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ABSTRACT

This investigation was carried out in four winter seasons: 2017--18 (F2), 2018-19 (F3), 2019-20 (F4), and 2020—
21 (Fs) at Sakha Agricultural Research Station, Kafr El-Sheikh Governorate, Egypt, to study the comparison
between three breeding methods: pedigree, bulk, and single pod descent for improving seed vyield in
segregating generations of faba bean crosses: (1) Triple White x Giza 429; (2) Ohishima-Zaira x Giza 429; (3)
Giza 40 x Giza 429; and (4) Ohishima-Zaira x Foul Sbai labiade. The pedigree method had a superiority over the
other two breeding methods for almost all studied traits in all crosses of the three generations, except for the
cross 1 of the Fs4 generation and the cross 4 of the Fs generation, where the bulk method had a superiority.
Narrow-sense heritability estimates were moderate in the four studied crosses of the three generations, with
few exceptions. Predicted genetic advance estimates were moderate for the number of branches, pods, seeds,
and seed yield per plant in all crosses of the three generations. While the same estimate was low for chocolate
spot disease, flowering date, plant height and 100-seed weight in approximately all crosses of the three
generations. Comparable predicted genetic advances were observed with respect to the two breeding methods
for chocolate spot disease in Fz and F4 generations. while bulk exceeded that for single pod descent in the Fs
generation. The bulk method had a superiority over single-pod descent in the three generations for the number
of pods and seeds per plant. The bulk method exceeded that for single pod descent in the Fs generation for
seed yield per plant. Broad-sense heritability was moderate under bulk as well as single pod descent methods
for plant height, number of branches, pods, and seeds per plant, and seed yield per plant. Predicted genetic
advance was considered moderate in most cases, except for chocolate spot disease in the cross 3 and 4 of all
generations, rust disease in the cross 3 of F3 and Fs-generations, and flowering date in all crosses of all
generations where the values were considered low.

Keywords: Pedigree, bulk, single pod-descent, narrow-sense heritability, predicted genetic advance,

segregating generations.

INTRODUCTION

Faba bean (Vicia faba L.) is one of the most important seed legumes in prone regions of North and East
Africa, especially in Egypt, and is common in the northern provinces of Sudan along the Nile Valley. not only
because of its high protein content, which ranges from 24 to 33% (Winch, 2006), but also because of its use in
preparing several local dishes. It plays an important role in world agriculture owing to its ability to fix
atmospheric nitrogen and grow and yield well on marginal lands. The breeder should know the type of gene
action of the quantitative traits because this is the main determinant in the choice of selection and breeding
procedures. The national faba bean area in the 2020/21 season was about 50.400 hectares with an average
productivity of 281.000 tons and an average seed yield of 3.69 tons per hectare, which covers about 41% of our
essential human consumption needs (Source: Annual Report of Field Crop Research Institute, ARC, Egypt,
2022). It brings the plant breeder’s attention to breed faba beans suitable to grow in arid conditions with high
yielding ability, high total protein content, and early maturity. However, successful breeding programs will
depend on the magnitude of genetic variation in the population. Moreover, reliable estimates of genetic and
environmental variations will be helpful to estimate heritability and, consequently, predict genetic advance
from selection. Increasing seed yield and improving its stability, along with resistance to foliar diseases
(chocolate spot and rust) are the main objectives of most breeding programs. Several selection procedures
(pedigree selection, bulk population breeding, and single pod descent) have been proposed for improving the
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seed vyield of self-pollinated crops. Knowledge about the relative efficiency of the different methods may
immensely help the plant breeder in choosing a better method to adapt of a particular crop.

Since, selection based on single plant basis in F2 was not effective. Shebeski (1967) suggested that, a
large number of F2 plants may be selected and their F2 progenies will be based on their actual yields or their
yields expressed as percentage of adjacent control. Pedigree selection is the convention method of
accumulating genetic recombination in each generation. The heterozygosity in early generations makes the
efficient identification and selection of recombinant genotypes more difficult. Repeat pedigree selection can
increase homozygosity, but many generation cycles are required to reach homozygosity in loci associated with
agronomic traits. The single pod descent method can be used to obtain homozygous inbred by accelerating
generation cycles, but its application is dependent on growth habit of plant materials used (Wolf-Quintero, et
al. 1998).

Many investigations have been conducted to compare the efficiency of breeding methods for
segregating generations of faba bean (Shalaby et al. 2001; Ashrei, 2006; Abo Mostafa et al. 2014; Ibrahim,
2015).

The main objectives of this investigation were to evaluate the effectiveness and comparison of
pedigree, bulk and single pod descent (SPD) breeding methods on improving resistance to foliar diseases
(chocolate spot and rust), earliness and seed yield and its components in faba bean.

MATERIALS AND METHODS

This investigation was carried out in four winter seasons, i.e., 2017-—18 (F2), 2018-19 (F3), 2019-20 (Fa),
and 2020-21 (Fs), at Sakha Agricultural Research Station, Kafr-EI-Sheikh governorate, Egypt, to study the
comparison between three breeding methods in segregating generations of faba bean after crossing between
parents: Giza 429, Ohishima-Zaira, Giza 40, Triple White, and Foul Sbailabiade, to produce four crosses: (1)
Triple White x Giza 429; (2) Ohishima-Zaira x Giza 429; (3) Giza 40 x Giza 429; and (4) Ohishima-Zaira x Foul
Sbailabiade. The breeding methods were pedigree selection, bulk, and single-pod descent. The origin, botanical
group, and agronomic characteristics of the used parents are shown in Table 1.
Table 1. Names, Origin, botanical group, disease reactions and agronomic characters of the parental faba bean

genotypes used in this investigation.

Genotypes Original Botanical group Disease reactions Agronomic characters
Flowering date Yielding level
Triple Whit Sudan miner Susceptible Early Medium
Giza429 Egypt Equina Moderately resistant Early Medium
Ohishima-Zaira Japan Equina Resistant Early maturity High
Gizad0 Egypt Equina Susceptible Early High
Foul Shailabiade Morocco Major Resistant Medium High

Reaction to foliar diseases was recorded in mid - February and mid- March for chocolate spot and rust
diseases, respectively, according to the disease scales suggested by Bernier et al. (1984) under natural
infection.

Table 2. Rating scale for chocolate spot and rust diseases according to Bernier et al. (1984).

Rate Chocolate spot scale

1 |No disease symptom (highly resistant)

Few small discretes lesions (Resistant)

Some coalesced lesions with some defoliation (moderately resistant)

Extensive lesions on leaves, stems and pods, severe defoliation, heavy sporulation, death of more than 80% of

3

5

7 |Large coalesced lesions, 50% defoliations, some dead plants (susceptible)
9 . .

plants (highly susceptible)

Rust scale

1 |No pustules or very small non-sporulating flecks (high resistant)

Few scattered pustules covering less than 1% of the leaf area, and few or no pustules on stem (resistant)

Pustules common on leaves covering 1-4% of leaf area, little defoliation and some pustules on stem (moderately

> resistant)

7 Pustules very common on leaves covering 4-8% of leaf area, some defoliation and many pustules on stem
(susceptible)

9 Extensive pustules on leaves, petioles and stem covering 8—10% of leaf area, many dead leaves and several

defoliation (highly susceptible).
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Pedigree method (PM):

In the 2017/18 growing season, approximately 200 plants from each F. population cross were selected
according to their phenotypic performance; each individual plant progeny was kept on a page and sown in a
separate row representing F3 families. Seeds from each individual plant progeny were mixed and sown in a
replicated experiment as a pedigree selection method. In the 2018/19 growing season, the seeds were spaced
at 20 cm, while row spacing was 60 cm. Selection was practiced in two steps: the first among Fs-families, where
the promising family was labeled; and the second step was the selection within each promising family, where
the best five plants according to their phenotypic appearance were chosen, and the progeny of the best one
was used in the next generation as an F4 family. The remaining four plants from each selected family were
mixed and sown in a replicated experiment, representing the pedigree selection method; the procedure was
repeated in each generation. In the 2019/20 season, the same procedures in Fs were repeated as in F3 cross-
populations. In the 2020-21 season, the selection among and between Fs cross-populations was done as in the
F2 generation. It is to be noted that, the selection families in each cross-population were reduced from
generation to another and in the Fs cross-population, 15 pure lines were obtained for each cross-population
and retained to be raised as the F5 generation in the final evaluation.

Bulk method (BM):

In the 2017/18 growing season, seeds from each F2 cross-population were mixed to form the population
seed bulk. Samples from the mixed seeds of each cross-population were sown in 10 rows per plot; a row was
three meters in length, 60 cm between rows, and 20 cm between hills. A complete randomized block design
with three replications was used. The same procedures were practiced and repeated from F» to Fs generations
without selection up to the 2020-21 season. Twenty plants were taken from each plot; the required data were
collected in each cross-population of F3, F4 and Fs generations and subjected to statistical and genetic analysis.
Single pod descent method (SPDM):

In this method, one pod was taken from each plant in F2 for each cross-population, mixed, and sown in
the next generation as Fs-generation. The same procedures were followed for F3-Fs generations; twenty plants
were taken from each plot of each cross-population of Fs, F4, and Fs generations to collect the data required.
The randomized block design with three replications was used in each generation; 10 rows per plot for each
cross were sown, where each row was three meters in length, 60 cm between rows, and 20 cm per part.
Characters studied:

The following characteristics were measured for each breeding method. The data on random sample of
20 guarded plants from each plot for each cross-population of pedigree method, bulk and single pod descent
breeding methods were subjected to the statistics and genetic analysis, where the characters were:

1-Chocolate spot disease reaction. 2- Rust disease reaction.
3- Flowering date (day) 4-Plant height (cm).

5- No. of branches/plant. 6- No. of pods /plant.
7- No. of seeds/plant. 8- Seed yield / plant (g).

9- 100-seed weight (g)
Statistical Analysis:

For Pedigree method, narrow-sense heritability estimates were calculated by parent-offspring
regression, where mean value of offspring regressed on their parent value for each studied trait were
regressed, according to the method outlined by Smith and Kinman (1965). Narrow-sense heritability (h?)
according to this method could be calculated between ( F2, F3), ( F3, F4) and ( Fs, Fs ) as in Table (2):

Table 2. Narrow-sense heritability as the regression coefficient of Fn+1 mean on Fn parental value.

Parent-offspring generation ryx h’= byx/2ryx
Fa, F3 3/4 2/3b  F3,F2
F3, F4 7/8 4/7b Fa,F3
Fa,Fs 15/16 8/15b  Fa, Fs

Where:

b yx = Covariance Y X / variance X

ryx = Covariance Y X / (variance X. VarianceY) '/
Therefore

753



Abou-Zaid et. al. International Conference of Field Crop Research Institute ~ Egypt. J. Agric. Res., (2023) 101 (3), 751-767

h? (F2, F3) =0.45byx/ ryxb yx =regression coefficient of Fsprogeny mean on F2 parental value for respective
characters.
h? (Fs, Fa) =0.32 by.x /ryx, b yx =regression coefficient of F4 progeny mean on Fs parental value for respective
characters.
h? (F4, Fs) =0.28 by.x /ryx, b yx =regression coefficient of Fs progeny mean on F4 parental value for respective
characters.
Regression coefficient (byx) and phenotypic correlation coefficient (ryx) calculated between sequential
generation i.e., (F2, F3), (F3, Fs- )Jand(Fa, Fs) generations for each trait.
Expected (Ga) and predicted (Ga%) genetic gain from selection at top 5 % (selection intensity) were
calculated according to Hallauer and Miranda (1981), as follows:

Ga =K. hZ'Oph
Where:
K: is a constant refers to the selection differential expressed as standard deviation unit at certain selection
intensity (K = 2.06 at 5 % selection intensity).
h?is the narrow - sense heritability and opn is the phenotypic standard deviation.

The predicted genetic advance (Ga %) from selection as percentage of mean was calculated as: Ga % =
Ga x100/ x

The Data of the three methods for the four cross-populations were subjected to statistical analysis of
variance according to Gomez and Gomez (1984) in F3, F4 and Fs - generations. The mean values of each
generation for the traits in consideration were compared at 5 % level of probability using least Significant
Differences (L.S.D) test. On the other hand, the data of each cross-progeny in the three replications for each
generation was subjected to statistical analysis of variance. The heritability in broad - sense estimated as per
formula used by Hanson et al. (1956).
The expected and predicted genetic gain upon selection were calculated using the values of broad - sense
heritability (H) instead of narrow-sense heritability (h?) in pedigree method according to Miller et al. (1958).
Phenotypic correlation coefficient (r) was calculated between trait pairs for each generation either in pedigree,
bulk or single pod descent methods as outlined by Snedecor and Cochran (1969).

RESULTS

The objective of the present study was to determine the response of some faba bean (Vicia faba L.)
cross-populations to the breeding methods, i.e., pedigree, bulk, and single pod descent for selection of some
earliness attributes, chocolate spot disease, rust disease reaction, and yield and its components in Fs-
generation.

1- Fs-generation: -
1-a-Cross 1 (Triple white x Giza 429):

The differences between the mean performance of the three breeding methods as shown in Table 3
were highly significant for chocolate spot, rust, flowering date, plant height, and 100-seed weight; significant
for number of pods per plant, number of seeds per plant and seed yield per plant; and not significant for
number of branches per plant. Data shown in Table 3 revealed that, the pedigree selection method had a
superiority over the two breeding methods, i.e., bulk and single pod descent, for all studied traits, except for
plant height, where the bulk method and single pod descent surpassed the pedigree method in this concern.
However, bulk method was not significantly different from pedigree method for number of seeds per plant,
seed yield per plant and 100-seed weight, and —in general- single pod descent came in the second grade after
pedigree method with respect to the traits in consideration.

1-b-Cross 2 (Ohishima-Zaira x Giza 429):

The differences between mean performance of the three breeding methods as shown in Table (3) were
highly significant for flowering date, plant height, No. of branches/plant, No. of pods /plant, No. of seeds/plant
and seed yield/plant. While the same differences were not significant for chocolate spot and rust diseases and
100-seed weight.

Data shown in Table (3) pointed out that, pedigree selection method significantly surpassed the other
two breeding methods for all studied traits, except for flowering date and plant height, where the bulk method
had the significantly highest values.

1-c-Cross 3 (Giza 40x Giza 429):

As shown in Table 3, the data showed that the differences between the mean performances of the three
breeding methods were highly significant for all studied traits without any exceptions. The data revealed that,
the pedigree method had a superiority over the two breeding methods for all studied traits except for
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flowering data, plant height, and number of branches per plant, where single pod descent was significantly
higher in this concern. However, the single-pod descent method did not significantly differ from the pedigree
method with respect to the number of seeds per plant and seed yield per plant.

1-d-Cross 4(Ohishima-Zaira x Foul Sbailabiade):

As shown in Table 3, the data revealed that the differences between the mean performance of the three
breeding methods were highly significant for chocolate spot and rust disease reactions and flowering date;
significant for number of pods and seeds per plant; and not significant for plant height, number of branches
per plant, seed yield per plant and 100-seed weight. The pedigree selection method significantly surpassed the
other two methods with respect to all studied traits, with no significant difference between single pod descent
for number of seeds per plant and the bulk method for the number of pods per plant, where the differences
between mean performance in these cases were not significant.

Table 3. Comparison between mean performance of pedigree method, single pod and bulk method for the

studied traits in the Fs-generation of faba bean cross-populations.
hocolat Rust Plant No. of No. of
¢ _ocoa € . us Flowering _an 0-9 No. of 0.0 Seed yield |100-Seed
Crosses Method | disease | disease height | branches Seeds .
. . date pods/plant / plant | weight
reaction |reaction (cm) / plant / plant
. 3 Pedigree 3.71 3.01 51.10 122.24 3.82 39.59 99.62 70.74 71.72
Triple white x
Giza429 Pod 4.18 3.29 55.56 132.44 3.80 24.84 71.38 46.10 68.72
Bulk 4.30 4.28 42.78 133.89 3.27 33.89 89.64 63.03 70.31
F test k% k% k% k% ns * * * k%
LSDo.05 - - - - - 10.2 26.4 19.8 -
LSDo.01 0.49 0.87 5.0 6.0 - - - - 3.6
. A Pedigree 3.81 3.22 55.11 133.71 3.36 28.90 77.60 57.99 75.52
Ohishima-Zaira x
Giza429 Pod 4.16 3.73 58.13 126.44 3.60 22.49 66.09 50.17 77.53
Bulk 4.16 4.02 42.22 145.11 2.51 18.73 59.53 42.75 78.40
Ftest ns ns k% k% * %k k% * %k * %k ns
LSDo.05 - - - - - - - - -
LSDg.01 - - 9.2 10.2 0.9 5.8 20.0 12.6 -
Gizad0 x Pedigree 3.47 2.65 51.34 130.19 3.33 31.19 86.91 67.60 78.71
Gizad29 Pod 4.82 4.47 50.89 125.56 411 28.36 76.09 55.29 70.96
Bulk 4.94 4.69 47.89 149.89 2.98 23.53 66.64 45.50 70.42
Ftest L L L k% * %k k% * %k %k * %
LSDg.05 - - - - - - - - -
LSDo.01 0.8 1.6 2.7 25.50 0.6 2.7 16.1 14.0 7.0
. . Pedigree| 3.39 2.55 55.66 136.61 4.49 32.98 84.80 73.61 88.96
Ohishima-Zaira x
. Pod 4.27 3.11 68.33 128.44 4.22 25.07 77.16 73.90 93.27
Foul Shailabiade
Bulk 4.24 4.16 70.09 137.83 4.13 27.24 74.64 69.83 94.96
F test *x *x *x ns ns * * ns ns
LSDo.05 - - - - - 6.0 8.8 - -
LSDo.01 0.9 1.0 6.9 - - - - - -

2-Fs-generation: -
2-a-Cross 1 (Triple white x Giza 429):

As shown in Table (4), the data illustrated that the differences between the mean performance of the three
breeding methods were highly significant for flowering date, number of pods per plant, number of seeds per
plant and seed yield per plant, but not significant for the rest traits. The bulk method had superiority over two
breeding methods for all the significant traits, i.e., flowering date, number of pods and seeds per plant, and
seed yield per plant, with no significant differences between bulk and single pod descent methods with respect
to seed yield per plant.
2-b-Cross 2 (Ohishima-Zaira x Giza 429):

Highly significant differences between mean performance of the breeding method referred before for
flowering date, plant height, No. of branches/plant, No. of seeds/plant and seed yield /plant; only significant
for 100-seed weight and not significant for chocolate spot and rust diseases and No. of pods/plant (Table 4).
Pedigree selection method was significantly surpassed the other two breeding methods for plant height, No. of
branches/plant, No. of seeds/plant and seed yield /plant. The differences between the mean performance of
pedigree method and that for bulk method was not significant for plant height and No. of branches /plant.
2-c-Cross 3 (Giza 40x Giza 429):

Highly significant differences between mean performance of the three-breeding method used for
chocolate spot disease reaction, plant height, No. of pods/plant, No. of seeds/plant, seed yield/plant and 100-
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seed weight; only significant for rust disease reaction and not significant for flowering date and No. of
branches/plant (Table 4). Pedigree selection method revealed a superiority over the two breeding methods for
chocolate spot disease, plant height, No. of pods/plant, No. of seeds/plant and seed yield /plant, where its
mean performances were significantly highest than the other mean performances of the other breeding
methods.

2-d-Cross 4 (Ohishima-Zaira x Foul Sbailabiade):

The listed data in Table 4 pointed out that, highly significant differences between the mean performance of the
three breeding methods were observed for plant height, number of branches per plant, number of pods per
plant, number of seeds per plant and 10-Oseed weight; they were only significant for seed yield per plant and
not significant for chocolate spot disease, rust disease reaction and flowering date. The pedigree method
significantly surpassed the other two methods for four traits out of six, i.e ,.plant height, number of pods per
plant, number of seeds per plant and seed yield per plant. while the bulk method had significantly the highest
values for plant height, number of branches per plant and 100-seed weight.

Table 4. Comparison between mean performance of pedigree method, single pod and bulk method for the
traits in the Fs-generation of faba bean cross-populations

Chocolate | Rust |Flowering| Plant | No. of |No.of| No.of | Seed |100-Seed
Crosses Methods|Spot disease| disease | date |height|branches|Pods /| Seeds | yield | Weight
reaction |reaction| (day) (cm) | /plant | plant | /plant | /plant (gm)
Pedigree 4.47 4.45 56.89 [138.27| 2.91 23.84| 72.60 | 49.38 69.00
1-Triple white xGiza429 Pod 4.47 451 60.00 [130.78| 3.73 25.13 | 75.00 | 51.50 67.57
Bulk 4.44 4.36 42.44 |135.67| 3.27 35.69| 99.49 | 71.58 69.12
F test ns ns *k ns ns *k *x *x ns
LSDo.0s - - - - - - - - -
LSDo.01 - - 3.4 - - 8.9 29.1 21.9 -
Pedigree 3.83 3.81 57.52 [128.90| 3.69 22.95| 74.41 | 54.90 75.12
2-Ohishima-Zaira xGiza429| Pod 4.16 3.71 58.24 [127.67| 3.56 19.98 | 54.58 | 45.21 84.44
Bulk 4.20 4.07 41.89 |143.67| 2.42 |19.09| 52.78 | 41.84 73.64
F test ns ns * %k * %k * %k ns * %k * %k *
LSDo.05 - - - - - - - - 8.8
LSDo.01 - - 10.2 15.1 1.1 - 14.0 7.2 -
Pedigree 4.39 4.33 59.33 [139.44| 3.43 25.53 | 78.65 | 55.26 71.08
3-Giza40 xGiza429 Pod 4.82 4.22 50.89 [124.22| 3.67 20.89 | 52.47 | 40.44 78.01
Bulk 4.92 4.56 48.56 |149.22| 3.07 |15.91| 47.89 | 40.48 84.36
FteSt L * ns * %k ns %k k% k% * %
LSDO_05 - 0.3 - - - - - - -
LSDo.01 0.5 - - 19.10 - 7.4 16.70 16.7 10.9
4-Ohishima-Zaira x Pedigree 4.03 3.44 62.36 [136.94| 3.47 21.02 | 62.08 | 50.88 83.31
Foul Shailabiade Pod 4.04 3.04 70.00 (129.44| 4.00 18.33 | 50.29 | 46.75 95.54
Bulk 3.87 3.20 68.43 |139.38| 3.51 |16.33| 46.13 | 45.42 | 100.57
F test ns ns ns * %k * %k %k k% * * %
LSDg.05 - - - - - - - 5.9 -
LSDo.01 - - - 3.4 1.1 4.3 10.0 - 14.7

3- Fs-generation: -
3-a-Cross 1 (Triple white x Giza 429):

The data shown in Table (5) revealed that, highly significant differences between the mean performance
of the three breeding methods were found for flowering date (favorable), plant height, 100-seed weight; only
significant for rust disease reaction and not significant for chocolate spot disease reaction; number of branches
per plant; number of pods and seeds per plant; and seed yield per plant. The pedigree selection method had
the significantly lowest values for rust disease reaction and flowering date, with no significant difference
between pedigree and bulk methods for rust disease reaction. The pedigree method had the significantly
highest value for 100-seed weight, with no significant difference from single-pod descent in this concern. For
number of branches, single pod descent and bulk methods had the highest values, without significant
differences between both methods.
3-b-Cross 2 (Ohishima-Zaira x Giza 429):

The differences between mean performance of the three breeding methods were highly significant for
flowering date, No. of branches/plant and No. of pods/plant; only significant for No of seeds/plant, seed
yield/plant and100-seed weight and not significant for chocolate and rust disease reactions and plant height.
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The data listed in Table (5) shown that, pedigree method significantly surpassed the other two breeding
methods with respect to all significant traits, with no significant differ than single pod descent with respect to
No. of branches/plant, No. of pods and seeds/plant and seed yield /plant.

Table 5. Comparison between mean performance of pedigree method, single pod and bulk method for the
studied traits in the F5-generation of faba bean cross-populations

Chocolate Rust Flowering Plant | No.of | No.of | No.of Seed 100-Seed
Crosses Methods|Spot disease| disease height |branches| pods/ | Seeds yield .
. N date weight
reaction |reaction (cm) | /plant | plant | /plant | / plant
Pedigree 3.56 1.96 43.56 98.13 4.06 24.77 74.88 65.50 88.51
1-Triple white x Giza429 Pod 3.48 2.25 45.77 122.17 4.39 22.03 63.16 50.55 83.93
Bulk 3.68 2.15 46.00 | 124.80 3.68 21.88 67.44 49.02 73.67
F test ns * ** ** ns ns ns ns **
LSDo.0s - 0.22 - - - - - - -
LSDo.o1 - - 0.3 26.7 - - - - 5.4
Pedigree 3.70 2.37 52.97 111.55 4.27 22.16 67.32 59.69 88.83
2-Ohishima-Zaira x Giza429 Pod 3.45 2.38 53.80 |111.60 4.13 25.12 73.36 59.34 79.32
Bulk 3.41 2.41 53.51 110.60 3.07 20.80 59.57 45.28 81.36
F test ns ns ** ns *x *x * * *
LSDo.0s - - - - - - 11.2 12.2 6.7
LSDo.01 - - 0.4 - 0.7 4.1 - - -
Pedigree 4.56 2.58 51.45 120.77 4.34 26.33 75.26 63.81 85.57
3-Giza40 x Giza429 Pod 4.57 2.56 48.00 115.20 3.76 21.01 54.43 42.60 78.26
Bulk 4.51 2.39 47.33 123.53 3.15 23.59 71.60 52.95 72.98
Ftest ns ns * % * % * * % * %k * % * %
LSDo.0s - - - - 0.8 - - - -
LSDo.o1 - - 1.2 6.1 - 4.5 11.7 9.0 4.5
Pedigree 3.47 2.43 60.23 116.38 4.20 19.70 57.32 52.09 94.32
4-Ohishima-Zaira x Foul Sbailabiade| Pod 3.49 2.24 64.13 121.33 421 26.11 66.92 67.60 91.88
Bulk 2.92 2.38 63.83 113.43 3.97 23.29 65.67 65.74 103.04
F test * ** ** ns ns ns ns * **
LSDo.os 0.4 - - - - - - 14.1 -
LSDo.o1 - 0.1 0.5 - - - - - 26.7

3-c-Cross 3 (Giza 40x Giza 429):

The data shown in Table (5) revealed that, highly significant differences were found between mean
performance of the three breeding methods for flowering data, plant height, No. of pods and seeds/plant,
seed yield/plant and 100-seed weight; significant for No. of branches/plant and not significant for chocolate
spot and rust disease reactions. Pedigree selection method had a superiority over the two breeding methods
used for plant height, No. of branches/plant, No. of pods and seeds/plant, seed yield /plant and100-seed
weight, with no significant differ than bulk method for flowering data, plant height, No. of pods/plant and No.
of seeds/plant.
3-d-Cross 4 (Ohishima-Zaira x Foul Sbailabiade):

The data listed in Table (5) illustrated that, highly significant differences between mean performance of
the three breeding methods for rust disease reaction, flowering date and 100-seed weight; significant for
chocolate spot disease reaction and seed yield/plant and not significant for plant height, No. of branches/
plant and No. of pods and seeds/plant. Bulk method was surpassed the other breeding method for chocolate
spot, seed yield /plant and 100-seed weight; with no significant differences between bulk and single pod
descent methods for seed yield/plant. Pedigree method for flowering date and single pod descent for rust
disease reaction and seed yield/plant.

Narraw-seanse heritability and genetic advance:-

Narrow-sense heritability is calculated by regression of the mean value of offspring on their parental
value for each two subsequent generations, i.e., regression of Fn+l on Fn, where n is the number of
generations: Firstly, it could be considered that the values of narrow-sense heritability higher than 60% are high
ones, those between 30 and 60% are considered moderate ones, and those lower than 30% are considered low
values. Narrow-sense heritability is the proportion of additive variance to phenotypic variance as a percentage.
But why additive variance? That is because additive variance is expressed by the additive genes that are
inherited from the parent to its progeny, while non-additive genes (dominance, additive x dominance, and
dominance x dominance) are not inherited. So, narrow-sense heritability is the most important measurement
of heritability. The expected genetic advance calculated by using narrow-sense heritability is a real and
commonly used method in pedigree breeding. While broad-sense heritability is calculated from the expected
mean square in the analysis of variance table. Broad-sense heritability is the proportion of genetic variance
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(additive and non-additive) to phenotypic variance as a percentage. So, it logic that narrow-sense heritability
values would be less than the corresponding values of broad-sense heritability, and the latest is involved in the
calculation of the expected genetic advance in both bulk and single-pod descent breeding methods; therefore,
it is not fair to compare between pedigree methods and both bulk and single-pod descent methods on the basis
of genetic advance.

The values of narrow-sense heritability listed in Table (6) were considered moderate in the four crosses
of the three generations i.e., Fs, Fa and Fsones for chocolate spot disease reaction.

For rust disease reaction, the values of narrow-sense heritability are consider moderate ones in all
crosses of Fs-generation, crosses 1,3 and 4 of the Fs- generation and in the cross 1 of the Fs-generation. For
flowering date the values were considered moderate ones in the four crosses of F3 and F4- generations and in
the crossl of Fs-generation.For plant height, the values of narrow-sense heritability were considered
moderate ones in the four crosses of Fz and Fs-generations and in the cross1 and cross 4 of Fs-generation.The
values of narrow-sense heritability were considered moderate ones in all crosses of Fs- generation, in the
crosses 1,3 and 4 of the Fs-generation and in the crosses 3 and 4 of the Fs-generation for No .of branches
/plant . For No. of pods and seeds /plant, the values of narrow-sense heritability were considered moderate
ones in the crosses 1,3 and 4 of the F3 and Fs-generation and in the cross 3 of Fs-generation. For seed yield
/plant, the values of narrow-sense heritability were considered moderate ones in all crosses of Fs-generation,
in the crosses 1, 3 and 4 of the Fs-generation and in the cross3 of the Fs-generation. For 100-seed weight,
moderate values of narrow-sense heritability were detected in the crosses 1, 3 and 4 of the three generations
under test and in the cross 2 of Fs-generation. The other estimates of narrow-sense heritability shown in Table
(6) were considered low values.

Table 6. Narrow-sense heritability (h?%), expected (Ga) and predicted (Ga%) genetic advance in 4 faba bean
cross-progenies for pedigree method.

Chocolate spot . . .
. . R Rust disease reaction|Flowering date (day)
Crosses Genetic parameters| disease reaction
F3 F4 F5 F3 F4 F5 F3 F4 F5
h2% 38.21|34.35|37.22|39.27 | 35.83 | 35.99 | 66.00 | 52.30 | 35.20
1-Triple white x Giza429 Ga 0.31 | 0.30 | 0.27 | 0.52 | 0.47 | 0.37 | 5.00 | 5.33 | 2.82
Ga % 8.51 | 7.07 | 7.33 |17.50|12.03 | 16.49 | 9.68 | 9.69 | 6.09
h2% 34.73|44.86|34.26 | 42.87 | 27.37 | 18.96 | 52.84|51.93| 7.61
2-Ohishima-Zaira x Giza429 Ga 030 | 044 | 0.28 | 0.62 | 0.26 | 0.08 | 5.31 | 6.76 | 0.16
GA % 8.01 (11.34| 7.53 |20.26| 6.66 | 3.52 | 9.86 | 11.70| 0.30
h2% 57.13|56.58 |42.11 | 46.79 | 56.44 | 29.13 | 41.97 | 47.29 | 25.95
3-Gizad0 x Giza429 Ga 0.42 | 0.57 | 0.26 | 1.03 | 0.86 | 0.19 | 2.44 |11.76| 2.17
Ga % 12.24|14.57| 5.83 |39.46|26.81| 7.15 | 4.76 |21.46 | 4.06
h2% 38.11|51.83 | 36.59 | 30.83 | 45.83 | 26.44 | 36.52 | 40.19 | 16.56
4-Ohishima-Zaira x Foul Sbailabiade Ga 0.22 | 0.42 | 0.60 | 0.15 | 0.87 | 0.15 | 2.99 | 7.44 | 0.65
Ga % 6.61 | 11.20|17.28 | 5.76 |27.87 | 6.25 | 5.36 |12.61| 1.08

The data in the Table (6) illustrated that, narrow-sense heritability estimates were moderate in the
cross2 (Ohishima-Zaira x Giza429) for chocolate spot disease reaction in the three generations, rust disease
reaction in the F3, flowering date in the F3 and Fs-generations, plant height in the Fzand Fs-generations, No. of
branches/plant in the Fa-generation, seed yield/plant in the Fs—generation and 100-seed weight in the Fs—
generation. While, narrow-sense heritability estimates were low in the cross2for rust disease reaction in the
F2 and Fs-generations, flowering date in the Fs-generation, plant height in the Fs-generation, No. of
branches/plant in the Fs-generation.

From the data presented in Table (6) it could be observed that, low estimates of narrow-sense
heritability were detected in the Fs-generation for most studied traits, except that for100-seed weight. This
may be attributed to the high genetic variability among pure lines in this generation, where each pure line
represented a new genotype with high homozygozity, therefore, the phenotypic variance would be raised in
each cross-progeny, which cause low narrow-sense heritability estimates in this generation.

Expected and predicted genetic gain from selecting of higher 5% plants in the populations were shown
in Table (6). Expected genetic advance was expressed as the unit of the trait, while predicted genetic advance
was expressed as the percentage of the mean of the generation used.
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Table 6. Cont.
. Plant height(cm) [No. of branches/plant| No. of pods/plant
Crosses Genetic parameter s Fa Fs s Fa Fs Fs Fa Fs
h2% 37.24 {49.46 | 37.33 | 40.47 | 40.18 | 26.91 |38.26| 42.95 | 20.69
1-Triple white x Giza429 Ga 5.51 | 10.63| 6.63 | 0.83 | 0.97 | 0.39 | 6.28 | 10.36 | 2.34
Ga % 450 | 7.98 | 5.95 | 21.61 | 28.08 | 9.61 |16.14|31.76 | 9.06
h2% 46.94 | 31.40| 9.19 | 17.16 | 31.61 | 23.48 |29.07 | 23.03 | 15.96
2-Ohishima-Zaira x Giza429 Ga 725 (375 (031|025 | 045 | 035 (299|199 | 1.01
GA % 544 | 296 | 0.28 | 7.47 |11.46| 8.27 |10.20| 8.03 | 4.46
h2% 56.06 | 43.94 | 28.93 | 34.24 | 35.33 | 36.77 |39.41| 33.98 | 39.33
3-Gizad0 x Giza429 Ga 9.24 | 835 | 3.32 | 043 | 0.62 | 0.45 | 453 | 534 | 2.47
Ga % 7.10 | 6.27 | 2.72 | 13.23 | 18.22 | 10.36 | 14.56| 17.38 | 9.33
h2% 50.71 | 38.70 | 43.88 | 50.00 | 41.41 | 48.05 {48.08 | 46.67 | 24.00
4-Ohishima-Zaira x Foul Sbailabiade Ga 7.88 | 5.39 | 5.31 | 1.04 | 1.08 | 0.90 | 6.40 | 10.28 | 2.27
Ga % 5.75 | 3.85 | 4.57 | 21.63|25.17 | 20.25 [18.57 | 34.65 | 11.22
Table 6. Cont.
. No. of seeds/plant | Seed yield/plant (g) | 100-Seed weight (g)
Crosses Genetic parameter F Fa Fs s Fa Fs Fs Fa Fs
h2% 46.49 | 45.00 | 22.05 | 57.21 | 43.65 | 19.76 | 34.40 | 34.44 | 49.63
1-Triple white x Giza429 Ga 21.94129.01| 7.06 |21.85(23.31| 470 | 493 | 496 | 7.99
Ga % 22.29(30.15| 9.11 |31.52(34.39| 747 | 6.92 | 7.08 | 9.60
h2% 22.89(28.01|17.10|18.77 | 32.95|19.90 | 26.34 | 59.04 | 10.27
2-Ohishima-Zaira x Giza429 Ga 734 | 730 | 3.38 | 4.64 | 8.00 | 3.77 | 2.79 | 10.75| 0.77
GA % 9.35 | 9.15 | 493 | 7.99 |13.53| 6.24 | 3.76 | 14.41 | 0.87
h2% 37.46 | 36.67 | 40.52 | 36.45 | 38.65 | 49.11 | 49.99 | 40.07 | 53.94
3-Gizad0 x Giza429 Ga 12.85|19.71| 7.77 | 10.09 | 16.10| 8.96 | 3.87 | 5.80 | 6.39
Ga % 14.80|21.30 | 10.52 | 14.93|22.85|14.42 | 490 | 7.55 | 7.53
h2% 53.28 (44.99 | 26.47 | 45.64 | 42.25 | 26.74 | 54.37 | 33.19 | 32.27
4-Ohishima-Zaira x Foul Sbailabiade Ga 17.78 | 26.34 | 6.84 | 13.72|17.99| 5.13 | 11.55| 6.91 |16.46
Ga % 20.01 (31.59(11.87|17.58 2594 | 9.76 |12.80| 8.02 |17.41

The data pointed out that, both expected and predicted genetic advance were correlated with narrow-
sense heritability values, where moderate to low values were observed. Chocolate spot disease reaction had
low predicted genetic advance in the four crosses of the three generations, except for cross3 in Fz and Fa
generations, where the values were moderate. Flowering date showed low predicted genetic advance in all
crosses of all generations, except for cross 3 in Fs-generation, where the value was moderate. Plant height
expressed low values of predicted genetic advance in all crosses of all generations. No. of branches/plant had
moderate values of predicted genetic advance, except for crossl in the Fs-generation and cross 2 in all
generations, where the values were low. No. of pods/plant exposed moderate values of predicted genetic
advance, except for all crosses in Fs-generation, where the values were low, No. of seeds/plant showed
moderate values of predicted genetic advance, except in the cross2 of all generations, and the crosses 1, 3 and
4 in the Fs-generation, where the values were low. Seed yield/plant had moderate values of predicted genetic
advance in cross1, cross3and cross 4 of Fs and Fs-generations, while in the cross 2 of all generations and crosses
1 and 4 of Fs-generation, the values were low. For 100-seed weight, the values of predicted genetic advance
were low in all crosses of all generations, except for cross 2 of Fs-generation and the cross 4 of Fs-generation
where the values tended to be moderate.

The data presented in Table (7) showed the comparison between bulk and single pod descent breeding
methods in Fs, F4 and Fs-generations over the four cross-progenies with respect to expected and predicted
genetic advance for the studied traits of faba bean. Comparable predicted genetic advance was observed for
chocolate spot disease reaction in F3 and Fs-generations, while the bulk method exceeded that for single pod
descent method in the Fs-generation by 11.21%. For rust disease reaction, comparable predicted genetic
advance was detected in the Fzand Fs- generations, while, in the Fs- generation, bulk method exceeded that for
single pod descent method by 6.25%. Comparable predicted genetic advance was noticed in the three
generations for flowering date. For plant height, the data revealed that, nearly equal predicted genetic
advance was observed in the Fs3 and Fs-generations with respect to single pod descent, while single pod
descent had superiority over bulk method by 3.38% in the Fs-generation.
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Table 7. Expected (Ga) and predicted (Ga %) genetic advance of single pod descent and bulk methods in the F3,
F4 and Fs generations over four cross-progenies for the studied traits.

. F3 . .
Traits Generations generation F4 generatlon F5 generatlon
Methods Bulk (SPD) Bulk (SPD) Bulk (SPD)
Chocolate spot disease reaction Ga 0.89 0.94 0.82 0.90 1.20 0.87
P Ga% 2055 21.92 19.41 20.60 34.83 2362
Rust diseases reaction Ga 0.96 0.88 0.90 0.82 1.02 0.89
Ga% 22.60 24.87 2223 21.46 44.08 37.83
Flowering date (day) Ga 6.21 7.52 5.92 7.29 4.86 437
a’o . . . . . .
. v Ga% 12.32 12.85 11.64 12.21 8.96 8.09
Plant height (cm] Ga 13.23 13.56 10.73 14.09 10.04 9.37
a’o . . . . . .
g Ga% 9.42 10.58 758 10.96 8.59 8.22
No. of branches / plant Ga 1.54 1.46 1.23 1.79 1.84 1.90
: P Ga% 48.06 37.11 39.27 45.70 52.39 45.98
No. of Pods/plant Ga 12.13 10.16 9.77 7.43 11.14 10.34
: P Ga% 4523 39.86 41.57 35.94 49.53 43.78
No. of Seeds/plant Ga 29.26 24.72 22.19 19.29 31.17 25.07
: P Ga% 40.10 34.01 36.91 33.43 47.18 38.87
Seed yield/alant fgm) Ga 19.73 17.09 18.06 16.27 23.60 19.75
yleld/plant (g Ga% 35.03 31.53 37.07 3557 4277 38.35
Ga 12.86 9.20 9.62 10.28 2233 13.39
100-Seed weight
eed weight(gm) Ga% 16.75 12.11 11.93 1267 24.45 16.28

Bulk method exceeded that for single pod descent method in the F3 and Fs-generations by 10.92%and
6.41%, respectively with respect to predicted genetic advance for No. of branches/plant, while single pod
descent exceeded that for bulk method by 6.43%for the trait in view in the Fs-generation. Bulk method had a
superiority over single pod descent in the F3, F4 and Fs-generations by 5.37%, 5.63% and 5.75%, respectively for
No. of pods/plant. For No. of seeds/plant, the results exposed superiority of bulk method over single pod
descent method with respect to predicted genetic advance by 6.06%, 3.48 and 8.31% in the F3,F4 and Fs-
generations, respectively .Bulk method exceeded that for single pod descent method by 4.42%, predicted
genetic advance in the Fs-generation, for seed yield /plant ,while comparable values were detected for the trait
in question in the F3 and Fs-generations. Bulk method exceeded that for single pod descent method in the F3
and Fs-generations by 4.56% and 8.17%predicted genetic advance values, respectively for 100-seed weight,
while in the Fs-generation, the values were nearly equal.

Heritability in broad-sense:-
1-Bulk method:

The data shown In Table (8) exposed heritability in broad-sense in four faba bean cross-progenies of the
three generations i.e., F3, F4 and Fs for bulk method. The data could be handled suggesting that, the broad-
sense heritability values higher than 80% is considered high values, from 80% to 40% is moderate values and
less than40% is low values.

According this assumption, the data pointed out that, chocolate spot disease reaction had high values of
broad-sense heritability in the four faba bean cross-progenies of the three generations i.e., F3, F4 and Fs except
in cross2 of Fs-generation; rust disease reaction had high values of broad —sense heritability in the crosses 1, 3
and 4 of the three generations, while in the cross 2 the values were moderate in the three generations. For
flowering date, high values of broad-sense heritability were detected in the cross1 of F3 and Fs-generations and
in the cross 3 of Fs-generation, while moderate values were found in the rest of cross-progenies of the other
generations.

Generally, following bulk method moderate values of broad-sense heritability were observed in the four
cross-progenies of the three generations for plant height, No. of branches/plant, No. of pods/plant, No. of
seeds/plant, seed yield/plant and100 seed weight.
2-Single pod descent method:

The data listed in Table (9) reveled that, high values of broad-sense heritability were found for chocolate
spot disease reaction in the crossl of Fs and Fs-generations; in the crosslof Fs-generation for flowering date; in
the cross 3 of F3 and Fs-generations and in the cross4of the three generations for chocolate spot disease
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reaction; in the cross3 of the three generations and in the cross 4of Fsand Fs-generations for rust disease
reaction. However, the other broad-sense heritability values in the four cross-progenies of the three
generations studied were considered as moderate values for the other studied traits.

Genetic advance:
1-Bulk method:

The data presented In the Table (8) revealed that, the predicted genetic advance considered high
values for chocolate spot disease reaction in the cross 1 of the three generations; No. of branches/plant in the
cross 1 of the three generations and in the cross 3 of Fs and Fs-generations;No.of pods/plant in the cross 1 of
the three generations, cross 2 in F3 and Fs-generations and cross 4 in F3 and Fs generations; No. of seeds/plant
in the cross 4 of F3 and Fs —generations; seed yield/plant in the cross 1 of F3 and Fs-generations and in cross 4of
Fsand Fs —generations. The values of predicted genetic advance were considered moderate ones for chocolate
spot disease reaction in the crossesl and 2 of the three generations; rust disease reaction in the crosses land 2
of the three generations, in the cross3 of Fs-generatiion and in the cross 4 of the F4 and Fs-generations ; No. of
branches/plant in the crosses 2 and 3 of Fs-generation and in the cross 4 of the three generations; No. of
pods/plant in the cross 2 of Fs-generation, in the cross 3 of the three generations and in the cross 4 of Fs-
generation; No. of seeds/plant in the crosses 1, 2 and 3 of the three generations and in the cross 4 of Fa-
generation;seed yield/plant in the crosses 1,2 and 3 of the three generations and in the cross 4 of the Fs-
generation.

The predicted genetic advance values were considered low ones for chocolate spot disease reaction in the
crosses 3 and 4 of the three generations; rust disease reaction in the cross 3 of Fzand Fs-generations and in the
cross 4 of Fs-generation; flowering date in all crosses of all generations; plant height in all crosses of all
generations and 100-seed weight in all crosses of all generations.

Table 8. Broad-sense heritability (H), expected (Ga) and predicted (Ga%) genetic advance in 4 faba bean cross-
progenies for Bulk method.

Genetic (Ehocolate SP.Ot Rust disease reaction | Flowering date (day)
Crosses parameter disease reaction

F3 F4 F5 F3 F4 F5 F3 F4 F5
H% 80.13 | 84.15 | 86.54 | 83.07 | 87.10 | 79.26 | 84.92 | 83.04 | 69.23
1-Triple white x Giza429 Ga 1.29 | 0.88 | 142 | 1.27 | 0.88 | 1.28 | 553 | 5.10 | 4.29
Ga % 30.04 | 19.90 | 38.62 | 29.75 | 20.21 | 29.56 | 12.93 | 12.02 | 9.32
H% 87.38 | 77.06 | 83.70 | 78.06 | 71.53 | 72.69 | 73.49 | 75.32 | 67.77
2-Ohishima-Zaira x Giza429 Ga 1.03 | 1.17 | 0.87 | 1.13 | 0.97 | 0.75 | 3.89 | 3.84 | 3.22
Ga% 24.77 | 27.77 | 25.37 | 28.05 | 23.90 | 31.16 | 9.20 | 9.16 | 6.02
H% 88.89 | 89.01 | 81.66 | 81.69 | 84.15 | 80.05 | 87.88 | 78.28 | 63.64
3-Gizad0 x Giza429 Ga 041 | 049 | 0.85 | 0.80 | 0.88 | 0.81 | 7.75 | 6.39 | 3.32
Ga % 8.28 | 10.05 | 18.83 |17.04 | 19.41 | 34.00 | 16.19 | 13.17 | 7.02
H% 88.71 | 82.83 | 96.01 | 84.09 | 83.12 | 85.38 | 68.89 | 70.19 | 70.11
4-Ohishima-Zaira x Foul Sbailabiade Ga 0.81 | 0.75 | 1.65 | 0.65 | 0.86 | 1.23 | 7.69 | 8.36 | 8.61
Ga % 19.10 | 19.92 | 16.49 | 15.58 | 25.38 | 31.60 | 10.97 | 12.21 | 13.49

Table 8. Cont.
. . No. of

Crosses p:irzr:::;r Plant height(cm) branches/plant No. of pods/plant

F3 F4 F5 F3 F4 F5 F3 F4 F5
H% 75.00 | 71.63 | 68.47 [67.40| 63.09 | 56.29 | 69.76 | 64.07 | 61.45
1-Triple white x Giza429 Ga 15.66 | 13.21 | 9.01 | 2.24 | 1.85 | 1.81 | 20.62 | 18.92 | 13.87
Ga % 11.69 | 9.74 | 7.22 |68.53| 56.62 | 49.19 | 60.85 | 53.02 | 63.39
H% 78.16 | 68.60 | 61.14 (64.21| 44.19 | 66.13 | 65.16 | 61.36 | 56.15
2-Ohishima-Zaira x Giza429 Ga 11.69| 9.77 | 11.26 | 1.01 | 0.64 | 1.53 | 8.26 | 8.47 | 6.58
Ga % 8.05 | 6.80 |10.18 |40.15(| 26.36 | 50.01 | 44.10 | 44.37 | 31.62
H% 60.66 | 62.95 | 65.06 {63.92| 60.45 | 60.10 | 59.97 | 61.74 | 61.08
3-Gizad0 x Giza429 Ga 10.86 | 10.67 | 834 (139 | 1.24 | 1.43 | 6.84 | 5.12 | 8.15
Ga % 7.25 | 7.19 | 6.75 |46.74| 38.67 | 45.30 | 29.06 | 30.34 | 34.57
H% 62.01 | 60.37 | 65.06 [76.18| 51.52 | 73.98 | 66.42 | 59.71 | 60.90
4-Ohishima-Zaira x Foul Shailabiade Ga 14.71 | 9.26 | 11.56 | 1.52 | 1.19 | 2.58 | 12.78 | 6.58 | 15.96
Ga % 10.67 | 6.61 | 10.19 (36.81| 35.42 | 35.06 | 46.91 | 38.57 | 68.53
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Table 8. Cont.

Crosses Genetic No. of seeds/plant | Seed yield/plant (g) | 100-Seed weight (g)
parametesr F3 Fy Fs F3 Fs Fs F3 Fa Fs

H% 63.59|61.16 | 62.38 | 73.75 | 60.11 | 60.01 | 60.90 | 59.86 | 59.02
1-Triple white x Giza429 Ga 34.52132.53|33.20|27.80 | 23.51(20.92 |11.16| 8.11 |12.19
Ga % 38.51(32.70(49.22 |44.11|32.84 |42.67 | 15.87 | 11.73 | 16.54
H% 58.17|61.56 | 60.23 | 64.76 | 61.33 | 54.90 | 60.84 | 58.70 | 57.98
2-Ohishima-Zaira x Giza429 Ga 23.1821.7421.02 | 13.46 | 16.38 | 16.34 | 14.47 | 11.90 | 13.83
Ga % 38.9341.19|35.28 |31.48 | 39.15 | 36.08 | 18.46 | 16.16 | 17.00
H% 60.31|61.77 | 60.63 | 60.45 | 59.27 | 58.86 | 61.01 | 65.10 | 59.36
3-Gizad0 x Giza429 Ga 21.72|16.54 |24.75|13.90 | 14.67 | 14.69 | 15.07 | 6.76 | 7.06
Ga % 32.60|33.99 |34.57 |30.55|35.58|27.75(21.39| 798 | 9.68
H% 65.91|63.34|65.95(61.81|59.16 | 60.13 | 59.90 | 50.03 | 67.38
4-Ohishima-Zaira x Foul Sbailabiade Ga 37.61|17.95|45.73 (23.74|17.68 |42.45|10.72 | 11.72 | 56.23
Ga % 50.38{39.78 | 69.64 | 34.00 | 40.72 | 44.57 | 11.29 | 11.86 | 14.57

VI-b-2- Single pod descent method:

The data listed in Table (9) pointed out that, the values of predicted genetic advance were considered
high ones for rust disease reaction in the cross 1 of Fs-generation; No. of branches/plant in the cross 1 of F4
and Fs-generations, in cross 2 of all generations, in the cross 3 of F4 and Fs-generations and in the cross 4 of
Fsand Fs-generations; No. of pods/plant in the cross 1 of Fs-generation, in the cross 2 of Fs- generations, in the
cross 3 of Fs-generation and in the cross 4 of F4 and Fs- generations; No. of seeds/plant in the cross 1 of F4 and
Fs-generations; seed yield/plant in the cross 1 of Fsand Fs- generations and in the cross 2 of the Fs-generation.

Table 9. Broad-sense heritability (H%), expected (Ga) and predicted (Ga%) genetic advance in 4 faba bean
cross- progenies for single pod-descent method.

Genetic C.hocolate SP.Ot Rust disease reaction | Flowering date (day)
Crosses parameters disease reaction

F3 F4 F5 F3 F4 F5 F3 F4 F5
H% 83.33| 83.73 | 73.56 | 76.83 | 58.67 | 77.74 | 81.84 | 70.51 | 63.15
1-Triple white x Giza429 Ga 0.85| 0.89 | 097 | 0.81 0.59 1.18 | 7.84 | 890 | 3.65
Ga % 20.45| 19.82 | 27.73 | 24.55 | 13.07 | 52.55 | 14.11| 14.83 | 7.98
H% 73.62| 77.24 | 73.81 | 79.23 | 70.35 | 70.59 | 74.72 | 69.72 | 71.47
2-Ohishima-Zaira x Giza429 Ga 1.09 | 099 | 0.77 | 0.74 | 0.67 | 0.71 | 8.08 | 6.36 | 3.20
Ga % 26.25| 23.93 | 22.31 | 19.86 | 18.08 | 30.00 | 13.90 | 10.93 | 5.95
H% 85.71| 59.57 | 84.43 | 83.73 | 87.93 | 84.35 | 69.43 | 66.56 | 68.24
3-Gizad0 x Giza429 Ga 0.70 | 0.47 | 0.88 | 0.89 0.78 0.88 | 5.33 | 489 | 3.49
Ga % 14.44| 9.83 | 19.14 | 19.82 | 18.41 | 34.31 | 10.47| 9.73 | 7.27
H% 81.25| 85.13 | 84.19 | 76.64 | 83.83 | 86.18 | 70.45 | 68.08 | 75.69
4-Ohishima-Zaira x Foul Sbailabiade Ga 1.13 | 1.24 | 0.88 | 1.10 | 1.26 | 0.77 | 8.84 | 9.01 | 7.15
Ga % 26.52| 28.81 | 25.31 | 35.25 | 36.27 | 34.44 | 12.93 | 13.36 | 11.15

The predicted genetic advance values were considered moderate ones for chocolate spot disease
reaction in the crosses 1,2 and 4 of all generations under test ; rust disease reaction in the crossl of Fs-
generation, in the crosses 2 and 3 of Fs-generation and in cross4 of the three generations; No. of
branches/plant in the crosses 1 and3 of Fs-generation and in the cross 4 of Fs-generation; No. of pods/plant in
the crosses 1 and 2 of F3 and Fs-generations, in the cross 3 of F4 and Fs- generations and in the cross 4 of Fs-
generation; No. of seeds/plant in the crosses 2,3 and 4 of the three generations and in the cross 1 of Fzand Fs-
generations; seed yield/plant in the cross 1 of Fs- generation, in the cross 2 of Fs and Fs-generations, in the
cross3 of the three generations and in the cross 4 of F4 and Fs- generations.

The predicted genetic advance values were considered low for chocolate spot disease reaction in the
cross3 of all generations; rust disease reaction in the cross 1 of Fs-generation and in the crosses 2 and 3 of F3
and Fs-generations; flowering date in all crosses of all studied generations; plant height in all crosses of all
generations; seed yield /plant in cross 4 of Fs-generation and 100-seed weight in all crosses of all generations.
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Table 9. Cont.
. Plant height(cm) [No. of branches/plant| No. of pods/plant
Crosses Genetic parameter s Fa Fs s Fa Fs Fs Fa Fs
H% 75.70 | 73.99 | 60.94 | 62.22 | 62.07 | 60.73 |58.81| 60.02 | 64.25
1-Triple white x Giza429 Ga 11.99|14.20|10.74| 1.18 | 2.03 | 2.17 | 6.72 | 8.78 | 11.65
Ga % 9.05 [10.86| 8.79 | 30.99 | 54.28 | 49.55 [27.07 | 34.95 [ 52.91
H% 69.03 | 65.01 | 69.72 | 64.93 | 58.38 | 59.90 | 64.04 | 60.57 | 60.14
2-Ohishima-Zaira x Giza429 Ga 10.96 (11.10| 6.40 | 1.57 | 1.50 | 2.07 | 893 | 6.22 |10.61
Ga % 8.67 | 8.70 | 5.74 | 43.51 | 42.15 | 50.00 |39.73|31.14 | 42.26
H% 66.52 | 69.54 | 77.13 | 61.39 | 59.41 | 66.27 |63.96| 65.16 | 61.79
3-Gizad0 x Giza429 Ga 12.8311395| 9.11 | 1.22 | 1.66 | 1.71 |15.11| 6.41 | 7.29
Ga % 10.22 | 11.02| 7.91 | 29.72 | 42.43 | 45.51 |53.28| 30.65 | 34.70
H% 73.58 | 74.76 | 69.30 | 66.13 | 67.21 | 60.01 {62.32|63.01 | 67.36
4-Ohishima-Zaira x Foul Sbailabiade Ga 18.45|17.11|12.66| 1.87 | 1.97 | 1.64 | 9.87 | 8.31 |11.81
Ga % 14.36 | 13.27 | 10.43 | 44.23 | 43.93 | 38.85 |39.37|47.02 | 45.25
Table 9.
. No. of seeds/plant Seed yield/plant 100-Seed weight
Crosses Genetic parameter F Fa s 3 Fa Fs Fs Fa Fs
H% 59.02 | 58.55 | 64.75 | 61.72 | 65.52 | 61.56 | 60.99 | 61.35 | 60.87
1-Triple white x Giza429 Ga 27.91|26.61|28.90|16.00 | 20.91 |22.36| 7.38 | 9.68 | 10.89
Ga % 39.10 | 35.48 | 45.75 | 34.72 | 40.61 | 45.62 | 10.80 | 14.33 | 12.98
H% 60.41 | 60.73 | 60.42 | 59.45 | 58.01 | 60.50 | 70.38 | 57.02 | 74.37
2-Ohishima-Zaira x Giza429 Ga 20.55(17.34(27.55|17.12 | 11.29 | 23.81 | 10.13 | 5.13 | 19.10
Ga % 31.09 (31.78 | 37.55|34.12 | 24.98 | 52.57 | 13.06 | 6.08 | 24.08
H% 57.96 | 55.68 | 63.59 | 55.14 | 53.55 | 57.21 | 60.84 | 65.61 | 65.21
3-Gizad0 x Giza429 Ga 27.97 | 14.88 | 19.42 | 21.02 | 14.74 | 14.42 | 11.58 | 10.95 | 12.92
Ga % 36.76 | 30.01 | 35.68 | 38.02 | 38.61 | 27.24 | 16.32 | 13.83 | 16.51
H% 63.89 | 60.77 | 60.40 | 59.60 | 56.06 | 56.09 | 62.13 | 58.69 | 57.07
4-Ohishima-Zaira x Foul Sbailabiade Ga 22.45(18.34 |24.41|14.2418.15|18.39 | 7.71 | 15.36 | 10.62
Ga % 29.10 | 36.45 | 36.48 | 19.26 | 38.08 | 27.97 | 8.27 | 16.44 | 11.56
DISCUSSION:

1-Mean performance:

With respect to average overall crosses, the present study revealed that pedigree selection method was
most efficient method in the three generations i.e., Fs, F4 and Fs, where the shift in means in negative direction
for chocolate spot and rust disease reactions and flowering date and positive direction for No. of branches/
plant, plant height, No .of pods/plant , seeds/plant, seed yield /plant and100-seed weight, were better
achieved through pedigree method as compared to single pod descent or bulk method; Juang and Lu (1991)
studied the effects of three breeding methods i.e., pedigree, bulk and single seed descent in two which applied
from F2 to Fs generations of soybean crosses. They found the superior of the pedigree method than the other
two methods. Satyawan et al. (2000) evaluated three cross-progenies of urdbean advanced through pedigree
selection, bulk population and single pod descent methods. They stated that, the progenies developed through
pedigree selection were superior over the other two methods. Arunachalam et al. (2002) reported in cowpea
that, pedigree and single seed descent populations were equally efficient, but the bulk method turned out to
be less efficient. EI-Hosary and El-Badawy (2003) estimated the response of faba bean to different methods of
plant breeding i.e., pedigree, bulk and single pod descent in two crosses of faba bean. They reported that,
pedigree method produced more superior lines compared to the overall mean in the first and second cross,
respectively. Ahmed et al. (2008) evaluated three cross-populations of faba bean for selection by mass
selection, pedigree method and picking pod methods from F2 to Fs-generations. Results indicated differences
(P<0.01) among the three methods for most measured traits in the three crosses. The mean values for most
traits in the three crosses were higher by pedigree selection method than by the other two methods, therefor,
pedigree selection method was found to be the best method in faba bean breeding for higher yield compared
to the other methods.

However, the superiority of pedigree selection method relative to single pod descent or bulk
population, as the results of the present investigation pointed out, this was an expected result, because the
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genetic analysis of the present materials in theFi- generation revealed that, the largest part of total genetic
variability was due to additive and additive x additive types of gene action for most studied traits. Abou-Zaid et
al. (2017), indicated that, selection procedure based on the accumulation of additive gene effects, would be
very successful in improving these genetic materials. This may be due to the additive genes are the only part of
genetic variance which inherited from the parents to its off-spring, but the dominant genes were not so do.
Pedigree selection method, where the selection was done among and within families of early segregating
generations would be more effective when additive genes played an important role in the inheritance of the
traits in consideration. Whereas, the additive genes could express itself, meanwhile, each phenotype
appearance is usually linked with genotypic constitution, which led to an effective selection in the early
segregating generations.

2-Narraw-seanse heritability and genetic advance:-

It could be observed that, there were some differences between narrow-sense heritability values
measured by parent-offspring regressions for the same trait during F3,F4 and Fs-generations.These differences
may be accounted for by different variances of the trait in question in selected plant as parent and their mean
of progeny rows as offspring due dissimilar unit used. Besides, the seasonal effects as it was necessary to grow
parent and offspring in different seasons, differences in environmental factors within season were liable to
affect the magnitude of regression coefficient in certain cases. Bartly and Weber (1952) and EL-Refaey (1992)
found the same trend of results.

It could be observed also that, narrow-sense heritability values in the cross 3 (Giza 40 x Giza 429) were
somewhat higher than that in the other cross-progenies i.e., cross 1 (Triple white x Giza429), cross2 (Ohishima-
Zaira x Giza 429) and cross 4 (Ohishima-Zaira x Foul Sbailabiade), where the parents of the latest crosses were
wide divergence. While for the cross3 where the close divergent between parents was noticed, as they belong
to the equena type, which may. Increase the proportion of additive and additive x additive variance than non-
additive ones, resulting the increase of narrow-sense heritability values in all generations for approximately all
traits in consideration. El-Refaey (1992) studied faba bean cross-progenies in the Fs, Fs and F7- generations
using pedigree method. He indicated that, heritability in narrow-sense as estimated by parent-offspring
regression was high for plant height; 100-seed weight and No. of branches/plant, indicating that selection for
these traits would be effective. He found also that, narrow-sense heritability for seed yield/plant, No. of pods
and seeds/plant in the Fs and Fewere lower than that for other traits, indicating that these traits were
influenced by non-heritable factors. El-Refaey and Radi (1997) utilized pedigree method in Fs and Fs of six
soybean cross-progenies. They showed that, plant height, 100-seed weight and No. of seeds/pod in Fa-
generation had relatively high narrow-sense heritability values (41-64%), while the other traits i.e., No of
branches/plant, No. of pods and seeds/plant and seed yield/plant recorded low estimates. Also, Padi and
Jeffrey (2008) found that, narrow-sense heritability estimates were low but different from zero for seed yield,
while the estimate for seed size was large. Abo-Mostafa et al., 2009) indicated that indirect and direct selection
in the progeny of the two crosses would be fruitful due to high values of narrow-sense heritability and
predicted genetic advance. Sarutayopht and Charassri (2010) estimated narrow-sense heritability (h?) for yield
and its components of yardlong bean through regression analysis of the Fs-progenies on Fs-parental plants.
They found low estimates for pod yield per plant in both studied populations.
3-The comparison between bulk and single pod descent breeding methods:

In F3, F2 and Fs-generations over the four cross-progenies with respect to expected and predicted genetic
advance for the studied traits of faba bean. However, single pod descent is a modification of bulk populations
which eliminate the effect of sampling error of bulk method. The superiority of bulk against single pod descent
may be attributed to the natural selection done in bulk populations which discard the inferior and undesirable
plant types especially in early segregating generations and delaying stringent artificial selection until later
generations, while, single pod descent method is usually reduce a loss of genotypes during the segregating
generations and natural selection has no effect (Jinks and Pooni, 1984).These results are in agreement with
that proposed by Thomas et al. (1997).Where they, comparing between bulk and single pod descent .They
reported that, progenies derived from bulk method had higher ranged for all characters. Satyawan et al. (2000)
stated that, the variation was higher in the progenies developed through bulk population. Shalaby et al. (2001)
recorded that, heritability estimates and expected genetic advance were higher in bulk method compared with
single pod descent
4-Heritability in broad-sense, genetic advance and genetic advance as percentage:-

The results of broad-sense heritability
and genetic advance following bulk and single pod descent methods of breeding in the four faba bean cross-
progenies are in agreement with those reported by Chettsi et al. (2005) where they found that, plant height
and seed yield per unit area exhibited high estimates of heritability, genetic advance and genetic advance as

764



Abou-Zaid et. al. International Conference of Field Crop Research Institute ~ Egypt. J. Agric. Res., (2023) 101 (3), 751-767

percentage of mean along with appropriate broad —sense heritability values. The number of seeds/pod and
100-seed weight showed high heritability values but low genetic advance expected and predicted, indicating
the presence of poor genetic variance in the materials. Dev Vert et al. (2005) found high heritability for all
characters, except for pods/plant, where predicted genetic advance was higher for clusters/plant and lowest
for days to maturity. Malik et al. (2006) recorded high heritability for 100-seed weight, No. of days to
maturity, No. of days to 50% flowering, seed yield /plant and plant height. Goncalves-Vidigal et al. (2008)
found that, the mean estimates of broad-sense heritability varied from 11.5% to 64.2%. Ahmed (2016) found
high broad-sense heritability estimates for seed yield/plant and 100-seed weight in Fs-generation. Ahmed et
al. (2018) found that, broad-sense heritability values ranged from 87.57% for plant height to 99.12% for seed
yield/plant in the two segregating populations of faba bean.

CONCLUSION

It could be concluded from the present study that, pedigree selection breeding method had a
superiority over the two breeding methods i.e., bulk and single pod descent and considered as the
Best breeding method in faba bean breeding for higher yield compared to the other methods.
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