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ABSTRACT

This work was conducted in the research farm of Mallawi Agricultural Research Station, Agricultural
Research Center, Egypt, during the two successive growing winter seasons 2007/2008 and 2008/2009 to study
the genetic system and types of gene effects controlling resistance of faba bean (Vicia faba L.) against the
parasitic weed, Orobanche crenata. The genetic values of a 10-parent diallel cross among local cultivars with
variable levels of resistance to Orobanche i.e. Giza-429, Giza-843, Giza-3, Giza-667, Giza-40, Giza-674, Line
957/721/94, Line 664/689/94, Line 962/522/94 and Giza-2 were analyzed. Resistance included characters related
to the parasitic weed (the dry weight and number of Orobanche spikes per host plant) and relative yielding
ability of seed yield under infestation. The results of the genetic analyses of the 10-parent diallel cross revealed
that mean dry weight of Orobanche spikes per host plant were under the control of genes with mainly
dominance effects with a major gene or gene complex differentiating the most susceptible parental cultivar
Giza-2 from the other nine parents. The narrow-sense heritability estimate was quite low being 0.19. Genes
with mainly dominance effects were involved in the control of number of broomrape spikes per host plant with
two parents exhibiting non-allelic gene interaction. Over-dominance was operating for resistance with a low
narrow-sense heritability estimate of 0.21. The relative seed yield per host plant to that of the most resistant
cultivar Giza-843, were under the control of both additive and dominance gene effects with the former being
greater in magnitude than the later. Partial dominance for greater relative seed yield per plant was operating
with the estimate of narrow-sense heritability being quite high reaching 0.75. Seed yield per host plant was
negatively correlated with the dry weight of broomrape spikes per host plant (r= -0.37, p < 0.05) but not with
number of broomrape spikes per host plant (r= -0.09, p < 0.05). 
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Introduction

Faba bean has a great importance to the people of Egypt and it can not be overemphasized. Seeds of faba
beans are extensively used in preparing several popular meals which they consume almost daily, thus securing
an adequate supply of protein in their diet. Despite the pressing need for greater annual production in order
to meet an increasing demand of faba bean seeds, the existing cultivars has been dwindling lately due mainly
to pest attacks of the most devastating pest of broomrape (Orobanche crenata). Being a noxious root parasite,
broomrape represents a major constraint in the main production areas of Middle and Upper Egypt where it
causes great losses in seed yield and sometimes a complete failure of the crop in endemic land. Moreover,
seeds of this parasitic weed remain viable for years in the infested soil thus posing a constant threat to the
annual acreage since more land is being rendered uncultivable with faba bean every year. Various measures
for Orobanche control have been tried including improved cultural practices, use of chemicals (Zahran et al.
1992, and Nassib et al. 1992) and use of high levels of nitrogen fertilization (Nassib and Hussein 1985).
However, cultivar resistance remains the most effective and economic control measure. Resistant genotypes
can grow satisfactorily and yield well in infested fields thus alleviating the hazards of Orobanche attacks.
Breeding efforts have been employed for combining genes for adaptability and high yield from elite faba bean
genotypes with those for tolerance to Orobanche (Cubero, 1973; Nassib et al. 1979 and El-Deeb et al. 1999).



252Res. J. Agric. & Biol. Sci., 7(2): 251-259, 2011

However, information on the genetics of resistance to Orobanche is scant and the nature of the genetic system
involved is far from clear which might account for the rather limited number of resistant cultivars released
through breeding. The limited success of the breeding effects for selecting faba bean cultivars with enhanced
resistance to the devastating parasitic weed Orobanche crenata could be attributed to the ambiguity in defining
resistance / tolerance, hence the inappropriate choice of the selection criterion. Number of broomrape spikes
per host plant was adopted as the most stable index for resistance by (Cubero and Moreno 1979); Abdalla et
al. (1981). Gil et al. (1987); Perrino et al. (1988) and Cubero et al. (1994). However, responses to selection
for the population of plants without Orobanche shoots (zero-broomrape plants) was found to be slow with very
little advance being achieved (Cubero and Moreno, 1979). In the present study, weight of broomrape spikes
per host plant was found to be negatively correlated with seed yield per host plant (r= -0.35, p < 0.05) and
with number of seeds per host plant (r= -0.35, p < 0.05) but no such associations were found with number
broomrape spikes per host plant. The more realistic definition of resistance was apparently needed. Measures
of resistance were divided in this study into two categories: those related to the parasitic plant which included
the dry weight and the number of broomrape spikes per host plant, and those related to the host plant which
comprised yielding ability characters under infestation relative to those of the most resistant parental cultivar,
Giza-843. The analysis of the genetic system controlling dry weight of broomrape spikes per host plant of the
10-parent diallel cross revealed that genes with dominance effects were found differentiating the most
susceptible parent, Giza-2. Similarly, genes with mainly dominance effects were involved in the control of
number of broomrape spikes per host plant with non-allelic gene interaction being operating. Both measures
that are related to the parasitic plant displayed very low estimates of heritability in the narrow sense which
reached 0.19 and 0.21 for dry weight and number of broomrape spikes per host plant, respectively. Such low
heritability might explain the rather slow response and limited, if any, genetic advance obtained by Cubero and
Moreno, (1979) when selection was performed for reduced number of broomrape spikes per host plant. Relative
resistance of faba bean plant to Orobanche as measured by the percentage of seed yield per plant under
infestation of that of the most resistant cultivar Giza-843 were found to be under the control of genes with
mainly additive effects with partial dominance for greater yield being operating, in accordance with the
conclusions of Suso (1980), Cubero and Fernandez (1991) and Cubero (1994). The high narrow-sense
heritability estimate obtained for the relative yielding ability under infestation which reached 0.75 suggested
using this character as the prime selection criterion in this study for enhancing resistance to Orobanche. The
objectives of this study is to analyze the genetic system and types of gene effects controlling traits associated
with resistance of faba bean (Vicia faba L.) to broomrape (Orobanche crenata spp.).

Materials and methods

The present studies were carried out at Mallawy Agricultural Research Station, ARC, EGYPT during two
successive winter seasons 2007/2008 and 2008/2009. Ten genotypes of faba bean (Vicia faba L.) were used
which comprised seven local varieties and three advanced breeding lines. The ten genotypes were chosen as
to represent a wide range of agronomic traits as well as different levels of resistance to Orobanche. The
designation numbers of the ten genotypes used as well as a brief description of their important characteristics
are given in Table (1). A spaced plant nursery comprising the ten parental genotypes was raised in the field
on 1st November 2000 for crossing purposes. All possible cross combinations (reciprocals excluded) were made
among the ten parents using hand emasculation and pollination in order to produce the seeds of the 45 F1
hybrids of the half-diallel cross. In the following season (2001 – 2002), crossing was performed again among
the ten parents for obtaining more F1 seeds of the different cross combinations. Mean while, seeds of each
of the 45 F1 hybrids were sown under a screen-house for obtaining the F2 seeds. In 2002-2003 season, two
separate experiments were carried out: the first was a pot experiment involving the parents and the F1's of the
half-diallel cross while the second was a field experiment involving the parents and the F2's. The pot
experiment was designed for analyzing the genetic system controlling resistance of faba bean to broomrape.
Each of the 55 genotypes of the half-diallel cross (10 parents and 45 F1'S) was grown in infested pots and
development of both host and parasite was monitored. Five seeds of each genotype were sown at equal spacing
in a 50 cm-diameter pot filled with a mixture of 2 : 1 clay and sand which was artificially infested with pure
seeds of Orobanche crenata at the rate of 0.5 gram per pot which were directly buried in the soil. A
completely randomized design with three replicates was used. The experiment was laid out in five rows of 11
pots each for each replicate.
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Table 1: Designation numbers and pedigree of the ten faba bean parental genotypes:
Designation No. Cultivar's name pedigree
1 Giza-429 Single plant selection from Giza-402, tolerant to Orobanche infestation
2 Giza-843 cross (Giza-461 × 561/2076/65), tolerant to Orobanche 
3 Giza-3 cross (Giza-1 × NA-29), susceptible to Orobanche infestation
4 Giza-667 cross (Giza-3 × 123A/45/76), tolerant to Orobanche infestation
5 Giza-40 plant selection from Rebaia-40, susceptible to Orobanche 
6 Giza-674 cross (Giza-402 × BPL582), tolerant to Orobanche infestation
7 Line 957/721/94 cross (Giza-402 × BPL582), tolerant to Orobanche
8 Line 664/689/94 cross (Giza-402 × 249/802/80), promising for Orobanche tolerance
9 Line 962/522/94 cross (Giza-402 × 472),  promising for Orobanche tolerance
10 Giza-2 Landraces susceptible to Orobanche infestation

The field experiment involved the F2 segregating generation of the 45 crosses of the half-diallel cross
constituting the base populations for selection purposes. The ten parents and the 45 F2's were sown on 1st

November 2002 into a field heavily infested with Orobanche crenata using a randomized complete block
design with three replicates. Each of the 45 F2 populations was represented in each block by a plot of four
ridges against a ridge assigned to the susceptible cultivar Giza-2 as a control. Each of the ten parental cultivars
was represented in one ridge per block. Each ridge was two-meter long and 60 cm width and contained 10
plants spaced 20 cm apart. Only single seed was sown per hill using dry planting method. At harvest, seed
yield and degree of infestation (number of Orobanche spikes) of each individual plant of the 45 F2 populations
were determined. Seed yield per plant (g), number and dry weight of Orobanche spikes per plant were
measured on individual bean plant basis throughout the different experiments: Data were first subjected to a
two-way analysis of variance to establish the presence of significant differences between entries. Data were
then subjected to the diallel analysis as reported by Hayman (1954 a and b) and (Mather and Jinks 1971). This
method supplies a great deal of information about a set of varieties and its progenies.

Results: 
Results obtained showed that the genetics of resistance of Faba bean to the parasitic weed, Orobanche

crenata by diallel analyses of the traits of both host and parasite. The measures of resistance in host plants
of faba bean to Orobanche infestation were divided into two categories, measures related to the parasitic plant
Orobanche crenata which involved the dry weight of the Orobanche spikes per host plant and the number of
Orobanche spikes per host plant and measures related to the host plant which involved yielding ability under
infestation (seed yield per plant, number of seeds per plant, and number of pods per plant). The presentation
of the results included the following topics to cover the measures already mentioned:

The Genetic Analysis and Types of Gene Action Controlling the Resistance of Faba Bean Plants to Orobanche
Crenata Infestation: 

The results of three traits, two of which are related to the parasitic plants of both dry weight of Orobanche
spikes per host plant and number of broomrapes per host plant and one was related to the host plants of seed
yield per plant were genetically analyzed. The analysis involved both tabular and graphic ways of presentation
of the results obtained on gene effects controlling the resistance of faba bean plants to Orobanche crenata
infestation in this study.

Comparative Yielding Ability of the Genotypes of Host Plant of Faba Bean under Heavy Infestation with the
Parasitic Plant of Orobanche Crenata: 

Comparative yielding ability of the genotypes under infestation is the final manifestation of its comparative
resistance to Orobanche. Accordingly, relative seed yield per plant of each genotype taken as a percentage of
that of the top yielding, the most resistant parent (Giza-843) that was used also as another measure of
resistance/tolerance to Orobanche. Percentages of seed yield per plant relative to the best parent Giza-843 were
calculated in order to estimate the relative resistance of faba bean genotypes to Orobanche crenata infestation.

A. Measures Related to the Parasitic Plants:

1. Dry Weight of Orobanche Spikes per Host Plant:

The means of Orobanche spikes per host plant of the ten parents and the 45 F1 hybrids of the diallel cross
are shown in Table 2. The means of dry weight of Orobanche spikes for the parents ranged from 3 grams for
Giza-667 to 73 grams for Giza-2 with an average of 18.3 grams. The mean dry weight of Orobanche spikes
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per plant for the F1 hybrids ranged from 2.67 grams for (Giza-667 × line-962/522/94) to 34.33 grams for
(Giza-429 × line-664/689/94) with an average of 12.84 grams indicating that the F1 hybrids were less
susceptible to Orobanche infestation than the parents. The analysis of variance in (Table 3) revealed the
presence of significant differences between the 55 entries of the diallel table in dry weight of Orobanche spikes
per host plant.

Table 2: The means of dry weight of Orobanche spikes per host plant (g) of the ten-parent diallel cross.
Parent 1 2 3 4 5 6 7 8 9 10 mean
P1. Giza-429 11.00 16.00 21.33 8.00 21.33 15.33 11.00 34.33 27.00 30.00 19.53
P2. Giza-843 4.00 30.00 10.67 11.00 4.00 7.33 4.33 10.33 5.00 10.27
P3. Giza-3 12.00 6.67 25.33 17.67 20.00 21.67 13.00 9.00 17.66
P4. Giza-667 3.00 7.33 6.00 3.67 4.00 2.67 3.00 5.50
P5. Giza-40 29.00 3.33 14.00 17.33 14.00 13.67 15.60
P6. Giza-674 7.00 12.33 14.33 10.33 11.00 10.10
P7. 957/721/94 17.00 10.00 7.33 6.00 10.87
P8. 664/689/94 11.00 23.00 4.67 14.47
P9. 962/522/94 16.00 9.67 13.30
P10. Giza-2 73.00 16.50
P= 18.3                             F1= 12.84

Table 3: The analysis of variance of dry weight of Orobanche spikes per host plant (g) of the ten-parents diallel cross.
Source of variance d.f MS F
Genotypes 54 136.67** 267.90
Blocks 2 55.72** 109.20
Error 108 0.51
** significant at 0.01 level

The Diallel Analysis of Variance:

The diallel analysis of variance of dry weight of Orobanche spikes per host plant (Table 4) revealed highly
significant additive "a" and non-additive "b" gene effects. On partitioning the "b" item into its components,
it was evident that item "b1" was highly significant indicating directional dominance for greater resistance to
Orobanche P= 18.39, F1= 12.84g). 

Table 4: The diallel analysis of variance of dry weight of Orobanche spikes per host plant (g) of the F1 diallel cross.
Item d.f MS F
a 9 1072.52 2102.98**
b 45 443.48 869.57**
b1 1 803.603 1575.69**
b2 9 1328.89 2605.67**
b3 35 205.51 402.96**
B × a 18 154.33
B × b 90 146.43
B × b1 2 178.63
B × b2 18 38.58
B × b3 70 173.24
Block interaction 108 0.51
†All items were tested against the block interaction MS.

The significance of "b2" item indicated unequal distribution of alleles showing dominance among the
parents while the significance of "b3" item implied the presence of further dominance due to specific crosses
and/or epistasis.

Genetic Parameters:

The estimates of the various components of the genetic variation for dry weight of Orobanche spikes per
host plant are given in Table 5. The parameter "D" estimating the additive effect was smaller than the
dominance parameter "H1" confirming that over-dominance was operating. The average degree of dominance
as measured by the ratio of %(H1/D) reached 1.11. The parameter "F" is positive indicating that there were
more dominant than recessive alleles among parents. The ratio of (H2/4H1) measuring uv was not equal to
0.25 confirming the unequal distribution of the dominant and recessive alleles among the ten parents analyzed
which was indicated before from the significance of item "b2". The value of broad sense heritability was 0.43
while the value of narrow sense heritability was quite low being 0.19. 
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Table 5: Components of the genetic variation for dry weight of Orobanche spikes per host plant (g).
Item value S.E.
D 344.53 54.4
F 579.05 125.69
H1 424.37 115.9
H2 136.08 98.55
%(H1/D) 1.11
UV 0.08
B.h 0.43
N.h 0.19
B.h = Broad-sense heritability. N.h = Narrow-sense heritability.

2 Number of Broomrapes per Host Plant:

The average number of broomrapes spikes per host plant of the ten parents and their F1 hybrids are
presented in Table 6. The results showed that the average numbers of broomrapes per host plant for the parents
ranged from 2.67 for Giza-674 to 6.67for both Giza-429 and Giza-667 with an average of 4.8 spikes. The
average numbers of broomrapes for the F1 hybrids ranged from 1.33 to 11.0 with an average of 4.8 spikes.
The analysis of variance (Table 7) revealed significant differences between the 55 genotypes of the diallel cross
in number of broomrapes per plant.

Table 6: The means of number of broomrape spikes per host plant of the ten-parent diallel cross.
Parent 1 2 3 4 5 6 7 8 9 10 mean
P1. Giza-429 6.67 5.33 7.33 2.00 1.67 1.67 4.33 10.67 8.67 5.33 5.36
P2. Giza-843 5.33 11.00 2.33 8.00 3.33 9.00 7.33 5.67 4.33 6.16
P3. Giza-3 6.00 4.67 4.33 7.67 9.33 4.67 6.67 10.00 7.16
P4. Giza-667 6.67 6.00 7.67 4.67 7.67 4.00 2.33 4.80
P5. Giza-40 3.33 4.33 3.67 5.67 2.00 2.00 4.10
P6. Giza-674 2.67 2.00 2.00 3.33 1.33 3.60
P7. 957/721/94 3.33 1.33 2.67 3.00 4.33
P8. 664/689/94 4.67 1.33 1.33 4.66
P9. 962/522/94 3.67 4.00 4.20
P10. Giza-2 6.00 3.90
P = 4.83                                     F1 = 4.86

Table 7: The analysis of variance of number of broomrape plants per host plant of the ten-parent diallel cross.
Source of variance d.f MS F
Genotypes 54 20.19 27.30**
Blocks 2 1.72 2.32**
Error 108 0.74
** significant at 0.01 level

The Diallel Analysis of Variance:

The diallel analysis of variance of number of broomrape spikes per host plant is given in Table 8. As
revealed in the analysis, there were highly significant additive and non-additive effects indicated by the
significance of both of "a" and "b" items with the additive mean square being greater in magnitude than the
non-additive. The parental mean (P = 4.83) was identical to that of the F1 hybrids (F1 = 4.86). The b1 item
was non-significant when tested against its own block interaction indicating that dominance was am
bidirectional. The "b2" item was significant indicating unequal distribution of dominant and recessive alleles
among parents. Meanwhile, the significance of "b3" item indicated further dominance effects due to specific
combinations and epistasis.

Table 8: The diallel analysis of variance for number of broomrape spikes per host plant of the F1 diallel cross.
Item d.f MS F
a 9 73.31 99.06**
b 45 32.34 43.70**
b1 1 3.7 5.00*
b2 9 12.47 16.85**
b3 35 38.37 51.85**
B × a 18 21.36
B × b 90 19.03
B × b1 2 0.93
B × b2 18 4.36
B × b3 70 19
Block interaction 108 0.74
†All items were tested against the block interaction MS. ** p < 0.01
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Genetic Parameters:

The estimates of the various components of genetic variation for number of broomrape spikes per host
plant are given in Table 9. 

Table 9: Components of the genetic variation for number of broomrape spikes per host plant.
Item F value SE
D 1.53 1.31
F 0.46 3.03
H1 22.85 2.79
H2 20.11 2.12
%(H1/D) 3.86
UV 0.22
B.h 0.91
N.h 0.21
B.h = Broad-sense heritability. N.h = Narrow-sense heritability.

The parameter "D" estimating the additive effect was smaller than the dominance parameter "H1"
confirming that over-dominance effect was operating. The average degree of dominance as measured by the
ratio %(H1/D) reached 3.86. The parameter "F" is positive indicating that there were more dominant than
recessive alleles. The value (H2/4H1) that measures uv was not equal to 0.25 indicating unequal distribution
of both dominant and recessive alleles among the ten parents analyzed which has been indicated from the
significance of item "b2". The value of broad-sense heritability was 0.91 and the value of narrow-sense
heritability was very low being 0.21.

B. Measures Related to the Host Plants:

1 Seed Yield per Plant:

The means of seed yield per plant (g) of the 55 entries of the diallel table under heavy infestation with
Orobanche are presented in Table 10. An analysis of variance (Table 11) revealed highly significant differences
between the 55 genotypes. Means of seed yield per plant of the 10 parents ranged from almost nil (0.5 grams)
for the most susceptible cultivar Giza-2 to 24.67 grams for the most resistant cultivar Giza-843 with an average
of 10.41 grams. As for the F1 hybrids, the range of seed yield per plant extended from 3.95 to 35.53 grams
with an average of 15.4% which exceeded the parental average by 52.16% reflecting the greater resistance of
the F1's to Orobanche infestation. Comparative yielding ability of the genotype under infestation is the final
manifestation of its comparative resistance to Orobanche. Accordingly, the relative seed weight per plant of
each genotype taken as a percentage of that of top yielding most resistant parent (Giza-843)was used as another
measure of relative resistance or tolerance to Orobanche. 

Table 10: The means of seed yield per plant (g) of the ten-parents diallel cross.
parent 1 2 3 4 5 6 7 8 9 10 mean
P1. Giza-429 15.79 22.69 15.79 17.67 11.84 23.82 11.18 12.50 12.17 13.82 14.70
P2. Giza-843 24.67 19.74 25.66 15.62 21.71 18.09 19.74 14.80 15.79 19.85
P3. Giza-3 9.87 17.27 6.25 16.78 10.85 6.91 16.78 5.92 12.62
P4. Giza-667 22.69 23.68 22.69 13.82 15.79 15.79 14.80 18.99
P5. Giza-40 2.96 12.83 6.91 8.88 4.90 7.89 10.18
P6. Giza-674 12.83 35.52 24.67 7.55 4.28 17.27
P7. 957/721/94 4.93 21.71 20.72 22.69 11.54
P8. 664/689/94 5.92 12.83 27.63 15.66
P9. 962/522/94 3.95 3.95 11.34
P10. Giza-2 0.50 12.30
P= 10.41                             F1= 15.4

Table 11: The analysis of variance of seed yield per plant (g) under infestation of the ten-parents diallel cross.
Source of variance d.f MS F
Genotypes 54 166.41 81.02**
Blocks 2 11.83 5.90**
Error 108 2.05
** significant at 0.01 level

The percentage of seed yield per plant relative to the most resistant parent (Giza-843) of the ten parents
and their F1 hybrids are presented in (Table 12) in which the results showed that the percentage for the nine
parents extended from 2.03% for the most susceptible parent (Giza-2) to 92% for Giza-667. Meanwhile, the
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percentage of F1 hybrids ranged from 16% for (Line-664/689/94 × Giza-2) to 144% for (Giza-674 × Line-
957/721/94) with an average of 62.47% indicating the greater tolerance of F1 hybrids. The analysis of variance
(Table 13) revealed significances between genotypes in the percentage of seed yield per plant relative to the
most resistant parent Giza-843.

Table 12: The means of the relative seed yield per plant (g) of the 55 genotypes of the ten-parent diallel cross taken as percentages to
the most resistant parent Giza-843.

parent 1 2 3 4 5 6 7 8 9 10 mean
P1. Giza-429 64.00 92.00 64.00 72.00 48.00 96.00 45.33 50.67 49.33 56.00 59.70
P2. Giza-843 100.0 80.00 104.0 63.33 88.00 73.33 80.00 60.00 64.00 80.40
P3. Giza-3 40.00 72.00 25.33 68.00 44.00 28.00 68.00 24.00 51.33
P4. Giza-667 92.00 96.00 92.00 56.00 64.00 64.00 60.00 77.20
P5. Giza-40 12.00 52.00 28.00 36.00 20.00 32.00 41.30
P6. Giza-674 52.00 144.0 100.0 30.60 17.33 70.00
P7. 957/721/94 20.00 88.00 84.00 92.00 67.40
P8. 664/689/94 24.00 52.00 112.0 63.40
P9. 962/522/94 16.00 16.00 46.00
P10. Giza-2 2.03 47.50
P= 42.2%                             F1= 62.47%

Table 13: The analysis of variance for resistance to Orobanche taken as percentages of seed yield per plant of that of the most resistant
parent Giza-843.

Source of variance d.f MS F
Genotypes 54 233.28 20.66**
Blocks 2 1251.55 110.88**
Error 108 11.28
** significant at 0.01 level

The Diallel Analysis of Variance:

The diallel analysis of variance of the percentages of number of seed yield per plant relative to the most
resistant parent Giza-843 is shown in Table 14. 

Table 14: The diallel analysis of variance of relative resistance to Orobanche taken as percentages of seed yield per plant of the most
resistant parent Giza-843.

Source of variance d.f MS F
a 9 11087.92 982.97**
b 45 3289.25 291.60**
b1 1 11315.86 1003.18**
b2 9 1538.74 136.41**
b3 35 3510.05 311.17**
B × a 18 34.19
B × b 90 42.82
B × b1 2 51.84
B × b2 18 8.55
B × b3 70 51.37
Block interaction 108 11.28
All items were tested against the block interaction MS.   ** p < 0.01

As the analysis revealed, there were a highly significant additive effect "a" and a highly significant non-
additive effect "b" with the former being greater in magnitude than the later. On partitioning the non-additive
effect item "b" into its components, it was evident from the significance of the item "b1" that F1 hybrids
exhibited directional dominance for greater percentage of seed yield per plant (P = 42.2%, F1 = 62.47%). The
significant item "b2" indicated asymmetrical gene distribution of genes affecting the percentage of seed yield
per plant at loci showing dominance while the significance of the item "b3" indicated further dominance effects
due to specific combining ability and epistasis.

Genetic Parameters:

The estimates of various components of genetic variation for the percentage of seed yield per plant relative
to the best parent are given in Table 15. The parameter "D" estimating the additive effect was greater than
the dominance parameter "H1" confirming that partial dominance was operating. The average degree of
dominance as measured by the ratio %(H1/D) reached 0.67. Thus, partial dominance confirms the results
revealed by wr/vr graph. The parameter "F" is positive indicating that there were more dominant alleles than
recessive ones. The value (H2/4H1) that measures uv was not equal to 0.25 indicating unequal distribution of
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both dominant and recessive alleles among the ten parents analyzed which has been indicated from the
significant of item "b2". The value of broad-sense heritability was 0.95. Meanwhile, the value of narrow-sense
heritability was quite high being 0.75.

Table 15: Components of the genetic variation ) for for resistance to Orobanche taken as percentages of seed yield per plant.
Item F1 value SE
D 1377.84 28.34
F 203.34 69.24
H1 634.99 71.94
H2 633.97 64.27
%(H1/D) 0.67
UV 0.24
B.h 0.95
N.h 0.75
B.h = Broad-sense heritability.         N.h = Narrow-sense heritability.

Discussions:

The limited success of the breeding effects for selecting faba bean cultivars with enhanced resistance to
the devastating parasitic weed Orobanche crenata could be attributed to the ambiguity in defining resistance
/ tolerance, hence the inappropriate choice of the selection criterion. Number of broomrape spikes per host
plant was adopted as the most stable index for resistance by (Cubero and Moreno 1979); Abdallah et al.
(1981). Gil et al. (1987); Perrino et al. (1988) and Cubero et al. (1994). However, responses to selection for
the population of plants without Orobanche shoots (zero-broomrape plants) was found to be slow with very
little advance being achieved (Cubero and Moreno, 1979). In the present study, weight of broomrape spikes
per host plant was found to be negatively correlated with seed yield per host plant (r= -0.35, p < 0.05) and
with number of seeds per host plant (r= -0.35, p < 0.05) but no such associations were found with number
broomrape spikes per host plant. A more realistic definition of resistance was apparently needed.

Measures of resistance were divided in this study into two categories: those related to the parasitic plant
which included the dry weight and the number of broomrape spikes per host plant, and those related to the
host plant which comprised yielding ability characters under infestation relative to those of the most resistant
parental cultivar used, Giza-843.

The analysis of the genetic system controlling dry weight of broomrape spikes per host plant of the 10-
parent diallel cross revealed that genes with mainly dominance effects were involved with a major gene or
gene complex with complete dominance for resistance differentiating the most susceptible parent, Giza-2, from
the other nine parents. Similarly, genes with mainly dominance effects were involved in the control of number
of broomrape spikes per host plant with non-allelic gene interaction being operating. Both measures that are
related to the parasitic plant displayed very low estimates of heritability in the narrow sense which reached
0.19 and 0.21 for dry weight and number of broomrape spikes per host plant, respectively. Such low
heritability might explain the rather slow response and limited, if any, genetic advance obtained by Cubero and
Moreno, (1979) when selection was performed for reduced number of broomrape spikes per host plant.

Relative resistance of faba bean plant to Orobanche as measured by the percentage of seed yield per plant
under infestation of that of the most resistant cultivar Giza-843 were found to be under the control of genes
with mainly additive effects with partial dominance for greater yield being operating, in accordance with the
conclusions of Suso (1980), Cubero and Fernandez (1991) and Cubero (1994). The high narrow-sense
heritability estimate obtained for the relative yielding ability under infestation which reached 0.75 suggested
using this character as the prime selection criterion in this study for enhancing resistance to Orobanche. The
remarkable positive responses to selection obtained in the 17 F2 populations which averaged 22.7% and 22.8%
of the population mean after the first and the second cycles of selection, respectively, supported the suggestion
of Cubero (1983) of applying a recurrent selection method in order to accumulate genes for resistance in the
host at the quickest possible rate. 
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