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ABSTRACT

The present study aimed to understand the genetic nature and heritability of orobanche crenata
resistance in faba bean, using a diallel analysis of F; generation. Five genotypes were used; Misr 1, x-
1714, x-1722 (tolerant), Nubaria 1 and Giza 40 (susceptible). Seed yield and its attributes (days to
90% maturity, plant height (cm.), no. of branches/plant, no. of pods/plant, no. of seeds/plant, seed
yield/plant (g) and 100-seed weight {g) were recorded under both free and infested field. The
orobanche resistance related criteria (Date of Orobanche emergence, no. of Orobanche spikes/ m® and
Orobanche dry weight (g/m®) were recorded under infested field. The results indicated that additive
effect is very important for genetic control of 90% maturity, while dominance effect plays an
important role in genetic control of 100-seed weight under infested condition. Both additive and
dominance effects play an important role in the genetic control of three Orobanche criteria, which
related to Orobanche resistance. Mean degree of dominance (H;/D)"? indicated the presence of over
dominance for no. of pods/plant, 100-seed weight(g) and Orobanche dry weight (g/mz)under infested
ficld. Regarding, no. of Orobanche spikes/ m” possessed complete dominance. While, other characters
had partial dominance under both free and infested conditions. Unequal frequencies of positive and
negative genes were found among parents under study as well as unequal distribution occurred
between dominant and recessive genes with more dominant than recessive genes in the parents for
three Orobanche related resistant criteria and plant height (cm.) under infested condition. The
direction of dominance was towards of late of maturity , increasing no. of branches/plant and no. of
seeds/plant under free field while, under infested field the direction of dominance was towards of long
of plant height (cm.) and increasing 100-seed weight (g). Important and remarkable findings were
noticed whereas, three Orobanche related resistance criteria possessed a positive correlation
coefficient (r), the direction of dominance towards low values of three criteria were dominant over
high values. Therefore, the Orobanche resistant gene was dominant over susceptible recessive genes.
High heritability estimates in the broad-sense (h’;s) were recorded for all the studied characters. High
heritability estimates in narrow-sense were obtained for almost criteria except 100-seed weight and
Orobanche dry weight under infested field. The F; graphic analysis confirmed the above results on
the mean degree of dominance. In addition, additive gene effects play an important role in the genetic
control of 90% maturity under free condition. Misr 1 variety possessed most resistance genes for
Orobanche. The correlation coefficient confirmed the highly negative correlation between seed yield
and its attributes i,e date of Orobanche emergence and no. of Orobanche spikes/ m’.
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INTRODUCTION considered as a good source of protein, starch,
cellulose and minerals for humans in developing

Faba bean (Vicia faba L.) is one of the main countries and for animals in industrialized
pulse crops grown for seed in Egypt. It is widely countries (Haciseferogullari et al., 2003). In
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addition, faba bean is one of the most efficient
fixers of the atmospheric nitrogen and, hence,
can contribute to sustain or enhance total soil
nitrogen fertility through biotical Nj-fixation
(Lindemann and Glover, 2003).

The average cultivated area in Egypt over the
last five years (2006-2011) was about 147.000
feddans with an average yield of 8.8 ardabs/feddan.

Broomurape (Orobanche sp. Orobanchaceae) is a
parasitic plant that attacks and causes yield loss of
many important dicotyledonous crops throughout
the world (Parker, 1986), by removing
carbohydrates and water (Schaffer et al,, 1991).

Despite of 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 mainly due
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 (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 means. 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; El-Deeb et al., 1999).
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
efforts 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 (Cubero and Moreno, 1979; Abdalla
et al., 1981; Gil et al., 1987; Cubero et al.,
1993). 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). Soliman e of., 2011,
recorded that there was negatively correlated
between weight of broomrape spikes per host
plant and both of seed yield per host plant and
number of seeds per host plant but no such
associations were found with number broomrape
spikes per host plant.

Resistance against most parasitic weeds is
difficult to access, scarce, of complex nature and
of low heritability, making breeding for
resistance a difficult task. In spite of these
difficulties, significant success has been
achieved in some crops especially at legumes. In
a few instances, resistance of simple inheritance
has been identified and widely exploited in
breeding (Fernandez et al., 2007).

In a systematic breeding program, the
components of genetic variance analysis in
terms of type of gene action, heritability and
breeding potentials of genetic entries involved in
the program are obviously essential. Heritability
estimates provide a measure of relative importance
of the genotypic to the phenotypic variation and
the latter being the sum of genotypic and
environmental variations. Narrow-sense
heritability estimates in faba bean were studied
using different materials and methods reported
that narrow-sense heritability values were high
for 100-seed weight and low to moderate for
seed yield and number of pods and sced/plant
(El-Hady et al., 1991; El-Lithy,1996; El-Hady ef
al., 1997; Helal, 1997; El-Hady er al., 1998;
Abdalla er al., 2001; Attia et al., 2001; Attia et
al., 2002; Attia and Salem 2006; Fl-Hady ef ai.,
2006 ; El-Hady et al., 2007).

The genetic nature of broomrape resistance
does not clear at now and requires more studies
on Egyptian faba bean genotypes. Therefore, the
present study aimed to estimate the nature of
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gene action and heritability in broad and narrow
sense for related criteria of broomrape
resistance, seed yield and some its attributes
under heavy infested broomrape and free soils.

MATERIALS AND METHODS

The present study was carried out under
insect free cages at Gemmeza Agricultural
Research Station, ARC, Egypt during three
successive winter seasons 2008/2009, 2009/
2010 and 2010/2011. Five faba bean (Vicia faba
L.) genotypes were used that comprised three
local varieties and two advanced breeding lines.
The five genotypes were chosen to represent a
wide range of agronomic traits as well as
different levels of tolerance to Orobanche. The
pedigree and the important characteristics of
these genotypes are given in Table 1. In
2008/2009 season all possible cross
combinations excluding reciprocals were made
among the five genotypes wusing hand
emasculation and pollination in order to produce
the seeds of the 10 F1 hybrids of the half-diallel
cross. In the following season (2009 /2010), re-
hybridization were made in order to obtain more
hybrid seeds. The parents and their 10 Fi's were

sown in a randomized complete block design
(RCBD) with three replications. In 2010/2011
season under both Orobanche-infestion and
Orobanche-free  conditions at  Dakahlia
governorate. Each block included 10 Fl's as
well as five parents. Seeds were planted in
single seeded hills, 20 ¢m apart. Each genotype
was represented by one row, 3 meters long, and
60 c¢cm in between. Cultural practices were
adopted as recommended for faba bean
production in the area. Flowering and maturity
date were counted. At harvest, all plants were
handled individually from each entry and the
following characters were recorded; plant
height, first pod height, numbers of branches,
pods and seeds/plant, seed yield/plant (g) and
100-seed weight (g).The degree of infestation
[Date of Orobanche emergence, No. of
Orobanche spikes /m’and OQrobanche dry
weight (g /m?)] were determined. Diallel
analysis and heritability in broad and narrow
sense were estimated as recording of Hayman,
1954 (a & b) and Mather and Jinks, 1971.
Correlation coefficient between seed yield and
its attributes with Orobanche related criteria
were estimated according to Gomez and Gomez,
1984.

Table 1. The pedigree and some important characteristics of five faba bean parental genotypes

Genotype Pedigree Characteristics

Misr1(P;) Giza3X123A/45/76 Medium seeded type

FCRI Tolerant to Orobanche

Planting zone : All over the country

x-1714 (P;)  L.667 X (G. 429 X G.843) Medium seeded type

FCRI Tolerant to Orobanche
x-1722 (Py) L.667 X (C. 241 X G.461) Medium seeded type

FCRI Tolerant to Orobanche
Giza 40 (P,) Individual selected plant from Rebaya 40 Small seeded type

FCRI

Nubaria 1 (Ps) Individual selected plant from
Spanish variety Reina blanca
Spain

Susceptible to Orobanche

early maturity

Planting zone : Upper Egypt and New vally
large seeded type

Susceptible to Orobanche

Resistant to foliar diseases

late maturing

Planting zone : New lands at Nubaria region
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RESULTS AND DISCUSSION

Analysis of variance, t° values and regression
coeflicient as testing of validity of hypothesis of
genotypes under both free and infested
conditions for the studied traits Tables 2 and 3.
Highly significant differences were recorded for
almost traits except number of branches/plant
under infested condition. These results indicated
the large variation between genotypes under
study, especially broomrape criteia and
subsequently the genetic improvement and
selection of broomrape resistant genotypes.

The major assumptions postulated for diallel
analysis (Hayman, 1954a) were found to be valid
as the £ value was insignificant for all characters.
Another way for testing the hypothesis is through
regression coefficient (b). The regression of Wr/'Vr
was non-significant different from unity for all
characters, except for 100-seed weight (g) under
infested field, that confirm the validity of diallel
assumptions. The deviation of (b) value from zero
was highly significant or significant for plant
height, number of pods/plant, 100-seed weight,
date of Orobanche emergence, no. of Orobanche
spikes /m’ and Orobanche dry weight (g /m’
Junder infested field.

The same trend was observed under free field
for days to 90% maturity, number of
branches/plant, number of pods / plant, number of
seeds/plant and 100-seced weight (g) Table 3,
suggesting the absence of non-allelic interaction-
while it was insignificant for days to 90%
maturity, number of branches / plant, number of

seeds/plant and seed yield /plant (g) under infested
field and for plant height and seed yield/plant (g)
(under free field), Tables 2 and 3 suggesting the
presence of non-allelic interaction.

The values of Vr + Wr and Yr of parental
genotypes for days to 90% maturity, number of
branches/plant and no. of seeds / plant, also plant
height (cm.), date of Orobanche emergence, no. of
Orobanche spikes /m’ and Orobanche dry weight
(g /m”) under infested field, also no. of pods/ plant
and 100-seed weight (g) under both conditions
were presented in Tables 4 and 5.

Estimation of the genetic and environmental
components of variance are presented in Tables 5,
6 and 7. Highly significant differences of D and H,
estimates were recorded for Orobanche criteria
ie, date of Orobanche emergence, no. of
Orobanche spikes /m’ and Orobanche dry weight
(g /m®), indicating the importance of additive and
dominance gene effects in the genetic control of
Orobanche criteria, which related to Orobanche
resistance of faba bean. These results confirmed
the selection for improvement of these criteria
should occur at early and late segregating
generation by using biparametal mating at each
generation. In the same trend, additive and
dominance components of variation (D, H;) were
highly significant for plant height (cm.) under
infested field, no. of pods/plant under both
conditions, no. of seeds/plant and 100-seed weight
(g) under free condition as well as seed yield and
its attributes. No. of branches / plant under free
condition alone possessed highly significant and
significant at D and H;, respectively.

Table 2. Analysis of variance, t* values, regression coefficient and their test of significance for
Days to 90% maturity, Plant height (cm.), No. of branches / plant, No. of pods / plant
and No. of seeds / plant for F, plants under both free and infested conditions

Days to 90% Plant height No. of branches / No. of s/
i:;':gof d.f 1111tnrity (cm.)lg]l plant pla[::tnl No. of seeds / plant
Free  Infes. Free Infes. Free Infes. Free Infes. Free Infes.
Replication 2 176 348 097 591 0.11 0.20 245 032 1095 003
Treatment 14 2433 2627 5994 8204 217" 023 43777 9839" 13438 73946 "
Error 28 148 354 595 497 0.23 0.31 243 111 3.54 0.88
£ 008 099 559 002 -10E® - 005 027 005 0.22
b 095 055 0314 091 0.95 - 105 116  0.89 1.03
+S.E(b) 004 022 140 016 0.20 - 019 028 010 0.38
Hy:b=0 2328 251 022 5857 482 - 555" 418" 863" 273
H,:b=1 L14 209 049 06l 0.28 - 027 056 108  -0.09

* #* jndicate significance at 0.05 and 0.01 levels of probability, respectively.
b=0 and b=1 indicate difference of regression coefficient value from 0 and | (unit), respectively.
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Table 3. Analysis of variance, t* values, regression coefficient and their test of significance for
Seed yield / plant (g), 100-seed weight (g), Date of Orobanche emergence, No. of
Orobanche spikes /m’ and Orobanche dry weight (g /m2 )for ¥, plants under both free
and infested conditions

Date of No. of

Source of Seed yield/ plant () 100-seed weight (2) Orobanche Orobanche O702mche dry
e df X 7 weight (g /m?)
variation emergence spikes /m
Free Infes. Free Infes. Infes. Infes. Infes.
Replication 2 1.48 0.01 36.80 2.93 0.311 0.474 1.703
Treatment 14 4799 39749 40749" 1177.62" 111.0427 421.348™ 2655008 "
Error 28 098 1.12 8.25 18.68 2.799 0.942 2617
£ 0.54 94EY 0.08 7.96 1.062 0.049 0.379
b 034 0.84 1.11 032 1.505 0.884 0.750
+8.E(b) 0.77 0.32 0.13 0.10 0.177 0.122 0.097
Hy:b=0 0.44 2.65 8747 3307 8.503" 7235 7763 "
H,:b=1 1.75 0.52 087 7147 2.853 0.950 2.589

* ** indicate significance at 0.05 and 0.01 levels of probability, respectively.
b=0 and b=1 indicate difference of regression coefficient value from 0 and 1 (unit), respectively.

Table 4. Value of Vr + Wr and Yr of five faba bean parental genotypes for Days to 90%
maturity, Plant height (cm.), No. of branches/plant, No. of pods/plant and No. of

seeds/plant
Days to 90%  Plant height No. of No. of seeds /
Ce maturity (cm.) branches/plant No. of pods / plant plant
notypes Free Infested Free Free Infested Free

Vr+tWr Yr Vr+Wr Yr VetWr Yr VibWr Yr VritWr Yr VrtWr Yr
Misr-1(P;) 1414 153.08 2375 8040 166 542 2607 21.50 5253 18.77 11646 51.92
X-1714(P;) 10.14 15217 1776 8442 133 593 2122 28.03 4432 13.72 53.74 6526
x-1722(P3) 1457 151.75 1416 73.78 122 563 2810 1895 9544 16,60 6522 5721
Nubaria-1 (P,) 1027 16050 1743 7767 046 794 998 17.13 1421 1000 64.86 50.68
Giza-40 (Ps) 11.16 151.33 10742 6533 (049 626 19.88 2829 2444 2500 1980 68.838

Table 5. Value of Vr + Wr and Yr of five faba bean parental genotypes for 100-seed weight (g), Date
of Orobanche emergence, No. of Orobanche spikes /m’and Orobanche dry weight (g /m’)

Date of No. of
100-seed weight (g) Orobanche Orobanche Oro.banche dlz'y
. 2 weight (g /m”)
Genotypes emergence spikes /m
Free Infested Infested Infested Infested

VrtWr Yr VriWr Yr VetWr Yr VrPWr Yr VitWr  Yr
Misr-1(P;) 313.88 8050 267 7553 6165 11042 532 482 5811 3233
X-1714 (P;) 25094 81.16 73873 7279 59.79 10327 16134 3838 111741 60.06
x-1722(P;) 11195 7221 -1596 6681 6468 9959 20050 19.34 1883.65 8908
Nubaria-1 (P,) 21555 9828 1280.72 63.22 2728 9375 34616 3519 85741 38523
Giza40 (P;) 8328 6190 62220 4198 5894 8933 20598 35.05 145494 111.36
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Table 6. Estimates of genetic and environmental components of variation, derived ratios and
heritability (%) in F, diallel cross analysis for Days to 90% maturity, Plant height

(cm.), No. of branches / plant, No. of pods / plant and No. of seeds / plant under both
free and infested conditions in 2010/2011 season

. No. of
Days to 90% Plant height No. of seeds /
Components n):a turity ¢ (cm.)g branches / No. of pods / plant plant
of variation plant
Free Infested Free Free Infested Free

D+S.E(D) 14.09+0.07** 51.13+£4.58 ** 0.93£0.07%* 25.7510.87%* 40.55£5.56** 63.47+2 98**

F£S.E(F)

-2.50+0.18 29.99+11.44** -0.33+£0.18

0.97+£2.18 2.28+1390 -18.05+7.44

H£S.E (H) -0.6430.20 45.62+12.36 ** 0.4320.19*% 6.3122.36** 66.54+15.02%* 25.24+8.04**

H,#S.E (Hy) -0.45+0.18 31.41+11.21 ** 0.34+0.18 4.4142.14* 61.59+13.63%* 19.70+7.30**
h4S.E (b)) -0.32+0.12 18.46+7.57* -0.01£0.12 1.594+1.44  9.01+9.20 5.84+4.93
E+S.E(E) 0.50+0.03**  1.68+1.87 0.08+£0.03** 0.81+0.36%  0.35+2.27 1.34+1.22

* *+ indicate significance at 0.05 and 0.01 levels of probability, respectively.

Table 7. Estimates of genetic and environmental components of variation, derived ratios and
heritability (%) in F, diallel cross analysis for 100-seed weight (g), Date of Orobanche
emergence, No. of Orobanche spikes /m* and Orobanche dry weight (g /m2 )under both
free and infested conditions in 2010/2011 season

Components 100-seed weight (g) Ogj:ngze Ne. ‘s';ﬂi's "f_‘iﬁ‘c"’e %’;‘;‘L’:‘g‘;ﬂ
of variation emergence
Free Infested Infested Infested Infested
DiS.E[D) 175.83+8.65** 16998422559  66.51+2.78%*  205.07+12.03**  915.98+90.94**
FiS.E(F) -5697+21.61 28.38+563.52 10.51£6.95 52.03+30.04 157.89+227.17
Hx S.E (H) 128.22423.36™*% 1641.31+609.23%* 36,56+ 7.52%* 223.34+3248** 1862.321245.59%*
HAS.E (H;) 114.25421.19%*% 1588.031552.58*%* 34.42+6.82%*%  180.21+£29.46%* 1623 47+222,76%*
WsS.E(®Y)  -2.13£14.30 300.14+373.07 045+4.60  234.247+£19.890** 2893.72+150.39*+*
ExS.E(E) 3.3843.53 5.88+92.10 0.88+1.136 0.303+4.910 0.85+37.13

* *#* indicate significance at 0.05 and 0.01 levels of probability, respectively.

As regard with days to 90% maturity under free
condition and 100-seed weight (g) under infested
condition showed highly significant of D and
highly significant of H;, indicating the important
role of additive effect in the genetic control of 90%
maturity. In contrast, dominance effect plays an
important role in genetic control of 100-seed
weight under infested condition. The estimates of
(F) were negative or positive in studied criteria
under study. Negative and positive indicate

excess of recessive or dominance alleles which
were found in parents, respectively. The value of
H, comparing with H, showed the apart between
them, indicating, non equal distribution of
positive and negative alleles between parents
under study. The h’estimates, which measured
of heterozygous loct averaged overall loci, were
significant or highly significant and positive for
plant height (cm.), no. of Orobanche spikes /m’
and Orobanche dry weight (g/m’) under infested
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field, indicating the heterozygous in most loci
were recorded of these three criteria. The
proportion of genetic components, most
dominant and recessive genotypes and
heritability in broad and narrow sense for
studied characters Tables 8 and 9. Mean degree
of dominance (HI;’D)” ? indicated the presence of
over dominance for no. of pods/plant, 100-seed
weight (g) and Orobanche dry weight (g/m?)
under infested field. Regarding, no. of
Orobanche spikes/m> under infested field
possessed complete dominance, while other
characters had partial dominance under both free
and infested conditions. Proportions of (Hy/4H,)
were smaller than 0.25, indicating, unequal
distribution of positive and negative genes
between the parents. This agrees with finding of
(Kaul and Vaid, 1996 ; Attia ef al., 2006).

Unequal proportions occurred between
dominant and recessive genes with more
dominant than recessive genes in the parents for
three Orobanche related resistant criteria and
plant height under infested condition. Equal
distribution of dominant and recessive genes
between the parents were recorded at no. of
pods/plant under both conditions and 100-seed
weight under infested condition. Other studies
characters possessed unequal distribution of
dominant and recessive genes between the
parents with more recessive genes than
dominant genes. By comparing Wr +Vr values
for each array with the mean of the common
parent, i.e. comparing (Wri +Vri) with Yri we
can see the direction of dominance Tables 4 and
5. If the correlation coefficient (r) between them
is negative it means that parents containing most
increasing genes have the lowest values of Wri
+Vri and thus contain most dominant genes, and
correlation will be positive if the case is
reversed. Thus, one can conclude whether or not
the increasing or decreasing genes are the
dominant ones (Singh and Chaudhary, 1977).
Therefore, the results revealed that the direction
of dominance was towards the late of maturity,
and increasing of no. of branches/plant and no.
of seeds/plant under free field, while under
infested field the direction of dominance was
towards long of plant height and increasing 100-

seed weight as a dominant than the lowest of
these characters as a recessive.

Very important remarkable, that three
Orobanche related resistance criteria possessed
the correlation coefficient (r) were positive, then
the direction of dominance towards low value of
three criteria dominant over high values.
Therefore, the Orobanche resistant gene
dominant over susceptible recessive genes, i.e.
P; (Misr-1) possess most dominant resistant
genes, in contrast (Giza 40) possess most
recessive susceptible genes. These results are in
accordance with the results obtained by Cubero
and Hernandez (1991) and El-Rodeny (2002).

High heritability estimates in broad-sense (h’,)
[091 to 0.999] were found for all studied
characters, indicating the little effects of
environmental conditions and subsequently, these
characters were considered highly inherited ones.
Moreover, high heritability estimate in narrow-
sense was obtained for almost criteria (0.65 to
0.94) except no. of pods /plant,100-seed weight
and Orobanche dry weight (g/m®) under infested
condition, indicating that additive genes play an
important role in genetic control of these
characters, ie., days to 90% maturity, no. of
branches /plant, 100-seed weight (g) under free
condition, plant height (cm.), date of Orobanche
emergence, no. of Orobanche spikes /m’ under
infested field and no. of pods/plant under both
conditions, while dominance gene effects play an
important role in the genetic control of 100-seed
weight (g) and Orobanche dry weight (g/m”) under
infested field. Therefore, genetic improvement of
characters controlled with additive gene effects
carry out at early segregating generations, in
contrast the 100-seed weight {g) and Orobanche
dry weight (gm”) under infested field, which
controlling by dominant gene effects carry out at
late segregating generations.

The F,- graphic analysis for the studied
characters are shown in Figures 1 and 2. The
regression line passed throw the point of origin
for no. of Orobanche spikes /m’ under infested
field suggesting the importance of complete
dominance for this character. The regression line
passed under the point of origin for no. of
pods/plant, 100-seed weight (g) and Orobanche
dry weight (g/m®) under infested field,
suggesting the importance of over dominance
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Table 8. The proportion of genetic components, most dominant and recessive genotypes and
heritability in broad and narrow sense for Days to 90% maturity, Plant height (cm.),
No. of branches / plant, No. of pods / plant and No. of seeds / plant for F; plants under
both free and infested conditions

Days to 90% Plant height No. of branches No. of No. of

Parameters maturity {cm.) / plant pods/plant seeds/plant
Free Infested Free Free Infested Free
(Hy/ D) ? 0.21 0.95 0.67 050 128 0.63
H;/4H, 0.18 0.17 0.20 0.18 0.23 0.20
Dom/Res proportion 0.41 1.90 0.59 1.08 1.05 0.63
r 0.41 -0.82 -0.80 0.16 0.67 -0.79
r 0.17 0.67 0.64 0.03 044 0.62
h’ (bs) 0.96 0.94 0.91 095 099 0.97
h’ (ns) 0.94 0.65 0.81 0.88  0.58 0.87

Table 9. The proportion of genetic components, most dominant and recessive genotypes and
heritability in broad and narrow semse for 100-seed weight (g), Date of Orobanche
emergence, No. of Orobanche spikes /m’ and Orobanche dry weight (g /m2 Yfor ¥, plants
under both free and infested conditions

100-seed weight Date of Orobanche No. of Orobanche Orobanche dry

Parameters (2) emergence spikes /m’ weight (g /m?)
Free Infested Infested Infested Infested

Hy/ D) 0.85 3.11 0.74 1.04 1.43
H,/4H, 0.22 0.24 0.24 0.20 0.22
Dom/Res proportion  0.68 1.06 1.24 1.28 1.13
r 0.62 -0.29 0.42 0.82 0.79
r 038  0.08 0.17 0.68 0.63
h’ (bs) 0.98 0.99 0.98 0.99 0.99

1’ (ns) 079 020 0.75 0.68 0.55
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of seeds/plant and 100-seed weight (g) under free field
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for these characters. Regarding no. of pods/plant
and Orobanche dry weight (g /m’) under
infested field passed slightly below the point of
origin, indicating complete dominance to
negligible over dominance. While, plant height
(cm.) under infested field and 100-seed weight
under free condition passed slightly above the
point of origin, indicating complete dominance
to negligible partial dominance. The regression
lines passed over the point of origin for no. of
branches/plant, no. of pods/plant, no. of
seeds/plant under free condition and date of
Orobanche emergence under infested condition
suggesting the importance of partial dominance
for these characters. These findings confirmed
the pervious results from (H,;/D)"? proportions.

If the regression line touches parabola limit it
indicate no-dominance; therefore, the area
between parabola limit and regression line
determine dominance volume and subsequently
additive effects. Regarding 90% maturity under
free condition, the regression line almost
touched the parabola limit and the array points
of the parents also was near regression line,
suggesting that additive gene effects play an
important role in the genetic control of this trait.

The order of the array points along the
regression line showed that variety Misr-1(P;) had
most dominant genes for 100-seed weight, no. of
Orobanche spikes /m” and Orobanche dry weight
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(g /m’* Junder infested field but it had most
recessive genes for No. of branches/plant, 100-
seed weight (g) and No. of seeds/plant under free
field. Therefore, Misr-1 variety possessed most
resistance genes for Orobanche resistance. Inbred
line x-1722 (P3) had most recessive genes for 90%
maturity under free field, it had most recessive
genes for date of Orobanche emergence,
Orobanche dry weight (g /m’ Junder infested field
and No. of pods/plant under both conditions, while
it had most dominant genes for plant height (cm.)
under infested field. These differences between the
two conditions of free and infested field may be
conflicted by the potential yield under free
conditions which may be conditioned by different
alleles that controlling seed yield and its
components under Orobanche infestation (El-
Marsafawy, 2006). The relation between seed
yield and its attributes with Orobanche related
criteria is shown in Table 10.

These results confirmed that the selection of
Orobanche resistance may be depend on seed
vield and its attributes, while Orobanche dry
weight (g /m’ Ipossessed positive relationship with
seed yield and its attributes, therefore, Orobanche
dry weight (g /m’ )consider as no benefit criteria
for selection of OQOrobanche resistance. These
results are in accordance with those obtained by
El-Rodeny (2002), Abd El-Makasoud ez a/. (2007)
and El-Galaly et al. (2008).

Table 10. Relation between seed yield and its attributes with Orobanche related criteria

Plant Date of No. of Orobanch.
heig. I::;:_f 1;‘;‘ d(;f 1::‘;;: ;;;‘; 1&2};:? Orobanch. Orobanchi dry weizght
emergence spikes /m (g /m%)
90% maturity 051 -055 030 035 0.35 048 -0.05 -0.51 0.289
Plant height - 020 067 073 0.76 0.86 -0.72 -0.79 0.72
No. of branches - - 031 027 0.34 0.23 -0.74 041 0.55
No. of pods - . - 0997 099" 093 -0.82 -0.80 0.90"
No. of seeds - - - - 0997 096”7 -0.81 -0.80 0.89"
seed yield - - - - - 097" -0.87 -0.86 0.94°
100-seed weight - - - - - - -0.82 -0.87 0.89"
Date of .
Orobanche - - - - - - - 0.87 -0.96
emergence
No. of *
Orobanche - - - - - - - - -0.95

spikes /m’
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