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ABSTRACT 

       This study was carried out at the college of Agriculture field, University of 

Duhok, during 2013-2014 growing season. It involved half diallel crosses among 

five genotypes of pea.The seeds of genotypes (parents and F1 hybrids) were grown 

according to Randomized Complete Block Design with three replications, to 

estimate general combining ability effects of the parents and specific combining 

ability effects of hybrids, heterosis as deviation from mid and better parents for the 

following characters, Days to 50% flowering, plant-hieght (cm), numbers of 

branches plant-1, number of pods plant-1, pods weight plant-1 (g), number of seeds 

plant-1, numbers of seeds pod-1,100 seed weight (g), seed yield plant-1 (g), dry 

seed yield plant-1 (g), protein percentage and total chlorophyll percentage.The data 

was statistically analyzed according to Griffing (1956b) method 2 (fixed model). 

The results indicated that Parent (Petit provencal) showed the best general 

combination in the desirable direction for no. of pods plant-1, no. of seeds plant-1, 

no. of seeds pod-1, seed yield plant-1, dry seed yield plant-1 and total chlorophyll. 

Hybrid (Thomas laxton x Petit provencal) exhibited significant specific combining 

ability effect in a desirable direction for plant height, no. of branches plant-1, pods 

weight plant-1, no. of pods plant-1, no. of seeds plant-1, seed yield plant-1 and dry 

seed yield plant-1. The hybrids (Avola x Petit provencal) and (Thomas laxton x 

Petit provencal) gave the best heterosis in desirable direction measured as a 

deviation of F1 from mid-parents for days to 50% flowering, pods weight plant-1, 

no. of pods plant-1, no. of seeds plant-1, no. of seeds pod-1, seed yield plant-1, dry 

seed yield plant-1, total chlorophyll and also the same hybrids showed a high 

heterobeltiosis values for (5) characters for each hybrid which include (pods weight 

plant-1, no.of pods plant-1, no. of seeds plant-1, seed yield plant-1 and dry seed 

yield plant-1). 
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INTRODUCTION 

       Pea (Pisum sativum L.) is one of the annual herbaceous legume crop belongs to 

family fabaceae (leguminosae), diploid crop having 14 chromosome (2n=14, n=7) 

(sato et al. 2010). Pea originated in the Near East and Mediterranean regions.                                                                                                                                                            

It is one of the world's oldest crops cultivated as early as 9,000 year ago for human 

food and animals feed (Pulse Canada, 2010). Pea is one of the four as most 

important cultivated legume and world's largest legume crop in production after 

soybean, peanuts and dry beans (Yoshida et al., 2007; Smykal et al., 2012). Pea is 
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an economically valuable pulse crop grown around the globe for its high nutritive 

value, particularly proteins. Its seeds are rich in protein percent (20-25 %), 50% 

slowly digestible starch, 50% soluble sugars by mass and are also a source of fiber 

(Bastianelli et al., 1998). This crop are beneficial to human health, phytonutrients, 

vitamins, anti-oxidants and minerals (Pallavi et al., 2013). Pea is used for other soil 

restorative aim, because the pea crop through the formation of a symbiotic 

relationship with soil bacteria Rhizobium leguminosarum enhances soil fertility, 

which has the capability of fixing nitrogen from the atmosphere in to an available 

form for the plant uptake which can reduces the need to apply synthetic nitrogen 

fertilizers (McPhee, 2003). Pea genomics have been well-studied ever since the 

pioneering work of Gregor Mendel in nineteenth century (Samatadze et al., 2008). 

Hybridization is one of the plant breeding methods and the most successful 

approach in increasing the productivity in vegetable crops. Selection of superior 

genotypes genetically is the most important stage from the stand point of 

hybridization of vegetable crops in order to develop new genotypes which have 

desirable characters. Selecting of good parents and crosses one of the main 

important to vegetable breeders for developing high yielding varieties through 

either heterosis breeding or pedigree breeding (Inamullah et al., 2006).The 

combining ability analysis is very important and  is an active tool in choosing the 

desirable parents for hybridization programs. The idea of combining ability was 

enunciated by Sprague and Tatum (1942). Dixit (2003) from a study of combining 

ability analysis reported that some crosses showed a significant and desirable SCA 

effects for number of pods plant-1, plant height and pod yield plant-1 in pea. Nassef 

and AL-Rawy (2013) observed hight significant GCA and SCA for plant height, 

number of branches plant-1, number of green pods plant-1, green pods weight plant-

1 and seeds pod-1, but GCA was not significant for plant height in pea. Al-

Hamdany (2014) reported that GCA was significant for plant height, seed yield, 100 

seed weight, and pods weight but not significant for seeds pod-1, while SCA for 

most characters was significant in pea. Heterosis is genetically a complex 

phenomenon depending on the equilibrium of the additive, dominance and their 

interaction. Heterosis point out to the phenomenon that offspring of different 

varieties of a species or crosses among species which show speed of development, 

fertility than both parents and greater biomass. The phenomenon has clearly been 

recognized in one form or another for centuries by various civilization (Chen, 

2010). Patil et al. (2011) studied heterosis in pea and they found significant and 

desirable heterosis in crosses for green pod yield, number of seeds pod-1, plant 

height, pods plant-1 over better and mid parents. Some researchers in their studies 

on heterosis as deviation from mid and better parents found positive heterosis for 

grain yield, green pods plant-1 and negative heterosis for days to 50% flowering 

(Dagla et al., 2013; Sharma and Bora, 2013; Esposito et al., 2013).  Kosev (2014) 

conducted a field study on breeding and genetic assessment of some quantitative 

traits in pea and showed a highest positive values of heterosis for number of seeds 

pod-1, plant height, and Tawfiq and Abdulla (2014) obtained negative heterosis for 

number of days to 50% flowering, when study the genetic analysis of pea.  

The main objectives of the present study is to estimate the effects of general 

combining ability of parents, and specific combining ability of hybrids and to 
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determine the heterosis as compared with mid and best parents, by using half diallel 

crossing programme. 

 

MATERIALS AND METHODS 

       This investigation was carried out at the Research farm, College of Agriculture, 

University of  Duhok during 2013-2014 seasons, by using five different cultivars of 

pea ((1)Avola (2)Thomas laxton (3)Petit provencal (4)Jof and (5)Local cultivar). 

The cultivars were sown to obtain 10 hybrids through half diallel cross during 

growing season 2013. In the next season on 20th of November 2014, the F1 hybrids 

with parents were arranged in Randomized Complete Block Design with three 

replications in experimental field, each block was consisted of 15 genotypes (5 

parents + 10 hybrids). Each genotype planted in three rows of 2.5m long and 75cm 

between rows (1 row for dry seed yield and 2 other rows for vegetative 

measurement). One seed per hole was sown with spacing 25cm between plant to 

plant in rows. Application of fertilizer was done according to the recommendations, 

weed control and other cultural practices were performed according to 

requirements. The data were collected from 6 plants for vegetative measurements 

except dry seed yield from 3 plants in each experimental unit on the following 

characters: Days to 50% flowering of plants, plant height (cm), number of branches 

plant-1, number of pods plant-1, pods weight plant-1 (g), number of seeds plant-1, 

number of seeds pod-1,100 seed weight (g), seed yield plant-1 (g), dry seed yield 

plant-1 (g), protein percentage and total chlorophyll percentage. 

Statistical analysis was done for collecting data using Griffing (1956b) method 2, 

model 1, using the liner model for the analysis which takes the formula of:  

Yijk= µ +gi + gj +sij +rk +eijk         i, j = 1, 2 -----n 

                                                                     k= 1, 2------- r 

Where: 

Yijk: observed value (ij) of the experimental unit (k). 

µ: population mean. 

gi:  general combining ability (GCA) effect for the (i) parent. 

gj:  general combining ability for the (j) parent. 

sij: specific combining ability effect (SCA) for the cross involving parent    (i) and 

(j). 

        rk: replication (block) effect. 

      eijk: experimental error effect for observation (ij) in block (k).                                           
 

General and specific combining ability effects estimated as follows: 

�̂�𝑖 =
1 

𝑟(𝑛 + 2)
[𝑧𝑖 … −

𝑧 …

𝑛
] 

�̂�𝑖𝑗 =
𝑦𝑖𝑗.

𝑟
−

[𝑧𝑖. . +𝑧𝑗. . ]

𝑟(𝑛 + 2)
+

2𝑦 …

𝑟(𝑛 − 1)(𝑛 + 2)
 

�̂�𝒊 = General combining ability effect for (i) parent. 

�̂�𝒊𝒋 = Specific combining ability effect for hybrid (ij).  

𝒚𝒊𝒋. =  F1 overall mean as a result of crossing parent ((i)) with parent ((j)). 

𝒚 … = Sum of the overall mean of all parent and F1 hybrids nonreciprocal. 

Estimation of Heterosis (H): 
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Heterosis measured as departure of F1 from mid-parents value and best parents 

(heterobeltiosis) (Richy, 1946). 

𝐻𝑒𝑡𝑒𝑟𝑜𝑠𝑖𝑠(𝐻)% =
�̅�1−𝑀.𝑃̅̅ ̅̅ ̅

𝑀.𝑃̅̅ ̅̅ ̅
× 100g 

Where: 

�̅� =Mean of hybrid 

𝑀. 𝑃 =Mid-parents 

𝑀. 𝑃 =
𝑃1 + 𝑃2

2
 

Heterosis Over better parent (Heterobeltiosis): 

(Hbp)  =
𝐹1−𝑏𝑝

𝑏𝑝
 𝑥 (100). 

 

RESULT AND DISCUSSION 

       The analysis of variance Analysis of variance of genotypes, general and 

specific combining ability effects for studied traits in half diallel crosses present in 

table (1) showed highly significant means square of genotypes for days to 50% 

flowering, plant height, number of branches plant-1, pods plant-1, seeds plant-1, 

seed yield plant-1, dry seed yield plant-1, total chlorophyll and significant for pods 

weight plant-1, seeds pod-1 and 100 seed weight except protein percent was the 

only traits that didn’t showed any significant differences. The general combining 

ability(GCA) mean square was highly significant for trait days to 50% flowering, 

plant height, pods plant-1, seeds plant-1, 100 seed weight, dry seed yield plant-1, 

total chlorophyll and significant for seeds pod-1 and seed yield plant-1, whereas did 

not significant for number of branches plant-1, pods weight plant-1 and protein 

percent. Similar findings were reported by Mitu et al. (2004); Borah (2009). The 

mean square for specific combining ability (SCA) variance was highly significant 

and significant for days to 50% flowering, plant height, number of branches plant-1, 

pods plant-1, seeds plant-1, seed yield plant-1, dry seed yield plant-1, total 

chlorophyll, pods weight plant-1 and not significant level for seeds pod-1, 100 seeds 

weight and protein percent. These results were in agreement with Bisht and Singh, 

(2011); Dagla et al. (2013).  

General combining ability effects. 

 Table (2) showed the estimation of general combining ability (GCA) effects 

of parents for studied traits. The highest significant positive GCA effect for days to 

50% flowering was (5.54) for parent (1), while the parent (2) exhibited the highest 

negative value of GCA with (-9.74).The maximum positive GCA effect for plant 

height was exhibited by parent (1) (13.76), while the maximum negative GCA 

effects was noticed for parent (3) (-10.71). For number of branches plant-1, parent 

(2) showed the highest positive value (0.26) of GCA effects and parent (1) recorded 

the maximum negative GCA effect value (-0.42).The maximum value for pods 

weight was showed by parent (3) (7.89), while the maximum negative GCA effect 

value was recorded by parent (1) (-7.99). The largest positive estimated effect of 

GCA for pods plant-1 recorded by parent (3) (4.64),whereas the maximum negative 

GCA effect (-4.15) was noticed for parent (5). For the traits no. of seeds plant-1, no. 

seeds pod-1, seed yield plant-1, dry seed yield plant-1 and total chlorophyll  parent 

(3) showed the highest positive GCA value (25.50), (0.26), (7.43). (2.60) and (5.20) 
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respectively, and the maximum negative value for no. of seeds plant-1 was observed 

by parent (1) (-16.33), for no. of seedspod-1 by parent (2) (-0.18), for seed yield 

plant-1by parent (1) (-4.91), for dry seed yield plant-1 parent (4) (-3.33) and for 

total chlorophyll by parent (1) (-7.09). For 100 seed weight parents (4) and (5) 

recorded the maximum positive GCA effect (2.73) and (2.02) respectively, while 

the maximum negative value noticed by parent (2) (-4.34). For protein percent 

parent (4) had significant positive GCA effect (0.52%), and the maximum negative 

value observed by parent (2) with (-0.58). The result appeared that the parent (3) 

gave desirable general combining ability for (6) characters including no. of pods 

plant-1, no. of seeds plant-1, no. of seeds pod-1, seed yield plant-1, dry seed yield 

plant-1 and total chlorophyll, followed by parent (2) for (4) characters, days to 50% 

flowering, plant height, no. of pods plant-1 and dry seed yield plant-1. These results 

are in agreement with other researchers (Gritton, 1975; Srivastava et al., 1986; 

Ceyhan and Avci, 2005; Al-Hamdany, 2014). 

Specific combining ability effects. 

 Estimation of specific combining ability (SCA) effects of hybrids for studied 

traits were presented in table (3). The hybrid (1x2) recorded highest SCA effect 

value (11.33) for days to 50% flowering, and the highest negative SCA effect value 

(-9.95) was recorded by hybrid (2x4). The maximum positive SCA effect for plant 

height was scored by hybrid (1x4) with (17.56), whereas the maximum negative 

value of SCA effect recorded by the hybrid (4x5) (-13.96). For the traits number of 

branches plant-1, pods weight plant-1, no. of pods plant-1 and no. of seeds plant-1, 

the hybrid (2x3) showed the highest positive SCA effect value (4.29), (39.88), 

(23.80) and (97.34), respectively, while the highest negative SCA effects for 

number of branches was recorded by hybrid (2x5) with (-2.55) and hybrid (3x5) had 

the negative value for pods weight, no. of pods plant-1, no. of seeds plant-1 (-

30.94), (-15.81) and (-59.85), respectively. The highest positive value of SCA effect 

noticed by hybrid (1x4) (0.32) and the highest negative value in hybrid (1x5) (-

0.42) for no. of seeds pod-1. The hybrid (2x3) gave the maximum positive SCA 

effect value (21.69) for seed yield followed by hybrid (1x3) (17.77), while the 

maximum negative value was (-17.29) exhibited by hybrid (3x5). For 100 seed 

weight, the highest positive SCA effect was recorded by hybrid (3x4) (3.13), while 

highest negative SCAeffect was recorded by hybrid (2x4)  (-6.12), For dry seed 

yield plant-1 the hybrid (2x3) recorded highest positive SCA effect value (15.26), 

while highest negative SCA effect was observed in hybrid (2x5) (-9.40). For protein 

percent the hybrid (2x5) gave highest positive SCA effect value (1.71), and the 

hybrid (2x3) gave highest negative SCA effect (-3.01). For total chlorophyll, the 

maximum positive value of SCA effect observed in hybrid (1x3) (9.95) while the 

maximum negative value (-5.70) recorded by hybrid (1x2). From the obtained 

results, it was concluded that the hybrid (2x3) were specialized by a significant and 

positive desirable SCA effect for (7) characters including plant height, no. of 

branches plant-1, pods weight plant-1, no. of pods plant-1, seed yield plant-1 and 

dry seed yield plant-1, followed by hybrid (1x3) for (6) characters gave significant 

desirable SCA effect including days to 50% flowering, pods weight plant-1, no. of 

pods plant-1, no. of seeds plant-1, seed yield plant-1 and total chlorophyll. The 

significant desirable SCA for hybrids reflected non-additive type of gene action. 
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The parents that gave a significant desirable GCA effect indicates that the 

contribution of this parent increase the important of characters in their hybrids. The 

hybrids that have highest positive SCA effects means the ability of this parent in 

transferring this character to most of its hybrids (Sharma etal., 2014).Whereas, the 

hybrid (1x3) participated parent (1) this parent did not show a significant GCA 

effect. This result similar with found by Bhardwaj and Kohli (1998), when they 

reported that the hybrids showing high SCA effect usually didn’t involve parents 

having high GCA, may involve high x low general combining ability.Could be 

concluded that parents (3) and (2) and hybrids (2x3) and (1x3) could be used in 

breeding programs to get better hybrid combination for pea cultivars to develop 

high yielding in pea. These results are in agreement with those of by Kumar and 

Bal(1995); Sharma (1999); Dixit (2003). 

Heterosis. 

Table (4) showed the estimation of heterosis as deviation from mid-parents for the 

studied traits. Hybrid (1x2) had the highest positive heterosis value (11.5) for days 

to 50% flowering and hybrid (2x5) had showed highest negative value (-12.83), For 

plant height the maximum positive heterosis value was (24.93) for hybrid (1x4), 

while the maximum negative value was (-3.54) for the hybrid (4x5). The hybrid 

(2x3) recorded significant positive heterosis value (5.47) for no. of branches plant-

1whereas hybrid (2x5) gave the maximum negative value of heterosis (-1.58). For 

pods weight plant-1 the maximum positive heterosis value for hybrid was recorded 

by hybrids (2x3) and (1x3) with (54.41) and (43.73) respectively, and the maximum 

negative value recorded for the hybrid (1x2) (-23.73). Significant positive heterosis 

for no. of pods plant-1 observed in hybrid (2x3) (34.16), while the hybrid (1x2) 

recorded highest negative value of heterosis with (-9.69), for no. of seeds plant-1 

the hybrid (2x3) showed the maximum positive value of heterosis (146.73), while 

the maximum negative heterosis value (-31.41) recorded by hybrid (1x2). The 

hybrid (3x5) for no. of seeds pod-1recorded the highest positive heterosis value 

(0.72), while the hybrid (4x5) showed the maximum negative value with (-0.32). 

The maximum positive heterosis value for seed yield plant-1 recorded by hybrid 

(2x3) followed by hybrid (1x3) (32.46), (27.79), respectively and the maximum 

negative value (-10.21) for heterosis noticed in hybrid (1x2). The hybrid (3x4) 

recorded maximum positive heterosis value for 100 seed weight with (1.49), while 

the maximum negative value recorded by (2x4) (-9.91), for dry seed yield plant-1, 

the highest positive heterosis value (21.82) by hybrid (2x3) while the highest 

negative heterosis value recorded by hybrid (2x5) (-1.58). The maximum positive 

value for heterosis of protein percent (1.22) by hybrid (4x5), while the highest 

negative value produced by the cross (2x3) (-4.07). The hybrid (1x3) gave the 

highest value of heterosis (11.01) for total chlorophyll, while the hybrid (1x2) gave 

the highest negative value of heterosis (-9.32) for this trait. These results agreed 

with those found by these researcher these researcher (Lejeune-Henaut et al., 1992; 

Sarawat et al., 1994; Cyhan et al. 2008; Patil et al., 2011; Rai and Mishra, 2013; 

Tawfiq and Abdulla 2014). The results of study revealed that the hybrid (1x3) 

showed a significant heterosis over mid parents in desirable direction for (8) 

characters followed by hybrid (2x3) for (7) characters as compared with other 

hybrids. 
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Heterobeltiosis. 

 Estimation of heterobeltiosis (heterosis as deviation from better parents) for 

studied traits were given in table (5). For days to 50% flowering, the maximum 

positive heterobeltiosis value (24) was observed by hybrid (1x2), while the 

maximum negative value was observed by (2x5) and (2x4) with (-2.33) and (-2.00), 

respectively. The hybrid (1x4) recorded the highest positive heterobeltiosis value 

(7.99) for plant height, whereas the highest negative value was recorded by hybrid 

(1x3)  (-23.79). The maximum positive heterobeltiosis value for number of 

branches plant-1 recorded by hybrid (1x5) (1.16), and the hybrid (2x5) recorded the 

maximum negative value (-1.61). For pods weight plant-1, no. of pods plant-1, no. 

of seeds plant-1, seed yield plant-1 and dry seed yield plant-1, the hybrid (2x3) 

showed the maximum positive heterobeltiosis values (47.82), (29.83), (138.59), 

(31.86) and (21.19) respectively, while the hybrid (1x2) recorded the maximum 

negative values with (-30.49), (-14.00), (-45.86) and (-13.21) for the same traits 

respectively except dry seed yield plant-1 was recorded by hybrid (2x5) with (-

3.31). For no. of seedspod-1 the hybrid (3x5) gave the highest positive 

heterobeltiosis value with (0.70), while the maximum negative value recorded by 

hybrid (4x5) (-0.55). For 100 seeds weight, hybrid (3x4) recorded the highest 

heterobeltiosis value (-1.50), while the minimum negative value (-14.98) for hybrid 

(2x4). Also, for protein percent the hybrid (1x2) showed the maximum positive 

value of heterobeltiosis (0.93), while the maximum negative value (-5.12) observed 

by hybrid (2x3). For total chlorophyll the highest positive heterobeltiosis value 

recorded by hybrid (3x5) (3.50), while the maximum negative value recorded by 

hybrid (1x2) (-15.69). These results were in agreement with those found by Dagla et 

al., (2013); Esposito et al., 2013). Depending on the pervious results, it showed that 

the hybrids (1x3) and (2x3) were exhibited the highest heterobeltiosis for pods 

weight plant-1, no. of pods plant-1, no. of seeds plant-1, seed yield plant-1 and dry 

seed yield plant-1. 
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Table (1) Analysis of variance (mean squares values) of genotypes, general and specific combining ability effects for studied traits  in 

half diallel crosses.   

Mean square 

Source of 

variation 

Charac

t-ers 

D.f 

Days to 

50% 

flowerin

g 

Plant 

height 

(cm) 

Numbe

r of 

branch

es 

plant-1 

Pods 

weight 

plant-1 

(g) 

Number 

of Pods 

plant-1 

Number 

of Seeds  

plant-1 

Numbe

r of 

Seeds 

pod-1 

Seed 

yield 

plant-

1(g) 

100 seed 

weight 

(g) 

Dry 

Seed 

yield 

plant-

1(g) 

Protein 

% 

Total 

Chlorophyl

l 

Replicati

on 

2 0.266 205.66 3.20 1302.01 53.83 790.57 0.06 13.31 28.80 32.51 3.46 99.26* 

Genotype

s 

14 309.99*

* 
777.84** 6.84** 1176.62

* 
347.90*

* 
6481.04*

* 
0.42* 437.42*

* 
78.00* 127.92*

* 
6.70 182.65** 

GCA 4 693.10*

* 

2165.19*

* 

1.72 773.45 355.03*

* 

6646.19*

* 

0.80* 454.83* 160.52*

* 

143.84*

* 

5.37 450.36** 

SCA 10 156.74*

* 

222.94** 8.90** 1337.89

* 

345.04*

* 

6414.98*

* 
0.26 430.45*

* 

44.99 121.55*

* 

7.24 75.57** 

GCA/SCA 0.63 1.66 0.002 0.05 0.14 0.14 0.70 0.15 0.97 0.17 0.06 1.02 

Error 28 0.31 41.14 1.57 419.85 44.84 540.48 0.13 84.27 25.09 12.10 4.01 15.16 

*and ** significant difference at probability level of 0.05 and 0.01 respectively. 
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Table (2) Estimation of general combining ability effects of parents for studied traits. 

*and **significant difference at level 0.05 and 0.01 respectively. 
 

 

 
 
 
 
 
 

parents 
 

Days to 

50% 

flowering 

Plant 

height 

(cm) 

Numbe

r of 

branch

esplant

-1 

Pods 

weight 

plant-1 

(g) 

Number 

of Pods 

plant-1 

Number 

of Seeds 

plant-1 

Number 

of seeds 

pod-1 

seed 

yield 

plant-1 

(g) 

100 seed 

weight 

(g) 

dry Seed 

yield 

plant-1 

(g) 

Protein 

% 

Total 

chlorophy

ll 

P1 5.54** 13.76** -0.42 -7.99 -3.65* -16.33* -0.08 -4.91 -0.29 -2.17* -0.48 -7.09** 

P2 -9.74** 7.20** 0.26 -0.16 3.86* 10.96 -0.18 -1.14 -4.34** 1.98* -0.58 -1.54 

P3 1.63** -10.71** 0.25 7.89 4.64* 25.50** 0.26** 7.43** -0.12 2.60** 0.16 5.20** 

P4 0.82** -3.80* 0.01 3.37 -0.70 -6.52 -0.13 0.87 2.73* -3.33** 0.52 1.55 

P5 1.73** -6.44** -0.10 -3.11 -4.15* -13.62* 0.14 -2.24 2.02 0.91 0.37 1.87 
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  Table (3) Estimation of specific combining ability effects of hybrids for studied traits. 

parents 
 

Days to 

50% 

flowerin

g 

Plant 

height 

(cm) 

Number 

of 

branche

splant-1 

Pods 

weight 

plant-

1(g) 

Number 

of Pods  

plant-1 

Number 

of Seeds 

Plant-1 

Numbe

r of 

Seeds 

pod-1 

Seed 

yield 

plant-1 

(g) 

100 seed 

weight 

(g) 

Dry seed 

yield 

plant-1 

(g) 

Protein 

% 

Total 

Chlorophyl

l 

P1XP2 11.33** 0.06 -0.51 -22.54 -11.72* -45.22** 0.06 -11.03 2.00 -4.03 1.58 -5.70* 

P1XP3 -7.38** -7.31 -0.34 30.27* 11.15* 53.66** 0.26 17.77** -0.02 3.14 0.50 9.95** 

P1XP4 1.09** 17.56** -0.66 -9.89 -3.09 -7.15 0.32 -4.14 -1.66 1.79 -1.75 -4.93 

P1XP5 -2.09** -2.30 1.51 -0.10 2.47 -0.32 -0.42 -2.54 -1.16 0.88 -0.78 -2.12 

P2XP3 4.57** 9.07* 4.29** 39.88** 23.80** 97.34** -0.08 21.69** -3.36 15.26** -3.01* -2.17 

P2XP4 -9.95** 0.48 -0.57 -2.54 2.05 12.26 0.16 -2.40 -6.12 3.48 -1.04 -0.36 

P2XP5 -8.57** -2.03 -2.55** -14.91 -8.90 -37.72* 0.003 -6.67 1.67 -9.40** 1.71 3.80 

P3XP4 5.00** 2.64 -0.17 -10.02 -3.67 -19.04 -0.20 -2.23 3.13 -1.87 -0.29 0.09 

P3XP5 0.61 -3.58 -2.08* -30.94 -15.81** -59.85** 0.29 -17.29** -1.23 -8.71** 1.44 -2.97 

P4XP5 4.71** -13.96** 1.07 14.14 2.03 2.37 -0.31 2.92 2.88 -0.82 2.22 4.17 

*and **significant difference at level 0.05 and 0.01 respectively 
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  Table (4) Estimation of heterosis over to mid parents for studied traits.  

Hybrids 

Days to 

50% 

flowering 

Plant 

height 

(cm) 

Number 

of 

branch 

Plant-1 

Pods 

weight 

plant-1 

(g) 

Number 

of Pods 

plant-1 

Number 

of Seeds 

plant-1 

Number 

of 

Seeds 

pod-1 

Seed 

yield 

plant-1 

(g) 

100 

seed 

weight 

(g) 

Dry 

seed 

yield 

plant-1 

(g) 

Protein 

% 

Total 

chlorophyll 

1x2 11.50** 7.86* -0.19 -23.73 -9.69* -31.41* 0.24 -10.21 -1.31 -0.49 0.98 -9.32** 

1x3 -4.50** -2.90 0.50 43.73** 18.30** 90.20** 0.51* 27.77** -1.19 7.94** -0.39 11.01** 

1x4 3.00** 24.93** -0.83 -15.18 -5.02 -12.46 0.42 -7.05 -2.98 3.97 -2.40 -6.85** 

1x5 2.00** 10.01* 1.50 -6.83 -0.13 -0.73 -0.05 -4.42 -4.37 3.42 -1.15 -6.45* 

2x3 4.66** 13.28** 5.47** 54.41** 34.16** 146.73** 0.11 32.46** -7.01* 21.82** -4.07** -1.94 

2x4 -10.83** 7.65 -0.41 -6.76 3.33 19.81 0.21 -4.54 -9.91** 7.42** -1.85 -3.10 

2x5 -12.83** 9.67* -1.58* -18.43 -1.88 0.43 0.25 -6.26 -8.96** -1.58 0.87 -2.97 

3x4 6.83** 6.42 0.50 0.41 2.72 11.22 -0.08 4.81 1.49 3.32 -1.40 2.03 

3x5 4.50** -2.04 0.44 9.49 6.55 46.47** 0.72** 10.67 -5.40 2.87 -0.30 4.26 

4x5 5.66** -3.54 0.55 -1.66 -2.83 -16.82 -0.32 -7.84 -1.72 2.91 1.22 2.49 

*and ** significant difference at level 0.05 and 0.01 respectively. 
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  Table (5) Estimation of heterobeltiosis (heterosis over better parents) for studied traits. 

Hybrids Days to 

50% 

flowering 

Plant 

height 

(cm) 

Number  

of 

branches 

Plant-1 

Pods 

weight 

plant-1 

(g) 

Number 

of Pods 

plant-1 

Number 

of Seeds 

plant-1 

Number 

of 

Seeds 

pod-1 

Seed 

yield 

(g) 

100 

seed 

weight 

(g) 

Dry 

Seed 

yield 

(g) 

Protein 

% 

Total 

Chlorophyll 

1x2 24.00** 1.50 -0.55 -30.49* -14.00** -45.86* 0.18 -13.21* -2.89 -2.88 0.93 -15.69** 

1x3 -0.66 -23.79** 0.33 43.57** 18.27** 83.93** 0.17 25.37** -1.68 6.18* -1.50 2.56 

1x4 6.66** 7.99 -1.44 -29.57* -8.72 -28.53 0.33 
-

15.81** 
-6.47 2.41 -3.62* -14.62** 

1x5 4.00** -6.51 1.16 -13.91 -0.38 -5.76 -0.36 -9.08 -8.21* -0.69 -1.5 -14.14** 

2x3 13.33** -1.25 0.30 47.82** 29.83** 138.54** -0.27 31.86** -9.07* 21.19** -5.12** -4.01 

2x4 -2.00** -2.92 -0.66 -14.40 2.72 18.19 0.08 -10.29 
-

14.98** 
3.47 -3.02* -4.50 

2x5 -2.33** -0.49 -1.61 -18.76 -6.44 -8.98 -0.11 -7.92 
-

14.37** 
-3.31 0.58 -4.29 

3x4 7.00** 2.47 -0.27 -13.81 -1.00 1.41 -0.34 -1.53 -1.50 0.004 -1.52 1.34 

3x5 6.33** -6.40 -0.05 2.57 6.33 45.24* 0.70* 8.41 -8.75* 0.50 -1.06 3.50 

4x5 7.33** -3.95 0.27 -8.97 -6.77 -27.85 -0.55 -11.93 -2.06 -2.77 0.35 2.41 

*and ** significant difference at level 0.05 and 0.01 respectively. 
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 (.Pisum sativum L)لبعض الصفات في البزاليا  قابلية الائتلافتأثيرات قوة الهجين و
 فخرى عصمان** كاذينهاجر سعيد على اسكندر*                 

 جامعة دهوك/ كلية الزراعة

 قسم البستنة**                  حاصيل*مقسم ال
Hajar.askandar@uod.acEmail: 

 
 الخلاصة

الزراعذذة فذذب جامعذذة دهذذوك للموسذذم الزراعذذب  نفذذذه هذذذد الدراسذذة فذذب حثذذل اببحذذاك التذذاب  لفذذاكولتب       
زرعذه . ، وفق طريثذة التججذين التبذادلب النصذفب مسذتخدما خمسذة تراكيذة وراايذة مذن البزاليذا8103-8106

( بذذا ك R.C.B.Dبذذذور التراكيذذة الوراايذذة )اابذذا( والججذذن( وفثذذا تصذذميم الثطاعذذاه الع ذذوا ية الكاملذذة )

اا ت فيذذة العامذذة ل بذذا( والثابليذذة اا ت فيذذة الخاصذذة للججذذن وقذذول الججذذين قياسذذا الذذى  مكذذرراه لتثديرالثابليذذة
تزهيذذر وترتفذذان النبذذاه وعذذدد ابفذذرن/ نبذذاه ووزن  %41للصذذفاه عذذدد ابيذذام الذذى  وأحسذذن اببذذوين متوسذذط

بذاه ووزن ن /الثرناه/ نبذاه وعذدد الثرنذاه/ نبذاه وعذدد البذذور/ نبذاه وعذدد البذذور/ قرنذة وحاصذل البذذور
. حللذه البيانذاه أحصذا يا بطريثذة نباه ونسبة البذروتين والكلوروفيذل الكلذب /بذرل وحاصل البذورالجافة 011

Griffing (1956b) ابة (. أظجره النتا ج أن 0ية موديل )الاان(Petit provencal)   أفضذل قابليذةكان لذ 

د البذذذور/ نبذذاه وعذذدد البذذذور/ قرنذذة وحاصذذل  ت فيذذة عامذذة فذذب ااتجذذاد المر ذذوة لعذذدد الثرنذذاه/ نبذذاه وعذذدأ
 Thomas laxton x Petit)أظجذرالججين و نبذاه والكلوروفيذل الكلذب /نباه وحاصل البذذور الجافذة /البذور

provencal)  نبذاه ووزن  / ت ف خاصذة فذب ااتجذاد المر ذوة ارتفذان النبذاه وعذدد اافذرنأأفضل قابلية
. نبذاه /نبذاه وحاصذل البذورالجافذة /وعدد البذور/ نبذاه وحاصذل البذذورنباه وعدد الثرناه/ نباه  /الثرناه

أفضذل  قذول   (Thomas laxton x Petit provencal)و (Avola x Petit provencal)أظجذر الججينذين 
وزن  ،تزهيذذر %41هجذذين وبااتجذذاد المر ذذوة علذذى اسذذا  تنحرافجذذا عذذن متوسذذط اببذذوين لعذذدد ابيذذام الذذى 

نبذاه وحاصذل  /الثرناه/ نبذاه وعذدد البذذور/ نبذاه وعذدد البذور/قرنذة وحاصذل البذذور عددنباه و /الثرناه
أعلذى قذول هجذين علذى أسذا  تنحرافجذا عذن وأظجذر الججينذان ذاتيجمذا نباه والكلوروفيل الكلذب  /البذور الجافة

ر/ نبذاه نباه وعدد الثرناه/ نباه وعذدد البذذو /متوسط بفضل اببوين  لخمسة صفاه  مله )وزن الثرناه
 نباه(. /نباه وحاصل البذور الجافة /وحاصل البذور

 كلماه الدالة: قابلية اا ت ف الخاصة والعامة، قول الججين فب البزاليا.
 6/01/8102وقبول   3/6/8102 :تاريخ تسلم البحك
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