J. Agric. Sci. Mansoura Univ., 34 (4): 3349 - 3366, 2009

GENETIC STUDIES ON GROWTH, EARLINESS YIELD AND
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ABSTRACT

A 4 x 4 diallel cross with reciprocals was performed among four cultivars of
broad bean (Vicia faba, L.), i.e., two Spanish cultivars named Luz de otono and Reina
mora, one local cultivar called Giza planka, and a selected line, cv. (Sabaaty). The
four parents and their 12 F1 hybrids and reciprocal crosses were evaluated in a field
experiment designed in a randomized complete block with 3 replicates. This
investigation was carried out during the winter seasons of 2005/2006, 2006/2007 and
2007/2008 under field conditions at Sabaheya Horticultural Research Station,
Alexandria Governorate, Egypt. The main objectives were to evaluate the average
degree of heterosis in the crosses in addition to the estimation of combining ability
and its components.

The obtained results reflected generally that all of the first hybrid generations,
including the reciprocal crosses, tended to show values either higher than those of
their respective lower parental values or deviated towards their higher parental values
for the vegetative growth characters. The results indicated also that all of the F1
hybrid populations were either more than their mid-or high- parental values for total
yield and all its components characters. Positive heterosis estimates, relative to mid-
parents, were detected in most of the F1 hybrids for vegetative growth characters.
Concerning total yield and its components, positive heterotic effects were noticed on
most of the first hybrid generations, including reciprocals. The results indicated also
that both general combining ability G.C.A. (additive effects) and specific combining
ability S.C.A. (non-additive effects) appeared to be important in controlling the
expression of all studied characters; but with relatively more important roles for S.C.A.
effects. The results indicated also that the parental cultivar Reina mora (P1) could be
considered as a good general combiner for breeding to earliness, vegetative
characters and yield and its components. The combinations of P1 X P2, P1 X P3,
and P2 X P3 exhibited significant positive values for the most characters of vegetative
growth, yield and its components. Correlation values among pairs of characters
exhibited that number of pods/plant and pod weight should to be the first concern for
improving yield of faba bean.

INTRODUCTION

Broad bean (Vicia faba, L.) is the most important leguminous seed crop
in Egypt which it is inexpensive source of protein with high calories and
nutritive value (Mahmoud, 1986; Radwan and Wafaa, 2005). The total
production in Egypt is still below the demand. To meet the national
requirement of this crop, both of the area devoted could be increased and the
high yielding cultivars can be planted. Since the cultivated area in Egypt is
limited, and to achieve abundant yield, the use of high yielding cultivars and
good agricultural practices are recommended.

Heterosis is a great importance to be employed in plant breeding to
obtain high yielding genotypes. Recently, much interest has developed in
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producing growing F1 hybrids of several normally self-pollinated species,
where a considerable amount of F1 yield heterosis had been demonstrated.
Accordingly, hoterosis on the F1 hybrids were detected on some important
characters of faba bean by several researchers (Bond, 1988; Ebmeyer, 1988;
El-Refaey et al.., 2006; Filippetti et al.., 2008) .

To improve any crop, it is essential to know as much as possible about
the genetic systems controlling the expression of yield, quality and their
related characters for this crop. Information about the genetics of the
quantitative characters can be obtained by analyzing sets of diallel crosses.
These analyses offer the opportunity to test the effects of both general and
specific combining, abilities of the lines or cultivars and their crosses,
respectively. Such information may assist the plant breeders to chose the
efficient breeding methods for improving faba bean. Many researchers used
diallel crossing system in faba bean for estimating different genetic
parameters (El-Hosary; 1984; Radwan and Darwish, 1989; El-Refaey et al..,
2006; Filippetti et al.., 2008)

Information about the types and importance of gene action effects,
controlling the total yield and its related characters, as an important purpose
for improving faba bean, were studied by several investigators; such as
(Radwan and Darwish, 1989; El-Refaey et al.., 2006; Filippetti et al.., 2008).
They mentioned that both additive and non-additive gene effects were
important in the genetic expression of most studied characters of faba bean.

Since genotypic and environmental factors are components
determining yield and quality in plants, a primary aim should be the
determination of effect of genotypic factors in selection. As the effect of
environment on yield and quality in plants is not hereditable, effects of
genotypic factors on yield and quality in plant breeding research need to be
examined. When studying with correlations it is of prime importance to
recognize the nature of the population under consideration (Dewey and Lu,
1959). In addition, simple correlation does not consider the complex
relationship between the various characters related the dependent variables
(Mebrahtu et al., 1991). Correlation coefficients show relationships among
independent variables and the linear relationship between these variables.
But, reasons of the path analysis usage are different. They could be
mentioned as follow (Ariena et al., 1986); 1) To indicate the relative
importance of certain factors contributing to yield reduction by any factor; 2)
to unravel opposing effects between variables along different paths of
influence, which may obscure the importance of certain factors along those
pads, and; 3) to determine which variables need to be measured to enable
faba bean's biological yield.

Therefore, this investigation was undertaken to: 1) evaluate the general
performances of four parental faba bean cultivars and all their possible F1
hybrids; 2) calculate the amount of heterosis for some of faba bean traits; 3)
obtain estimates for general and specific combining ability, and the reciprocal
effects; and 4) estimate the direct and indirect effects of some characters
related to seed production, which would be helpful to plan an appropriate
selection program.
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MATERIALS AND METHODS

The present investigation was carried out during the winter seasons
of 2005/2006, 2006/2007 and 2007/2008 under field conditions at Sabaheya
Horticultural Research Station, Alexandria Governorate, Egypt. Plant
materials for this study consisted of four cultivars of broad bean (Vicia faba,
L.), i.e., two Spanish cultivars named Reina mora (P1) and Luz de otono
(P2), one local cultivars called Giza planka (P3), and a selected line,
Equadols cv. (Sabaaty) (P4), originated from selection and improving of
broad bean which was obtained from the local market of Alexandria (Ragheb,
1994). All studied cultivars were selfed 3 times to get the homozygosity of its
individuals. The color of mature seeds of all the studied genotypes are white
except that of cultivar Reina mora are pink.

A diallel cross with reciprocals was made among the 4 parental
cultivars to give 12 F1 hybrid combinations. The production of hybrids and
selfed seeds were obtained in the winter season of 2005/2006 by the
technique of pollination as, principally, described by Bhandari (1979). Seeds
of the 4 parental cultivars and 6 F1 hybrids and 6 Fi reciprocal crosses (from
the 4 x 4 full diallel cross) were planted in November 5% during 2006/2007
and 2007/2008 winter seasons. A randomized complete blocks design with 3
replicates was used in this study. Each entry was planted in a single row plot,
4m long and 0.7 m wide. The seeds were planted in hills spaced 40 cm apart
at the rate of 1 seed per hill. The 16 entries were, randomly, distributed on
the 16 ridges in each replicate. The other normal agricultural practices for
faba bean production, i.e., irrigation, fertilization, weeds and pests control
were practiced as recommended in the district.

Recorded measurements

Flowering date and fruiting date were determined as the number of
days from planting to the first flower opening and fruiting set, respectively.
Also, Height of 1st both of flowering node and pod were measured in
centimeter. These trait were counted as the mean of 10 plants per entry.

The following growth attributes were measured, 95 days after sowing,
using ten random plants from each entry; plant height (cm), number of
branches / plant, weight of fresh pods / plant (g). Thirty random fresh pods
were used from each entry to measure pod length (cm), width (cm), and
weight.

At harvest, on mid May, samples of ten random plants were used, from
each entry to record number of seeds/pod, and total seed yield g/plant. Three
random samples, 100 seeds each, were used from each entry for calculating
weight of 100 seeds (in gram)

Statistical analysis

The collected data were initially, analyzed separately for each
experiment, then combined across the experiments after using Bartlelt’'s test
for homogeneity of the variance (Snedecor and Cochran, 1980). In this
analysis; genotypes were assumed to be fixed and replicates and seasons
assumed to be random.
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The average degree of heterosis (ADH%): was calculated as
percentage of increase or decrease of the F1 performance above the mid
parent (MP) value and the high parent (HP) value (Sinha and Khanna, 1975).

Fi- MP

ADH% (in relation to M.P) = MP x 100
Fi-HP
ADH% (in relation to H.P) = HP x 100
Potence ratio (P.R) was calculated by using the following formula :
Fi-MP
PR = 7, (P2 - Pa) X100

where, P2 and P1 the highest and the lowest parents, in succession.

The combining ability of the 4 parents and their 12 F:1 hybrids were
studied using the diallel analysis, which was computed for all crosses
according to Griffing’s (1956) model two of method one which depends on the
use of parents, F1's and their reciprocals to partition the variation among
genotypes into general combining ability (GCA) and specific combining ability
(SCA) and reciprocal effects (R.E). Diallel cross analysis of the two
experiments were carried out; whenever, homogeneity of variance was
detected. This model was considered as an appropriate because the parents
were detected on the basis of their characters, so it could not be considered
as a random sample of some population and in model 1 all effects are fixed.

Simple correlation coefficients (r) were calculated for different pairs of
the studied characters as shown by Dospekhove (1984). Path-coefficient was
calculated as described by Dewey and Lu (1959). In the path diagram (Figure
1), the doubled-arrowed lines indicate mutual association as measured by
correlation coefficients rij the single arrowed lines represent direct influence
as measured by path-coefficient Pix, and h represents residual factors.

Each normal equation represents a partitioning of correlation
coefficient of a predictor variable with the response variable into the
component terms, the direct effect or path coefficient for that predictor
variable and two indirect effects, each involves the product of a correlation
coefficient between two predictor variables and the appropriate path
coefficient in accordance with the path diagram.
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Fig. 1. Path diagram with 7 predictor variables "X;" to "X;" and the
response variable Xs. The variable "h" is the remainder portion or
residual. (1-R?)*

P1s+ r12 P2s + r13 Pas + r14 Pag + 115 Psg + 116 Pes + 117 P7s = 118 (1)
r21 P1g + P2g + 123 Pag + 24 Pag + r2s Psg + 126 Pes + 127 P7s = 128 (2)
r31 P1g + r32 P2g + P3g + r3s Pag + ras Psg + r3s Pes + r37 P7s = r3g (3)
rs1 P1g + ra2 P2g + ra3 P3g + Pag + ras Psg + ra6 Pes + 147 P7s = rag (4)
rs1 P1g + rs2 P2g + 53 P3g + 54 Pag + Psg + rse Pes + 157 P7s = rsg (5)
re1 P1g + re2 P2g + re3 P3g + rea Pag + res Psg + Pes + re7 P7s = res (6)
r71 P1g +r72P2g + r73 P3g + r74 Pag + r75s Psg + 176 Peg + P7s = 178 (7)

RESULTS AND DISCUSSION

1. Mean performance

Hybrid P1 x P2 and reciprocal cross P2 x P1 were the earliest
genotypes for both of flowering and fruiting set dates. They, also, gave the
highest numbers for both of branches and pods/plant (Table 1). There were
no significant differences between these crosses and parent P1 (Reina mora
cv.) with respect to fruiting set date. Moreover, this parent (P1) had the
shortest heights of 15 both of flowering node and pod; meanwhile, it gave the
tallest plants. Hybrid P3 x P4 and reciprocal cross P4 x P3 do not differ
significantly from parent P1 with regard to height of 1st pod. On the other
hand, the highest mean values for plant yield (fresh pods), pod weight, pod
width, and plant yield (dry seeds) were obtained by both of hybrid P1 x P3
and reciprocal cross P3 x P1, There were no significant differences between
them and the genotypes P2 x P3 and P3 x P2 concerning pod weight; and
the genotypes P3 x P4 and P4 x P3 regarding pod width; and the genotypes
P1 x P4 and P4 x P1 with respect to plant yield (dry seeds). The latest
genotypes had the lengthiest pods. Hybrid P2 x P4 and reciprocal cross P4 x
P2 gave the highest mean value for weight of 100 seeds (Table 1).
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2. Heterosis

Regarding flowering date, hybrid P1 x P2 and reciprocal cross P2 x P1
gave high negative heterosis values relative to mid parent and high parent
(Table 2). This result suggested an over dominance to the earliest parent.
The obtained potence ratio value supported the postulated hypothesis. On
the other hand, the same combination had high positive heterosis values to
mid parent and high parent for number of branches / plant. The results
illustrated, also, that the heterosis percentages of earliness characters were
positive in most of the F1 hybrid populations. Such positive is undesirable
heterotic effects.

The results presented in Table (3) indicated generally that desirable
and positive heterotic effects, relative to both mid-and high-parents were
reflected on all the F1 hybrids and their reciprocals for yield and its
components, with just few exceptions.

Table 3: Estimates of heterosis (ADH%) based on mid parents (MP) and
high parent (HP) and potence ratio for yield and its
components of faba bean, combined data over the two
seasons, 2006/2007 and 2007/2008

Yield and its components

Plantyield (fresh pods) No. of pods/plant No. of seeds/pod Pod weight
ADH% Potence ADH% Potence ADHY% Potence ADHY% Potence

MP | HP raio | MP | HP ratio MP | HP | ratio MP | HP ratio

P1XP2 | 5029] 4806 | 48 |8763[6106| 531 [ 038 | 051 300 | 265] 3430| 128

P1XP3 [ 8003 | 5456 | 3346 [ 2510 1096 | 197 | 090 | 026 | 140 | 4467 | 041 | 1184

P1XP4 | 6233 [ 5349 | 1082 | 6737 | 4071 35 | 240 [ 128 | 211 | 565 | 1654 043

P3XP2 | 6092 2091 | 406 | 2687 | 137 | 04 [ 077 | 026 | 150 | 277 678 | 1%

PAXP2 | 2619 | 1765| 361 | 2658 | 2346| 1050 | 051 | 075 | 040 | 059 | 513 | 012

P3XP4 | 4718 2060 | 214 | 4888| 1370| 158 [ 076 | -L00 | 043 | 372 [ 1193] 040

P2XPL [ 5099 | 4876 | 488 [ 8603|5969 | 52 | 03 | 049 | 283 | 239| 3407| 1%

P3XPL | 8052 5497 | B3R | 635[ 1119| 19 | 013 | 051 | 020 [ 4507 97| 11%5

PAXP1 | 6052 | 5177 | 1050 | 6678 | 4022 | 352 | 230 | 118 202 | 619 | 1702| 047

P3XP2 [ 6180|4067 411 [ 560 2% | 089 | 152 | 10| 2% | 26| 758 | 1&

PAXP2 | 2804] 1937 | 38 |2720| 2414| 1078 [ 032 | 04| 025 | 08| 512 012

PAXP3 [ 4676 | 2025 212 [ 4758|1271 154 | 066 | 110 | 037 | 442 | 1257 o047

Pod length Pod width Plantyield (dry seeds) weight of 100seeds

Population ADHY% Potence ADHY% Potence ADH% Potence ADHY% Potence

MP | HP raio | MP | HP ratio MP | HP raio MP | HP ratio

P1XP2 | 3530 | 2651 | 508 |-1083| 528 | 185 [ 4554 1385| 164 | -1545] 2478] 15

PIXP3 [ 1344 | 1325 | 8113 | 2426 | 2755 | 943 | 2067 | 331 | 575 | 48 | 246 | 06

PIXP4 | 3373|1637 226 | 873 | 632 | 339 [5201| 37| 542 | 375 | -1060| 049

P3XP2 [ 1547 813 | 228 | 962 [ 1250 2% | 045 [2421] 001 |-1468]-1873] 2%

PAXP2 [ 1973 1081 245 | 121 [ 201 | 037 | 5669|3195 | 302 | 2740| 629 | 13

P3XP4 | 2479] 3446| 163 | 1944|1944 — [ 3583 1849] 244 |-1040] 2211| 089

P2XPL | 3545 | 2665 510 [-1070| 514 | 183 | 4497 [ 1340] 162 | 149 2434 121

P3XP1 | 1332 ] 1314 | 8041 | 2463 | 2792 | 957 | 3004 | 66| 52 | 48 | 2% | 06

PAXPL | 3366 | 1631 226 | 851 | 610 | 331 | 5180 | 3851 | 540 | 366 | 1050| 048

P3XP2 | 1556 | 822 | 229 |-1027[-1313| 312 | 037 | 2426| 001 | 1440|1845 2920

PAXP2 | 1980] 1087 | 246 | 142 | 181 | 043 [ 5704 | 225 304 | 2753] 640 | 139

PAXP3 | 2486|3452 169 [ 1886|188 | — | 3499 | 1771] 238 |-1031| 2208] 069

Population
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Concerning plant yield (fresh pods), all the F1 populations showed
positive heterosis estimates based on mid- and high-parental values. The
combinations P1 X P3 and P3 X P1 displayed over dominance because they
gave highly positive heterosis over mid and high parents, with relatively high
potence ratio. The results illustrated also that, in general, the F1 hybrids
reflected positive (desirable) values, relative to mid parents; for number of
pods/plant and plant yield (dry seeds). Most of the rest of traits gave negative
and undesirable heterosis percentages, relative to the high-parents, in most
of the F1 hybrid populations. Such negative and undesirable heterotic effects
may be due to lower values of one or both parents, suggesting that these
crosses tended to have more decreasing alleles for these characters. In this
respect, Stelling (1997) reported that, in fresh yield, F1lhybrids showed 21 to
54% advantage over the higher yielding parent. Similar results were obtained
by Link et al.. (1994) and Bond (1988).

3. Mean squares and combining ability
3.1.Mean squares

Data in Table (4) show that mean squares were significant and highly
significant for pod length and plant yield (dry seeds), respectively, indicating
differences between two seasons concerning those traits only. Significant
genotypes’ mean squares were detected for all traits. Significant genotype
differences by season interaction mean squares were obtained for flowering
date, fruiting set date, plant yield (fresh pods and dry seeds), and weight of
100 seeds. Such results indicated that the tested genotypes varied from each
other and ranked differently from season to another regarding these traits.
The parental cultivars, also, were significantly different in all traits, except
number of branches/ plant, number of seeds/pod, and pod width, indicating
the wide diversity between the parental materials used in this study. Crosses’
mean squares were found herein to be significant in all studied traits except
number of seeds/pod. Mean squares for parents versus crosses and parents
versus crosses by season as indicator for average heterosis overall crosses
were significant for all studied traits. In this regard, El-Refaey et al.., (2006)
reported that mean squares of parents vs. crosses were highly significant for
all traits under both planting densities except number of seeds / pod. El-
Hosary (1984) found that significant years means squares were detected for
all traits number of seeds / pod. Mean squares for genotypes, parents and
hybrids were highly significant for all traits. Significant parents vs. hybrids
mean squares were shown for all traits.

The estimate variances for the effects of both general and specific
combining abilities reflected highly significant values for all studied traits
(Table 5). This result suggested generally that both additive and non-additive
gene effects were important in controlling the expression of all studied traits.
Also, the results illustrated generally that the mean squares estimates of
specific combining ability (S.C.A.) showed higher values than those of
general combining ability (G.C.A.) (ratio of GCA/SCA was greater than the
unity) for most studied traits, suggesting that the non-additive gene effects
appeared to have, relatively, more important roles than additive gene effects
(Swamy Rao, 19770.
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Concerning the reciprocal effects, the estimates of mean squares were not
found significant. Such a result suggested that reciprocal effects were
generally lacking. These results are in agreement with obtained by El-Refaey
etal.., (2006).

3.2.General and specific combining abilities effects

The parent P1 (Reina mora cv.) showed significant negative general
combining ability effects (GCA) for flowering date, height of 1st flowering
node, and fruiting set date (Table 6). This finding indicates that this parent
possessed genes for few number of days to first flower anthesis and early
fruiting set; therefore the parent P1 may be considered the best combiner for
breeding to earliness characters following by P2 (Luz de otono cv.). On the
other extreme, significant positive GCA effects were shown by the parent P4
(Equadols cv.), which suggested that, this parent was the worst for earliness
characters following by P3 (Giza planka cv.). Regarding specific combining
ability effects (SCA), the cross of P1 x P2 had highly significant negative sca
for flowering date, fruiting set date, and height of 1st pod as shown in (Table
7). This result indicated that this hybrid was a good combination for these
characters. On the other hand, the best general combiner parent that
appeared to have the significant highest positive value of GCA was found to
be P1 for plant height, number of branches / plant, number of pods/plant, pod
length, and plant yield (dry seeds). The results in Table (6) illustrated, also,
that the parent (P3) appeared to be a good combiner for number of branches
/ plant, plant yield (fresh pods), number of pods/plant, pod length, pod width,
and weight of 100 seeds. The combinations of P1 X P2, P1 X P3, and P2 X
P3 exhibited significant positive values for the most characters of vegetative
growth, yield and its components as shown in Table (7). These finding
suggesting that these combination were the best hybrids for vegetative
characters, yield and its components. From such results, it could be generally
concluded that combining ability estimates, can be selected to be involved in
hybrid combinations to predict the best hybrid. However, it showed be
mentioned that the parents with good GCA do not necessarily produce
superior crosses with good SCA in all combinations, Swamy Rao (1977).
Significant correlation coefficient values between the parental performance
and its GCA effects were obtained for early flowering dates fruiting set date,
height of 1st pod, plant yield (fresh pods), and weight of 100 seeds (Table 6).
This finding indicated that the intrinsic performance of parental inbred lines
gave a good index of their general combining ability effects. Therefore,
selection with the tested parental inbred lines for initiating any proposed
breeding program could be practiced either on mean performance or GCA
effects basis with similar efficiency, as reported by Abdel-Sattar et al.. (1999)
and El-Hosary et al.. (1999).

4. Correlation and path coefficient analysis:
4.1.Correlation coefficient analysis:

Correlation values among pairs of characters for all cross combinations
are illustrated in Table 8. There are significant positive correlation among
flowering date, height of 1st flowering node, fruiting set date, and height of 1st
pod.
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On the other hand, both of plant height and No. of branches / plant exhibited
significant negative correlation with flowering date, height of 1st flowering
node, and fruiting set date. Meanwhile, height of 1st pod exhibited significant
negative correlation with number of branches / plant and number of pods/
plant, and positive correlation with pod weight, length, width, and weight of
100 seeds. Plant height showed positive correlation with number of branches
/ plant, number of pods/ plant and plant yield (dry seeds), and negative
correlation with number of seeds/pod, pod weight and width. Plant yield (fresh
pods) exhibited significant positive correlation with height of 1st flowering
node, number of pods/ plant, pod weight, pod width, and plant yield (dry
seeds) and negative correlation with number of seeds/pod, weight of 100
seeds. However, plant yield (dry seeds) showed positive correlation with all
the studied traits except of height of 1st flowering node, number of seeds/pod
and pod weight which were negative correlated, but pod length were not
correlated. These findings may suggest that number of pods/plant and pod
weight showed to be the first concern for improving yield of faba bean. In this
regard, Ulukan et al.. (2003) stated that negative and significant relationships
were determinate statistically between pod length and plant height, between
first pod height and plant height; between pod number/ plant and plant height;
between pod number and 1st pod height; between grain number and first pod
height; between biological yield and pod length; between biological yield and
first pod height. Similar results were obtained by Kuraczyk et al.. (1989),
Katiyar and Singh (1990), Singh (1994), and Gyanendra et al.. (1993).

4.2.Path coefficient analysis:

It could be noted that, from Table 9, the direct effect of fruiting set
date, plant height, number of branches / plant, number of pods/ plant and pod
width seemed to be close to correlations between them and seed yield, so, it
may indicate a true relationship and direct selection through these traits may
be effective for improving seed yield of faba bean. It worth mentioning that
the residual effect for seed yield/plot was low.

Table 9: Direct effects (Diagonal, under line) and indirect effects of
some studied traits on seed yield of faba bean genotypes.
No. of No. of No. of Pod Pod | Total
branches| pods/ . .
seeds/pod| weight | width | effect
/ plant plant
Fruiting set date | 0.808 |-0450 | -0.165 | -0.045 0.095 | 0.030 [0.092 [0.365
Plant height -0.440 [0.827 | 0202 | 0.193 | -0.221 [-0.095 |-0132 [0.334
No.ofbrenches/plarnt [-0.382 0.477 | 0.349 | 0.220 | -0.148 [-0.127 |-018 [0.203
No. of pods/ plant [-0.071 [0.312 | 0.150 | 0.512 | -0.152 [-0.063 [0.000 |0.688

No. of seeds/pod | 0.250 |[-05%6 | -0.168 -0.254 0.307 | 0.059 |0.142 [-0.262

Fruiting | Plant

Character set date|height

Pod weight 0.139 | 0452 | -0.255 -0.185 0.104 | 0.173 |0.149 [-0.327
Pod width 0.205 |-0300 |-0.179 0.000 0.120 | 0.071 |0.363 |[0.280
R =0.202
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Such result indicated that this character may depend on the most of the
studied traits, so, it may not be needed to investigate more attributes affecting
seed yield in faba bean. Ulukan et al.. (2003) reported that grain number pod
could be a useful selection criteria because jointed or bilateral relations with
this character has been given almost biggest value. Kuraczyk et al.. (1989)
indicated that seed vyield structure was studied by path analysis of 18 yield
characteristics of faba bean varieties, number of pods/ plant and number of
seeds from the main stem in var. major had the most significant effect on
seed yield. Katiyar and Singh (1990) stated that in 40 indigenious and exotic
strains positive and significant association among grain yield and number of
pods/ plant.
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Table 1: Mean performance of 12 F1 crosses and their parents for the studied traits of faba bean (combined analysis
over the two seasons)

Earliness characters Vegetative Yield and its components
characters

o ZGoz B g~ < 7 =30 2 5 = = = =% —

Population £ 75'_?% oo :g € 2. s38. 93 3 . b 2 > T 27 2%
Tg o080y S8 == cE 58 225 28 v3 25 S©E TE 2935 £9Y35
2o £25 E°v £ 2L 8cg 5~ o3 v ~ L & c_ =~ 37

o 2006 S =8 S Za < g S s 2 o - %’ 3

(TR % =c T % o a [ S % a o o os —
P1 56.3 125 82.0 12.0 117.5 7.5 369.14 188 6.5 19.77 16.1 1.8 197.99 157.92
P2 572 148 86.2 16.3 98.2 7.3 38040 135 6.5 2828 185 20 111.76 123.09
P3 727 15.0 100.5 20.0 108.2 7.8 51487 243 64 2132 16.1 19 219.52 135.97
P4 73.8 28.2 1005 217 95.3 5.8 32891 128 6.7 2570 21.7 19 163.33 184.09
P1 X P2 53.2 148 835 14.0 110.0 17.5 563.24 30.3 6.5 1858 234 1.7 22541 118.80
P1 X P3 66.3 18.3 935 22.0 106.7 6.0 795.76 270 6.5 29.72 183 2.3 270.70 154.03
P1 X P4 69.8 16.2 1025 16.0 108.3 10.5 566.58 265 6.4 2145 253 1.7 274.62 164.59
P2 X P3 70.7 24.0 945 16.0 97.5 3.8 720.34 240 6.5 30.20 20.0 1.7 166.39 110.51
P2 X P4 73.7 16.2 1025 20.0 97.0 6.7 44756 16.7 6.6 26.83 24.0 1.9 21551 195.67
P3 X P4 755 21.3 1025 13.0 95.5 5.5 620.93 27.7 6.6 2263 14.2 2.2 260.11 143.38
P2 XP1 52.8 15.1 83.7 14.0 109.7 17.4 565.87 30.0 6.5 1865 234 1.7 22452 119.48
P3 X P1 66.5 18.6 93.5 220 106.9 5.9 79789 271 6.5 2980 18.2 2.3 27145 154.19
P4 X P1 70.0 16.3 1025 16.0 107.9 104 560.24 264 6.4 21.33 25.2 1.7 27423 164.75
P3 X P2 70.8 24.1 945 16.0 97.4 3.9 72429 238 6.6 3043 20.0 1.7 166.26 110.88
P4 X P2 739 164 102.2 20.0 97.7 6.7 45409 168 6.6 2684 241 2.0 216.00 195.87
P4 X P3 757 215 102.8 13.0 95.5 5.4 619.15 275 6.6 2247 14.2 2.2 258.40 143.53
LSD5% 087 1.32 1.66 1.13 3.52 1.00 31.397 167 ns 1925 059 0.07 8.234 2.722

LSD1% 115 1.75 220 151 4.67 1.33 41.740 222 ns 2560 0.78 0.09 10.946 3.619
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Table 2: Estimates of heterosis (ADH%) based on mid parents (MP) and high parent (HP) and potence ratio for
earliness and vegetative characters of faba bean, combined data over the two seasons, 2006/2007 and

2007/2008
Earliness characters Vegetative characters
. Flowering date Helght of 1st Fruiting set date  Height of 1st pod Plant height No. of branches /
Population flowering node plant

ADH% Potence_ ADH% Potence_ ADH% Potence_ ADH%  Potence ADH% Potence___ ADH% Potence
MP HP ratio MP HP ratio MP HP ratio MP HP ratio MP HP ratio MP HP ratio
P1XP2 -6.31 -7.00 8.60 8.54 18.67 -1.00 -0.69 1.83 0.28 -1.18 16.67 0.08 201 -6.38 0.22 135.96 133.33 121.00

P1XP3 284 17.75 -0.22 33.3346.67 -3.67 2.46 14.02 -0.24 37.5083.33 -1.50 b4r  -9.22 -1.32  -21.74 -23.40 -10.00
P1XP4 7.30 23.96 -0.54 -2049 29.33 0.53 12.3225.00 -1.21 -4.9533.33 0.17 1.80 -7.80 0.17 57.50 40.00 4.60
P3XP2 886 23.62 -0.74 60.8961.80 -109.00 1.24 9.67 -0.16 -1198 -2.04 1.18 549 -9.86 -1.13 -49.45 -51.06 -15.00
P4 XP2 12472886 -098 -2481 899 080 9.81 1896 -1.28 5.26 2245 -0.37 0.26 -1.19 0.18 127 -9.09 0.11
P3XP4 3.07 390 -3.86 -1.164222 004 197 1.97 -397.00 3760 -3500 9.40 614 -11.71 -0.97 -19.51 -29.79 -1.33
P2XP1 -6.58 -7.26 8.96 10.4920.80 -1.23 -0.47 2.06 0.19 -1.1816.67 0.08 1.70 -6.67 0.19 134.71132.10 119.89
P3XP1 2096 17.88 -0.23 35.2748.80 -3.88 1.79 13.28 -0.18 37.5083.33 -1.50 529 -9.05 -1.28 -22.67 -24.32 10.43
P4XP1 6.96 2357 -0.52 -198 3040 0.51 12.3024.98 -1.21 -4.9533.33 0.17 142 -8.15 0.14 56.11 38.77 4.49
P3XP2 894 2371 -0.75 61.5662.47 -110.20 1.20 9.63 -0.16 -1193 -2.04 1.18 558  -9.95 115 -47.95 -49.61 14.54
P4 XP2 127529.19 -1.00 -237210.56 0.76 9.51 18.63 -1.24 5.26 2245 -0.37 0.65 -0.80 0.44 042 -985 0.04
P4XP3 330 413 -414 -0.394333 001 225 225 -45256 -3760 -35600 9.40 618 -11.74 -0.98 -24.21 -33.88 -1.65
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Table 4: Mean squares and degree of freedom of 12 F1 crosses and their parents for the studied traits of faba bean
(combined analysis over the two seasons, 2006/2007 and 2007/2008)

Earliness characters Vegetative characters Yield and its components
Height of . Plant Plant .

. - Height No. of yield No.of No.of Pod Pod Pod vyield weight
Flowering . Fruiting of 1st Plant . . of 100

Source d.f. flowering ) branches/ (fresh pods seeds weight length width  (dry
date set date pod height seeds

node plant pods) /plant /pod (Q) (cm) (cm) seeds)
(cm) ()]

(cm) (@) (@)

Seasons(S) 1 002 047 606 004 0002 2% 21984 1091 * 0003 076 113 * 0001 5219 * 47
Rep/S 4 038 2% 13 209 154 177 27570 08 0036 264 043 0003 213 63
Genoypes(G) 15 38475 * 11101 * 36238 * 7129* 20293 * 10237 = 1279426 * 19682* 0031 11124* 8764 * 0306 * 141950 * 47388 *

GxS 15 289 = 081 564 * 004 090 041 16043 * 243 004 080 035 004 203 * 146 *
Paens(P) 3 27328 * 15041 * 27617 * 5522* 30624 * 235 195740 *  8619* 0029 4608* 2115* 0024 66329 * 21460 *
Cosses(C) 11 65017 * 12351 * 58251 * 12376* 41587 * 25108 * 1534463 * 21843 * 0035 22014 * 17506 * 0736 * 181554 * 96910 *

PwC 1 9B370 * 27607 * 90874 *18028* 73854 * 25735 * 3197982 * 4982 * 0064 27910 * 21913 * 0.767 * 367068 * 118540 *
PwCxS 1 192099 * 55696 * 184657 ** 36178* 148179 * 51736 * 6482327 * 100209 * 0328 56242 * 44039 ** 1553 * 749922 * 237811 **

Emor 62 056 131 206 096 928 0.76 7401 209 008 278 026 004 509 556
* ** Significant differences at 5% and 1% levels of probability, respectively.

Table 5: Mean squares and degree of freedom for general and specific combining abilities and reciprocal effects on
the studied traits of the four parental cultivars and their 6 F1 crosses and 6 F1 reciprocals (combined
analysis over the two seasons, 2006/2007 and 2007/2008).

Earlness characters Vegetative characters Yield and its components
frivi Heght f  Plantyied Pod  Pod Plantyiedd  weightof
. of 1st . No.o ant yi ) ant yi weighto
source  dif. PG foering FUIING ‘g I Pantheight  branches'  reshpods) po’(\m;m Se’;‘f’s;;fod weight  length P"g"n‘:‘f'm (dryseeds) 100seeds
node plant ©) © (cm) (©)] (©)]

cm) em)

GCA 3 26527 * 4118 ™ 23667 * 560 ** 21255 * 3269 * 4415101 * 5853 * 0009 2427* 2690* 0059 * 625432 * 222849 *
SCA 6 2631* 2540* 3310* 2724 * 1675 * 2654 * 3121460* 5292 ** 0006 3437* 2307* 0008* 200035* 86140 *

Reciprocal 6 001 002 002 0005 0.06 0.004 831 002 00004 001 00001 000002 030 002
Emr 30 019 044 069 032 309 025 246,69 0.70 002 093 009 0001 1697 185
GSASCA 1008 162 715 021 1269 123 141 111 1500 071 117 059% 209 259

** Significant differences at 1% levels of probability, respectively.
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Table 6: Estimates of general combining ability effects (gca) of parents and correlation with mean performance for
some traits of faba bean, combined analysis over the two seasons, 2006/2007 and 2007/2008.

Earliness characters

Vegetative characters

Yield and its components

Height of Height Plant yield ) )
) B No. of No.of  No.of Pod Pod Pod Plantyield Weightof
Howering  1st Fruiing  of 1st ) (fresh ) ]
Parents ) Plantheight  branches/ pods/ seeds weight length  width (dryseeds) 100seeds
date  flowering setdate pod pods)
plant plant  fpod @ (@m)  (m) © ©
node (cm) (cm) )
P1 604 ** 281* Hia* 097 752 % 236 * 910 231* 0034 224 -219* 0064 2306* 040
P2 370 * 082 -370* 042 241 084 3484 225* 0010 139 -069 0068  4071* -1139*
P3 395 * 146 224* 073 -107 225 ** Q27=  238* 0017 136 204* 0114* 862 1247 *
P4 580 * 217* 660* 067 403 09% -7353*  244* 0041 -O51 083* 0018 903 2346 *
r 0.988 * 0753 0943* 0969 * 0934 0131 0946* 0912 0762 0533 0217 0109 0858 0959 *
LSD.for(g)
5% 0386 0591 0741 0506 1572 0450 14043 0.746 0113 0861 0263 0033 3683 1217
1% 0921 1409 1767 1206 3751 1073 33493 1780 0270 2053 0628 0078 8784 2903
LSD.for (@)
5% 0631 0965 1210 0826 2568 0.735 2931 1219 0185 1405 0430 0053 6.014 1983
1% 1505 2301 28% 1970 6.125 1753 5464 2907 0440 3352 1025 0127 14344 4741

*** Significant differences at 5% and 1% levels of probability, respectively.

r = correlation coefficient between mean performance and general combining ability effects.
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Table 7: Estimates of specific combining ability effects (sca) and reciprocal effects of 6 F; crosses and their 6
Fireciprocals for the studied traits of faba bean, combined analysis over the two seasons, 2006/2007
and 2007/2008.

Earliness characters Vegetative characters Yield and its components
Height of 1st . Plantyield . .
Cosses  FoNeing - fowaing - Ffing Z'i'tgr?éﬁf Plent borengs) (eh oot oot WF;)gdht |::§h et (gr?;éaeddg) s
e TS SN Tmy MO T %) posbEt sEbd Tt em om @ @
P1XP2 454 * 024 2% * 158* 169 627 * 2602 682 * 0011 5Hi16* -308* -008* 249 » 1854 *
P1XP3 109 * 146 * 044 529 * 273 212 12384 * 098 0039 602 * 33 * 03B * 1903 »* 1763*
P1XP4 242 = 148 * 563 * 065 161 106 * 6344 * 326 * 000 050 0% 019 * 27104 * -774*
P2XP3 307 506* 055 137 * 210 267 * WE7 * 043 0021 2% * 374 * 0207 * 212 * 1397 *
P2XP4 428 * 342*® 407 * 278* 047 -1.27 * 55 198 * 0034 1# 033 0096 * 2687 * 3FHBI3*
P3XP4 156 * 053 -160 546 * 245 044 3037 428 * 0006 2% * 1R * 0182 * 2124 * 1608 *
P2XP1 007 01 009 003 017 005 -126 013 0006 002 000 0001 015 016
P3XP1 004 012 006 006 012 005 067 003 0023 003 001 004 044 001
PAXP1 006 006 001 006 020 006 334 006 0006 00 000 0002 007 002
P3XP2 003 003 002 006 0056 004 -198 012 0020 O 000 0006 017 015
PAXP2 009 01 014 003 031 001 273 006 0007 000 001 0003 010 002
PAXP3 003 006 014 006 02 04 060 012 0007 010 001 0004 080 001
LSD.for(ss)
5% 0823 1259 1579 1078 3361 0959 20925 1590 0241 184 0561 0070 7848 254
1% 1160 1774 2225 1519 472 1361 42167 2241 0340 2584 0790 0038 11058 3655
LSD.for(gs)
5% 0672 1028 1280 0830 2736 0.783 24434 1298 0197 1498 0458 0057 6408 2118
1% 0947 1449 1816 1240 385 1103 34429 1830 0277 2110 0645 0030 9029 294
LS.D.for ()
5% 0951 144 1823 1245 3869 1107 3454 1836 0278 2118 0648 0030 9062 299%5
1% 1339 2049 2569 174 5452 1560 4860 2537 0392 294 0913 0113 12769 4220

*** Significant differences at 5% and 1% levels of probability, respectively.
sji-Si; difference between two sca estimates, of two hybrids, with a common parent.
sii-ski; difference between two sca estimates, of two hybrids, with a non-common parent.
ri-ry: difference between two reciprocal estimates, of two hybrids, with a common parent.
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Table 8: Correlation coefficient values (r) for pair of characters of the studied traits of faba bean (combined analysis

over the two seasons)

Height of

Foweing  Ist  Fuitngset Heghtof  Plant bra'\f&?; ) P""'(f:g'fd Noof  Noof  Pod o Pod Ha‘(gxdd
date ﬂor\]Noedrglg date 1stpod height plant pods) pods/plant seedsfppod  weight width seeds)
Height of 1st flowering node 0.568 **
Fruiting set date 0.945 ** 0.396 **
Height of 1st pod 0.351 ** 0.200 * 0.335 **
Plant height -0.647 ** -0.693 ** -0.544 ** -0.182
No. of branches / plant -0.694 ** -0.551 ** -0.472 ** -0.324 ** 0.577 **
Plant yield (fresh pods) 0.131 0.244 * 0.053 0.097 0.004 -0.167
No. of pods/ plant -0.162 -0.120 -0.088 -0.344 ** 0.377 ** 0.429 ** 0.715 **
No. of seeds/pod 0.456 ** 0.595 ** 0.309 ** 0.165 -0.721 ** -0.482 ** -0.234 * -0.497 **
Pod weight 0.356 ** 0.486 ** 0.172  0.581 **-0.547 ** -0.731 ** 0.386 ** -0.361 ** 0.339 **
Pod length -0.133  -0.160 0.065 0.199 * 0.113  0.489 ** -0.186 -0.077 -0.153 -0.092
Pod width 0.345 ** 0.182 0.253 * 0.326 **-0.363 ** -0.514 ** 0.321 ** 0.001  0.390 ** 0.411 ** -0.627 **
Plant yield (dry seeds) 0.213 * -0.207 * 0.365 ** 0.022  0.334 ** 0.203 * 0.466 ** 0.688 ** -0.262 ** -0.327 ** 0.035  0.280 **
Weight of 100 seeds 0.445 ** -0.055  0.542 ** 0.480 **-0.105 -0.200 * -0.416 ** -0.474 ** 0.407 ** 0.026  0.314 **0.201 * 0.285 **

*** Significant differences at 5% and 1% levels of probability, respectively.



