiralla
(1993), Mahdy et al. (1996),
Ahmed (2006) and Mahmoud

(2007).

Table(2): Means, phenotypic (P.C.V. %), genotypic (G.C.V. %)
coefficients of vartability for the studied traits in
population 1 (Pop.1) and population 2 (Pop2).

Criteria Popu- | Cy- | Days Plant | Spike [ No. 100- | Biom- | Gram
lation | cle to height | length | spike/ | gram ass yield
head- | (cm) | (cm) | plam | weight | (g) | /plant
— mg | SO T 1-) 20 B I ()
[ mean  |-Popl 1059 | 8824 | 857 | 745 | 636 | 7038 | 2560
F 7 [ Pop2 |1 9908 | 8470 | 869 | 572 2H00
ceve | Popl 1113 | 615 23 |7 : 2717 | 17
Buse | GOVe | g5 o3 [ 35 [ 2ii0 | oo | 34 | 130 |
| pcye, |Pop! 1185 | 767 | 1866 5
P Pop.2 1889 [ 1042 [ 1514
Pop.l | CI | 375 | 557 | 1084
Geve, | Peel [C21 197 | 682 [ 1536
Tl Pop2 [ CI | 369 | 957 | 582 5
Days to Pop2 | C2 | 49 [ 904 | 1178 1537
heading Popt | CI | 473 | 696 | 1956 1182 |
peve, | Popl [ C2 [ 316 | 764 | 1989 619
Pop2 | CL | 473 171035 [ 1429 0.63 |
] Pup2 | C2 | 538 | 974 [ 1448 1760
Pop.! | CI | 568 | 638 | 1652 918
Geve, |Popl | €2 [ 231 636 | 1166 409
100 : Pop2 | CI | 398 | 981 | 682 12.86
kemel | Pop2 [ C2 | 503 [ 711 | 743 1021
weight ( [ Pop1 | C1 | 651 | 748 | 2209 1129,
| pcve, PR €2 T3V T 71T 1630 | 1603 [ 534 | 15847 589
0 [TPop2 [ €| 739 T 1064 1512 13535 | 523 [ 3842 | 1391
Pop2 | C2 | 516 | 827 | 1050 | 2152 | 714 | 1580 | 1187
Pop T | CT | 745 | 543 71040 931 75 2515 268
Gevoe | Popd | €2 ] 204 1849 | IBTT | 1590 | 268 | 692 |
Gram Pop2 [CI [ 39 | 675 | 763 [ 995 | 619 | 1873 | 920
yeeld Pop2 [ C2 [ 549 [ 597 | 660 | 642 | 245 | 1041 | 467 |
plant Popl | Cl | 409 | 715 | 1925 [ 1246 | 866 | 2358 | 568
® peve, | Popl [C2 [ 504 7 901 [71996 | 1863 ] 391 | 786 | 317
T [Pop2 [CL [ 551 | 836 | 1541 | 2207 | 1141 | 1959 | 1250
Pop2_| C2 | 641 | 753 [ 972 | 1019} 361 ] 1093 [ 730 |
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Direct and indirect response:
The realized and correlated
response to selection for all
studied traits using different
selection criteria are shown in
Table 3. The present results
indicated that direct selection for
grain yield/plant was effective for
improving this character in both
populations. The direct selection
for two cycles for grain
yield/plant reached 15.18 and
22.12% from the better parent for
the two populations used.
However, two cycles of selection
for 100-grain weight produced
9.06% in Pop.1 and 16.38%
increase in grain yield/plant in
Pop.2 over the better parent. After
the second cycle of selection, days
to heading were decreased by
2467 and 13.72% (days to
heading) and by 7.48 and 1.49%
(grain yield) for Pop.l and Pop.2
compare from the better parent.
Selection for 100-grain weight
decreased days to heading by
10.77% in Pop.2 from the better
parent (Table 3). Mohamed and
Abo-El-Wafa (2006) reported that
direct selection for earliness was
more effective than indirect
selection. Moreover, genetic gains
were reported to be realized only
in the F, and F; generations
whereas negative or no progress
was realized in the later
generations (Goulas and
Stratilakis 1994). O'Brien et al.
(1978), Loeftler and Busch
(1982), Mahdy (1988) and
Kheiralla (1993) reported that
selection based on grain yield per

se was most effective in
increasing grain yield. Hqlbrook
et al. (1989), Abo-Elwafa and
Ahmed (2005) revealed that two
cycles of direct selection for yield
produced greater yield responsc
than other selection criteria. These
results are in line with those found
by Ismail (1995), Mahdy et al.
(1996), Afiah and Darwish
(2003), Abo-Elwafa and Ahmed
(2005), Ali (2005) and Mahmoud
(2007).

Means of superior families
selections: Means of grain
yield/plant  for thelO-superior
families after two cycles of
pedigree selection with different
selection criteria in the two
populations are shown in Table 4.
Means of grain yield/plant over
all  selection criteria;  grain
yield/plant, 100-kernel weight and
heading date were 29.30, 28.20
and 24.80 g in Pop.] and 24.55,
22.87 and 20.30 g in Population 2
(Table 4). The two families No.
46 and 83 were commonly
selected using the two selection
criteria; 100-kernel weight and
grain yield/plant in population |
which yielded 30.69 and 29.95;
28.54 and 29.53 g, respectively.
Population 2 shared the two
families No. 75 and 83 using the
two selection criteria; heading
date and 100-kernel weight (23.45
and 24.33: 23.13 and 24.68 g)
respectively. The present results
are agreement with those obtained
by (Ismail 1995 and Mahmoud
2007).
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Table(3): Direct and indirect response to selection measured in
p?rcentage from the better parent.

U

e

) “Daysto | Plant | Spike | No. [ 100 | Biomass | Grain
Critenia | Population | cycle | heading | height [ length { spike grain yield
/plant_ | weight | o
Cl -2.04 2.53 1.25 -197 -3.51 -3.15 .62
Popl S . - - \_r USRI SR — —
Days to C2 2467 | -953 2108 6.95 291 -1027 -2.80
hmding o _ i e _1 IR U
=22 * 33 22835
pop2 | 1| O | isgr | 1san | 0% | agope | B | 0O
(2| <1372 | 2616 | 2254 | -2193 | 036 J 733377 a2
_Cr [ o030 [ 0781 107 [ 256 [ 1s7 | 309 | -103
100 Pop.1 C2 3.88 0.00 -2.57 13.49 7.20 1.65 9 06
kef?‘gle" T Ci | <1047 1729 [ 387 1 1748 | -i47 | 834
weigh Pop2 . - - -
2 -10.77 14.17 | 1066 3.66
. Cl 122 082 | 119 | 411
.1 4
Grain Pop C3 | 748 | 388 | 1024 | 2271
yield  ———
fpl - -
(;;)ant Pop.2 _‘S[‘._* 962 13.04 1'1_708 558
L €2 049 ] 899 | 2483 | 1359 |

* ** Significant at 0.05 and 0.01 levels of probablhty respectlvely |

Table(4): Means of grain yield/plant for ten super families, after

second cycle of pedigree selection
selection criteria in population 1 and population 2.

using different

Selection L
cciteria Grain yield /plant, ¢ o o
N Popuation |
e Popilationd ]
Family No. i 6 7 ©) 0 2 4 65 | 86 | % [ Mean ] me,
?;;’;‘r‘; 2450 | 2486 | 2426 | 2658 | 24.10 | 2366 | 24 35j 2428 | 2758 | 2380 | 2480 | 181
[ Family No. 3 1 13 6 | @6 | 4 | 0 7 Tey e [T
100-grain 2770 | 2850 | 2839 | 27.96 | 3069 | 2776 | 2790 | 2804 | 2854 | 2652 | 2820 | 213
Weight /g
Family No. 6 9 12 13| 4 | 32 | @ | %0 52 83
“Camyed LT I T o
Elan:‘ ! 2859 | 2863 | 29.11 | 2875 | 3110 | 2903 | 2095 53 (07
Better parent T ‘
(Bani-Swief | 2567 | 2567 | 2567 | 2567 | 2567 | 2567 | 25.67
)
Population 2 )
\jamjly No. ] 25 36 F 46 49 (75) 76 LSDwn
Days to 1945 | 2278 | 1845 | 18102 | 1645 | 2345 | 2145 { 2313 [ 1765 | 2212 | 2030 [ 179
heading O
Family No. 1 S [ (i | 4 | 36 | 45 75 [ 8 | & | » 1
100-grain N P
g 2200 | 2262 | 2558 | 2500 | 1900 | 23.00 | 2433 | 2320 | 2468 | 1933 | 2287 [ 219
weight /g )
Faily No. M 2 noloen [ o2 3 41 “ | % %
g;::«' vield 1 o617 4 2403 | 267 | 2658 | 2483 | 217 | 2506 | 2200 | 2467 | 2535 | 2455 | 245
C— SO N ! P
217 7117 2117 7117 207 | 247 | 2007 | 2047 | 2047 | 217
(Camomun) ______________ R N - )
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Conclusion: In Pop.1, the best
two families No. 9 and 86 (days
to heading): 46 and 83 (100-
kernel weight); 24 and 46 (grain
vield) produced 2658 and
27.58; 30.69 and 28.54; 31.10
and 2995 g, respectively.
While, the best two families No.
75 and 83 (days to heading); 11
and 24 (100-kernel weight); 1
and 21 (grain yield) in Pop.2
produced 23.45 and 23.13; 25.58
and 25.00; 26.17 and 26.58 g for
each selection criteria; heading
date, 100-kernel weight and
grain yield. The results revealed

to that selection for early
heading resulted in earlier by
1450 and 10.25 % for both

populations after two cycles of
pedigree selection from the base
population, respectively. The
pedigree selection could be a
recommended way for selection
in durum wheat. Our results
indicated both  direct and
indirect selection improves grain
yield/plant as found relative to
direct and indirect responses of
selection with different selection
criteria in wheat.
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