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Abstract: A 5x5 half diallel cross was used to analyze the genetic systems controlling 10 agronomical
traits, hydration coefficient, protein contents and seed infestation with beetles (Callosobruchus
maculates Fab.) in faba bean (Vicia faba L.). The genotypes used in the present study were Assiut
44, Assiut 102/3, Assiut 295, Assiut 39 and Assiut 195. Significant genotypic differences were
observed for all studied characters. The Wr/Vr graphs indicated overdominance for days to 50%
flowering, plant height, height of the first podded node, number of pods/plant, green pod length, green
pod diameter, weight of dry seeds/plant and natural seed beetle infestation. Partial dominance was
inferred for hard seed %, hydration coefficient, protein content and artificial seed beetle infestation.
While, complete dominance was found for number of primary branches/plant and number of
seeds/pod. The genotype Assiut 102/3 contains the most dominant genes for plant height, No. of
primary branches per Plant, Number of seeds/pod, green pod length, weight of dry seeds/plant, hard
seed % and protein content, whereas, maximum number of recessive alleles for these traits were found
in Assiut 195. The additive effects (GCA) were higher than the dominance effects (SCA) for all
studied characters expect in number of pods/plant and green pod length where the non-additive effects
were predominant. Assiut 44 was the best combiner for No. of pods/plant and weight of dry
seeds/plant. Assiut 102/3 was the best combiner for days to 50% flowering, No. of primary
branches/plant, green pod length, green pod diameter and seed beetle infestation. The parent Assiut
295 was the best combiner for hydration coefficient and Protein content. The genotype Assiut 39 was
the best combiner for plant height and No. of seeds/pod. Assiut 195 showed the highest general
combining ability values the height of the first podded node and hard seed %. Further dominance
effects due to specific combinations were observed for most studied characters. Phenotypic correlation
between the tested traits was also studied. The parental genotypes used in the present study possessed
favorable genes for most studied traits, which could be utilized in the breeding programs designated
to improve Vicia faba.
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INTRODUCTION

Faba bean is used as a high protein food for humans and as a stock feed mostly in Europe, China, the
Middle East and northern Africa (Link et al., 1994; Minyi, 1996). In Egypt, the production of faba bean needs
to be increased annually to maintain supply for the increasing consumer population. So, breading faba bean
based on economic traits such as yield and yield components had been receiving maximum attention for a long
time. Information on the genetic make up of a set of parents and mode of gene action controlling the
economical traits would be useful in choosing successful breeding program. The diallel analysis developed by
Hayman (1960) and Jinks (1954) provide the breeders with detailed information concerning the genetic systems
and gene action involved in the expression of the important traits available in the breeding material. In
addition, an inference could be made from diallel crosses about combining ability of the parents, a general
concept considered collectively for classification of an inbred line relative to its crosses performance (Griffing,
1956). Such information is helpful for breeders to identify the best combiners which may be hybridized either
to exploit heterosis or to build up favorable fixable genes. Several researchers have been stated the significance
of both general and specific combining ability effects (GCA and SCA) for yield and other important traits in
faba bean (Abdalla et al., 2001; Attia et al., 2002; Attia and Salem, 2006; Ghaouti and Link, 2009). However,
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Kunkaew et al. (2006) reported that seed yield in faba bean and some of its component characters were poly-
genetically controlled by additive gene effects. Alghamdi (2009) found that the ratio (δ2

gi/δ
2

si) exceeded the
unity for number of pods/plant, number of pods/main stem and 100-seed weight indicating that these traits were
mainly controlled by additive effect. He also found that non-additive gene action was predominant in days to
flowering, plant height, No. of branches/plant, No. of seeds/plant and seed yield/plant. On the other hand, a
basic knowledge of interrelationship (correlation) between plant characters is an important topic for breeder
to improve complex characters such as yield. This correlation is also useful in predicting how a breeding gain
in one trait will affect also a gain in the other traits included in the breeding program. Loss and Siddique
(1997) reported that plant height, number of stems and pods per plant, 100-seed weight, days to flowering and
maturity are the most important characters in faba bean to increase seed yield depend on direct and indirect
correlation with seed yield. Phenotypic correlations between different faba bean traits were studied by Lawes
(1974), Shalaby and Katta (1976), Poulsen and Kundesn (1980), Ulukan et al. (2003); Alghamdi and Ali
(2004); El-Sherbeeny and Robertson (2006) and Alghamdi (2007).

In the present investigation, the F1 generation of 5 parental half diallel cross was used to analyze the
genetic systems controlling 10 agronomical traits, protein contents and cowpea seed beetle infestation in faba
bean (Vicia faba L.).

MATERIALS AND METHODS

Five faba bean (Vicia faba L.) breeding lines namely; Assiut 44, Assiut 102/3, Assiut 295, Assiut 39 and
Assiut 195 were crossed to produce a 5X5 half diallel cross at the experimental farm of Faculty of Agriculture,
Assiut university, Assiut, Egypt, during the winter season of 2004/2005. In the next season, the 10 F1 crosses
in addition to their parents were sown in a randomized complete block design, with three replicates. The plot
of each of the parental lines and thee F1’s consisted of one row of 10 plants spaced 30 cm with 60 cm
between rows. The recommended cultivation practices, irrigation, fertilization and pest and weed control were
applied according to Waly and Abdel-Aal (1992). The following traits were recorded: days to 50% flowering,
plant height, (cm), number of branches per plant , first node height (cm), number of pods per plant, number
of seeds per pod, pod length (cm), pod diameter (cm) and seed weight (g.). 

Hard seed percentage and hydration coefficient were determined directly after harvesting according to ISTA
(1985) in random triplicate samples of 60 seeds from each entry. The seeds were weighted and soaked in tap
water for 24 hours, after which, the hard seed (non-hydrated) were separated, counted and calculated as
percentage by the following formula: Hard seed % = [(No. of non-hydrated seeds) / (No. of total seeds)] X
100. While, hydration coefficient was calculated as the following formula: Hydration coefficient = (weight of
soaked seeds / initial weight of seed) X 100.

Protein content percentage was determined at Food Technology lab by micro-Kjeldahl method according
to A.O.A.C. (1984) for dry seeds, directly after harvesting. 

Seed Infestation with Beetles (Callosobruchus maculates Fab.): 
The natural seed infestation with beetles was recorded 5 months after harvesting. Data were recorded on

10 plants of the parents and F1 hybrids in each block. The artificial seed infestation with beetles was recorded
on 10 dry seeds of each plant of the parents and their F1 hybrids in each block. The seeds were artificially
infested in Petri dishes for 48 hours with 50 adults of Callosobruchus maculates Fab. and replicated three
times, then the percent of infestation was recorded after 45 days of artificial infestation. All tests of infestation
were carried out in clean store conditions under 25ºC±2 and 70% relative humidity.

Statistical Analysis: 
The genetic analyses were based on the method proposed by Griffing (1956), method 2 model 1 while,

variance/covariance (Wr/Vr) graphs were prepared according to Jinks (1954).

RESULTS AND DISCUSSION

Faba bean cultivars genetically varied from each other in one or more character (Table 1). However,
phenotypic expression of any trait is the outcome of the genotype x environment interaction. The analyses of
variance revealed highly significant differences between the tested genotypes for all characters under
investigation which indicate a wide genetic variability for studied characters and hence, the feasibility for
genetic improvements using such genetic pools of faba beans (Table 2).
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Table 1: Mean performance different studied traits in five faba bean parental genotypes and their F1 crosses.
Genotypes Flowering Plant No. of 1st No. of No. of Pod Pod Seed Hard Hydration Protein Natural Artificial 

date height branches node Pods Seeds length diameter weight seed% coefficient content seed beetle seed beetle 
/plant height per plant per pod infestation infestation

1- Assiut 44 43.66 122.86 4.94 18.20 66.94 3.17 8.39 1.44 112.60 1.54 217.8 30.80 70.66 93.33
2- Assiut 102/3 41.33 121.37 4.80 26.59 32.39 3.23 8.73 1.67 63.78 0.7 197.5 30.31 64.83 85.00
3- Assiut 295 45.00 122.41 3.50 24.64 50.62 2.93 7.97 1.43 64.39 0.7 203.8 30.18 73.50 95.00
4- Assiut 39 47.00 136.7 4.21 22.00 49.62 3.21 8.04 1.42 57.71 3.55 172.7 25.09 76.33 96.66
5- Assiut 195 47.00 109.62 2.50 22.62 26.43 2.72 7.01 1.48 47.78 5.05 148.5 25.08 82.16 98.33
1x2 46.00 119.91 5.08 25.16 56.25 3.06 7.75 1.47 85.37 1.12 211.5 29.58 49.00 75.00
1x3 48.66 134.81 4.30 33.00 74.80 3.06 7.69 1.35 95.38 1.97 204.3 29.80 57.66 76.66
1x4 45.44 138.21 3.99 28.90 69.24 3.15 8.52 1.43 87.30 3.56 181.1 29.63 63.33 83.33
1x5 44.66 136.00 4.08 18.58 93.58 2.73 8.49 1.52 137.8 5.16 143.5 29.39 67.66 93.33
2x3 43.33 131.58 3.91 26.91 54.13 3.03 8.88 1.56 74.00 0.7 209.5 30.46 50.66 81.66
2x4 47.33 128.51 4.43 24.31 68.93 3.21 8.47 1.54 86.15 1.33 207.5 29.40 55.16 86.66
2x5 46.00 129.37 4.62 19.29 81.37 3.15 8.38 1.48 93.40 1.12 202.0 29.63 61.16 91.66
3x4 47.66 135.60 4.28 30.73 71.76 3.20 8.46 1.48 90.20 0.7 213.5 29.96 62.33 95.00
3x5 47.00 115.83 2.41 24.25 43.08 2.98 7.71 1.50 69.12 0.7 200.0 29.91 62.66 85.00
4x5 45.00 148.87 5.50 22.75 86.20 3.50 9.35 1.57 110.2 4.98 166.2 29.87 66.83 95.00

Table 2: Analyses of variance for different studied traits in five faba bean genotypes. 
Traits Replicates (2)a Genotypes (14)a Interaction (28)a Error (37)a

1-  50% flowering date 1.1111 21.94920 2.49206 2.43246
2-  Plant height 20.6561 618.19544 80.78823 49.40108
3-  No. of branches/plant 8.062818 4.432832 0.79895 0.36878
4-  1st node height 54.3172 109.8359 37.4777 17.2058
5-  No. of pods/plant 657.060 2261.923 386.380 106.195
6-  No. of seeds/pod 0.043881 0.234878 0.064222 0.034324
7-  Pod length 0.49393 1.93674 0.67854 0.30559
8-  Pod diameter 0.00676 0.03504 0.00884 0.00326
9-  Seed weight 919.733 3334.478 277.133 110.267
10- Hard seed % 1.96 18.5 1.56 1.35
11- Hydration coefficient 64.48 3365.90 402.84 287.15
12- Protein content 0.84046 18.29084 0.77245 0.427
13- Natural seed infestation 42.10 502.233 6.2190 2.5400
14- Artificial seed infestation 17.7778 329.6825 20.15872 36.4864
(a) : values between brackets corresponding to the degrees of freedom (DF).

Wr/Vr Analysis:
The mean values of the Wr and Vr for the 5 F1 arrays of all studied traits were presented graphically in

Fig. (1). The analysis of variance of the (Wr+Vr) and (Wr-Vr) values were performed in order to test whether
the Wr and Vr values are consistent over the 3 blocks (Table 3). The slope of the regression line and the
analysis of variance of the (Wr+Vr) and (Wr-Vr) values revealed that additive-dominance model was adequate
for all studied traits while, non allelic gene interaction and/or epistasis were observed in No. of primary
branches/plant, hard seed %, protein content % and artificial cowpea seed beetle infestation.

The Wr/Vr graphs indicated overdominance for Days to 50% flowering, plant height, height of the first
podded node, number of pods/plant, green pod length, green pod diameter, weight of dry seeds/plant and
natural seed beetle infestation. Due to over dominance, such characters seem difficult to fix and the progress
in selection will be inherently slow. Kao and McVetty (1987) found overdominance for yield, total dry matter,
harvest index, and pods/plant in both the F1 and F2 diallels. They concluded that substantial immediate
increases in these traits could be expected from exploiting the apparent overdominant gene action found for
these characters in these crosses via F1 hybrids or synthetics.

Partial dominance was inferred for hard seed %, hydration coefficient, protein content and artificial seed
beetle infestation. While, complete dominance was found for number of primary branches per plant and number
of seeds/pod.

The relative order of the (Wr, Vr) points along the regression line (Fig.1) showed that the parent Assiut
44 (P1) possesses relatively high proportions of the dominant alleles for No. of primary branches/plant, No.
of pods/plant and protein content % while it displayed the highest number of recessive alleles for height of
the first podded node, hydration coefficient, natural and artificial infestation. Assiut 102/3 (P2) displayed the
highest number of dominant alleles for plant height, No. of primary branches per Plant, Number of seeds/pod,
green pod length, weight of dry seeds/plant, hard seed % and relatively high dominant alleles for height of
the first podded node and protein content % while, while it displayed the highest proportions of recessive
alleles for days to 50% flowering and green pod diameter. With respect to Assiut 295 (P3), it displayed the
highest number of dominant alleles for hydration coefficient and protein content %, high proportions of
dominant alleles for Number of seeds/pod, weight of dry seeds/plant, hard seed % and natural seed beetle
infestation, while it revealed a high number of recessive alleles for Green pod diameter. Assiut 39 (P4)
revealed the highest proportions of the dominant alleles for Number of pods/plant and natural infestation as
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Fig. 1: Wr, Vr graphs for different studied traits in faba bean genotypes.

well as high proportions of the dominant alleles for days to 50% flowering and plant height, while this parent
displayed the highest proportions of recessive alleles for Protein content %. The parent Assiut 195 (P5) the
highest proportions of the dominant alleles for days to 50% flowering, height of the first podded node, green
pod diameter and Artificial cowpea seed beetle infestation. In contrast, this parent displayed the highest
proportions of recessive alleles for plant height, No. of primary branches/plant, No. of pods/plant, No. of
seeds/pod, green pod length, weight of dry seeds/plant and hard seed % as well as high number of recessive
alleles for protein content % and natural seed beetle infestation.
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Table 3: Analysis of variance of the (Wr+Vr) and the (Wr-Vr) values for different studied traits in five faba bean genotypes.
Traits (Wr+Vr) (Wr-Vr)

---------------------------------------------- -------------------------------------------------------
(Wr+Vr) (4)a Error (8)a (Wr-Vr)  (4)a Error (8)a

1-  50% flowering date 50.49623 9.37548 6.26965 4.97800
2-  Plant height 73421.77 8936.375 3503.652 1733.128
3-  No. of branches/plant 4.075963 0.453841 0.6137581 0.041925
4-  1st node height 1546.233 1210.304 442.8526 819.6865
5-  No. of pods/plant 620381.0 163730.8 157030.6 100379.5
6-  No. of seeds/pod 0.0134709 0.0053431 0.007055 0.00367241
7-  Pod length 0.736395 0.592120 0.105946 0.1277489
8-  Pod diameter 0.000094 0.000064 0.000004 0.000011
9-  Seed weight 1782420.0 194734.5 150118.1 124213.2
10- Hard seed % 47.79824 1.634598 1.903799 0.523684
11- Hydration coefficient 1958406.0 65968.0 115425.4 39643.26
12- Protein content 42.49158 4.032578 1.700415 0420203
13- N. seed infestation 2274.78 337.50 415.27 160.64
14- A. seed infestation 2357.397 2098.002 1053.022 260.2078
(a) values between brackets corresponding to the degrees of freedom (DF).

The above results revealed that Assiut 102/3 appeared to contain the most dominant genes for plant height,
No. of primary branches per Plant, No. of seeds/pod, green pod length, weight of dry seeds/plant, hard seed
% and protein content, whereas, maximum number of recessive alleles for these traits were found in Assiut
195. The gene action observed in this study obviously points the possibility of obtaining transgression in
segregating population. Suitable high levels of these traits can, therefore, be easily fixed.

General (GCA) and Specific (SCA) Combining Ability:
The combining ability estimates help in the identification of promising parents and desirable combinations

for the improvement of plant traits through selection and breeding. The estimates of general and specific
combining abilities (GCA and SCA) identify the relative importance of additive and non-additive causes of
variation (Ping and Virmani, 1999). In the present study, mean squares of both GCA and SCA estimates were
significant for all the studied traits, except SCA in artificial seed beetle infestation (Table 4). The variances
due to GCA were higher in magnitude than SCA variances for all studied traits expect in number of pods/plant
and green pod length. These results indicated that additive effects (GCA) were higher than the dominance
effects (SCA) for all studied characters expect in number of pods/plant and green pod length where the non-
additive effects were predominant. These findings are coherent with that of Bakheit et al (2002), where they
compared top test cross and six populations mating designs and found that both additive and non-additive gene
effects were significant for most studied characters. Several researchers have been stated the significance of
both general and specific combining ability effects for yield and other important traits in faba bean (Abdalla
et al., 2001; Attia et al., 2002; Attia and Salem, 2006; El-Hady et al., 2006; El-Hady et al., 2007 and Ghaouti
and Link, 2009). In the F1 of 5 X 5 full diallel cross analysis, Mahmoud et al. (1984) found that seed
yield/plant, 100-seed weight, pods/plant, pod length and seed protein content were influenced by both additive
and non-additive genetic variance, and all had high estimates of heritability. However, Kunkaew et al. (2006)
reported that seed yield in faba bean and some of its component characters were poly-genetically controlled
by additive gene effects. Alghamdi (2009) found that additive effect was predominant in controlling number
of pods/plant, number of pods/main stem and 100-seed weight while, days to flowering, plant height, No. of
branches/plant, No. of seeds/plant and seed yield/plant revealed the predominance of non-additive gene action.
Recently, Dieckmann and Link (2010) used a specific diallel mating scheme, based on four parental lines,
creating 76 seed genotypes in generations P, F1, F2 and BC to study the genetic analysis of embryo heterosis
in faba bean. They found that both additive and dominance variances were significant for seed dry weight
while additive variance was predominant.

Comparisons between GCA effects (δ2gi) associated with each parent (Table 5) revealed that the genotype
Assiut 44 revealed the highest significant “gi” values for No. of pods/plant and weight of dry seeds/plant. It
is also good combiner for No. of primary branches/plant, protein content and seed beetle infestation. Assiut
102/3 was the best combiner for days to 50% flowering, No. of primary branches/plant, green pod length,
green pod diameter and seed beetle infestation. It is also good combiner for hydration coefficient and protein
content. The parent Assiut 295 was the best combiner for hydration coefficient and Protein content. The
genotype Assiut 39 was the best combiner for plant height and No. of seeds/pod, in addition, it was good
combiner for hard seed %. Assiut 195 showed the highest general combining ability values the height of the
first podded node and hard seed %. These results indicated that the studied parental genotypes possessed
favorable genes for most studied traits, which could be utilized in the breeding programs designed to improve
Vicia faba.
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Table 4: Mean squares due to genotypes, general (GCA) and specific (SCA) combining ability for different studied traits in faba bean.
Source of variance DF Flowering Plant No. of 1st No. of Pods No. of Pod

date height branches node per plant Seeds per length
/plant height pod

GCA 4 4.35 134.59 1.297 22.20 247.69 0.0634 0.2542
SCA 10 3.41 90.41 0.5145 16.70 428.70 0.298 0.3954
Error 37 0.405 8.233 0.0614 2.867 17.699 0.0057 0.5093
Source of variance DF Pod Seed Hard Hydration Protein Natural seed Artificial seed

diameter weight seed % coefficient content beetle beetle 
infestation infestation

GCA 4 0.0120 705.53 7.77 1243.0 5.2541 116.29 84.444
SCA 10 0.0033 495.58 1.20 296.15 2.1591 70.668 43.153
Error 37 0.0005 18.377 0.22 47.85 0.0711 0.4233 6.0810

Table 5: Estimates of general combining ability for different studied traits in five faba bean genotypes. 
parents Flowering Plant No. of 1st No. of No. of Pod Pod Seed Hard Hydration Protein Natural Artificial 

date height branches node Pods Seeds length diameter weight seed% coefficient content seed beetle seed beetle 
/plant height per plant per pod infestation infestation

Assiut 44 -0.29 0.28 0.33** -0.73 8.29** -0.03 0.04 -0.04** 17.28** 0.25 3.46 0.62** -0.94** -2.52*
Assiut 102/3 -1.24** -2.94* 0.37** 0.24 -6.61** 0.05 0.20* 0.06** -6.23** -1.07** 10.53** 0.58** -5.70** -3.95**
Assiut 295 0.38 -1.43 -0.45** 2.43** -3.53 0.06 -0.12 -0.03** -7.52** -1.10** 11.87** 0.69** -0.75* -0.62
Assiut 39 0.76* 7.42** 0.24* 0.50 3.66* 0.14** 0.19 -0.01 -2.97 0.65** -5.44 -0.94** 2.11** 2.95*
Assiut 195 0.38 -3.34* -0.49** -2.44** -1.81 -0.11** -0.23* 0.01 -0.56 1.27** -20.42** -0.95** 5.29** 4.14**   
SE gi-gi 0.340 1.534 0.133 0.905 2.249 0.040 0.120 0.012 2.291 0.254 3.698 0.143 0.348 1.318

The significant correlations between GCA estimates and the mean performance of parental genotypes
indicate the efficiency of phenotypic performance for detecting the potentiality of parents for inclusion in cross
breeding programs (Table 5). Similar conclusion was also found by Alghamdi (2009).

Further dominance effects due to specific combinations and/or epistasis (Sij) were observed for most
studied characters (Table 5). Epistatic effects in flowering earliness was only indicated by the significance of
negative Sij values of the cross “2X3”. Five crosses (1X3, 1X5, 2X3, 2X5 and 4X5) revealed significant
positive epistasis (sij values) in plant height. While, only two crosses (2X5 and 4X5) displayed significant
positive epistatic effect in No. of primary branches/plant. All sij values of height of the 1st node were not
significant indicating the absence of superior performance in this trait. In No. of pods/plant, five crosses (1X5,
2X4, 2X5, 3X4 and 4X5) revealed significant positive sij values while, only one cross (4X5) showed
significant positive sij value in number of seeds/pod.  The two crosses (1X5) and (4X5) displayed significant
Sij positive values for green pod length and pod diameter. No epistatic effect was recorded for weight of dry
seeds/plant as indicated by the non-significance of the specific combining ability values. The cross (1X5) also
displayed significant Sij positive value for hard seed%. The two crosses (2X5) and (3X5) displayed significant
Sij positive values for hydration coefficient. All crosses, except (1X5), showed highly significant negative
epistasis for natural seed infestation with beetle. While, only four crosses (1X2, 1X3, 1X4 and 3X5) revealed
significant negative epistasis for artificial seed infestation with cowpea beetle.

Phenotypic Correlation Between the Studied Traits:
Phenotypic correlation coefficients for all comparisons among the studied traits are presented in Table (6).

Significant positive correlation was detected between plant height and number of primary branches/plant while,
these traits were significantly associated with No. of pods/plant, No. of seeds/pod, pod length and seed weight.
Significant and non-significant correlation between No. of pods per plant and plant height were reported by
Alan and Geren (2007) and Ulukan et al. (2003), respectively.

Positive and significant correlation coefficients were also found between No. of pods/plant and each of
pod length and seed weight as well as between pod length and each of pod diameter and protein content.
These findings indicate that selection for each or both of plant height, No. of primary branches/plant and pod
length would be accompanied by high yielding ability and improving protein content. Positive correlation was
also significant between 1st node height and hydration %, No. of seeds/pod and pod length, dry seed % and
natural seed infestation, hydration % and protein content, as well as between natural and artificial infestations.
El-Sherbeeny and Robertson (2006) reported that the strong correlation between seed yield and protein yield
(r = 0.98), supporting the hypothesis that the optimal way to increase sustainable protein yield per hectare is
to increase and stabilize seed yield. Alghamdi (2007) found significant positive correlations between seed yield
and each of number of pods per plant, number of seeds per plant, seed weight per plant and biological yield.
He reported that selection for each or both of number of pods, seeds and seed weight per plant would be
accompanied by high yielding ability. 

Negative and significant correlations were observed between early flowering and each of pod length and
diameter. These results indicated that the early-flowered genotypes were having short and thin pods as
compared to those flowered later. Significant negative correlations were also found between dry seed % and
each of hydration % and protein content. While, hydration % was negatively correlated with natural (P<0.01)



Aust. J. Basic & Appl. Sci., 5(6): 1215-1222, 2011

1221

Table 6: Estimates of specific combining ability for different studied traits in five faba bean genotypes. 
Crosses Flowering Plant No. of 1st No. of No. of Pod Pod Seed Hard Hydration Protein Natural Artificial 

date height branches node Pods Seeds length diameter weight seed% coefficient content seed beetle seed beetle 
/plant height per plant per pod infestation infestation

1x2 1.86* -6.13 0.21 1.12 -7.05 -0.06 -0.66* -0.04 -10.70 -0.25 5.55 -0.90** -8.61** -7.30*
1x3 2.90** 7.18* 0.25 6.78** 8.42 0.06 -0.40 -0.07* 0.60 0.63 -2.99 -0.79* -4.91** -8.97**
1x4 -0.81 1.73 -0.75* 4.60* -4.33 -0.05 0.12 -0.01 -12.03 0.47 -8.88 0.68* -2.09** -5.87*
1x5 -1.10 10.27** 0.07 -2.78 25.48** -0.23* 0.50* 0.06* 36.09 1.45* -31.50** 0.45 -0.95 2.94
2x3 -1.48* 7.17* -0.19 -0.29 2.65 -0.06 0.55* 0.03 2.73 0.67 -4.87 -0.09 -7.15** -2.54
2x4 2.14** -4.75 -0.35 -0.95 10.26* -0.07 -0.18 -0.01 10.33 -0.44 10.45 0.49 -5.50** -1.11
2x5 1.19 6.86* 0.56* -3.04 28.16** 0.11 0.15 -.09** 15.18 -1.28* 19.92* 0.73* -2.69** 2.96
3x4 0.852 0.84 0.32 3.27 10.01* 0.03 0.13 0.03 15.67 -1.04 15.10 0.94** -3.29** 3.89
3x5 0.57 -8.18* -0.83** -0.27 -13.20* 0.05 -0.20 0.02 -7.82 -1.67** 16.58* 0.90** -6.14** -7.30*
4x5 1.81* 16.01** 1.58** 0.15 22.72** 0.38** 1.13** 0.08** 28.77 0.87 0.10 2.49** -4.83** -0.87
SE sij-sik 0.833 3.757 0.325 2.217 5.508 0.099 0.295 0.031 31.504 0.622 9.058 0.349 0.852 3.229

Table 7: Correlation coefficients among studied traits of faba bean genotypes.
Traits 2 3 4 5 6 7 8 9 10 11 12 13 14
1-  50% flowering 0.055 -0.304 0.295 0.154 -0.110 -0.542* -0.648** -0.087 0.105 0.072 -0.394 0.007 -0.003
2-  Plant height -- 0.553* 0.157 0.749** 0.562* 0.700** -0.041 0.539* 0.335 -0.126 0.167 -0.166 0.067
3-  No. of branches/plant -- -0.065 0.530* 0.710** 0.645** 0.194 0.523** -0.039 0.187 0.379 -0.358 -0.157
4-  1st node height -- -0.125 0.151 -0.060 -0.166 -0.266 -0.322 0.546* 0.198 -0.407 -0.539*
5-  No. of pods/plant -- 0.263 0.513* -0.173 0.894** 0.237 -0.081 0.395 -0.289 0.017
6-  No. of seeds/pod -- 0.657** 0.227 0.119 -0.164 0.329 0.277 -0.241 -0.046
7-  Pod length -- 0.548* 0.478 -0.013 0.075 0.534* -0.298 0.042
8-  Pod diameter -- -0.027 -0.066 -0.045 0.228 -0.161 0.034
9-  Seed weight -- 0.260 -0.208 0.491 -0.240 -0.019
10- Hard seed % -- -0.943** -0.554* 0.531* 0.428
11- Hydration coefficient -- 0.576* -0.692** -0.555*
12- Protein content -- -0.600* -0.434
13- N. seed infestation -- 0.820**
14- A. seed infestation --

and artificial (P<0.05) cowpea seed beetle infestation. Negative correlation was also significant between 1st

node height and artificial infestation as well as between protein content and natural infestation. Most of these
results are in agreement with those obtained by Lawes (1974), Shalaby and Katta (1976), Poulsen and Kundesn
(1980), Ulukan et al. (2003) and Alghamdi and Ali (2004). Alghamdi (2007) observed negative and significant
correlations between seed yield and each of flowering time, maturity date, number of branches/plant and 100-
seed weight.
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