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Abstract

This study was carried out at El-Giza Agric. Res. Station during
four seasons from 2005/2006 to 2008/2009 to evaluate the effect
of eight methods of selection indices on grain yield per plant ,
number of spikes per plant , number of kernels per spike and 100-
kernel weight of three bread wheat crosses.

Selection indices were

1- Bulk method as a control, 2- Number of spikes per plant
*5.1,", 3- Number of kernels per spike "S.I,", 4- 100-kernel weight
"S5.13" , 5- Number of spikes per plant and number of kernels per
spike withholding 100 kernel weight "S.1;;3" , 6-Number of spikes
per plant and 100-kernel weight withholding number of kerneis per
spike “S.I;35" , 7- Number of kernels per spike and 100-kerne
weight withholding number of spikes per plant “5.153,", 8- Number
of spikes per plant, number of kernels per spike and 100-kernel
weight “S.1;5;". After three cycles of selection in F2,F3 and F4, six
genotypes from each selection indices were selected from each
cross. A total number of 42 selected genotypes resulting from
seven selection indices and six bulk populations were evaluated for
grain vyield and vyield components. Single analysis of variance
demonstrated significant differences between selection indices in all
crosses. Genotypes significantly differed for all characters except
number of spikes per plant, 100 kernel weight and kernel weight
per spike in cross No. 1. The interaction between genotypes x
indices had significantly effected all characters except 100-kernel
weight in cross No.1 and 2 . Analysis of variance of selection
indices “M”, crosses “C” and genotypes or lines “G"” showed
significant differences except grain yield per plant. The interactions
between (C x M) , {C x G) , {M x G) and (M x C xG) had
significant effect. Results also, showed that the best selection
indices for number of spikes per plant was S.I;32 , for number of
kernels per spike was 5.1;23, for 100 kernel weight S.1; , for kernel
weight spike 5.I5 , and for grain yield per plant were S.1 153 and 8.1;
. Results alsoc showed that the three crosses significantly differed in
all characters except grain vyield per plant . Cross No.3 had the
highest number of spikes per plant , cross No.2 had the highest
number of kernels per spike, and cross No.1 had the highest 100
kernel weight , kernels spike weight and grain vield per plant .

INTRODUCTION

Wheat is the most important crop in terms of area and production and is the
staple food for more than one third of the world population. Wheat contributes more

calories and protein to the world diet than any other food crop. Low wheat production
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in Egypt means failure to achieve self-sufficiency due to the high increase in
population every year.

Therefore, efforts have been made to minimize the gap between production and
consumption through expanding wheat cultivated area in both Nile Valley and New
Reclaimed Areas and by improving productivity per unit area through breeding
programs .

Breeding methods play major role in developing high yielding cultivars, resistant
to diseases with better quality, Yield is a complex character controlled by a large
number of genes because it is affected by several yield components i.e., number of
spikes per plant , number of kernels per spike and 100-kernel weight .Therefore,
wheat breeders have been concerned with the simultaneous improvement of more
than one of these components . Each of these components may affect the practical
value of any genotype in varying degrees according to its importance.

Selection index is used by plant breeders to improve yield in different crops. But
selection indices have been criticized due the labor and time needed for computations,
at a busy period of the year .

In order to make progress in selection for a complex character as yield in wheat,
the breeder must know the total variation observed in segregating populations that is
due to the genetic compositicn and the best method of selection. Such information for
each of the yield components as well as the relationship between the components and
yield would help in determining the type of selection program to follow to obtain high
yielding wheat varieties.

Several investigators studied the type of selection effect in wheat genotypes .
kumar et al (1972) found that selection increased grain yield and 100 grain weight by
16.9% and 16.7 %, respectively . Virk(1973) found that the expected genetic advance
was 38.9 to 49.4 % for grain yield per plant and 5.2 to 19.9 % for number of kernel
per spike for two wheat crosses .Also , Ketata et al (1976) , Mitkees (1976}, Abo
Elenein et al (1977), Chandrappa et al (1977), McNeal et al (1978), Ageez (1981) and
Tammam (2004) reported that the expected genetic advance in grain yield and yield
components of individual plant in wheat by using single or more character selection
could improve wheat yield . Awad (1987), obtained genetic advance vaiues ranging
from 78.5 to 110.4% for grain yield per plant, 42.8 to 57.2 % for number of kernels
per spike, 35.3 to 52 for 100-kernel weight , 59.6 to 75.8 % for spike grain weight and
26.5 to 13.6 % for number of productive tillers per plant . Hamada (1988) found that
selection for yield and yield components in F2, F3 and F4 of wheat increased yield and
yield components of the individual plant. El-Sayed (1996),(2006) showed that
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restricted selection indices for number of spikes per plant , number of kernels per
spike and 100 kernel weight were affective in improving grain yield in most crosses.
The main objective of this study was to determine the values of selection indices

using different combinations of yield components to improve wheat grain yield .

MATERIALS AND METHODS

The breeding materialls used in the present study were F2 population , F3 and
F4 families and F5 lines of three bread wheat crosses drived from Sakha 8 x Sids 1
(Cross No. 1), Sakha 69 x Bow"S"/ Crow"S"” (Cross No. 2) and Giza 168 x Opata
(Cross No.3). Sakha 8, Sids 1 , Sakha 69 and Giza 168 are local cultivars while
Bow"S"/ Crow"s” and Opata were imported from CIMMYT. The three crosses were
chosen from a diallel crosses made and evaluated for combining ability in F1
generation for several agronomic traits (El-Sayed 2004). The three crosses included
the highest general combiners for grain yield and its components, i.e number of spikes
/ plant (X1), number of kernels/ spike (X2), 100-kernel weight (X3) and grain yield /
plant (X4).

Data were recorded on four agronomic characters in the seven different
selection indices (S.I) comparing with bulk method of selection. The selection indices

used in the present study were :-

1- Bulk method { as a control ).

2- Selection index for number of spikes / plant (S11) .

3- Selection index for number of kernels / spike (5 12) .

4- Selection index for 100 kernel weight (S 13) .

5- Restricted Selection index for number of spikes / plant and number of
kernels / spike withholding 100 kernel weight (S 112.3) .

6- Restricted Selection index for number of spikes / plant and 100-kernel
weight withholding number of kernels/ spike (S 113.2) .

7- Restricted Selection index for number of kernels / spikeand 100 kernel
weight withholding number of spikes / plant (S 123.1) .

8- Selection index for three components of yield in wheatnumber of spikes /

plant , number of kernels/ spike and 100 kernel weight (S 1123} .
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From 2005/2006 through 2007/2008 F2 , F3 and F4 plants of the three crosses
were grown at Giza Agricultural Research Station in a randomized complete block
design experiment with four replications . Seeds were space —planted at 10 cm within
rows spaced 30 cm. apart and four meters long. At harvest , grain vield per plant ,
number of spikes / plant , number of kernels / spike and 100-kernel weight were
recorded . The remained F2, F3 and F4 plants of each cross were harvested in bulk .
In 2008/ 2009 the selected genotypes of the eight indices were evaluated in Fs.
Derivation of optimum weighing coefficients

The formula used in the calculations of the various selection indices isthe
general index formula mentioned by Smith (1936) and Hazel (1943):-

I=Dbx+ bt + ... b Xn

Where

I = the single index value of the individual unit on which selection is based .
X:-——- X, = the phenotypic values of the traits

bs = weight to be given to the corresponding characters x, s .

The appropriate b s which maximizes the advance from selection are calculated

by the following formulas :
1- For improving a single character :
b = ha, (Kempthorne 1957).
2- For improving two characters while holding the third constant, i.e restricted
selection index:
B = { I, - PGc (CG. P'GC ) 'CG}P ™ Gai, Kempthorne and Nordskog
(1959).
3- For improving the three characters:
b = PGai, Smith (1936) and Hazel (1943).
Where,
In = the identity matrix.
P'= the inverse matrix of phenotypic variances and covariances.
G = the matrix of genctypic variances and covariances,
GC = the vector, from the G matrix , consisting the column of the character which
wanted to be kept constant ,
a; = the vector of relative economic importance value of each character.

The relative economic value of each trait depends on the amount of profit
expected to increase each unit of improvement in that trait. Good approximations to
relative economic values often can be obtained from long time price average and cost-
of- preduction figures, Hazel (1943). The most bothersome of statistics needed were

the economic weight to be assigned to each trait. A considerable element of
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arbitrariness had to be resorted to, in the choice of economic weight, first because
they were impossible to determine accurately and second because they are not
constant { Lerner 1961).

The prices of wheat per Ardab (one ardab = 150 Kg. of seed), in the last season
of selection was 270 Egyptian pounds (Statistical Management, Department of
Agricultural Economy, Ministry of Agriculture, A.R.E. 1990). The relative economic
values for the different characters were estimated from data of F2 , F3 and F4
generations and prices as follows.

1- One plant of wheat is equal to 0.025 Egyptian pound.

2- Price of kernels per one spike is equal to 0.003 Egyptian pound.

3- 100 kernel weight is equal to 0.012 Egyptian pound.
Calculation of selection indices

The phenotypic value of the simple index value of a plant was estimated by
using the formula outlined by Smith (1936) and Hazel (1943} as :-

I= "Zi = bixi

Where ,bi is the weighing factor and xi is the phenotypic value for the traits,

Phenotypic and genotypic variance were calculated by the analysis of
randomized complete blocks design as described by Miller et al (1958) and Steel and
Torrie (1980) on plot mean basis .

Calculation of phenotypic and genotypic covariances generations between pairs
of traits , followed the same form as variance analysis , as suggested by Handerson
(1953) .

After three cycles of selection indices in the F2, F3, and F4, six lines were
produced from the selection indices for cross. This genotypes were evaluated in F5.

In 2008/2009, 48 genotypes for each cross (42 lines from seven selection
indices and six bulk population) were sown in a split-split plot experiment with four
replications. Selection indices were allocated in the main plot , crosses were in the sub
plots and genotypes were in sub-sub plots. Each line was planted in two rows with 3.0
m long, 30 ¢cm apart and 10.0 cm between plants. At maturity, 20 guarded plants
were harvested from every plot and data were recorded for number of spikes / plant,
number of kernels / spike , 100- kernel weight, kernel spike weight and grain yield /
plant . The other cultural practices were carried out as recommended for wheat
production in the region .

Data were subjected to analysis of vartances according to Snedecor and Cochran
{1967). Also, single analysis for three crosses of the seven methods of selection
Indices were compared with bulk method as RCBD to compute the significance for

genotypes, selection indices and their interaction.
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The Least Significance differences (L.S.D.) test at 5% level of probability, was
used to compare means according to Steel and Torrie (1980) .

RESULTS AND DISCUSSION

1- Analysis of variance

Results will be presented with regard to the performance of six F5 genotypes
derived from three bread wheat crosses for each selection indices.

The performance of the F5 genotypes was evaluated in terms of the
effectiveness of eight selection methods of phenotypic or visual selection for the five
agronomic characters .

Single analysis for each cross, selection indices, F5 genotypes and their
interaction are presented in Table 1.

Mean squares for indices of selection “M” differed significantly for all the five
characters in all crosses.The differences among genotypes “G" in number of spikes per
plant, number of kernels per spike , 100 kernel weight, kernels spike weight and grain
yield per plant were significant except in cross No.1. On the other hand , the
interaction between genotypes and selection indices “MxG” significant effect on all
characters except 100 kernel weight in cross No. 2 .

Meah squares of overall analysis for the six lines derived from three bread wheat
crosses and eight selection indices are presented in Table 2. Results showed highly
significant differences were observed among the three crosses except for grain yield
per plant, Also exhibited highly significance effect for the interaction between selection
indices and crosses, selection indices and genotypes, crosses and lines and the
selection indices , Indicating different response to selection indices according to the
cross and the indices.

These results are in agreement with those obtained by Ageez (1981), Hamada
(1988), El-Sayed (1996) and E!-Sayed (2004).
2-Mean performance
2.1- Number of spikes per plant

Data in Table 3 indicated that the average number of spikes per plant ranged
from 17.29 in cross No. 1 to 18.33 in cross No. 3 with an average of 26.41 in selection
index No. 6 and from 13.2 to 11.95 in the index No.7 (5.123.1) . The best genotype
was No. 5 in the cross No. 1 with an average of 17.84 while cross No. 2 recorded the
highest number of spikes per plant cross No. 3 and in over all mean with values of
19,28, 19.80 and 18.76 spikes per plant, respectively .

The best selection index was selection index No. 6 (5.1 13.2 ) in the crosses No.
1,2 and 3 with averages of 26.97 , 27.65 and 24.62, respectively. Meanwhile, selection
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index No. 7 { S.I 23.1) had the iowest number of spikes per piant in the three
crosses.These results are in line with those obtained by Ei-Sayed (1996) , (2006) and
Tamimam (2004},
2.2-Number of kernels per spike

Data for number of kernels per spike are presented in Table 4 . The data
showed that the average values of the three crosses were 41.40, 413.65 and 43.27,
respectively . The best selection index for number of kernels per sq’ike was method
No. 8 (S.I 123 ) with the value of 54.28 followed by No. 3 (S.I1) anp No.5(5.112.3 )
with values of 52.93 and 50.66, respectively; On the other hand, the buik selection
method recorded the lowest number of kernels per spike .Genotypes No. land 4in
cross No. 1, genotype Ne. 3 and 2 in cross No. 2, No. 3 and overalll‘mean gave the
highest number of kernel per spike . Generally indices No. 3 (S.12), No. 5 (5.1 12,3 )
and No. 8 ( S.I 123 ) produced the highest number of kernels per spilFe in all crosses
and over all mean . These results are in agreement with those rqported by Virk
(1973), Mitkees (1976) , Abo.Elnein ef &/ (1977) , Ageez (1981),: Awad (1987),
Hamada (1988), El-Sayed(1996} and (2006) and Tammam(2004). |
2.3 - 100 kernel weight

Average of 100 kernel weight (Table 5) for the three crosses were 4.874 ,
4.771,4.371 gm, respectively and it was 4.671 for over all crossgﬁs . The best
genotypes in the three crosses were No. 1 and 5 with the values of 4.p21 and 4.954
gm , in cross No. 1, genotypes No. 2 and 5 gave 4.970 and 4.789 gm. [n cross No.2 ,
genotypes No. 1 and 2 with 4.42 and 4.486 gm. in the cross No. 3 genotypes No.l
and 2 with 4.704 and 4.761 gm.

On the other hand the best selection indices for cross No. 1 were 4 (S.I 3), 3
(S.I 2) and 7 (5.1 23.1 ), for cross No. 2 were 4(S.I 3}, 3(S.12) ,6 (S 13.2) and 7
(S.I 32.1), for cross No. 3 were 3(S.I 2). 7 (S.I 23.1 ) and 8 (S.I 123 ) and over
crosses were 4(S.1 3) ,3 (512}, 6 (5.0 13.2) and 7 (S.I 23.1 ), respeLtively. These
results indicated that selection indices No. 4(S.I3) and No. 7 (5.1 23.1) were more
effective in improving 100-kernel weight. Similar result were obtained by Kumar
{1972), Ageeza (1981), Awad 1987), Hamada (1988), Tammam(2004) and
EL-Sayed (2006) .
2.4- kernel weight /spike

Selection indices significantly affected kernel weight / spike of all cases. The
highest kernel weights /spike were 1.549 gm. for selection index No. 3 (S.I 2),and
2.742 gm. for selection index No. 4 (S.I 3) .Also, selection indices No.4 (S.I 3) and No.
7 (S.I 23.1) existed in cross No.1 with the values of 2.795 and 2.822 gm., bulk
method and selection index No.4 (S.I 3) existed in cross No. 2 with the values of
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2.338 and 3.017 gm., respectively, and selection indices No. 4 (S.I 3) and No.7
(S.I 23.1) existed in cross No.3 with the values 2.413 and 2.318 gm., respectively .

On the other hand cross No.1 had a heavy kernel weight . Moreover, genotypes
No. 2 and 6 in ctoss No. 1, No. 2 and No. 3 in cross No. 2, No. 2 and 5 in cross No. 3
and over all mean were the highest in kernel weight/ spike . These results are in
agreement with those obtained by Awad (1987), Hamada (1988), Tammam (2004)
and EL-Sayed (1996) and (2006) .
2.5- Grain yieIL:I per plant

Regarding’ grain yield per plant Table 7, average of grain yield per plant were
55.12 , 54.78 ahd 55.09 gm, for the three crosses, respectively, with an over all mean
of 54.99 gm. The best selection indices for grain vield per plant were No. 8 (5.1 123)
and No. 2 (S.Ilb with the values of 80.88 and 75.44 gm , respectively . Also selection
indices No. 8 4nd No. 2 recorded the highest value of grain yieid per plant in all
crosses, while bulk method and selection index No.5 (5.1 12.3 ) were produced the
lowest value of grain yield per plant in all crosses and overall mean .

The best genctypes which gave higher grain yield per plant were genctype No.
2 in cross No. 1 with 78.94 gm., No. 2 and 3 in cross No. 2 with 58.49 and 58.44 gm.,
No.2 and 6 in cross No. 3 with 58.9 and 56.28 gm. and No. 2 and 3 in the over all
crosses with 56.99, 56.45 gm., respectively . These results are in line with those
obtained by Adgeeze (1981), Awad (1987) , Hamada (1988) , Tammam (2004) and EL-
Sayed (1996) and (2006} .
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Table 1. Mean squares for the studied characters in three bread wheat Crosses
using eight selection methods.
SofV. | ar. | cr1 ] cr2 I cr3
No. of spikes /plant
Replication 3 6.445 20.261 4.49
Methods “M” 7 602.178** 631.667%* 455.975%*
Genotypes “G” 5 5.035 22.112%* 20.423**
Mx G 35 3.630** 8.398** 8.485%*
Error 141 1.958 2.904 3.852
No. of Kernels /spike
Replication 3 8.871 27.426 22.06
Methods “M” 7 1606.994** 3503.518** 2023.251**
Genotypes “G"” 5 24.673** 52.595%* 66.706**
MxG 35 36.149%* 41,140%* 70.848*=*
Error 141 4.384 8.353 18.411
100 -kernel weight
Replication 3 0.170 0.103 0.224
Methods "M” 7 3.752%* 16.133** 6.415%*
Genotypes "G" 5 0.084 0.396%* 0.193**
MxG 35 0.055 0.107 0.143**
Error 141 0.053 0.089 0.044
Kernels spike weight
Replication 3 0.006 -0.018 0.005
Methods “M” 7 6.047** 12.579%* 5.368**
Genotypes “G” 5 0.139 0.221** 0.135%*
MxG 35 0.094** 0.068%* 0.091**
Error 141 0.051 0.014 0.021
Grain yield / plant
Replication 3 220.819 208.800 196.317
Methods “"M” 7 4477.074** 5506.788** 7790.938**
Genotypes "G” 5 99.320%* 388.198** 259.654%*
MxG 35 45.851** 110.286%* 48.120**
Error 141 21.190 23.859 19.586

* and ** significant at 0.05 and 0.01 probability levels , respectively

Table 2. Mean squares for yield and its components indices in three bread wheat
crosses, selection indices and the interactions .

No. of No. of 100- Kernel Grain yield /
S.of V., 4a.r. spikes / kernels / kernel spike plant

plant spike weight weight
Replication 3 23.704 25.420 0.273 0.007 557.451
index “M" 7 1587.449** 5959.057%* 21.570** 21,543+ 16848.140**
Error (a) 21 14,908 20.804 0.156 0.037 125.047
Crosses “C” 2 56.726%* 276.864%* 13.242%% 2.189** 6.451
MxC 14 51.163** 587.353** 2.365%* 1.225%* 463.330%*
Error (b} 48 3.563 18.066 0.112 0.038 51.314
Lines “L” 5 26.180** 51.599** 0.315*%* 0).289** 495.196%*
Mx L 35 9,135%* 27.216%* 0.118** 0.096** 140.045**
CxL 10 10.695** 46.203** 0.180** 0.103** 125,988**
MxCxL 70 5.689** 60.461%* 0.093*x 0.079** 32.106%*
Error {c} 360 2,131 8.852 0.050 0.026 11.750

*, ** Significant at probability 5% and 1% respectively
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Table 3. Mean performance for number of spikes / plant in six bread wheat families
using eight selection indices.

Characters selaction Genotypes Overall

indices I 2 3 4 5 6 mean

1 11.21 15.50 15.00 | 11,25 | 1625 | 12.75 13.66

2 2245 21.70 2236 | 21.76 | 21.88 | 20.64 21.80

B 3 14.85 13.89 13.93 { 13.75 | 13.77 | 14.00 14.03

4 16.17 16.96 1736 | 17.21 | 1740 | 16.65 16.96

Cross 1 5 17.10 16.25 18.75 | 1750 | 19.25 [ 18.00 17.81

6 26.67 26.66 27.37 | 27.64 | 26.69 | 26.80 26.97

' 7 11.37 11.34 1130 | 11.53 [ 11.06 | 11.58 11.36

3] 11.54 15.30 15.73 | 16,73 | 1639 | 14.90 15.76

Mean 16.92 17.20 17.72 | 17.17 | 1784 | 16.91 17.29

1 16.50 17.00 15.75 | 15.00 | 14.50 | 11.50 15.04

2 24.07 25.57 27.37 | 21.23 | 2375 | 23.74 24.29

3 16.22 17.29 17.79 | 18.21 | 18.27 | 16.77 17.43

4 14.38 15.00 1440 | 148% | 1535 | 14.99 14.82

Cross 2 5 16.25 23.00 17.50 | 13.25 | 15.75 | 16.25 17.00

6 27.55 27.39 28.57 | 2748 | 27.91 | 27.03 27.65

7 13.10 13.08 13.57 | 1179 [ 1277 | 12.90 12.87

8 15.30 15.89 16.13 | 15.53 | 15.88 | 15.77 15.75

Mean 17.92 19.28 1888 | 17.16 | 18.02 | 17.37 18.11

1 15.00 23.00 14.50 | 18,50 | 1575 | 14.75 16.92

%2 24.90 23.47 23.74 | 24.08 | 23.00 | 24.08 2388

3 13.80 15.34 14.60 | 13.91 | 1498 | 14.63 14.46

L 4 16.66 18.55 1743 | 18.07 | 17.00 | 17.88 17.77

Cross 3 5 17.25 22.25 19.75 | 16.25 | 17.00 | 172.75 18.38

6 24.82 25.07 24.81 | 25.36 | 22.33 | 25.32 24.62

7 12.27 11.64 11,57 | 1098 | 12.16 | 11.13 11.62

8 | 18.18 19.11 20,35 | 1958 | 1853 | 18.08 18.97

Mean 17.86 19.80 18.34 | 1847 | 1753 | 17.95 18.33

1 14.24 18.50 i5.08 | 14.92 ! 1550 | 13.00 15.21

2 23.80 23.58 2449 | 2236 | 22,88 | 22.82 23.32

L 3 14.96 15.51 15.44 | 15.29 | 1550 | 15.13 15.31

4 15.74 16.84 1640 | 17.03 | 16.58 | 16.51 16.52

Mean 5 16.87 20.50 18.67 | 1567 ; 17.33 | 17.33 17.73
6 26.34 26.37 2692 | 26.83 | 25.64 | 26.38 | 2641 |

7 12.25 L 12.02 12.14 | 11,43 | 1199 | 11.87 11.95

8 16.34 16.76 1740 | 17.28 | 16.93 | 16.25 16.83

| Mean 17.57 18.76 18.32 | 1760 | 1780 | 1741 17.91

Indices Crosses | Genotypes MxC MG oG MACXG
LS.D at 5% M c G
1.34 0.39 L 0.41 1.10 1.17 0.72 2.02
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Table 4. Mean performance for number of kernels / spike in six bread wheat famifies
using eight selection indices.

selectio Genotypes Overaﬂ
Characters
n indices I 2 3 4 5 & mean
1 32.35 33.26 33.36 33.97 32.23 36.06 33.54
2 41.26 42.46 35.86 39.82 39.52 41.11 40.00
3 50.56 52.65 52.00 55.66 48.75 53.90 52.25
4 37.33 36.96 36.20 35.02 36.38 35.81 36.28
Cross 1 5 54.06 37.16 36.99 36.92 37.16 36.40 39.78
6 39.24 41.56 42.93 42.46 39.54 41.76 41.25
7 32.43 34.07 33.16 31.86 31.40 35.15 33.@
8 53.99 7 55.76 55.95 52.66 56.83 55.46 55.11
Mean 42.65 41.26 40.80 41.04 | 32.23 41.96 41.40
1 31.27 34.37 34.31 34.52 33.82 |-34.19 33.75
2 47.08 45.26 45.40 44,50 48.00 | .51.56 46.97
3 54.78 56.26 59.60 56.11 60.01 58.37 57.52
4 32.70 32.84 34.26 37.46 38.11 29.97 34.22
Cross 2 5 52.10 65.10 65.10 57.12 54.78 45.97 56.69
6 30.95 31.57 32.28 32.01 31.03 30.35 31.36
7 30.82 32.00 32.66 3247 32.67 30.76 31.90
B8 54.63 56.99 58.74 58.29 53.34 58.66 56.78 |
Mean | 4179 | 4430 | 4529 | 44.06 | 43.97 | 4248 | 43.65
1 49.92 35.24 35.30 35.66 34.68 33.20 37.33 |
2 43.71 57.79 60.56 48.18 4524 | 50.59 51.01
3 46.03 49.61 50.11 51.92 48.15 48.33 49.02
4 33.25 35.07 32.93 33.08 34.55 33.50 33.80
Cross 3 5 44.72 61.42 53.39 56.87 57.87 59.29 55.51
6 30.56 34.31 35.36 32.65 36.16. | 32.91 33.65
7 35.01 35.18 34.92 35.26 33.36 35.36 34.85
8 48.55 53.57 54.59 45.82 50.63 52.51 50.95
Mean 41.47 45.27 44.64 42.93 42.52 43.26 43.27
1 37.85 34.29 34.32 34.72 33.57 | 34.48 34.87
2 44,02 48.50 47.27 44.16 44,25 | 47.75 45.99
3 50.46 52.84 53.90 54.56 52.31 53.54 52.93j
- 4 3443 34.96 34.47 35.19 36.35 33.23 34.77
Mean 5 50.29 54.56 51.83 50.30 49.77 47.22 50.66
6 33.58 35.81 36.85 35.71 3557 35.01 35.42
7 32.75 33.75 33.58 33.19 32.48 33.75 33.25
8 52.39 55.44 56.43 52.26 53.60 55.54 54.28
Mean 41.97 43.77 43.58 42.51 42.24 42.57 42.87
Indices Crosses | Genotyp MrC MG o6 MXCAG
L.5.D at 5% M C es G
1.54 0.88 0.11 2.48 0.31 0.19 0.54
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Table 5. Mean performance for 100- kernel weight in six bread wheat families using
eight selection indices .

, selectio Genotypes
Characters | n Overall
 indices 1 2 k4 4 5 6 mean
, 1 4.349 4.426 4.319 4.406 4.667 4.598 4.461
2 4.457 4.459 4.496 4.490 4.594 4.555 4.524
| 3 5.119 5.105 5.130 5.215 5.145 5.094 5.135
4 5443 5.071 5.421 5.488 5.421 5.540 5.398
Cross 1 5 4.558 4.555 4.423 4.417 4.580 4.340 4,479
6 5.298 5.07% 4.996 5.107 5.200 4.980 5.110
7 5.288 5.276 5.308 5.077 5.395 5.381 5.287
8 4.858 4.548 4.662 4.540 4.630 4.352 4.598
Mean 4.921 4.826 4.844 4.843 4.954 4.855 4.874
1 3.078 3.018 3.014 3.067 3.0505 2.992 3.029
2 4.470 4.370 4.230 4.402 4.448 4.326 _ 4.374
3 5.295 5.393 5.350 5.250 5.491 5.359 ] 5.356
4 5.520 5.601 5.358 5.608 5.336 5.586 5.502
Cross 2 5 4.647 5.047 4.535 4.323 4.431 4.215 4.533
6 5.304 5.598 5.303 5.524 5.610 5.097 5.406
) 7 5.171 5.335 5.077 5.262 5.151 5.151 5.191
8 4.627 5.400 4.368 4.711 4.837 4.719 4.777
Mean 4.764 4.979 4.654 4.768 4.78%9 4.681 4.771
1 3.145 3.341 3.092 3.212 3.061 3.172 3.170
2 4.556 4.360 4.441 4.370 4.408 4.403 4.423
3 4.822 4.666 4.574 4.861 4,912 4.653 4.748
4 4.589 4.726 4.571 4.656 4.614 4.551 4.618
Cross 3 5 4.207 4.676 4.129 4,250 4.186 4.309 4.300
6 4.975 4.421 4.541 4.749 4.444 5.064 4.659
7 4.818 4.742 4.621 4.761 4.605 4.677 4.704
8 4.310 4.958 4.461 4.411 4.105 3.852 4.350
Mean 4.428 4.486 4.304 4.414 4.292 4.335 4.371
1 3.524 3.595 3.475 3.562 3.578 3.587 3.553
P 4.454 4.427 4.389 4.420 4.484 4.428 4.440
3 5.079 5.054 +.018 5.109 5.183 5.035 5.080
4 5.184 5.133 5.117 5.251 5.124 5.226 5.172
Mean 5 4.471 4.760 4.362 4.343 4,399 4.288 4.433
6 5,192 5.033 4.947 5.127 5.085 5.047 5.072
7 5.092 5.118 5.002 5.033 5.050 5.070 5.061
8 4.598 4.969 4.497 4.554 4.524 4.308 4.575
Mean 4.704 4.761 4.601 4.675 4.678 4.624 4.671
Crosses | Genotyp
LS. at 5% indices M c s G MxC MxG CxG MxCxG
0.133 0.069 0.063 0.179 0.194 0.110 0.310
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Table 6. Mean performance for kernels weight / spike in six bread wheat families
using eight selection indices.

selectio Genotypes — overall
Characters n
indices 1 2 3 4 5 i mean
1 2.077 2.493 QL | 1.720 1.785 2/053 1.975
2 2.017 2.027 1944 | 1.899 | 1.954 | 1993 | 1.973
3 1.727 1.872 1934 | 1.883 | 1793 | 1889 | 1.849
4 2.726 2.813 2831 | 2718 | 2.899 | 2785 | 2.795
Cross 1 5 1.650 | 1.810 | 1918 | 1718 | 1.835 | 1,883 [ 1.802
6 1.674 1.700 1.644 | 1350 | 1.600 i 1741 1.618
7 2643 | 2675 | 2660 | 2820 | 3.278 | 2858 | 2.822
8 1.410 1.477 1438 ] 1.505 | 1.453 iJ.ﬁees 1.491
Mean 1.991 2.108 2011 [ 1951 | 2075 ! 2308 | 2041
1 2.207 2.840 2467 | 2337 | 2335 | 1963 | 2358
2 1.761 1.7%4 1793 | 1597 | 1875 | 1623 | 1.740
3 1.338 1.337 1344 | 1376 | 1330 | 1.266 1.322
4 2.876 3.046 3.013 | 3.023 | 2929 | 3417 | 3.017
Cross 2 5 1.825 1.993 2.347 | 2222 | 2148 | 1975 | 2.055
6 1.633 1.786 1734 | 1791 | 182 | 1598 | 1727
L7 2,803 2.992 3.015 | 2938 | 3.075 | 3.012 | 297
8 0.965 1.028 1.028 | 1.045 | 1.007 | {.015 | 1.012
Mean 1.924 2.102 2105 | 2.041 | 2.065 | 1.924 | 2.027
1 2.090 2.435 2.225 | 2152 | 2.260 A32 | 2.216
2 1.543 1.688 1518 | 1569 | 1.723 564 | 1.601
3 1.363 1.475 1.545 | 1400 | 1.574 432 1.465_|
4 2.319 2.477 2474 | 2308 | 2.480 423 | 2413
Cross 3 5 2.250 2.702 1.887 | 1.795 | 1712 | 1.847_ | 2.032
6 1.720 1.562 1598 | 1.756 | 1.702 | 1801 | 1.690 |
7 2.195 2.386 2385 | 2317 | 2299 | 2324 | 2318
8 1.020 1.086 1.087 | 1.120 | 1.056 | 0.984 | 1.059
Mean 1.812 1.976 1840 | 1.802 ! 1.851 | '1.813 | 1.849
t 2.125 2.589 2137 | 2070 | 2127 | 2.049 | 2.183
2 1.774 1.836 1752 | 1.688 | 1.851 | 1.727 | 1771
3 1.467 1.561 1608 | 1553 | 1565 | 1.529 | 1.549
4 2.639 2.779 2.806 | 2.683 | 2.769 | 2775 | 2742
Mean 5 1.908 2.168 2051 | 1912 | 1.898 | '1.842 | 1963
6 1.675 1.683 1659 | 1632 | 1.708 | 1713 | 1.678
7 2.547 2.684 2687 | 2692 | 2884 | 2713 | 2704
8 1,129 1.197 1.183 | 1223 | 1172 | 1227 | 1.188
Mean 1.909 2.062 1985 | 1.932 | 1997 | 1948 | 1.972
o Crosses | Genotyp
LS.D at 5% indices M ¢ esG MxC MxG CxG MxCxG
0.066 0.040 0.166 0.114 | 0.130 | 0.079 0.225
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Table 7. Mean performance for grain yield / plant in six bread wheat families using

eight selection indices.

seléction Genotypes Overall
Characters )

int!ﬁces _‘ 1 2 3 4 5 [ mean
b 46.70 43.64 39.69 44.08 41,38 42.47 42.99
12 58.77 65.87 57.58 70.23 71.14 68.96 67.09
3 54.32 57.13 60.91 58.52 59.77 62.01 58.77
LA 48.19 41.88 49.23 47.86 47.56 45.08 46.70
Cross 1 L .5 43.56 35.67 42.87 41.30 44.03 47.29 43.12
3] 45.75 45.66 43.02 42.37 43.13 46.26 44.36
‘7 51.13 55.82 59.61 54,41 60.09 60.43 56.91
18 | 70.06 78.94 87.90 §6.00 82.80 80.13 80.97
pgan 5231 78.94 5635 | 5529 | 56290 | 658 | 5512
1 40.04 61.99 42.74 35.16 35.16 33.75 42.30
L2 61.82 72.35 81.72 72.64 72.64 77.29 74.01
3 47.55 50.71 54.63 46.23 46.23 54.16 50.91
r_ 4 44.84 47.40 50.60 45.69 45.69 46.68 46.65
Cross 2 ! b 36.92 43.02 53.09 36.06 36.06 36.38 40.39
[» (? 46.73 48.47 48.18 46.35 46.35 46.93 46.92
? 52.28 59.00 51.82 53.06 53.06 57.20 55.29
3‘3 §5.64 85.00 85.44 85.61 85.61 84.86 81.80
Malan 49.48 58.49 58.44 52,50 52.60 54.66 54.78
}l 34.40 47.19 37.23 35.74 36.21 35,34 37.68
? 72.73 85.38 88.45 90.41 87.20 87.14 85.22
:} 53.71 55.15 36,22 53,22 33,73 57.33 54,89
4.; 48.06 50.65 46.16 48.86 50.43 49.17 48.90
Cross 3 $ 34.42 45,61 36.75 34.00 36.67 36.30 37.29
ﬂ.’ 46,16 47.67 46.13 47.97 46.24 48.73 47.15
7] 45.63 54.46 47.02 50.20 48.29 52.45 49.67
g 66,31 85.07 72.75 82,89 83,39 83.82 79.87
Mean 50.18 58.90 54.46 55.42 55.27 56.28 55.09
; 1 40.38 50.94 39.88 39.97 37.58 37.19 40.99
L E| 64.44 74.53 75.25 79.63 76.99 77.80 75.44
K| 51.86 54.33 57.25 34.64 53.24 57.83 54.86
9 47.05 46.64 48.56 47.16 48.03 46.98 47.42
Mean 5 38.30 42.77 44.23 37.38 38.92 35.99 40.27
<] 46.21 47.27 45.78 45.07 45.24 47.31 46.15
7 49.68 56.42 52.82 54.32 53.81 56.89 53.96
8; 67.34 §3.00 83.70 84.39 83.93 82.94 §0.88
4 Mean 50.66 56.99 56.45 55.32 54.72 55.84 54.99

indicgs M Crosses C Genotypes G MxC MxG CxG MxCxG

L.S.D st 5%
3.865 n.s. 0.967 4.167 2,735 1.675 4.737
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